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Abstract 

Climate change is an issue of unprecedented complexity and a major threat to 
ecosystem function, water resources, and human health. Although important knowledge 
gaps exist at the interface of climate change, water, and health, it is increasingly clear 
that water is a primary medium through which climate change affects health and that 
knowledge integration and collaboration are needed to understand and address climate 
change. 

This dissertation explores the links among climate change, water, and health drawing on 
interdisciplinary and ecohealth approaches and presents three individual research 
papers. The first two papers use eleven-years of acute gastro-intestinal illness (AGI) 
data to generate knowledge about the potential impacts of climate change on 
waterborne AGI in British Colombia (BC). Using a Geographic Information System and a 
suite of descriptive methods, the seasonality of AGI is characterized across BC’s major 
drinking water sources (surface water, groundwater, and mixed water) and hydroclimatic 
regimes (snowmelt-dominated and rainfall-dominated). Associations between 
hydroclimatic variables and AGI are assessed using times-series regression analysis. 
The results show that AGI exhibits seasonality and that hydroclimatic variables play a 
role in driving the occurrence and variability of AGI. Moreover, the relationships between 
hydroclimatic variables and AGI differ in the context of the two major hydroclimatic 
regimes in BC. These results suggest that future climate change will likely lead to a 
higher burden of AGI in BC, with impacts mediated by context and ecological factors.  

The third paper is oriented towards climate change policy and action and uses 
qualitative data and the method of frame analysis to describe the ways in which climate 
change is framed in public health and water resource management texts. Results show 
that climate change is framed in numerous ways both within and across these sectors. 
The notion of frames and the process of frame-reflection may be useful tools to promote 
integration and collaboration and an opportunity to foster enabling conditions for climate 
change policy and action. 

Finally, through a critical reflection on the research findings and the research process, 
implications for interdisciplinary research and collaborative action are synthesized and 
presented.  

Keywords:  Climate change; water resources; acute-gastrointestinal illness; 
ecohealth; interdisciplinary  
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Chapter 1.  
 
Introduction 

As Bill McKibben convincingly explains in his influential book entitled Eaarth: 

Making life on a tough new planet, our climate has already changed significantly and we 

have created a remarkably different world with far-reaching implications for ecosystems, 

social systems, and human health (1). The task now, McKibben argues, is to 

“understand the world we’ve created and consider –urgently– how to live in it” (1). The 

academic community has a major role to play in the context of this new world. Scholars 

are tasked with: 1) understanding the complex relationships among climate change, 

social-ecological systems, and human health, 2) responding to climate change in ways 

that protect and sustain ecosystem function and human health, and 3) critically reflecting 

on how we generate knowledge about and respond to climate change. This dissertation 

is my contribution to these important and related tasks. 

1.1. Research questions and objectives 

The overarching goals of this research are to contribute to our currently limited 

understanding of the links among climate change, water, and human health, and to 

inform the ongoing and increasingly relevant dialogue about how to respond to climate 

change and how to pursue and support interdisciplinary research and collaborative 

action at this interface. Therefore, on one level, this work is about generating new 

knowledge and understanding; on another level, it is about learning and working 

together to achieve ecosystem sustainability, resilience, and human health in an era 

defined by global climate change. 

The inquiry presented in this dissertation is situated at the interface of climate 

change, water resources, and human health– the climate change-water-health nexus. 
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This nexus is explored using an interdisciplinary approach drawing on and integrating 

knowledge, methodologies, and methods across several divides. I use Habermas’ Three 

Domains of Knowledge and Learning framework (2) (see Chapter 3) as a basis for 

structuring the interdisciplinary knowledge generation and integration processes and to 

support my learning. This work is also guided by ecohealth approaches, an emerging 

and diverse field of research and practice that explicitly acknowledge the social and 

ecological context of health and encourages integration and collective action as 

strategies for achieving sustainability, resilience, and health (3).  

The overarching research question guiding this inquiry is as follows: what are 

the links among climate change, water, and health? This question is broad and 

somewhat non-specific and thus requires the formulation of more specific research 

questions and objectives, which are outlined below.  

The specific research questions are: 

Research question 1: What are the possible future impacts of climate change 

on waterborne acute gastro-intestinal illness?  

Research question 2: How is the issue of climate change framed in public 

health and water resource management communication? 

Based on the above questions, four main objectives are pursued: 

Objective 1: To describe the seasonality of waterborne acute gastro-intestinal 

illness across hydroclimatic regimes and drinking water sources. 

Objective 2: To assess the associations between hydroclimatic variables and 

the occurrence of waterborne acute gastro-intestinal illness in different hydroclimatic 

regimes. 

Objective 3: To identify and describe the ways in which climate change is 

framed in public health and water resource management texts.   
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Objective 4: To critically reflect on the research findings and process and 

synthesize implications for learning and working together at the climate change-water-

health nexus and for responding to climate change. 

The first research question is focused on British Columbia (BC), Canada, which 

offers a rich diversity of hydroclimatology enabling an exploration of disease seasonality 

and associations between hydroclimatic variables and acute gastro-intestinal illness 

(AGI) in distinct ecological settings. Two analyses were conducted to answer Research 

question 1. The first analysis characterized AGI seasonality across the major 

hydroclimatic regimes (snowmelt and rainfall-dominated regimes) and the drinking water 

sources of BC (groundwater, surface water, mixed water) using eleven-years of 

laboratory-confirmed illness data. An understanding of disease seasonality informed and 

guided the second analysis, which assessed associations between precipitation, 

temperature, and streamflow and the occurrence of AGI across BC’s two major 

hydroclimatic regimes using epidemiological time-series analysis. The findings from 

these analyses provide an opportunity to increase our currently limited understanding of 

the potential future impacts of climate change on waterborne AGI.  

Research question 1 explores the climate change-water-health nexus by 

examining how the problem of climate change itself is constructed within public health 

and water resource management communication. Specifically, a frame analysis is used 

to identify and describe the ways in which climate change is understood and constructed 

in written text. This work contributes to the emerging literature on the constraints and 

enabling conditions for climate change policy and action, while also highlighting the 

potential utility of the notion of frames and the process of frame-reflection for learning 

and working together in the context of a changing climate.  

Finally, through a critical reflection on the knowledge generated in the 

aforementioned analyses, the research process, and my research experiences, I have 

synthesized insights with relevance to interdisciplinary research and collaboration at the 

nexus of climate change, water, and health and for responding to climate change.  
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1.2. Problem/opportunity statement and rationale 

Evidence is mounting to suggest that climate change is one of the greatest 

threats to ecosystem function and human health of the 21st century (4). The impacts of 

global climate change on ecosystems are widespread, ranging from species extinction 

(5) to significant changes in the hydrological cycle and freshwater resources (6,7). 

Extensive direct and indirect impacts on human health are also expected, and have 

already been documented, as a result of our changing climate (4). Direct consequences 

for human health include increased morbidity and mortality associated with heat waves 

and other extreme events while indirect impacts, mediated via social-ecological systems, 

include water scarcity, food insecurity, population displacement, and an increased risk of 

infectious disease (8–11). The burden of climate change on health is likely to be 

exacerbated by interactions across impacts and scales (12). Climate change also has 

important implications for environmental justice and health equity given that impacts 

differ in nature and magnitude across settings and because the burden of climate 

change will not be evenly distributed across geographies or social groups. Vulnerable 

regions and populations will be disproportionately affected, despite having contributed 

the least to rising levels of carbon dioxide (13). The dynamic and complex interplay 

between climate change, ecological and social systems, and human health clearly 

challenges the underlying mission of public health to promote and protect health for all. 

The quality and quantity of drinking water sources and the burden of waterborne 

disease are already major public health and resource management concerns worldwide, 

in Canada, and in the province of BC. It is now generally accepted that climate change is 

a major threat to freshwater resources and that the incidence and distribution of many 

waterborne diseases will be affected by climate change and variability and yet, little is 

known about the regional or local population health implications (8,14–21). Although 

extensive knowledge gaps exist at the interface of climate change, water, and health, it 

is clear that water is a primary medium through which climate change will increasingly 

impact ecosystems and social systems and ultimately, human health (22–24). We also 

know that the window for developing and implementing the climate change policy and 

action that is needed to protect and sustain ecosystem function and human health in a 

changing climate is rapidly closing. These points underscore the importance of 
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generating interdisciplinary knowledge about the links among climate change, water, and 

health (7,25,26).  

 Ecologically-informed analyses, at the regional and local scales in particular, are 

lacking in the climate change and health literature (27). “There is a desperate need for 

research at the local/regional level” (28). Studies that examine associations between 

past hydroclimatic conditions and health endpoints can contribute towards addressing 

this knowledge gap and are an important first step towards understanding the complex 

and interconnected relationships between climate change, water resources, and health 

endpoints (29,30). Generating ecologically-informed and locally relevant knowledge of 

the biophysical relationships between hydroclimatic variables and water-related health 

outcomes is clearly an important endeavour and a prerequisite for advancing our limited 

understanding of the potential future impacts of climate change on health. 

Research of this nature, which generates ‘technical knowledge’ (2) regarding the 

climate change impacts on health, is not adequate however if we hope to do something 

about climate change. Climate change mitigation and adaptation are dynamic and 

challenging social processes largely influenced by the ability of societies to learn and act 

together across scales and divides (16,31,32). There is growing awareness that, in 

addition to technical knowledge about the impacts of climate change on ecosystems, 

social systems, and human health, ‘practical knowledge’ (2) and learning regarding 

those factors and conditions that impede and enable climate change policy and action in 

practice (i.e., constraints and enabling conditions) is called for (33–35).  

An often overlooked, yet important constraint for climate change policy and 

action is the challenge of generating integrated understanding and acting collectively in 

practice. Or, stated another way, “learning and working together” (36). Climate change is 

a “wicked problem” (37) characterized by complexity, interacting impacts across scales 

and systems, uncertainty, contradictory knowledge, and the need for multi-level and 

intersectoral policy and action (38,39). Responding to wicked problems “goes beyond 

the reach of formal academic disciplines” and necessitates a range of knowledge and 

expertise and also calls for the engagement of multiple actors with varying interests and 

perspectives (4,36,38,40–43). “[T]here are considerable benefits to drawing from a 

range of expertise” (44) and experiences representing a diversity of disciplines, sectors, 
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and knowledge cultures when in comes to developing and implementing climate change 

policy and action.  

I argue that developing and implementing effective climate change policy and 

action, at regional and local levels in particular, calls for research that explicitly considers 

how to engage a diversity of actors, integrate knowledge, and foster collaboration across 

scientific disciplines, perspectives, and scales (45–47). Given the interconnectedness 

among climate change, water resources, and human health, interdisciplinary research 

and collaborative efforts that explicitly seek to protect and promote ecosystem function 

and human health in a changing climate are particularly important. If we are to achieve 

the interconnected goals of ecosystem sustainability, resilience, and human health in a 

future characterised by climate change, we must generate new knowledge and 

understanding about the links among climate change water, and health while also 

conducting research that generates practical knowledge and tools to facilitate 

interdisciplinarity and collective action, and contribute towards enabling conditions for 

climate change policy and action.  

1.3. Positioning myself as a researcher  

Researchers must be open about their motivations and aware of their own biases 

or assumptions. My higher-order motivations for this work can be explained, in large 

part, by Boyers’ (1990) challenge to scholars to engage in the scholarships of discovery, 

integration, application, and education (48). Boyer (1990) argues that, although 

discovery–the pursuit of original research and knowledge–is often underscored as the 

sole purpose of scholarship, in reality “the work of a scholar also means stepping back 

from one’s investigation, looking for connections, building bridges between theory and 

practice, and communicating one’s knowledge effectively” (48).   

Several additional factors motivate my scholarly pursuits at the climate change-

water-health nexus specifically. First, research at the interface of climate change, water, 

and health is dynamic, challenging, and calls for integrated thinking, approaches, and 

synthesis. I believe that integration and collaborative action are fundamental to 

addressing the wicked problems that plague the current generation– climate change 
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being perhaps the most daunting. Second, I am most motivated by issues at the 

intersection of global environmental change, resource management, and health. I see 

great opportunities for change and innovation at this intersection. Third, research and 

action at the climate change-water-health nexus is relevant to the general principles that 

I strive for in my research and practice, outlined below: 

• Relevance for research-policy-practice circles: I aim to be engaged in 
research that informs policy and practice and engaged in policy and practice 
that informs research.  

• Respect: Decisions that I make as a scholar should be grounded in respect for 
myself, others, and social-ecological systems.  

• Stretch thinking and the norm: An important parameter of meaningful work is 
to stretch thinking and go beyond the norm (49). 

• Practice emergence by engaging parts: Integrative work enables the 
emergence of something that is greater than the sum of the parts. My work 
should foster integrative learning and action that cultivates the emergence of 
meaningful knowledge through the engagement of unique parts.  

• Work in the spaces: Although it is comfortable to work within a defined and 
established discipline and ways of knowing, I will conduct research and 
practice in the turbulent spaces in-between.  

In the early days of the research process, I had set out to examine the links among 

climate change, water, and health from a rather narrow point of view – focusing only on 

the potential impacts of climate change on waterborne illness. I was, in other words, 

focused almost exclusively on generating technical knowledge regarding the links 

among climate change, water, and health. However, my view on the links among climate 

change, water, and health expanded in a number of ways over the course of my PhD 

training. By engaging with the climate change literature across a broad range of 

disciplines, reflecting on the importance of interdisciplinary research and collaborative 

action as enablers for climate change policy and action, and inspired by a (renewed) 

interest in learning, my view on the links among climate change, water, and health 

expanded. Ultimately, I was inspired to broaden my exploration of the links among 

climate change, water, and health by examining the ways in which we communicate 

about and frame the issue of climate change in the water management and public health 

sectors, while also considering the challenge of learning and working together as an 

important and overlooked research problem at the climate change-water-health nexus.  
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1.4. Philosophical underpinnings  

Philosophical assumptions about the nature of knowledge, reality, and the value 

and goals of knowledge underlie all research endeavours. A major challenge for PhD 

students is to consider the philosophical underpinnings of the dominant research 

paradigms and to position themselves somewhere in this landscape (50). In my case, 

because interdisciplinarity is at the core of this work (and my general interests as a 

scholar), the main question that surfaced after exploring more deeply the philosophical 

heritage of the dominant research paradigms was the following: are there any 

philosophies of science that enable a commitment to some form of realism while also 

accepting the social construction of our knowledge and an orientation towards change 

and action? In other words, is there some common ground that enables scholars to draw 

on and apply methodologies grounded in different research paradigms without 

contradicting ourselves? I have identified the pragmatist research philosophy as the 

most comfortable and appropriate philosophical orientation for interdisciplinary research 

at the interface of climate change, water, and health. According to Forsythe (2003), there 

are three main tenets of pragmatist philosophy of science: “the rejection of essentialist 

concepts of truth; the perception of no epistemological difference between facts, values, 

morality, and science; and a belief that social networks or solidarities influence scientific 

inquiry (51). Further, the pragmatic paradigm centralizes research questions and applies 

relevant methodologies and methods, across disciplinary divides, to enhance 

understanding of the question guided by a desire for positive action or change (52).  

A brief discussion of the ontological, epistemological, and axiological aspects of 

pragmatism follows. Although the original conception of pragmatism did not take a 

strong position on the nature of reality, but focused on the definition of truth and in effect 

collapsed ontology into epistemology, many contemporary pragmatists, myself included, 

see the value of ontological discussions and of identifying an ontological orientation. 

Pragmatism is not committed to the idea of a single reality (53,54). Rather, pragmatism 

recognizes the existence of a natural or physical worlds “as well as the emergent social 

and psychological world that includes language, culture, human institutions, and 

subjective thoughts” (55). Additionally, reality is thought to exist in a constant state of flux 

and is seen as dynamic (50).  
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Related to both ontological and epistemological questions, the idea that our 

knowledge can mirror, or correspond to, an external reality is rejected in the pragmatist 

philosophy given that knowledge is based on the reality we experience and is socially 

constructed (50). It therefore offers a middle ground between the positivist/post-positivist 

objective epistemology and the relativist epistemology that characterizes constructivism. 

Knowledge is attained from experience and is inevitably based on, and shaped by prior 

knowledge and experience. Recognition that knowledge is socially constructed highlights 

the importance of reflection in research (56). For pragmatists, knowledge consists of 

models attempting to represent reality in a way that can have maximal benefits for 

solving problems. Research does not therefore seek truth and knowledge is not 

considered absolute. Additionally, inquiries do not necessarily seek findings that can be 

generalized (as in the positivist/post-positivist paradigm), but rather knowledge that is 

transferable to a new setting or set of circumstances–which again highlights a focus on 

the utility of knowledge.  

The axiological aspect of a research paradigm considers the role of ethics and 

values and the aims of inquiry. For the pragmatist, the aim of research is the generation 

of useful knowledge (56). Ethics and values therefore play an integral role in the 

pragmatist philosophy.  

I am attracted to pragmatism because it supports methodological pluralism (i.e., 

drawing on and using multiple methodologies) and is problem-oriented. I also see it as a 

philosophical orientation that acknowledges and accepts uncertainty and doubt- a 

necessary characteristic for climate change research and action. I contend that complex 

social-ecological problems are best explored and understood through pluralism. 

Furthermore, the pragmatist research philosophy is a “search for useful points of 

connection” (57) and offers a middle ground between what I see as false dichotomies 

between objectivism and subjectivism, and between realism and relativism. Pragmatism 

takes the research problem or issue as a starting point to guide the process of inquiry, 

rather than the methods or disciplinary traditions (58). A philosophy is needed that 

accepts that the problem exists but also prioritizes the role of society and culture in how 

we understand problems and conduct science. Finally, pragmatism opens up needed 

space for creativity and imagination in research and practice, and accepts the role of 
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reflection in knowledge generation. It therefore presents itself as a useful philosophical 

orientation for research and action at the climate change-water-health nexus. 

1.5. Statement of assumptions 

Several important assumptions underlying the research presented in this 

dissertation are outlined below.  

• Climate change is occurring, is a phenomenon driven largely by human 
activity (i.e., climate change is human-induced), and will worsen in the near 
future. 

• Health is conceptualized as more than an absence of disease (59) and is 
defined following Last (2006) as a “sustainable state…of harmony between 
humans and their physical, biological, and social environments that enables 
them to coexist indefinitely” and is seen a basic human right (60). 

• Health is an emergent property of complex interactions between social, 
ecological, and economic systems that depends highly on the quality of 
environment in which people live (61).  

• Interdisciplinarity and collaboration are needed to respond to the challenge of 
climate change and are significant challenges that should be considered 
research problems. 

• Research, action, and policy-making cannot be separated from their social 
and political contexts. 

• Frames are analytical and conceptual devices for understanding the ways in 
which we talk and think about a given issue. 

• Pluralism, in terms of knowledge, perspectives, methodologies, and methods, 
is an asset in research practice. 

• The linear model of policy making and action (i.e., the “predict and provide” 
model (62)) is not appropriate for responding to climate change.  

1.6. Outline of chapters and statement of work 

This dissertation is a collection of 7 chapters. In Chapter 1, I introduced the 

research questions and specific objectives, the problem context, and my research 

approach. I also outlined the philosophical underpinnings and relevant assumptions at 

the foundation of this work.  
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In Chapter 2, I outline the approaches and methodologies that inform and guide 

the research process. 

Chapter 3 includes a literature review and also presents the three conceptual 

frameworks that are employed at different points in the research process.  

Chapters 4, 5, and 6 present three individual research papers. Analysis of the 

data used in Chapters 4 and 5 was approved by the Simon Fraser University Ethics 

Board (2010s0275).  

In Chapter 7, I summarize the main research findings with reference to specific 

Research Questions 1 and 2, and synthesize the implications for learning and working 

together at the climate change, water, and health nexus and for responding to climate 

change more generally. Finally, I comment on relevant limitations of the research 

presented in Chapters 4 though 6 and highlight opportunities future research and climate 

change adaptation.  

Each research chapter of this dissertation (Chapters 4 through 6) was written as 

a stand-alone manuscript for publication in the peer-reviewed academic literature. As of 

publication of this dissertation, Chapters 4 and 5 have been published in peer-reviewed 

academic journals and Chapter 6 will be published in a book entitled Information, 

Communication, Education and Training on Climate Change. Below, I detail my 

contributions, as well as those of my co-authors, for the manuscripts presented in the 

research chapters in this dissertation. 

Chapter 4: Seasonal variation of acute gastro-intestinal illness by hydroclimatic 

regime and drinking water source: A retrospective population-based study  

Tim Takaro, Diana Allen, and I conceptualized and designed the research study 

presented in Chapter 4. Tim Takaro arranged for data access through the BC Center for 

Disease Control (BC CDC). I conducted the analyses and prepared the manuscript. All 

authors contributed to the interpretation of results as well as manuscript revisions and 

editing. My overall contribution to this manuscript was 90 %, while my co-authors 

contributed the remaining 10 %.  

A version of Chapter 4 has been published in the Journal of Water and Health.  
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Chapter 5: Acute gastro-intestinal illness and its association with hydroclimatic 

factors in British Columbia, Canada: A time-series analysis 

Building on the results of the manuscript presented in Chapter 4, I conceived of 

the study idea and design for this manuscript in consultation with Tim Takaro, Diana 

Allen, and Margot Parkes. Lihua Li contributed statistical guidance and advice. I 

conducted the analyses and prepared the manuscript. All authors contributed to the 

interpretation of results as well as manuscript revisions and editing. Margot Parkes 

contributed additional insight for the discussion section of this manuscript. My overall 

contribution to this manuscript was 90 %, while my co-authors contributed the remaining 

10 %. 

A version of Chapter 5 has been published in a special section of the journal 

Water Resources Research, Hydro-epidemiology: A pathway to link hydrology and 

climate with human health. 

Chapter 6: Climate change frames in public health and water resource 

management  

I conceived of and developed the study idea, design, and analysis for the 

research study presented in Chapter 6 in collaboration with Margot Parkes and Kitty 

Corbett. Study design and analysis was also informed by discussions with Tim Takaro 

and Diana Allen regarding the public health and water resource management literatures. 

I conducted the data collection and analyses, and prepared the manuscript. All authors 

contributed to the interpretation of results as well as manuscript revisions and editing. 

My overall contribution to this manuscript was 90 %, while my co-authors contributed the 

remaining 10 %. 

A version of Chapter 6 is forthcoming in a book entitled Information, 

Communication, Education and Training on Climate Change, part of a series on climate 

change management. 
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Chapter 2.  
 
Approach and methodologies 

2.1. Overview  

This chapter briefly reviews the approaches and methodologies that inform and 

guide the research process. The research approach defines what can be asked, how we 

ask it, how we explore the question, and what we do with the knowledge we generate. In 

other words, it delineates the space within which the research takes place. I define 

approach following Charron (2012): “approach in this context refers not to a framework 

or methodology, but rather to a mindset that orients a process of inquiry” (3). The 

approach, or mindset orienting this process of inquiry, is two-fold–an interdisciplinary 

approach and an ecohealth approach.  

Methodology is focused on the question, ‘how can the inquirer go about 

generating knowledge?’ and refers to the process and procedures of the research. 

Methodology is distinct from methods, which refer to the specific data collection and 

analysis tools employed (63). 

2.2. An interdisciplinary approach 

When it comes to wicked problems characterized by complexity and 

interconnectedness and spanning social and ecological systems, it is increasingly 

acknowledged that the dominant and discipline-driven research agenda is both 

inappropriate and ineffective (36,38,64). Given the complex, multifaceted, and cross-

scalar nature of climate change, an interdisciplinary research approach that builds on 

and encourages diversity and pluralism is most appropriate. An interdisciplinary 

approach to research is in contrast to the reductionist and discipline-oriented thinking 
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and research that have dominated academia for the past hundred years. There is 

growing consensus in the literature that the established disciplines are not well suited to 

solving emerging and wicked social-ecological problems like climate change. 

Interdisciplinarity, particularly between the social and physical/natural sciences, is 

increasingly important when it comes to both understanding and responding to these 

problems. “[T]here is a lively desire to do more interdisciplinary research and to do it 

better” (65). Further, interdisciplinary research is often highlighted as part of the solution 

to climate change and other complex social-ecological problems (66).  

Despite widespread calls for interdisciplinary research and interdisciplinarity 

more broadly, relatively little is known about how to effectively and efficiently go about it 

in practice (67). There are important gaps in our practical knowledge concerning the 

processes of integration and collaboration and the tools available to facilitate both the 

practice of interdisciplinary research and integration are sorely lacking. Furthermore, we 

need to think critically and precisely about what we are integrating or bringing together 

when we do interdisciplinary research. There are many “unresolved challenges and 

basic questions about how, why and with whom we work together to improve health and 

wellbeing” (68). I argue, therefore, that we stand to benefit significantly by considering 

the challenge of interdisciplinary research–and more broadly, collaborative learning and 

action–as research problems themselves.  

In the literature, definitions for interdisciplinary research abound and debates 

about what counts as interdisciplinarity endure (69). In spite of this diversity and debate, 

common elements can be identified around which consensus is developing. First, it is 

important to differentiate interdisciplinary research from multidisciplinary and 

transdisciplinary research. An interdisciplinary approach to research is characterized by 

explicit integration of concepts, methodologies, knowledge, and tools resulting in mutual 

enrichment (36). Along a similar vein, McDonell (2000) has argued that “disciplines 

collaborate in such a way that each takes up some of the assumptions and worldviews 

and languages of the others” in interdisciplinary research efforts (70). In contrast, 

multidisciplinary research draws on knowledge from different disciplines, but integration 

is not an explicit aim and often remains limited in practice. Transdisciplinary research 

seeks integration across disciplinary divides, but also includes non-academic 

perspectives and knowledge (3). Transdisciplinary research therefore seeks integration 
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across knowledge cultures (38). “In practice, these classifications are divisions along a 

continuum, as are the criteria that define them” (71). Along this continuum, the research 

presented in this inquiry is closest to the interdisciplinary research category, because of 

a) the lack of engagement beyond the scholarly and practitioner realms, and b) the 

methodologies employed. Transdisciplinary research, although useful and effective, is 

rare in practice and is a particular challenge in the context of PhD training.  

Integration lies at the core of interdisciplinary research, and is generally seen as 

the product or goal of interdisciplinary research (72). Integration is a process whereby 

ideas, data, knowledge, methods, concepts, and/or theories are synthesized, connected, 

and blended (72). Ultimately, integration produces an output that is greater than the sum 

of the parts. According to Boyer (1990) integration also means making connections 

between one body of knowledge and “larger intellectual patterns” (48). Although more 

theoretical and conceptual development is needed when it comes to integration, 

particularly regarding how it is achieved and what counts as integration, Pohl and Hirsch 

Hadorn (2008) have contributed a valuable approach to thinking about integration. They 

outline four means of integration: 1) mutual understanding, 2) theoretical concepts, 3) 

model integration, and 4) product integration (73). Integration by mutual understanding 

refers to making terms explicit to avoid communication problems, while theoretical 

concepts refers to “creating or restructuring the meaning of theoretical and conceptual 

terms” (73). This may include, for example, transferring concepts between disciplines or 

the development of novel bridge concepts that merge disciplinary or sectoral 

perspectives. Model integration refers to integration through the development of models. 

Models can be ‘hard’ models (a quantitative model that correlates parameters across 

disciplines) or ‘soft’ models, such as mind maps and frameworks. The fourth means of 

integration proposed by Pohl and Hirsch Hadorn (2008) is product integration, which 

refers to an integrated research output (73).  

Parkes and Panelli (2001 and 2005) have proposed a more simple typology of 

integration making a distinction between vertical and horizontal integration (74,75). 

Specifically, ‘‘‘[h]orizontal’ integration is defined as integration across knowledge 

perspectives, such as disciplines or sectors while ‘vertical’ integration means integration 

among different types of knowledge users and may include perspectives from 

academics, as well as local communities and cultures…” (75). Horizontal integration is 
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achieved in interdisciplinary research while both horizontal and vertical integration 

characterizes transdisciplinary research (74,75). 

A focus on problem solving is another characteristic of interdisciplinary research. 

Lemos et al. (2005) define interdisciplinary research as the effort of actors “from different 

disciplines to work together to tackle problems whose solutions cannot be achieved by 

any single discipline” (76). Although interdisciplinary research currently lacks a clearly 

defined philosophical grounding, the focus on solving complex problems suggests that 

pragmatism (described in section 1.3) is a suitable philosophical orientation for 

interdisciplinary work. Taking the focus of integration and problem solving together, 

interdisciplinary research becomes, in large part, a process aimed on solving complex 

problems through integration.  

In the research presented here, I draw on several academic disciplines. I apply 

and integrate the literature, knowledge, and methods from the following disciplines in 

particular: public health, earth sciences, resource and environmental management, and 

communication. This work goes beyond the integration of disciplines however and 

towards the integration across sectoral perspectives and across technical, practical, and 

emancipatory knowledge domains.  
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Figure 2-1: Main contributing academic disciplines. 

2.3. Links to ecohealth approaches 

Ecohealth is an emerging and diverse field of research and practice primarily 

interested in understanding how changes in the environment and ecosystems affect 

human health and well-being, with a strong orientation toward collective action that 

protects and promotes human health, resilience, and ecosystem sustainability (3) 

Ecohealth is best described as a rich tapestry of converging approaches heavily 

informed by numerous established areas of scholarship, such as ecosystem approaches 

to health (common to the field of disease ecology) and social-ecological systems (77). 

Informed by ecohealth approaches, researchers develop and/or adapt methods, 

frameworks, and methodologies that are appropriate to a given research problem (78).  

Charron (2012) has outlined the main process-related pillars and intrinsic goals 

of ecohealth approaches to research (3). The process-related pillars are 

transdisciplinarity, systems thinking, and multi-stakeholder participation (3). The goals 

are equity, environmental sustainability, and evidence for community-based 

interventions. It should be noted that there is no single or even dominant ecohealth 

methodology; rather, a suite of methodologies and methods are used. Diversity in terms 

of methodology and methods is an asset of ecohealth approaches to research and 

practice.  
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Although this research does not apply the integral process-related pillars of 

transdisciplinarity and participation as outlined and promoted by Charron (2012) there 

are obvious and important links to ecohealth approaches. Particularly evident are the 

links with ecosystem approaches to health literature (79–81), one of the main scholarly 

lineages heavily informing the wider scope of ecohealth approaches. First, I draw on the 

thinking and mindset that characterizes ecosystem approaches to health. Ecosystem 

approaches to health grew out of an increasing awareness that health is more than the 

absence of disease (59). Health is conceptualized as an emergent property of complex 

interactions between social, ecological, and economic systems that depends highly on 

the environment in which people live (61). Quite simply,  “…for people to be healthy, 

they need healthy environments” (82). Conceptualizing health as more than the absence 

of disease, acknowledging the inextricable links between humans and their biophysical, 

social, and economic environments, and emphasizing the importance of ecological and 

social determinants of health are key features of ecosystem approaches to health 

(79,83). This line of thinking is fundamental to the research conducted in this inquiry. 

Second, ecosystem approaches to health is heavily informed by systems thinking, while 

complexity, pluralism, and diversity are also acknowledged in the theoretical and 

practical work of ecosystem approaches to health (61,83,84). The importance of 

pluralism and diversity in relation to understanding complex issues is underscored in the 

following excerpt from The Ecosystem Approach: Complexity, Uncertainty, and 

Managing for Sustainability:  

…complex socioecological situations can be understood only from 
multiple, nonequivalent perspectives. There exist multiple "windows" to 
investigate different aspects of the situation. A truly complex situation 
cannot be adequately "captured" or represented from any single 
perspective. (85) 

Complexity, pluralism, and diversity are central aspects of this work. Third, ecosystem 

approaches to health acknowledge the importance of context, emphasizing that human 

health cannot be considered in isolation. There is an explicit focus on understanding 

human health within relevant local and regional settings (61,79,80). Fourth, ecosystem 

approaches to health highlight the importance of examining issues across multiple 

scales. More specifically, the importance of zooming in and sheding light on the details 

of a given issue and then, stepping back and zooming out, examining the broader 
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context within which complex issues are embedded, as a strategy to gain a more 

fulsome understanding. Waltner-Toews (2013) describes this process as an essential 

“imaginative skill” for understanding the multiple and nested connections that 

characterize wicked problems (84). This process of zooming in and zooming out is used 

in the inquiry presented in this dissertation. Examining the seasonal dynamics of AGI 

and the associations between hydroclimatic variables and AGI enabled me to zoom in 

and examine, in detail, the climate change-water-health nexus. Subsequently, I take a 

step back and consider this nexus more broadly, examining the ways in which we think 

and talk about climate change.  

As stated in section 1.1, the overarching goals of this research are to contribute 

to our currently limited understanding of the links among climate change, water, and 

human health, and to inform the ongoing and increasingly necessary dialogue about how 

to respond to climate change and how to pursue and support interdisciplinarity and 

collaborative action. These overarching goals illustrate strong links with ecohealth 

research and practice. The clear and explicit focus of this work on interdisciplinary 

research and collaborative action illustrates strong parallels with the recommendations 

outlined in the 2014 Ecohealth Call to Action on Climate Change (47). The Call to Action 

underscores that addressing climate change demands multi-level collective action and 

also highlights the importance of examining how climate change is produced and framed 

as a problem (this is clearly linked to Research Question 2) in order to develop and 

enact effective solutions to climate change (47). Furthermore, the research questions 

and objectives guiding this inquiry illustrate a clear and explicit emphasis on 

connections. As Saint-Charles (2014) explains in a recent editorial in the journal 

Ecohealth: 

The theme of connections has been integral to the field of ecohealth since 
its inception. At its core, ecohealth is about relationships and systemic 
interactions between issues, topics and approaches that are too often 
treated in isolation. As a central theme for EcoHealth 2014, the 5th 
biennial conference of the International Association for Ecology & Health 
(IAEH), the emphasis on connections reminds us that we cannot reach 
our shared goal of ecosystem sustainability, resilience and health—for 
humans and all species—alone. (86) 
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A focus on “connections and relationships among different kinds of knowledge and 

multiple perspectives… [is] especially suited to address the complex challenges 

presented by climate change”(47). In summary, my research is situated within the broad 

and continuously evolving field of ecohealth approaches to research and practice, with 

strong connections to the particular scholarly lineage of ecosystem approaches to 

health, the recent 2014 Ecohealth Call to Action on Climate Change, and an emphasis 

on the key ecohealth themes of integration, multi-level collaborative action, and 

connections.  

2.4. Choice of methodologies  

Methodology is focused on the question, ‘how can the inquirer go about 

generating knowledge?’ and refers to the processes and procedures of research. The 

choice of research methodology depends primarily on the research question being 

asked and the desired outcome(s) of the inquiry. There are many ways to classify and 

think about different methodologies that inform a process of inquiry. Methodology should 

be differentiated from methods, which refer to the specific data collection and analyses 

employed (63).  

This research is generally concerned with exploring the climate change-water-

health nexus, and I draw on the scientific method and discourse analysis methodologies 

to do so. Research Question 1 asks, ‘What are the possible future impacts of climate 

change on waterborne AGI?’ This research question is well suited to the ‘scientific 

method’. Generally speaking, “the scientific method involves using appropriate study 

designs and statistical methods for investigating an observable occurrence and acquiring 

new knowledge” (87). The specific study design and methods of analysis employed vary 

depending on the field of study and phenomenon under investigation. For instance, 

epidemiology, a field of study concerned with studying the distribution and determinants 

of health and disease in human populations, employs the scientific method to describe, 

identify, and solve public health problems (87,88). I employ epidemiological study design 

and methods to describe the seasonality of AGI (Objective 1) and to assess the 

associations between hydroclimatic variables and the occurrence of AGI in the context of 

BC, Canada (Objective 2). These objectives align most strongly with eco-epidemiology 
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(89). The term ‘eco-epidemiology’ has been used to describe epidemiological research 

and methods that embrace the following: multi-level causation of health endpoints, the 

role of social and ecological determinants of health, the utility of methodological cross-

fertilization, and the importance of broad contextual factors in the production of health 

states (89). Eco-epidemiology also “gives equal weight to the hazards of the ‘ecological 

fallacy’ (i.e., inferring causation at the individual level from population level comparisons) 

and the ‘atomistic fallacy’ (i.e., inferring causation at the population level from individual 

level comparisons)” (89). In their call for more eco-epidemiological research, particularly 

with regards to research examining the impacts of global environmental change on 

health, Soskolne and Broemling (2002) argue that scholars "must embrace greater 

complexity" because "the traditionally used, reductionist, linear approaches are inferior 

for understanding the interactive webs that are critical for sustainable development and 

for the health and well-being of future generations" (90). 

Research Question 2 asks, ‘How is climate change framed in public health and 

water resource management communication?’ To answer Research Question 2, I 

identify and describe the ways in which climate change is framed in public health and 

water resource management texts (Objective 3). To this end, I draw on discourse 

analysis methodology and utilize the specific method of frame analysis. Discourse 

analysis is an appropriate methodology because I am interested in identifying and 

understanding meaning from text. Discourse can be defined in many ways. Following 

Hajer et al. (1999, 2005), this work defines discourse as “an ensemble of ideas, 

concepts and categories through which meaning is given to social and physical 

phenomena, and which is produced and reproduced through an identifiable set of 

practices” (91,92). 

Discourse analysis is one of a range of methodologies focused on questions of 

meaning and understanding. Discourse analysis centralizes the importance of language 

and assumes that language can provide access to individual or collective structures and 

meaning in text. In other words, it is a methodological orientation that assumes “social 

reality can be accessed through the interpretation of texts” and therefore “takes 

language seriously” (93). Discourse analysis does not assume that these texts are 

representative of an essential truth but rather, text is understood as cultural 

representation (63).  
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Although discourse analysis can be understood in a variety of ways as it spans 

numerous disciplines (94), it can be broadly described as a methodology concerned with 

identifying social meaning in talk and text, where meaning can be ascertained using 

various specific methods and analytical tools (95). It is a flexible methodology and the 

specific methods employed largely depend on the research question and objectives. 

There is no single standard method for the examination of texts, rather, there are 

multiple possible approaches. Hodges et al. (2008) identify three broad approaches 

within discourse analysis: formal linguistics analysis, empirical discourse analysis, and 

critical discourse analysis. Formal discourse analysis is concerned with linguistic 

structures and empirical discourse analysis looks for “broad themes and functions of 

language-in-action,” while critical discourse analysis is associated with the work of 

Foucault and is concerned with power and socio-historical structures (96). As applied in 

this work, discourse analysis is the study of “language-in-use” (97). 

Guided broadly by discourse analysis methodology, I employ the method of 

frame analysis to identify the ways in which climate change is framed from public health 

and water resource management texts (Objective 3). Frame analysis has been used for 

a variety of reasons in the literature, but primarily to analyze and understand the content 

of media communication. In this work, I use frames as analytical devices (98) to explore 

and better understand the content of scholarly and practitioner communication 

specifically related to the issue of climate change.  

Finally, reflection is an important methodological aspect of this interdisciplinary 

inquiry at the interface of climate change, water and health. Specifically, reflection plays 

a key role in the process of integration and towards achieving synthesis. Although 

reflection occurs throughout the research process, critical reflection on the research 

findings and the research process itself has contributed towards the final synthesis of the 

implications of this work for responding to climate change and for learning and working 

together presented in the Chapter 7. Therefore, reflection is used to achieve the fourth 

and final objective of this inquiry–to critically reflect on the research findings and process 

and synthesize implications for learning and working together at the climate change-

water-health nexus and for responding to climate change. 
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Reflection is “a systematic, rigorous, disciplined way of thinking, with its roots in 

scientific inquiry” (99). According to Dewey (100), a highly influential scholar on the 

practice of reflection and its role in learning more broadly, “[t]o reflect is to look back over 

what has been done so as to extract the net meanings which are the capital stock for 

intelligent dealing with further experiences. It is the heart of intellectual organization and 

of the disciplined mind” (100). Reflection is particularly important when using an 

interdisciplinary approach to research and when seeking integration (101–103). To 

structure and guide critical reflection, I use the Rolfe et al.’s (2001) Framework for 

Reflective Practice (104) presented in Figure 2-2. Rolfe et al.’s framework presents a 

cycle consisting of the three simple questions for structuring reflection and promoting 

reflective practice. The three simple questions are: 1) What?; 2) So what?; and 3) Now 

what? This framework is similar to other learning or reflection models (e.g., (49,105)).  

 

NOW 
WHAT? 

SO 
WHAT? 

 

WHAT? 

 
Figure 2-2: Framework for reflective practice. 
Note: Adapted from (104). 

2.5. Overview of the research process  

A general overview of the overall research process is provided in Figure 2-3. This 

figure also serves to more clearly illustrate the connections between the research 

questions, research objectives, methodologies, and methods.  
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Define/redefine specific 
research questions 

 

Review literature 

Determine philosophical 
orientation 
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RQ 2: How is the issue of climate change framed in public health and water resource management? 
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Figure 2-3: Overview of overall research process. 
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Chapter 3.  
 
Literature review and conceptual frameworks  

3.1. Overview 

This chapter summarizes the current state of knowledge relevant to the research 

questions, drawing primarily on literature up to and including 2013 (however, some key 

post-2013 publications have been included since the literature review was conducted). 

Knowledge gaps are also highlighted throughout the chapter sections, further supporting 

the rationale for the research. Subsequently, the conceptual frameworks used at various 

points throughout the research process are introduced and described. Altogether, these 

discussions provide the foundation, background, and scholarly context for this 

interdisciplinary inquiry.  

3.2. Literature review 

3.2.1. Global climate change  

To adequately understand climate change, one must also understand the 

difference between weather and climate. Weather is the short-term and local state of the 

atmosphere as measured by temperature, humidity, and precipitation, and it can change 

on the order of hours to days. Climate, on the other hand, represents the average of 

weather over a longer time period and at larger spatial scales. Global climate change 

refers to “a change in the state of the climate that can be identified (e.g., by using 

statistical tests) by changes in the mean and/or the variability of its properties, and that 

persists for an extended period, typically decades or longer” (106). Climate, unlike 

weather, “cannot be experienced directly through our senses” (107). This is an important 

consideration for scholars when we begin to consider the ways in which we may 
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motivate and shape climate change policy and action. In the realm of climate change 

and health research, we typically examine associations between weather patterns and 

variability and health endpoints using historical data as analogues for the possible future 

impacts of climate change on health.  

The Fifth Assessment Report (AR5) from the Intergovernmental Panel on 

Climate Change (IPCC) is the most recent in a series of reports aimed at assessing the 

scientific, technical, and socio-economic information concerning global climate change 

and its potential effects. Working Group 1 reports on the physical sciences of climate 

change, Working Group 2 focuses on impacts, adaptation, and vulnerability, and 

Working Group 3 is concerned with mitigation. The AR5 documents a 0.85 °C (0.65 to 

1.06 °C) warming of the global climate over the past 100 years as well as diminishing 

amounts of snow accumulation and sea level rise, and changes in the frequency and 

intensity of extreme events (7). The AR5 also states with a high degree of confidence 

that most of the observed increase in global average temperatures since the mid-20th 

century is “very likely” due to the observed increase in anthropogenic greenhouse gas 

concentrations (7).  

The AR5 estimated future climate projections using a set of Representative 

Concentration Pathways (RCPs). “Global surface temperature change for the end of the 

21st century is likely to exceed 1.5°C relative to 1850 to 1900” (7). Changes will not be 

regionally uniform; the greatest increases in temperature are expected in the arctic 

regions. Changes in mean annual temperature will have widespread influences on the 

hydrological cycle and a dramatic increase in the frequency and intensity of extreme 

temperatures and precipitation events is likely before the end of the century. Again, 

specific changes to the hydrological cycle and extreme precipitation events will not be 

uniform across regions. “In many mid-latitude and subtropical dry regions, mean 

precipitation will likely decrease, while in many mid-latitude wet regions, mean 

precipitation will likely increase” (7). “Extreme precipitation events over most of the mid-

latitude land masses and over wet tropical regions will very likely become more intense 

and more frequent by the end of this century” (7). Rising sea levels, decreased 

snowpack, and increased glacial melting are also predicted at the global scale. It is 

worth noting that, compared to predictions regarding temperature changes, there is a 
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higher degree of uncertainty concerning projections of precipitation patterns and extreme 

events. 

There is general consensus in the scientific community that a global mean 

temperature increase of the magnitude of 1.5 °C will lead to drastic impacts, and that this 

extent of temperature change is very likely if human populations continue to burn fossil 

fuels at today’s rates (108). These climatic shifts will lead to significant ecosystem, 

economic, and social impacts such that climate change is expected to have widespread 

impacts on human livelihoods and health. Changes in temperatures and precipitation 

patterns have already led to widespread impacts on ecosystems and human health (16). 

Climate change in British Columbia, Canada 

British Columbia’s climate has changed over the last century and more dramatic 

changes are expected within the next 25 to 50 years (109). Mean annual temperatures 

have warmed by 0.5-1.7 °C in different regions of the province during the 20th century–

by 0.6 °C at the coast, 1.1°C in the interior, and 1.7°C in the north (110). Over the last 50 

to 100 years, BC lost up to 50 % of its snowpack and total annual precipitation has 

increased by about 20 % (110). Although climate change models have improved 

significantly over the last two decades, their ability to produce regional and local level 

predictions is still limited and uncertainty remains in terms of the specific impacts at 

these scales. Also, because the province’s climatology is quite variable, trends in 

climatic changes across the province are expected to vary spatially. Despite this 

complexity, the Pacific Climate Impacts Consortium (PCIC) (a regional climate service 

centre at the University of Victoria in BC that conducts quantitative studies on the 

impacts of climate change and climate variability in the Pacific Northwest) has done 

significant work to generate climate change projections for BC with the goal of informing 

policy-making and the development of adaptation and mitigation strategies in the region. 

The Pacific Climate Impacts Consortium climate models project a continuation in the 

warming pattern already seen; an average warming of 1.8 °C is expected by 2050 

relative to the 1961–1990 baseline (range from 1.3 °C - 2.7 °C) (111). Precipitation 

patterns are more difficult to analyze and predict, although generally, the PCIC models 

project wetter winters and drier summers, with increasing extreme precipitation events 

(111).  
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Importantly, changes in these hydroclimatic variables will vary across regions in 

the province. For example,  

Southern and central British Columbia are expected to get drier in the 
summer, while northern British Columbia will more likely be wetter. 
Winters will be wetter across British Columbia. There will also be 
increases in the intensity and the maximum amount of precipitation (112). 

Increasing temperatures and altered patterns of precipitation will impact 

hydrological systems in BC, ultimately affecting resources and water-related activities 

and health outcomes (113). Changes in temperature and precipitation patterns lead to 

important changes in runoff, snowpack accumulation, changing seasonality of stream 

flows, and groundwater levels–all of which influence the quantity and quality of water 

available for drinking and other uses, such as agriculture and electricity generation 

(106). Snowpack is declining across the province; snowpack and may be reduced by 20 

% throughout the coast and up to 80 % in the interior (112). Warmer winters may 

increase winter flows due to the increased frequency of rain or mid-winter snowmelt 

events, and diminishing snowpack accumulations during warmer winter months may 

lead to water shortages in the summer. Streamflows are expected to be lower during the 

summer as a result of smaller snowpack and less summer precipitation (113). A study of 

the Fraser Basin by Morrison et al. (2002) found that the basins hydrological profile has 

substantially changed over the past several decades and suggests that further changes 

can be expected given global climate change (114). The authors report that the Fraser 

River may peak earlier in the season due to warmer temperatures, but the peak would 

be reduced as a result of decreased snowpack, while changes in flow may lead to a 

greater frequency of floods and water shortages (114). Déry et al. (115) documented 

increasing inter-annual variability in streamflow across the Fraser River Basin since 

1910; the authors link this increased variability to environmental changes, such as rising 

air temperature and retreating glaciers.  

The BC Ministry of Environment has outlined the expected impacts of climate 

change on the water resources in the province: 

Rising air temperatures will reduce the amount of precipitation that falls 
as snow in the winter and in the mountain regions, resulting in lower river 
levels during the dry summer period. Higher temperatures in the summer 
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will increase the need for water — for people, aquatic life, and irrigation in 
agriculture. What’s more, the increased heat will heighten the evaporation 
of water, leading to water loss. This will make it even harder to ensure 
adequate water supplies. (110) 

Throughout the province, seasonal runoff is either snowmelt-dominated or 

rainfall-dominated (116). Watersheds can be characterized as snowmelt-dominated or 

rainfall-dominated hydroclimatic regimes. This typology of hydroclimatic regimes is 

increasingly used in climate change research. For example, a recent study by 

Schnorbus and Cannon (2014) examined the hydrological impacts of climate change 

across a selection of BCs major watersheds documenting variations in regional 

hydrologic responses in snowmelt-dominated compared to rainfall-dominated 

hydroclimatic regimes (117). The future climate change impacts on water-related 

activities and health endpoints will be mediated, in part, by the regional hydroclimatic 

regime.  

Overall, climate change will affect the hydrologic cycle in the province leading to 

important changes in water quantity and quality, which, in turn, will influence ecological 

and social systems and water-related human health endpoints. Knowledge gaps remain 

in terms of the nature and the magnitude of hydrological impacts of climate change at 

the regional and local level in particular. It is therefore a challenge to develop 

appropriate adaptation strategies.  

3.2.2. The burden of waterborne AGI 

Waterborne AGI is a major cause of mortality and morbidity worldwide and a 

growing public health and water resource management concern in Canada and the 

province of BC (118–122). In developing nations, both morbidity and mortality 

associated with waterborne AGI are high; AGI is a major cause of under-5 mortality and 

contributes to malnutrition (123). According to the World Health Organization (WHO), 

AGI infection leads to approximately 2.2 million deaths each year (124). Although 

mortality due to AGI in developed nations is relatively low, vulnerable populations, such 

as immunocompromised individuals (e.g., HIV-positive, the elderly) are at risk of death 

due to AGI infections (125,126). Despite major advances in water treatment 

technologies and a renewed interest in source water protection over the last decade, the 
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morbidity, economic costs, burden on health care systems associated with AGI are high 

in all countries. 

In the Canadian context, the quality and quantity of freshwater resources and the 

burden of waterborne illness are increasingly relevant public health and resource 

management concerns. The Council of Canadians (2015) reports that, as of January 

2015, there were 1,838 active drinking water advisories across the country (122). Recent 

research suggests that AGI affects approximately 1 in 10 Canadians, taking under-

reporting into consideration (127). Other research estimates that AGI accounts for more 

than 90,000 hospitalizations, representing a major burden on the health care system 

(119). Schuster et al. (2005) examined data on Canadian waterborne disease outbreaks 

between 1974 and 2001 (a waterborne outbreak is defined as an incident in which more 

than two cases of illness occur after the ingestion of water from the same potable source 

(128)) (129). This study reported a total of 288 waterborne AGI outbreaks linked to 

contamination of a drinking water source (129). The majority of AGI research has 

focused on waterborne outbreaks, and more research focusing on sporadic waterborne 

AGI is needed (130). 

Canadian AGI-related research has largely focused on Ontario and Alberta 

despite the fact that, historically, the province of BC has had higher rates of giardiasis 

and campylobacteriosis than any other province in Canada (131,132). Also, of the 1,838 

drinking water advisories across Canada as of January 2015, 30 % occurred in BC–

more than any other province (122). Although there has been limited research examining 

the epidemiology of AGI in the province of BC specifically, research to date suggests 

that the burden of illness is considerable and that costs to society through days of 

illness, days of work lost, and health care costs are significant. Thomas et al. (2006) 

conducted a cross-sectional population-based study in selected BC communities to 

describe the frequency, magnitude, and distribution of self-reported AGI in the province. 

This study was part of a larger nation-wide program initiated by the Public Health 

Agency of Canada (PHAC) (Health Canada at the time), the National Studies on Acute 

Gastrointestinal Illness program. According to this study, there was a monthly 

prevalence of 9.2 %, and an incidence rate of 1.3 AGI episodes per person-year (127). 

On average, each case lasted 3.7 days, which translates into 19.2 million days of illness 

in the province each year (127). A more recent study by Henson et al. (2008) estimated 
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the overall economic costs of AGI in the province of BC and found that the mean annual 

cost of AGI infection per capita was CDN $128.61, an overall provincial economic 

burden of CDN $514.2 million (133).  

3.2.3. Waterborne AGI in a changing climate 

The impacts of climate change on health occur via direct and indirect pathways. 

To date, most knowledge of the climate change impacts on health pertains to direct 

impacts while our understanding of indirect health impacts remains limited. It is clear 

however that water is a primary medium through which the indirect impacts of climate 

change on health will manifest. Climate change directly influences the hydrological cycle 

and thus the quantity and quality of freshwater resources in regard to mean states and 

variability, which–along with other mediating factors–leads to a range of water-related 

human health consequences (134). Climate change induced shifts in weather and 

hydrological patterns and extremes may increase the burden and risk of waterborne 

illness however more research is needed to untangle the complex relationships between 

global climate change, regional and local impacts on social and ecological systems, and 

the resulting impacts on waterborne illness. Evidence is mounting to suggest that 

infectious waterborne AGI is a climate-sensitive disease (135). 

Eco-epidemiological studies that describe the seasonality of waterborne AGI and 

examine the influence of hydroclimatic conditions on the occurrence of waterborne 

illness can contribute towards addressing important knowledge gaps in the climate 

change and health literature and are increasingly called for to prevent harm to human 

health in a rapidly changing world (136,90). Specifically, studies that assess associations 

between past and current hydroclimatic variables and climate-sensitive diseases in 

regional or local settings are needed to establish a baseline understanding of climate-

health relationships and are a prerequisite for identifying the potential future impacts of a 

climate change on waterborne AGI (29). 

Seasonality of waterborne AGI  

Seasonality is a “systematic periodic occurrence of events over the course of a 

year” and a characteristic of numerous infectious diseases (137,138). The longstanding 

importance of seasonal changes on disease dynamics is highlighted in the early works 
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of Hippocrates (139). Infectious diseases that vary seasonally demonstrate some form of 

climatic dependence and are most likely to be influenced by global climate change and 

variability. These diseases are considered “climate-sensitive” (140). A better 

understanding of AGI seasonality, the factors driving disease dynamics, and differences 

in seasonality across ecological factor is key to informing disease prevention at the 

population level (30,141,142). More specifically, this knowledge can facilitate the 

prediction and forecasting of longer-term changes in the risk of illness and improve the 

accuracy of early warning systems in a changing climate (143,144).  

Seasonal variation in the incidence or occurrence of AGI has been reported in 

numerous settings across the globe (21,145–151). Research to date has illustrated that 

seasonal patterns vary by pathogen and across different geographies and climatic 

regions, underscoring the importance of local and regional analyses (18,152). Lal et al. 

(2012) systematically reviewed evidence for seasonal patterns in the AGI literature 

between 1960 and 2010 in temperate climates; this is the most comprehensive review of 

disease seasonality to date, using data from 86 studies (153). The review by Lal et al. 

(2012) indicates that Campylobater, E.coli, and Salmonella infections have very distinct 

summer peaks. Giardia infections display a weaker summer-autumn peak and 

Cryptosporidium infections display a peak in the summer in North America and in the 

spring in the United Kingdom and New Zealand. Available research also shows that the 

presence of pathogens in freshwater sources water illustrates seasonality; this 

association also varies across settings (154–157). Interestingly, some evidence 

indicates that in arid climates, where hydroclimatic variability is limited, there is little 

seasonal variation in illness rates (158). 

Trends in AGI can also be secular, meaning that they occur over longer time 

periods. There is evidence suggesting that longer-term earth systems processes, such 

as the El Niño Southern Oscillation (ENSO), may play a role in secular trends (159,160). 

If using surveillance data, secular trends can also be influenced by changes in reporting 

behavior (148). 

The majority of research examining seasonal patterns of AGI and the factors 

drive these seasonal trends originates from the United States, England, and Australia. 

Relative to these nations, there is a paucity of Canadian research on the subject and 
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none in the province of BC. Moreover, the AGI seasonality research to date has 

generally lacked an ecological (or eco-systemic) focus. Looking at seasonal trends 

across ecological factors like drinking water sources and hydroclimatology is a small but 

important contribution to this currently limited body of literature.  

Hydroclimatic drivers of waterborne AGI  

Waterborne pathogens exist in the environment and can lead to exposure among 

humans via swimming in and consuming contaminated water, or secondarily through 

food contaminated through water (161). Each of these transmission routes can be 

affected by hydroclimatic factors and variability (15). Examining the role of 

hydroclimatology as an underlying driver of the epidemiology of waterborne diseases is 

key to advancing our understanding of the possible impacts of climate change on 

infectious illness and, more broadly, the links among climate change, water, and health 

(15,146,162). A great deal remains to be understood about the impacts of hydroclimatic 

factors (and ecological conditions more broadly) on waterborne AGI. This can be 

achieved, in part, using epidemiological research and time-series analyses which identify 

associations between current and past hydroclimatic variation and population level 

patterns of disease (30). Numerous studies completed in diverse settings across the 

globe have generated evidence for correlations between hydroclimatic variables and the 

occurrence or incidence of AGI (18,20,21,141,147,149,150,163–168).  

The following paragraphs describe the current literature and knowledge base 

regarding the association between AGI and three important hydroclimatic variables: 

temperature, precipitation, and streamflow.  

Temperature: It is believed that both the survival and growth of many AGI-

causing pathogens are positively related to temperature, up to a threshold, which 

in turn enhances the concentration of pathogens in source waters (169–172). 

Additionally, increased temperatures may prolong the transmission season (19) 

and cause an increase in pathogen shedding from infected livestock (173). 

Regional and pathogen-specific difference in the temperature-AGI relationship 

are evident (152). 
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Studies have documented a positive relationship between bacterial infection and 

temperature (17,20,138,152). The relationship between temperature and 

protozoan-caused AGI is not as well characterized but available evidence 

suggests that these relationships are dependent on geographic region (152). 

Using a meta-analysis approach, Jagai et al. (2009) showed that an increase in 

temperature is associated with an increase in cryptosporidiosis The authors 

stress that the strength of the association varies by climatic region, with 

temperature having greatest effects in mid-latitude climates (152). Protozoan 

pathogens appear to survive longer in environments with more moderate 

temperatures (174,175). In the case of protozoan-caused AGI, temperature may 

be a more important driver of illness trends in temperate climates relative to 

warmer tropical climates.  

Precipitation: The patterns, frequency, and intensity of precipitation may influence 

patterns of waterborne AGI through a number of mechanisms. Precipitation 

patterns are likely to influence overland flow, runoff, and erosion, and lead to re-

suspension of particles and pathogens, causing greater potential for surface and 

groundwater contamination by pathogens (170). These processes can also 

decrease the effectiveness of water treatment. The most common pathway 

through which pathogens in the environment can contaminate water is overland 

flow, which transports pathogens into surface water sources and, under certain 

conditions, into groundwater sources (170). The transmission of bacteria or 

protozoan oocysts from an environmental reservoir (e.g., agricultural land) to a 

surface water or groundwater source occurs under specific climatic and soil 

conditions, such as high precipitation onto saturated soils (173). Some research 

also indicates that heavy rain following a period of drought can lead to more 

severe overland flow events with particularly high pathogen loads and increased 

risk of surface water contamination, although the evidence for this is quite limited 

(10,15). The influence of snow-related precipitation (e.g., rain-on-snow events, 

snowmelt or spring thaws), may also impact the risk of AGI but remains largely 

unstudied. Snowmelt can act on AGI transmission pathways in similar ways to 

precipitation (168). For example, rapid snowmelt can lead to dramatic runoff and 

overland flows with the potential to contaminate water sources (15,176). 
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Snowmelt has been correlated with higher levels of surface water contamination 

(177), but links to AGI have not been established. Additionally, extreme rainfall 

events may increase microbial concentrations in drinking water supplies in part 

due to increased particulate matter following surface runoff and re-suspension of 

river bottom sediment–in other words, by increasing turbidity (177,178). Turbidity 

refers to the cloudiness of water or undissolved solids and is a proxy indicator for 

water quality. High turbidity has been shown to reduce the effectiveness of water 

treatment and may also provide a medium for microbial growth in source waters 

(179,180). A relationship between turbidity and AGI has been documented in BC 

(178).  

There is epidemiological evidence linking precipitation, particularly extreme 

rainfall events, and outbreaks of waterborne AGI. In an influential and highly cited 

paper, Curriero et al. (2001) showed that 68 % of the waterborne AGI outbreaks 

in the US occurred following a period of heavy rainfall. A study in Canada, using 

a case-crossover design, identified accumulated rainfall totals (greater than the 

93rd % ile) as a factor that increased the odds of a AGI outbreak more than two-

fold (176). Previous waterborne outbreaks in Canada have been associated with 

precipitation as well as other hydrological events (e.g., flooding, spring melting, 

and snowmelt) that also lead to higher risk through similar mechanisms 

(15,129,176). Fewer studies have documented associations between 

precipitation and sporadic AGI. Using a cross-sectional study design, Febriani et 

al. (2010) found that periods of high precipitation increased the odds of AGI three 

weeks later compared to periods of average and low precipitation in rural 

communities in Quebec (147). According to Charron et al. (2004), the influence of 

precipitation on waterborne illness may be more widespread than previously 

believed.  

Streamflow: Streamflow has been correlated with pathogenic contamination of 

source waters and with turbidity, and may therefore influence drinking water 

contamination and AGI risk (168,177). Streamflow may be able to capture the 

combined soil and weather conditions (e.g., precipitation events, snowmelt or 

spring thaws) leading to surface runoff, overland mobility of pathogens, and 

turbidity. Although there does appear to be increasing interest in the possible role 
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of hydrological parameters, such as streamflow and groundwater level, on 

waterborne AGI risk, very few studies have been conducted to date exploring 

possible associations (181). A recent study in England and Wales documented a 

significant association between maximum streamflow and Cryptosporidiosis 

cases (173). Thomas et al. (2006) also explored the relationship between 

streamflow and waterborne AGI outbreaks in Canada but did not find a significant 

relationship (176). 

The links between hydrological variables and AGI have been studied to a lesser 

extent than both temperature and precipitation and are deserving of additional 

examination. The fact that every watershed has unique hydrological and 

physicochemical characteristics, especially in terms of how surface water and 

groundwater respond to climatic variability, underscores the need to take into 

consideration watershed characteristics and the regional and local context 

whenever possible.  

The changing precipitation, temperature, and hydrologic conditions that will 

emerge as a result of global climate change can influence the quantity and quality of 

water resources and the burden of water-related illness. More research, in many 

different locales and contexts and at different scales, is needed to advance our currently 

limited knowledge of the potential future impacts of climate change on waterborne illness 

such as AGI and to ultimately inform effective and appropriate climate change policy and 

action. 

3.2.4. Climate change policy and action: The implementation 
deficit   

Despite the many compelling reasons for responding to climate change, the 

implementation of climate change policy and action, both mitigative and adaptive, is 

generally lacking (182–184). We currently face a significant and disconcerting 

‘implementation deficit’ (185) – a gap between the extent of policy and action that is 

required to sustain ecosystem function and protect human health in a changing climate 

and the extent to which policy and action has actually been implemented (45,186–189). 

The implementation deficit highlights a major disconnect between knowledge and action, 
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i.e., a knowledge-to-action (KTA) gap (182,190,191). The implementation deficit is 

especially disconcerting with regards to policy and action drawing on and reconciling 

different disciplinary and sectoral perspectives. With regards to the climate change-

water-health nexus, the applied fields of water resource management and public health 

are particularly well suited for developing and implementing climate change policy and 

action at regional and local levels. Although both sectors have become increasingly 

engaged in the issue of climate change and climate change-related research over the 

past two decades, little progress has been made with regards to the implementation of 

climate change policy and action. Moreover, there is very little evidence of policy and 

action explicitly aimed at protecting and sustaining water resources and human health in 

response to current and predicted climate change impacts. I argue that we stand to 

benefit a great deal from integrative and collaborative research, policy, and action at the 

climate change-water-health nexus (45).  

Over the last decade, a body of literature focusing on constraints (or barriers) 

and enabling conditions for climate change policy and action has emerged (16,189,192–

196). The importance of this emerging body of work is underscored in the most recent 

IPCC report, which notes that “[c]ontinued development of this knowledge through 

research and practice could accelerate more widespread and successful …outcomes” 

(16). A review of the literature reveals several broad categories of constraints including: 

environmental, economic, data and informational, governance, and social constraints. 

Burton (2004) argues that we tend to focus on informational constraints, specifically the 

insufficient availability of data and information regarding climate change impacts and the 

uncertainty inherent in climate science, even though there is evidence to suggest that 

governance and social constraints are often at the root of the implementation deficit 

(188). The IPCC Working Group 2 report (2014) has underscored that adaptation to 

climate change is an inherently social process, while also noting that a lack of 

participation, uncoordinated governance, and conflicting perspectives across 

stakeholders are major constraints to the development and implementation of adaptation 

strategies (16). Along the same lines, Moser et al. (2012) contend that the most 

important constraints may have less to do with deficiencies in evidence or technical 

knowledge regarding climate change impacts, and more do to with challenges related to 

governance and social factors and deficiencies in practical knowledge (197).  
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To develop and implement effective climate change policy and action, we must 

engage a diversity of actors, integrate knowledge, and foster intersectoral collaboration 

and action (45). An often-overlooked, yet important constraint to the development and 

implementation of climate change policy and action is the challenge of learning and 

working together. Stated another way, the challenge of 1) knowledge integration and 

mobilization across an array of disciplines and perspectives and 2) collaboration across 

sectors and scales are important constraints to climate change policy and action. More 

explicit attention to interconnected processes of integration and collaboration is therefore 

an opportunity to foster enabling conditions for climate change policy and action. This in 

turn, calls for a greater understanding of the diverse ways in which the problem of 

climate change itself is constructed and conceptualized across various divides. 

Research that aims to understand the ways in which complex problems are constructed 

and conceptualized across perspectives is needed to enable effective and meaningful 

policy-making and action (93).  

3.2.5. Frames, framing and their relevance to climate change policy 
and action 

Researchers and actors from different sectors, disciplines, and perspectives 

construct and understand issues differently; they frame issues differently (198,199). 

Framing differences are particularly evident with regards to complex problems like 

climate change. As outlined in the 2014 Ecohealth Call to Action on Climate Change, 

effective climate change policy and action requires explicit attention to the ways in which 

climate change is framed (47). By examining the various ways in which the issue of 

climate change is framed across disciplinary and/or sectoral divides, we can foster the 

interconnected processes of knowledge integration and intersectoral collaboration and 

identify practical knowledge and tools that contribute towards enabling conditions for 

climate change policy and action.  

In his often cited and highly influential paper, Framing: Towards Clarification of a 

Fractured Paradigm, Entman (1993) aimed to “identify and make explicit common 

tendencies among the various uses of the terms [frames and framing] and to suggest a 

more precise and universal understanding of them.” After an extensive review and 

synthesis of the literature, Entman offered the following definition: “to frame is to select 
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some aspects of a perceived reality and make them more salient in a communicating 

text, in such a way as to promote a particular problem definition, causal interpretation, 

moral evaluation, and/or treatment recommendation for an item described (original 

italics)” (200). Framing then involves the “selection and salience” of aspects of an issue 

or problem in written or spoken communication (200). According to Entman (1993 and 

2004), a frame performs four functions–it defines a problem, attributes causation, 

presents moral interpretations, and suggest remedies (200,201).  

Snow and Bedford (2000) adapted Entman’s work on the functions of frames and 

presented what they call core framing tasks: diagnostic framing, prognostic framing, and 

motivational framing (202). Diagnostic framing refers to problem identification and the 

source or cause of the problem, and often specifies who is seen to be responsible for the 

problem (203). Prognostic framing answers the question, “what can and should be 

done?” and therefore refers to the articulation of proposed solutions or responses. 

Motivational framing refers to the moral appeals and rationale for caring and doing 

something about the issue at hand. In addition to framing tasks, Van Gorp (2012) and 

others highlight the important role of framing devices including metaphors, vocabulary, 

and exemplars (204–206). Framing tasks (diagnostic framing, prognostic framing, 

motivational framing) and framing devices (referred to in this work as frame dimensions) 

characterize a particular framing of an issue or problem (207,208).  

Due to the wide variety of actors and sectors influenced by climate change, a 

large number of issue-specific frames exist. These frames however, often remain implicit 

in practice (209). Implicit frames can exacerbate divisions among actors, particularly 

those from different disciplines and sectors, “form a barrier for mutual understanding,” 

ultimately impeding knowledge integration and collaborative policy-making and action 

(198,199,210). Frames, as Hertog and Mcleod (2001) argue, are one of the most 

powerful forces in influencing policy decisions (211). In reference to climate change 

adaptation in particular, Fünfgeld et al. (2014) argue note that  

… although the emergence of collaborative and cross-disciplinary efforts 
across scientific research, policy and practice are leading to new 
communities of practice (coalescing around climate change adaptation), it 
is evident that different framings… continue to be problematic for 
achieving coherent approaches to adaptation (212). 
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In collaborative endeavour, doing away with differences in issue frames should 

not be the goal (213). Instead, the goal should be to explore similarities and differences 

in a constructive way, and most importantly, reflect on potential implications for the 

research and/or decision-making and action. Although the possibility of using frames as 

tools to help us navigate the challenge of learning and working together is only just 

emerging, this is a rich area for continued development with important implications for 

the scholarship on enabling conditions for climate change policy and action.  

3.3. Conceptual frameworks used in the research process 

Conceptual frameworks are “tools to think with,” which can be used for different 

purposes, such as illustrating cause-effect relationships, guiding inquiries, or interpreting 

results (214). In this section, the conceptual framework used in the research process are 

presented and briefly described. Justification for selection and application of each of the 

frameworks is also provided. The process of selecting and, if needed, adapting a 

framework for a given process of inquiry is itself a useful task (3). Three conceptual 

frameworks are applied at different points and for different purposes throughout the 

research process: the Three Domains of Knowledge and Learning framework, the 

Contextualized DPSEEA framework, and the Nested Levels of Framing and Frame 

Dimensions framework. The Three Domains of Knowledge and Learning framework is 

used here as a typology of knowledge as well as a basis for structuring the knowledge 

generation and learning for this interdisciplinary inquiry, and as a tool to foster 

integration. The Contextualized DPSEEA framework is employed to guide thinking and 

analysis in relations to Research Question 1 (and Objectives 1 and 2). Finally, I use 

the Nested Levels of Framing and Frame Dimensions framework to examine Research 

Question 2 and as a tool to facilitate the frame analysis conducted (Objective 3). 

3.3.1. The Three Domains of Knowledge and Learning framework 

In 1972, Habermas established the “theory of knowledge and human interests,” 

which describes three basic human interests leading to three domains of knowledge–

technical knowledge, practical knowledge, and emancipatory knowledge (2). According 

to Habermas (1972), our interest in controlling or managing our environment leads to the 
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pursuit of technical knowledge. Technical knowledge focuses on explanation and 

information about cause-effect relationships; it is empirically derived and fundamental to 

enhancing our understanding of a phenomenon or issue of interest. It is worth 

highlighting the parallels between the three domains of knowledge and learning and the 

three major research paradigms; the positivist, constructivist, and critical paradigms 

(215).  

Practical knowledge, Habermas’ (1971) second knowledge domain, is socially 

constructed and practically relevant (2). Because “we have an interest in living together 

in a society and coordinating social actions so as to satisfy individual and social 

needs…we therefore need to understand each other, both on a simple personal level 

and on a larger social and political level” (216). This explains the need for practical 

knowledge. 

Lastly, our emancipatory interests lead to the third knowledge domain, 

emancipatory knowledge (2). “Our basic human drive for growth can lead us to critically 

question assumptions, values, beliefs, norms, and perspectives” (216). Emancipatory 

knowledge is gained through the process of critical reflection. For Habermas, it is only 

through reflection, self-reflection in particular, that we are able to identify and account for 

values, interests, and power structures and thereby legitimize technical and practical 

knowledge (2,38).  

Habermas’s three domains of knowledge can also be represented as three 

dimensions of reality–the natural world, the social world, and the subjective world (217). 

In Felix Guattari’s The Three Ecologies (2005), for example, the definition of ecology 

extends beyond the natural world to encompass social relations and human subjectivity, 

and presents these three domains as self, society, and nature (218). Additionally, 

Mezirow (219) applied Habermas’ notion of the three domains of knowledge to adult 

learning in his description of the three domains of learning. Clearly, the three domains of 

learning and three domains of knowledge are connected and both relevant to 

interdisciplinary research and learning.  

The Three Domains of Knowledge and Learning framework is commonly used to 

provide a basis for transformative learning experiences and has also been employed as 
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a typology of knowledge domains (220). Applied to a given research problem, the 

framework can also highlight reliance upon certain types of knowledge over others (221). 

I use the framework here as both a typology of knowledge and as a basis for structuring 

interdisciplinary knowledge generation and learning (See Figure 3-1) (222). In this 

inquiry, the generation of technical knowledge corresponds to Research Question 1 

(and Objectives 1 and 2 specifically). Exploring Research Question 2 (and Objective 

3) generates practical knowledge, and emancipatory knowledge and learning is 

promoted through a continual process of reflection on the research experience and a 

critical reflection on the results (Objective 4).  

!

Emancipatory knowledge  
and learning 

 

  
 
 

 

Technical knowledge  
and learning 

 
Integration 

and synthesis 
of knowledge 

 

Practical knowledge 
and learning 

 
 

 
Figure 3-1: Three domains of Knowledge and Learning framework. 
Note: Adapted from (2). 

The DPSEEA (Driving Force – Pressure – State – Exposure – Effects – Action) 

framework provides a simple structure to consider 1) the ways in which aspects of the 

environment can affect health, 2) the ways in which these environments are created, and 

3) actions that can be taken at different points along the causal chain to improve health. 

The framework was used in the Water and Health chapter in the 4th World Water 
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Development Report (223) “in order to provide a systematic approach for interpreting the 

complex relationships between the environment and human health” (224). 

Called a “linkage based conceptual framework” by Waheed et al. (2009), it is 

particularly well suited for the research proposed here (225,226). The Pressure–State–

Response (PSR) framework is an alternative linkage-based conceptual framework, but 

the World Health Association (WHO) suggests that it is less suitable than the DPSEAA 

framework for considering health endpoints due to its primary focus on the environment 

(227). 

A strength of the DPSEEA framework is that it explicitly highlights the possibility 

of action at various levels, or points, along the causal pathway rather than focusing 

exclusively on the treatment of cases or interventions aimed at reducing human 

exposures, which is the common scale for action in environmental health practice (228). 

Consequently, appropriate action can be identified and targeted “earlier in the chain of 

causality and as a result may be able to impact a larger population with fewer invested 

resources ” (224). Additionally, using the DPSEEA framework, the system of interest is 

extended beyond the somewhat narrow biophysical or epidemiological realm that often 

dominates health research.  

 Another strength of the DPSEEA framework is that it is flexible and can be 

adapted and modified according to requirements of a given application (226). The 

DPSEEA framework has been endorsed by the WHO, Health Canada, and the United 

Nations Environment Programme (UNEP) and it has been successfully applied in 

climate change-health research (226) and water-health research (224).  

Two limitations of the DPSEEA framework are important to note. First, the 

DPSEEA model adopts a somewhat linear and crude representation of cause-effect 

relationships resulting in an oversimplification of the truly complex and interconnected 

nature of climate, water, and health relationships. Second, the traditional DPSEEA 

framework overlooks context–both in terms of ecological context where the exposure 

and health endpoint occurs and of socio-political context influencing decision-making 

and action. It is no longer possible to separate knowledge about climate change and the 

pathways through which climate change will influence human health from the decision-
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making and action context (107). It is important to explicitly note and consider these 

contexts. Eco-epidemiology also emphasizes the importance of relating health outcomes 

and risk factors to ecologically relevant boundaries in additional to the widely used geo-

political boundaries (e.g., census tracts or countries).  

As a result, the traditional DPSEEA framework has been modified to explicitly 

acknowledge the importance of context, resulting in the Contextualized DPSEEA 

Framework presented in Figure 3.2. The framework provides a boundary to the system 

of inquiry and highlights general cause-effect relationships in relation to Research 

Question 1 (and Objective 1 and 2) fosters multilevel thinking. Moreover, the figure 

emphasizes the conceptual connections between the literature presented in sections 

3.2.1, 3.2.2, 3.2.3, and 3.2.4. 
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Figure 3-2: Contextualized DPSEEA framework. 

3.3.2. The Nested Levels of Framing and Frame Dimensions  
framework 

Drawing on the theoretical work of Bullock (2010), Fünfgeld et al. (2012), Entman 

(1993), and Snow and Bedford (2000), I have generated the Nested Levels of Framing 

and Frame Dimensions framework to position Research Question 2 in framing theory 

and to guide the analysis presented in Chapter 6 (Figure 3-3) (58,200,202,209). In the 

Nested Levels of Framing and Frame Dimensions framework, the meta-level refers to 

the ideology, ethos, and value systems that influence the ways in which issues are 

framed. The social level of framing refers to the issue-framing within particular social 

groups including scholarly disciplines and sectors. The individual level represents 

individual experiences and knowledge that also influence and are influenced by social 
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framing. As the framework illustrates, these three levels are nested and social framing is 

influenced by individual level experiences and understanding as well as meta-level 

forces, such as ideology and ethos (58,229,230).  

Framing occurs through language use (231). Since frames are not made explicit 

in text and communication, they must be interpreted or operationalized through the 

analysis of language in written or oral text using frame analysis (232–235). Drawing 

primarily on the theoretical work of Entman (1993, 2004) and Snow and Bedford (2000) I 

use prognostic framing, diagnostic framing, motivational framing, and framing devices–

referred to altogether as frame dimensions–as a means of identifying and 

operationalizing frames from written text.  
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Figure 3-3: Nested Levels of Framing and Frame Dimensions framework. 
Note: Adapted from (58) and (98) 

3.3.3. Connecting the conceptual frameworks with research 
objectives 

In an effort towards making links between the conceptual frameworks profiled 

and employed in this inquiry and the research objectives, Figure 3-4 presents a visual 

representation of the connections between the frameworks employed throughout the 

research process and the research objectives pursued.  
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Figure 3-4: Connecting the conceptual frameworks with research objectives.  
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Chapter 4.  
 
Seasonal variation of acute gastro-intestinal 
illness by hydroclimatic regime and drinking 
water source: A retrospective population-based 
study 

4.1. Overview 

Acute gastro-intestinal illness is a major cause of mortality and morbidity 

worldwide and an important public health problem. Despite the fact that AGI is currently 

responsible for a huge burden of disease throughout the world, important knowledge 

gaps exist in terms of its epidemiology. Specifically, an understanding of seasonality and 

those factors driving seasonal variation remain elusive. This paper aims to assess 

variations in AGI in BC, Canada over an eleven-year study period. We assess variation 

in AGI dynamics in general, and disaggregated by hydroclimatic regime and drinking 

water source. We use several different visual and statistical techniques to describe and 

characterize seasonal and annual patterns in AGI incidence over time. Our results 

consistently illustrate marked seasonal patterns; seasonality remains when the dataset 

is disaggregated by hydroclimatic regime and drinking water source; however, 

differences in the magnitude and timing of the peaks and troughs are noted. We 

conclude that the systematic description of the dynamics of infectious waterborne illness 

is a valuable tool for informing disease prevention strategies and generating hypotheses 

to guide future research in an era of global environmental change. 
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4.2. Introduction 

Whoever wishes to investigate medicine properly, should proceed thus: in 
the first place to consider the seasons of the year, and what effects each 
of them produces, for they are not all alike, but differ much from 
themselves in regard to their changes 

Hippocrates (139) 

Acute gastrointestinal illness is a major cause of mortality and morbidity 

worldwide. Estimates suggest that AGI infections cause 4 million cases of diarrhea 

worldwide each year (121). In developing nations, diarrhea is the third leading cause of 

death (236). Although mortality due to AGI in developed nations is relatively low, the 

morbidity, associated socio-economic costs, and burden to the health care system 

remain high (118–120). Additionally, major waterborne outbreaks such as the Walkerton, 

Ontario example in 2001 are reminders of the potentially devastating population health 

impacts of waterborne AGI (237,238). Despite the fact that AGI is currently responsible 

for a huge burden of disease throughout the world and a major public health problem, 

important knowledge gaps exist in terms of its epidemiology. Specifically, an 

understanding of seasonality, the systematic periodic occurrence of illness, and those 

factors driving seasonal variation remain poorly understood (137,138,153,239).  

The causes and consequences of seasonal variation in infectious disease 

occurrence have intrigued medical professionals and epidemiologists for more than a 

century (i.e., (139,240)). More recently, increasing concerns regarding global 

environmental change, globalization and “an apparent surge in infectious disease 

emergence” and re-emergence have inspired a renewed interest in the seasonality of 

infectious illness (153,241). The dynamics of AGI is surely influenced by a complex 

interaction of ecological, social, and biological determinants; however, waterborne AGI in 

particular is mediated by ecological factors that influence drinking water quality and 

quantity (153,242,243). Ecological drivers have not been adequately explored due to the 

dominant public health paradigm that is largely focused on individual level risk factors 

(136,153,244–246).  
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The role of hydroclimatology, a term commonly used to describe the dominant 

climatic drivers for watershed responses is one such ecological factor that has not been 

adequately explored to date (116). Recent advances have been made with regards to 

our understanding of cholera epidemiology, in part, due to increased interest and 

research pertaining to environmental drivers of seasonality, including hydroclimatology 

(247). The work of Akanda et al. (2011) highlights ways in which distinct hydroclimatic 

regimes can influence pathogen transmission and disease occurrence, resulting in 

distinct seasonal patterns of illness at the population level (247). Hydroclimatology may 

play a role in driving the seasonality of AGI. Other potentially important ecological drivers 

of seasonality include drinking water source, agricultural and other land use activities, 

and variations in wild animal populations. Herein, we examine the dynamics of AGI over 

time and across different hydroclimatic regimes and drinking water sources to explore 

whether and how these factors may drive seasonality of AGI.  

A better understanding of AGI seasonality, those factors driving disease 

dynamics, and differences in seasonality across factors is key to disease prevention at 

the population level. More specifically, an understanding of AGI seasonality can facilitate 

the prediction and forecasting of longer-term changes in the risk of illness, inform 

effective disease prevention and control strategies, and improve the accuracy of early 

warning systems (143,144). Infectious diseases that vary seasonally demonstrate some 

form of climatic dependence and are most likely to be influenced by climate change and 

variability. Hence, a greater understanding of seasonal variation can play an important 

role in the climate change adaptation process (30,141,142). Furthermore, in depth 

understanding of past and current seasonal variation in infectious illness epidemiology 

can provide a baseline for monitoring the early impacts of climate change on health (17). 

Lastly, exploring disease dynamics, and specifically how these vary by relevant 

ecological factors and across different settings can generate hypotheses and highlight 

future research priorities.  

This paper analyses variations in the incidence of AGI in BC, Canada over the 

period of 1999-2010 in order to answer the following questions: 1) Does the incidence of 

AGI in BC illustrate a seasonal pattern?; 2) Does the seasonal pattern of AGI in BC differ 

according to hydroclimatic regime and drinking water source?; and 3) Has the incidence 

of AGI in BC changed over time? Several different methods are applied in order to 
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provide a complete picture and robust understanding of seasonality in AGI incidence. To 

the best of our knowledge, this is the first study to describe and compare seasonal 

patterns of AGI by hydroclimatic regime and drinking water source.  

4.3. Methods 

4.3.1. Design 

We conducted a retrospective, population-based study to assess the seasonality 

of reported and laboratory-confirmed AGI cases from January 1st 1999 to January 1, 

2010 in targeted communities in the province of BC. This study was approved by the 

SFU Research Ethics Board for the use of secondary data.  

4.3.2. Setting  

British Columbia, Canada was selected as the setting for this work for several 

reasons. Firstly, the province offers a rich diversity of hydroclimatology and drinking 

water sources, thus acting as a unique case study to examine the seasonal patterns of 

AGI across these factors (116). Second, a province wide surveillance system, the 

integrated Public Health Information System (iPHIS), operational since the late 1990s, 

offered access to laboratory-confirmed illness data of high quality and adequate time 

span for the analysis for seasonal disease dynamics. Third, despite the fact that AGI 

rates are higher in this province than the rest of the country a knowledge gap exists with 

regards to seasonality of infectious AGI in this setting (248).  

The hydroclimatology of BC can be broadly classified as rainfall–dominated 

(pluvial) and snowmelt-dominated (nival) (116). Rainfall-dominated regimes are found 

primarily in coastal lowland areas and snowmelt-dominated regimes occur in the interior 

plateau and mountain regions (249). The hydrology of rainfall-dominated regimes is 

characterized by seasonal changes in rainfall, with peak streamflow and groundwater 

recharge occurring during the rainy winter months (November through February) and the 

lowest monthly streamflows and groundwater levels occurring in the late summer and 

early fall (July through September) (249). On the other hand, hydrological processes in 
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snowmelt-dominated regimes are controlled primarily by melting snowpack and glaciers. 

Thus, the hydrology of snowmelt-dominated regimes is characterized by the highest 

flows occurring in the spring and early summer, and the lowest flows in the late summer 

and throughout the winter (249).  

Drinking water sources in BC include groundwater, surface water, or a mixture of 

groundwater and surface water (hereafter referred to as mixed water). Approximately 30 

% of BC residents rely on groundwater for drinking water (250). 

Eight study communities were selected from across the province of BC for this 

analysis. These eight communities were selected to represent different combinations of 

hydroclimatic regimes and drinking water sources relevant across the province as 

illustrated in Figure 4-1. 
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Figure 4-1: Hydroclimatic regimes and drinking water sources across study 
communities. 

4.3.3. Case data 

Physicians in BC are mandated to report cases of notifiable waterborne illness to 

regional public health authorities, who in turn report cases to the BC Centre for Disease 

Control (BCCDC) through iPHIS. Five potentially waterborne AGI pathogens are 
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included in this study: Campylobacter, Salmonella, verotoxigenic E. coli, Giardia, and 

Cryptosporidium. The first three are bacterial pathogens while the later two are 

protozoan. Reported cases along with information on age at onset of illness, sex, 

disease type, serotype, episode date, report date, address, and a unique identifier were 

extracted from the iPHIS system for the selected study communities.  

A total of 89 cases (3.9% of all reported cases) were excluded. Cases were 

excluded if they were identified as travel cases (identified by disease subtypes known to 

be only travel related), or were identified as clearly outside of the study community after 

geocoding the cases (for example, on a nearby island or more than 75 km from the 

center of the study community). We expect that travel cases remain in our dataset as the 

travel variable was poorly populated in the dataset.  

Linking cases to a drinking a water source: 

Cases were geocoded by street address and postal code of residence using a 

geographic information system (GIS) in ArcMap10.0 (ESRI, Redlands, CA, USA). A 

spatial join function was then performed to assign each case to a specific drinking water 

system based on land parcel information, ultimately linking each case to a drinking water 

source. More specifically, we gathered spatial data indicating water service areas for the 

various drinking water systems within each study community, and province-wide layers 

indicating the location of groundwater wells and surface water extraction points. 

Information about small community systems was gathered from community water 

managers and manually added to the GIS. Using these spatial datasets, we assumed 

that all cases linked to a residential land parcel located within a drinking water system 

service area were serviced by that system, and thus we assigned the case the 

associated water source unless there was an active surface water extraction license, 

groundwater well, or small community system linked to the land parcel. This method of 

linking case data to a drinking water system and source is adapted from the work of 

Jones et al. (2006) (251). (See Appendix A for more details on the data and process 

used to link individual AGI cases to a drinking water source). 
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 Generating time-series: 

We generated monthly times-series with rates expressed as the number of cases 

per month per 100,000 population for the entire dataset and for cases disaggregated by 

hydroclimatic regime and drinking water source. 

The variable ‘episode date’ (defined as the date of symptom onset) was used to 

derive the day, month, and year of illness occurrence, and then, to generate monthly 

time-series representing the number of cases per month over the 132-month study 

period. Monthly rates were then generated using total population at risk derived from 

census data as the denominator. Population at risk within each community was 

estimated spatially using aggregates of dissemination area population totals - the 

smallest administrative unit with census-derived data. Population at risk was calculated 

at two points during the eleven-year study period, 2001 and 2006, and an average 

population at risk over the study period was generated.  

We also estimated population at risk totals for the different hydroclimatic regimes 

and water sources of interest. To generate population totals for each hydroclimatic 

regime, we pooled the population counts for those communities located in snowmelt-

dominated regimes and for those communities located in rainfall-dominated regimes. 

This pooling approach could not be used to generate population at risk estimates for 

each drinking water source, because communities D and H (Figure 4-1) are 

characterized by some entirely groundwater systems, some entirely surface water 

systems, and others that are a mix of both groundwater and surface water. In these 

cases, information from local community officials and water managers regarding service 

populations for all community water systems was used to estimate the proportion of the 

total population serviced with each type of water source. This proportion was then 

applied to the total population of communities D and H to estimate the population in 

these two communities supplied with groundwater, surface water, and mixed water. The 

calculations were then used to generate total estimated population at risk for each 

drinking water source.  
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4.3.4. Analysis 

We used time-series plots, monthly plots, negative binomial models, and spectral 

analysis as visual and statistical tools to characterize the seasonal and secular trends in 

the AGI time-series. Analysis involved the use of several graphical and statistical 

techniques to triangulate findings and provide a more robust understanding of disease 

dynamics. We applied each of these methods to the full dataset and to the dataset 

disaggregated by cases occurring in each hydroclimatic regime and linked to each 

drinking water source. By examining seasonal variation in the times-series 

disaggregated by these selected factors, seasonal patterns under different conditions 

were evaluated.  

Time-series plots: To reflect trends in AGI data, we plotted the eleven-year time-

series of monthly AGI incidence. The time-series was smoothed using the three-

month moving average, a basic smoothing technique, to enhance interpretation of 

trends (252). By superimposing the time-series disaggregated by hydroclimatic 

regime and drinking water source, similarities and differences across these factors 

could be explored. 

 

Monthly plots: Total monthly incidence over the eleven-year study period was 

calculated and plotted. Again, we superimposed the total monthly incidence over the 

eleven-year study period disaggregated by hydroclimatic regime and drinking water 

source. Also, negative binomial regression models using PROC GLM were used to 

test statistical significance of monthly variation. A negative binomial was used rather 

than a Poisson model due to over-dispersion in the data as indicated by deviance 

factors greater than 1 (253). The month with the lowest number of cases was used as 

the reference month as per convention (148). 

 

Spectral analysis: Spectral analysis is useful for detecting periodicities (dominant 

cyclical patterns) in time-series and to test data for seasonality (254). We constructed 

a periodogram to identify influential periodicities present in the AGI data. We also 

tested the statistical significance of seasonal patterns using two formal tests: the 

Fisher Kappa (FK) test and the Bartlett Kolmogorov Smirnov (BKS). The FK tests the 

hypothesis that the series is white noise against the alternative hypothesis that the 
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series contains a periodic component of unspecified frequency. The BKS tests the 

null hypothesis that the series is white noise, or that there is no periodicity.  

 

Annual plots: Finally, we examined secular trends in the data using simple plots of 

illness rates across the eleven-years in the study period. Additionally, a negative 

binomial regression model was used to test the statistical significance of variation 

across years relative to 1999. 

Statistical analyses were carried out using SAS software, version 9 (SAS 

Institute, Inc., Cary, North Carolina) and graphs were created using Microsoft Excel. 

4.4. Results 

During the study period from January 1st 1999 to January 1st 2010 2,308 cases of 

AGI were reported to iPHIS after excluding known travel cases and cases outside the 

study communities. Of the total 2,308 cases, 1,805 cases (78 %) were caused by 

bacterial pathogens and 458 cases (22 %) were caused by protozoan pathogens (Table 

1). The incidence of AGI across age categories is bimodal with one peak among children 

less than five and another between the ages of 20-30. A similar pattern is seen for males 

and females (Figure 4-2).  

Table 4-1: Characteristics of all AGI cases, 1999-2010.  

Characteristic No. of Cases (n=2,308) % of Total 

Pathogen type   

     Bacterial 1,805 78.2 

     Protozoan 458 21.8 

Hydroclimatic regime   

     Snowmelt-dominated 1,081 47.0 

     Rainfall-dominated 1,227 53.1 

Water Source   

     Groundwater 700 30.3 

     Surface water 1,011 43.8 

     Mixed water 597 25.9 
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Figure 4-2: AGI rates per 100,000 by sex and age, 1999-2010. 

4.4.1. Time-series plots 

Visual examination of the time-series plots for all cases illustrates a clear pattern 

in the data characterized by annual cyclical peaks and troughs (Figure 4-3 a). The timing 

and amplitude of the peaks clearly vary from year to year. In some years, the time-series 

illustrates a bimodal peak, a large peak in the summer followed by second smaller peak 

in the fall, while in other years there is a single summertime peak. There is a range of 

peaks across the years; however, more than half of the years in the study period 

illustrate a peak incidence in July and all years show peak incidence in summer or fall 

months. 
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Figure 4-3: Time series of monthly AGI rates (1999-2010) a) for all cases, b) by 

hydroclimatic regime, and c) by water source. 

Cyclical patterns remain, although the amplitude and timing of peaks and troughs 

differ when the cases are disaggregated by hydroclimatic regime (Figure 4-3 b) and 

drinking water source (Figure 4-3 c). However, it is difficult to identify any consistent 

patterns in the time-series plots across these factors. For example, in some years the 
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seasonal cycles in Figure 4-3 b show an earlier peak among those cases occurring in 

snow-dominated regimes compared to those cases occurring in the rainfall-dominated 

regimes, while in other years the opposite is the case. Aside from the consistently higher 

peaks among those cases linked to a mixed water source, there are no clear or 

consistent trends looking at the time-series disaggregated by drinking water source.  

4.4.2. Monthly plots 

Figure 4-4 shows the monthly plots of AGI incidence. The monthly incidence for 

all cases (Figure 4-4 a) illustrates a seasonal pattern with the trough occurring in April 

and a peak occurring from July to September (summertime). Statistically significant peak 

incidences were found in July (IRR= 2.21, 95 % CI: 1.79-2.73), August (IRR=2.00, 95 % 

CI: 1.62-2.48) and September (IRR =2.13, 95 % CI: 1.72-2.64) (Table 4-2).  
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Figure 4-4: Total monthly AGI rates (1999-2010) a) for all cases, b) by 

hydroclimatic regime, and c) by water source. 
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Among those cases occurring in rainfall-dominated regimes, the trough incidence 

occurs in April and the peak incidence occurs in September (IRR=2.37, 95 % CI: 1.78-

3.17) (Table 4-2). In contrast, the trough among those cases in the snowmelt-dominated 

regime occurs in March and the peak incidence occurs in July (IRR=2.36, 95 % CI: 1.75, 

3.20) (Table 4-2) with a steady decline through the fall and winter (Figure 4-4b).  

Monthly plots by drinking water source show that the timing of the peak occurs 

during different months of the summer and early fall across different drinking water 

sources (Figure 4-4c). Among those cases linked to a surface water source, the 

seasonal peak occurs in July through to September (IRR-July= 2.44, 95 % CI:  1.77-

3.38; IRR-Aug= 2.16 95 % CI: 1.55-3.01; IRR-Sept= 2.07 95 % CI:  1.49-2.90) (Table 2). 

Similar patterns are seen in those cases linked to a groundwater source where the peak 

incidence also occurs from July through to September (IRR-July= 2.03, 95 % CI: 1.40-

2.93; IRR-Aug= 2.01 95 % CI:  1.39-2.90; IRR-Sept=. 2.00 95 % CI:  1.38-2.9) (Table 4-

2). For those cases linked to a mixed water source the peak incidence occurs in 

September (IRR =2.41, 95 % CI:  1.59-3.63), with another smaller peak in July (IRR= 

2.09 95 % CI:  1.37-3.17) (Table 4-2).  

Table 4-2: Results of negative binomial model for years, all cases, 1999-2010.  

Year IRR (95% Cl) 

2000 1.53* (1.26, 1.85) 

2001 1.41* (1.16, 1.72) 

2002 1.34* (1.10, 1.64) 

2003 1.25* (1.02, 1.53) 

2004 1.17 (0.96, 1.44) 

2005 1.20 (0.98, 1.47) 

2006 1.03 (0.83, 1.27) 

2007 1.05 (0.85, 1.30) 

2008 1.31* (1.08 1.60) 

2009 1.27* (1.04, 1.55) 

Note: * indicates statistical significance. 
P < 0.05. IRR is incidence risk ratio. 
CI is confidence interval. 
1999 is the reference year. 
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The magnitude of the peak of incidence is greatest among cases occurring in a 

rainfall-dominated hydroclimatic regime and linked to mixed water cases. 

4.4.3. Spectral analysis 

The periodogram for all cases shows an annual (twelve-month) periodicity in the 

time-series as indicated by the large spectral density at twelve-months in the 

periodogram (Figure 4-5). The same annual periodicity is seen in the time-series data 

when disaggregated by hydroclimatic regime and drinking water source (results not 

shown). The FK and BKS tests confirm a statistical significant seasonal pattern (P < 

0.01) for all AGI overall (Table 4-3). This statistical significance remains when the cases 

are disaggregated by hydroclimatic regime and drinking water source (Table 4-3).  

 
Figure 4-5: Periodogram of monthly AGI. 
Note: The peak in the periodogram indicates the dominant periodicity in the data (137). 
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Table 4-3: Fisher Kappa and Bartlett's Kolmogorov-Smirnov test results. 

Time-series FK BKS 

All AGI cases 18.02** 0.370** 

Snowmelt-dominated cases 1.041** 0.193* 

Rainfall-dominated cases 15.35** 0.403** 

Groundwater cases 10.72** 0.284** 

Surface water cases 10.73** 0.245** 

Mixed water cases 10.78** 0.239** 

Note: * P < 0.05; ** P < 0.01 
FK test: the 5% and 1% critical values for the test are 5.93 and 6.56, respectively. 

4.4.4. Annual plots 

A non-linear trend is evident over the eleven-year study period. Looking at the full 

dataset, there is a slight increase in risk relative to the reference year between 2001 and 

2003, followed by a decrease between 2004 and 2007, and then another increase in risk 

during 2008 and 2009 (Figure 4-5a). The years 2004 to 2007 are not statistically 

significantly different from the 1999 reference period. Annual trends differ somewhat 

across the hydrological regimes and drinking water sources (see Figures 4-5b and 4-5c; 

Table 4-2). 
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Figure 4-6:  Total annual AGI rates (1999-2010) a) for all cases, b) by 

hydroclimatic regime, and c) by water source. 
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4.5. Discussion 

This study examined the seasonality of AGI in BC over an eleven-year period 

using laboratory-confirmed case data from eight communities across the province. To 

our knowledge, this is the most comprehensive examination of AGI seasonality in BC 

and the first study anywhere to describe trends in AGI by hydroclimatic regime and 

drinking water source. Additionally, the majority of research examining the seasonality of 

AGI, and also research examining those factors that may drive these trends, originates 

from the US, England, and Australia. There has been little research on the subject in BC. 

Targeted ecological studies at the regional level are needed to inform local decision-

making, policy and action (153). 

We used several different visual and statistical techniques to characterize 

seasonal patterns and our results consistently illustrate seasonality. These results are 

perhaps not surprising given that seasonal variation of AGI has been documented in 

numerous other settings (21,145–151,153). What is novel is consideration of the 

seasonal patterns by different hydroclimatic regimes and water source relevant in the 

context of BC. The seasonality of these diseases suggests that hydroclimatic factors 

such as temperature, precipitation, runoff, and streamflow may influence disease 

occurrence.  

Examining the time-series data disaggregated by hydroclimatic regime and 

drinking water source enables a better understanding of the seasonal dynamics of AGI 

and can help generate hypotheses about possible mechanisms driving seasonal 

variation. Differences across hydroclimatic regime and drinking water source are most 

easily identified in the monthly plots. Examining monthly plots disaggregated by 

hydroclimatic regime demonstrates that the illness peak for those cases occurring in a 

rainfall-dominated regime occurs in September, compared to July for those cases 

occurring in a snowmelt-dominated regime. This may reflect differences in temperatures 

and hydrological patterns contributing to source water contamination at different times of 

the year in the two distinct regimes. Research indicates that source water microbial 

loads (both surface water and groundwater sources) are positively correlated with 

precipitation and may be influenced by the timing of precipitation and runoff events as 

well as temperature patterns (177,255).  
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The snowmelt-dominated hydroclimatic regime in BC is characterized by major 

runoff and groundwater recharge in the spring and early summer caused by warming 

temperatures that lead to rapid snowmelt; this is known as the spring freshet. At this 

time, the rivers run high and groundwater levels reach their maximum. Flooding is also a 

common occurrence. Runoff and groundwater recharge in the rainfall-dominated 

regimes is driven by precipitation, with streamflow and groundwater levels peaking 

through the late fall and early winter (116). Although the summertime peak in incidence 

is likely in part explained by higher temperatures, which influence both human behavior 

and pathogen survival and replication, it is also plausible that the spring freshet in the 

snowmelt-dominated watersheds causes runoff events and significant source water 

contamination contributing to the early summertime peak among those cases occurring 

in snowmelt-dominated watersheds. Rapid snowmelt may also overwhelm drinking water 

treatment systems; “ rapid snowmelt, resultant runoff, and filtration system failure at the 

overloaded drinking water treatment plant were implicated with the largest known 

waterborne outbreak of cryptosporidiosis, which occurred in Milwaukee, Wisconsin in 

1993” [131]. Thomas et al. (2006) examined the association between spring freshet 

events and AGI outbreaks across Canada, but found no statistical significance (176). 

Our results suggest that any association may have been masked by the inclusion of 

cases in both snowmelt-dominated and rainfall-dominated watersheds in the study by 

Thomas et al.  

Fall precipitation may play a role in source water contamination and the 

September peak in illness among those cases occurring in rainfall-dominated 

watersheds (159). Fall rains following the summertime drought are characteristic of 

rainfall-dominated watersheds and can lead to more severe runoff that is also highly 

contaminated, thus posing greater risk of contamination and illness (15). Additionally, 

high levels of rainfall onto saturated soil may facilitate the movement of pathogens over 

land and into drinking water sources (173,256). More research is needed to test and 

better understand the possible role of the spring freshet in snowmelt-dominated regimes, 

and precipitation in rainfall-dominated regimes in driving AGI transmission and 

seasonality. 

Our results indicate that seasonal patterns vary across years. Inter-annual 

variability in seasonal patterns may suggest that ecological factors, such as weather and 
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the hydrologic response of the watershed, which are known to vary across years, play a 

role in driving seasonal patterns. Interestingly, some evidence in settings where weather 

variability is limited both within years and across years points to limited variation in AGI 

rates (158). It is also possible that longer scale climatic processes such as the El Nino-

Southern Oscillation (ENSO), a periodic fluctuation of atmospheric pressure and sea 

surface temperature in the equatorial Pacific Ocean, could influence inter-annual 

variation. Past research has found evidence for a relationship between ENSO and 

multiannual cycles of cholera (257–259). Time-series data longer than eleven years are 

needed to adequately explore the possible role of longer scale Earth system processes. 

Other explanations are also possible, such as changes in reporting behavior from 

year to year (252). Several studies have shown that reporting of infectious illness can be 

affected by factors such as publicized outbreaks in other settings or policy changes 

(148). We expect environmental factors that vary across years are more relevant than 

reporting behavior in this case as the reporting of notifiable diseases is required by law 

in BC (260).  

When interpreting these results, one must note that any effects of hydroclimatic 

variables on AGI occurrence would be lagged in time, likely on the scale of several 

weeks to months. Furthermore, it is a challenge to separate the effects of various factors 

driving seasonal illness patterns. More advanced statistical analyses are needed to 

tease out the effects of different potential environmental drivers of seasonality. Poisson 

time-series analysis using GLM and GAM models, which have been used extensively in 

air pollution research, are good candidates for further research. Case-crossover analysis 

may prove useful for examining the influence of extreme events like rapid snowmelt, 

extreme rainfall events, and flooding.  

There are no consistent discernible patterns in seasonality across those cases 

linked to different drinking water sources. Although we might expect to see some 

differences in patterns given that research has shown that water source mediates risk of 

illness in BC (261,262), our results may be limited by misclassification of drinking water 

source exposure. We are confident with the accuracy of our approach linking cases to 

their residential drinking water source because of high predictive values documented in 

a sensitivity analysis (data not shown), but it may be that using residential drinking water 
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source as a surrogate for all source water exposure is problematic. Individuals are likely 

to drink water from a different source at work or when they are away from their homes in 

the evening or weekends, such that residential drinking water source may not be a good 

surrogate measure for exposure. This issue has been highlighted in the literature, but no 

solutions have been identified (251). This issue may be particularly relevant in our 

dataset as 64 % of our cases originate from communities where there are drinking water 

systems supplied by groundwater, surface water, and a mix of the two within the 

community itself. For these communities, it is likely that individuals are exposed to 

different drinking water sources when drinking water in their residences and when 

drinking water in other settings in the community. Furthermore, trends in the data across 

different water sources may be influenced by foodborne cases which we would not 

expect to vary by water source. Although we had originally hoped to focus on the 

protozoan cases specifically, which are very commonly waterborne pathogens, low case 

counts did not allow this approach. Future research should consider an analysis focused 

on specific pathogen groups (bacterial and protozoan) or pathogens whenever possible.  

Explicit attention to cryptosporidiosis and giardiasis, recognized by the WHO as 

‘neglected diseases’, is called for (263). Another limitation of this study, and which may 

warrants attention in future studies, is the need for attention to recreational exposures.  

In addition to the knowledge generation and methodological contributions of this 

study, our efforts to compare seasonal patterns of AGI by hydroclimatic regime and 

drinking water source also contribute to enhanced conceptual understanding of AGI and 

inform practical recommendations. Although the combination of hydroclimatology and 

drinking water source is unlikely to represent the full complexity of factors driving AGI in 

BC, our explicit attention to interrelated ecological determinants indicates an approach 

grounded in systems thinking and complexity. The ecological factors that we have 

examined in this work may explain some seasonal variation, but clearly other factors 

also contribute to the seasonal dynamics of AGI in BC. Future research in BC and 

beyond should examine the important linkages between ecological and social factors 

when data permit (see for example (264,265)).  

With regards to the practical implications arising from these findings, we suggest 

two specific practice and policy-oriented recommendations. First, water managers, 

environmental health officers, and researchers should work together to identify locally-
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relevant conditions and times of the year when the risk of AGI may be heightened. In 

communities located in snowmelt-dominated watersheds, early summer and the spring 

freshet are likely to be high-risk times. For those communities located in rainfall-

dominated watersheds, late summer and early fall precipitation events are likely 

candidates. Second, microbiological and/or turbidity monitoring programs could be 

adapted to account for high-risk conditions and times, taking into account local 

conditions and water system characteristics.  Increasing water supply and source testing 

during the spring freshet is an example. This testing could be used to inform early 

warning systems for the community and could also serve as data for future research.  

There are both strengths and weaknesses in this study. The main strength is the 

use of different methods for characterizing seasonality. Often, temporal trends are 

examined using visual analysis of plotted time-series only; we have taken this approach 

but have used additional methods to generate richer and more robust findings. This 

study is unique because we have characterized seasonality by selected hydroclimatic 

regime and drinking water sources. We have used a GIS to link cases to hydroclimatic 

regime and drinking water source allowing for analysis of seasonality across these 

factors. Finally, this study answers the increasingly common call for an interdisciplinary 

approach to infectious disease research. The study team is an interdisciplinary group 

bringing together knowledge from medicine, human ecology, public health, and earth 

sciences. 

There are also important limitations to consider when interpreting these results. 

Although a diverse group of communities with different drinking water sources and 

geographic locations across the province was selected, it is possible that there are 

important differences between our study communities and other settings limiting the 

generalizability of this work. Another limitation is that the AGI case data used in these 

analyses likely under-represent the true number of illness cases. Under reporting could 

introduce bias into the study if those cases captured in the data are systematically 

different than those cases not captured in the data. Additionally, our case data do not 

include information about foodborne versus waterborne transmission; such datasets do 

not exist in BC and are generally uncommon. Unfortunately, AGI data from surveillance 

systems rarely, if ever, include information about foodborne versus waterborne 

transmission pathways. Additionally, we have used the variable ‘episode date’ from the 
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iPHIS reporting system to represent the date of onset of the AGI case. It is possible, 

however, that the ‘episode date’ in the reporting system is not reflective of the true date 

of onset which may introduce lag-time between case reporting and case occurrence. 

Finally, although we have excluded those cases known to be travel related, we suspect 

that travel–related cases remain in the dataset.  

4.6. Conclusion 

Examining the seasonality of waterborne illness represents a rich area for future 

research, particularly given widespread environmental degradation and our changing 

climate (137). These findings provide strong evidence for seasonality in general and 

differences in seasonality across selected ecological factors. This knowledge can 

provide insight into disease etiology and can contribute to public health policy-making 

and water resource management activities. Knowledge of the timing of disease peaks, 

for example, could allow public health programs to focus resources and preventative 

actions at certain times of the year. Furthermore, “disease forecasting and warning 

systems could allow public health officials to alert the populace when specific 

meteorological conditions pose considerable risk to health” (138). We conclude that the 

systematic description of the dynamics of infectious disease is a valuable tool for 

generating hypotheses for future research, establishing climate change sensitivity and 

potential informing disease prevention strategies. 
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Chapter 5.  
 
Hydroclimatic variables and acute gastro-
intestinal illness in British Columbia, Canada: A 
time-series analysis 

5.1. Overview 

Examining the role of hydroclimatic variables as underlying drivers of waterborne 

disease epidemiology is key to understanding the indirect impacts of climate change on 

health and for identifying adaptation opportunities. Using epidemiologic time-series 

analysis, we examine associations between three hydroclimatic variables (temperature, 

precipitation, and streamflow) and waterborne AGI in two communities in the province of 

BC, Canada. The communities were selected to represent the major hydroclimatic 

regimes that characterize BC: rainfall-dominated and snowmelt-dominated. Our results 

show that the number of monthly cases of AGI increased with increasing temperature, 

precipitation, and streamflow in the same month in the context of a rainfall-dominated 

regime, and with increasing streamflow in the previous month in the context of a 

snowmelt-dominated regime. These results suggest that hydroclimatology plays a role in 

driving the occurrence and variability of AGI in these settings. Further, this study 

highlights that the nature and magnitude of the effects of hydroclimatic variability on AGI 

are different in the context of a snowmelt-dominated regime versus a rainfall-dominated 

regime. We conclude by proposing that the watershed may be an appropriate context for 

enhancing our understanding of the complex linkages between hydroclimatic variability 

and waterborne illness and for explicitly linking adaptation, health promotion, and water 

management initiatives. 
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5.2. Introduction  

Our knowledge of the links among climate change, water, and human health is 

particularly limited. This knowledge gap is disconcerting given that water is a primary 

medium through which climate change will impact ecosystem function and ultimately 

human health. Examining historical relationships between hydroclimatic variables and 

water-related health endpoints is an essential first step toward advancing our knowledge 

of the potential future impacts of climate change on health (15,146,162). This can be 

achieved using epidemiological research and study designs such as time-series 

analyses, which identify associations between current and past hydroclimatic variation 

and population level patterns of disease (30). 

Like many other infectious diseases that are considered sensitive to climate 

change, sporadic waterborne AGI exhibits seasonality, suggesting that hydroclimatic 

factors may play a role in driving illness occurrence, trends, and risk (153,266,267). 

Previous research suggests that distinct seasonal patterns documented across different 

settings of the world may be attributable in part to the heterogeneity of regional and local 

hydroclimatology (153). Interestingly, research in settings where hydroclimatic variability 

is limited, both within and across years, has documented limited variation in AGI rates 

over time, lending further support to the hypothesis that hydroclimatic variability plays a 

part in driving AGI occurrence (158). Rising global temperatures and the resulting shifts 

in regional hydroclimatic conditions and extremes are likely to influence the distribution, 

transmission, and risk of waterborne illness (6,15,266). More specifically, increasing 

temperatures and shifts in the timing, intensity, and frequency of precipitation, 

streamflow, and runoff are likely to influence pathogen survival and transport, ultimately 

influencing water quality, the transmission of pathogens, and the epidemiology of 

waterborne disease at the population level. Targeted ecological studies are needed to 

enhance our understanding of the complex relationships between hydroclimatic 

variability and waterborne illness (153). Also, given the interconnected and complex 

nature of the links between hydroclimatic variability and waterborne illness, an 

interdisciplinary approach drawing on the skills and expertise of epidemiologists, 

hydrologists, and public health and water management practitioners is called for.  
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The aim of this study was to determine the associations between three 

hydroclimatic variables (temperature, precipitation, and streamflow) and the occurrence 

of AGI in two communities in the province of BC, Canada. The first community is located 

in a rainfall-dominated watershed, the second is located in a snowmelt-dominated 

watershed, enabling a comparison of results across these distinct settings; this is a novel 

approach. British Columbia, Canada was selected as the study site for this work 

because it offers a rich diversity of hydroclimatology for exploring associations between 

these hydroclimatic variables and AGI, and for comparing results across hydroclimatic 

regimes within the same jurisdictional unit. Also, we were able to take advantage of a 

unique dataset of laboratory-confirmed AGI cases. Finally, there is a dearth of research 

examining the ecological determinants of AGI in BC despite the fact that waterborne 

illness is an important public health issue as evidenced by the many active drinking-

water advisories in the province and higher rates of AGI than other regions of Canada 

(238,248). This study was motivated by the outlined knowledge gaps and by our 

previous research in this same geographic area (268), which found that the incidence of 

AGI varied seasonally and that seasonal dynamics differed across those cases located 

in snowmelt-dominated versus rainfall-dominated watersheds. In the discussion and 

conclusion, we summarize the implications of this research for future work at the climate 

change-water-health nexus.  

5.3. Methods 

A retrospective, population-based epidemiological study was conducted to 

examine the associations between AGI and hydroclimatic variables in two communities 

in BC, Canada from January 1999 to January 2010. British Columbia is characterized by 

two dominant hydroclimatic regimes: rainfall-dominated and snowmelt-dominated (116). 

The two study communities, herein referred to as community A and B, were selected to 

represent these two major hydroclimatic regimes, respectively (communities are not 

referred to by name as requested by the BCCDC). Rainfall-dominated regimes are found 

primarily in temperate coastal lowlands, and snowmelt-dominated regimes occur in the 

interior plateau and mountainous regions. Rainfall-dominated regimes are characterized 

by seasonal changes in precipitation (mostly as rainfall), with peak streamflow and 

groundwater recharge occurring during the rainy winter months (November-February), 
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while the lowest monthly streamflow and groundwater levels occur in the late summer 

and early fall (July-September) (116,249). Hydrological processes in snowmelt-

dominated regimes are controlled primarily by melting snowpack and, in some areas, 

glaciers. Snowmelt runoff contributes between 50 % and 80 % of total streamflow in 

snowmelt-dominated watersheds. The hydrology of snowmelt-dominated regimes is 

characterized by high streamflows in the spring and early summer, with low flows in the 

late summer and throughout the winter (116,249).  

Both communities are characterized by mixed land-use including residential, 

commercial, and agriculture; more than 50 % of the land is designated as agricultural 

land reserve (ALR) in both communities. Additionally, both communities have several 

municipal drinking water systems that use groundwater, surface water, or a mix of the 

two as the source of drinking water. In community A, the majority of drinking water is 

provided by mixed surface and groundwater, while community B relies most heavily on 

surface water and mixed water sources. There are also private and small community 

water systems in both communities 

5.3.1. Health and hydroclimatic data  

The primary outcome for the study was the total number of monthly AGI cases. 

Laboratory-confirmed AGI cases were obtained from the BCCDC extracted from the 

Integrated Public Health Information System (iPHIS) for the study period. Waterborne 

AGI is a notifiable disease in the province. Age at onset of illness, sex, disease type, 

episode date, and a unique identifier were also extracted from the iPHIS system. The 

iPHIS cannot distinguish between foodborne and waterborne transmission of cases. 

Because this work concerned waterborne AGI specifically, we used pathogen-type as a 

proxy for identifying those cases deemed more likely waterborne. We removed cases 

caused by E. coli and Salmonella pathogens which are most commonly foodborne (269). 

The dataset analysed included cases caused by Campylobacter, Giardia, and 

Cryptosporidium. Although Campylobacter, a bacterial pathogen, can also be foodborne, 

recent evidence increasingly suggests that the waterborne route plays an important role 

in transmission (129,270,271). Therefore, we consider the AGI cases analysed to be 

more likely waterborne. Exposure to waterborne AGI can occur through contaminated 

drinking water or contaminated recreational water sources. Although analyses 
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disaggregated by pathogen type would have been preferred, low case counts did not 

permit this approach. 

Hydroclimatic data were gathered from various government sources. Daily 

temperature and precipitation data were downloaded from the National Climate Data and 

Information Archive (272). Data from a single weather station located closest to the 

centre of the study community were used. These daily data were aggregated to the 

monthly time scale. Streamflow data were extracted from Environment Canada’s 

Hydroclimatological Data Retrieval Program system (273). Monthly streamflow data 

were extracted from the non-regulated hydrometric station situated closest to each study 

community.  

5.3.2. Analysis  

A daily time-series of AGI cases using the variable ‘episode date’ (defined as the 

date of symptom onset) was first prepared, and then a monthly time-series of total case 

counts for each community was generated. Monthly time-series of the outcome and 

explanatory variables were plotted and visually inspected for trends. Also, monthly 

aggregated counts of illness were presented with monthly temperature, streamflow, and 

precipitation, along with descriptive statistics of these explanatory variables. 

Semi-parametric generalized additive models (GAMs) were used to examine the 

association between the number of AGI cases per month and the three hydroclimatic 

variables of interest: mean monthly temperature, total monthly precipitation, and mean 

monthly streamflow. These explanatory variables were selected a priori based on a 

literature review and knowledge of the systems. Generalized additive models extend 

traditional generalized linear models (GLMs) by allowing inclusion of non-parametric 

smoothing functions of one or more explanatory variables (274,275). Generalized 

additive models are commonly employed in environmental epidemiology and climate 

change and health research (e.g., (141,276–280)). The inclusion of both of non-

parametric smoothing functions and unsmoothed explanatory variables leads to the 

description of this model as semi-parametric.  
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As is typical with time-series count data, the distribution of monthly AGI counts 

was assumed to follow a Poisson distribution; the models therefore used a log link 

function (281). We began the model building process by constructing base models for 

each community to control for temporal trends not adequately captured by the 

hydroclimatic variables. This reduces the possibility of confounding effects by other time-

varying environmental and behavioural factors, and removes autocorrelation in the 

model residuals (137,282). Because time-series analysis was used, only those variables 

that vary over time are possibly confounding factors.  

Initially, the performance of simple models, including a GLM model with 

categorical variables for year and season and a sinusoidal approach (where sinusoidal 

terms are included in the statistical model), was used to control for temporal trends 

(137,282,283). Preliminary analyses showed that these models did not adequately 

capture the structure in the data and that autocorrelation remained; therefore these 

models were not selected. Subsequently, thin-plate spline smoothing was explored and 

selected as the most appropriate approach for these data (284). The degree of 

smoothing is controlled by the number of degrees of freedom and is an important aspect 

of time-series modelling. We selected the number of degrees of freedom by minimizing 

the Generalized Cross Validation (GCV) score (285). Indicator variables for the years of 

the study were also included to allow for long-term trends between years.  

Subsequently, the explanatory variables were screened using univariable 

models. Crude univariable associations between each of the explanatory hydroclimatic 

variables and monthly AGI counts were assessed including the lagged effects of each 

variable (up to three months) to account for delays in the effects of the explanatory 

variables. Three months was selected based on a review of the literature and biological 

plausibility. All explanatory variables illustrating associations at P<0.20 (286) in the 

univariable models were selected for inclusion in multivariable models. 

Multicollinearity was assessed using Spearman correlation analyses and a cut-

point value of R>80% (287,288). Because temperature in a given month was highly 

correlated with lagged temperatures in both communities (R> 0.80), we selected a single 

temperature variable, the lag with the greatest effect for the final models. Finally, due to 

high correlation between precipitation and streamflow for community A (R=0.860), and 



 

77 

because streamflow may be on the causal pathway between precipitation and illness 

occurrence (257)) separate multivariable models were built for precipitation and 

streamflow.  

The semi-parametric GAM models took the following form: 

Basic function:  

log[ =                        

Final community A models: 

log[ =   

log[ =        

Final community B model: 

log[ =      

where E(Y)denotes expected monthly count of AGI cases, f(times) represents a 

smoothing spline of the month series, β1 denotes the log relative risk of AGI cases 

associated with a one-unit increase in temperature, and β2 denotes the log relative risk of 

AGI cases associated with a one-unit increase in streamflow or precipitation. 

The fit of the final models was assessed using several diagnostic plots including: 

the normal Q-Q plots of the residuals, autocorrelation plots of residuals, and observed 

versus model predicted monthly AGI counts. Finally, several sensitivity analyses were 

conducted. To investigate whether or not the main results were sensitive to the level of 

seasonal control, multivariable models were run using different degrees of smoothing. 

We also assessed the impact of using hydroclimatic data from a different monitoring 

station. To fit the models we used the statistical software, R version. 2.2.0.  
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5.4. Results  

The total number of laboratory-confirmed AGI cases in the eleven-year study 

period was 521 for community A and 501 for community B. Cases were from all age 

groups, with most cases (44 %) occurring among adults between 36 and 64 years in 

community A, and young adults between 20 and 35 years (34 %) in community B. For 

both communities, the majority of cases were caused by Campylobacter (78 % for 

community A and 73 % for community B), with the remainder caused by Giardia and 

Cryptosporidiosis (20 % for community A and 27 % for community B) (see Table 1).  

Table 5-1: Characteristics of AGI cases (community A, n=521, community B, 
n=501), 1999-2010. 

 Community A Community B 

 No. Cases  % No. Cases  % 
Sex     

   Female 241 46 245 49 

   Male 280 54 256 51 

 Age     

   0-19 101 19 117 23 

   20-35 127 24 172 34 

   36-64 230 44 128 26 

   >65 63 12 84 17 

Pathogen type     

   Protozoan  106 20 136 27 

   Campylobacter 405 78 365 73 

Visual inspection of the monthly time-series plots and of aggregated monthly 

totals of case counts and the hydroclimatic variables (Figure 5-1) reveal seasonal 

variation in AGI occurrence in both communities. Illness peaks occur in fall in community 

A and in the early summer for community B. Community-specific descriptive statistics for 

the hydroclimatic data and hydrographs are presented in Table 5-2.  
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Figure 5-1: Aggregated monthly totals for hydroclimatic variables and AGI 

(n=132 months), 1999-2010 a) = community A, b) =community B. 
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Table 5-2: Summary statistics for explanatory variables for community A and 
community B, 1999-2010 (n=132 months). 

Variable (units) Mean SD Min. Max. Mean SD Min. Max. 

 Community A Community B 

Mean monthly 
temperature (°C)  

10.62 5.50 0.18 20.42 9.25 8.19 -5.72 22.93 

Total monthly 
precipitation  (mm) 

119.70 83.21 6.60 438.10 21.71 17.68 0.00 101.40 

Mean monthly 
streamflow (m3/sec) 

6.65 4.08 0.39 16.90 5.72 8.16 0.403 32.90 

5.4.1. Final models 

According to the multivariable models, whereby the relationships between 

temperature and precipitation, and temperature and streamflow are considered together, 

there is a positive and statistically significant association between AGI and increasing 

mean temperature, mean streamflow, and total precipitation in the same month for 

community A. The risk estimates and associated 95 % confidence intervals (CI) are 

reported in Table 3 and represent the increase in monthly AGI counts for every one-unit 

change in the explanatory hydroclimatic variable. Consequently, for a 1°C increase in 

mean monthly temperature in the same month, the number of AGI cases increased by 

11.5 % (95 % CI: 4.5 %-18.6 %). For a 10 mm increase in total monthly precipitation, 

there was a 1 % (95 % CI: 0 %-3 %) increase in AGI cases in the same month. When 

mean monthly streamflow increased by 1 m3/sec, there was a 15 % (95 % CI: 6.4 %-27 

%) increase in AGI cases in the same month. In contrast, precipitation in the same 

month or when lagged by one or two months was not associated with AGI in univariable 

analyses for community B. Consequently, we only generated a final streamflow model 

for community B, in which we found a positive and statistically significant association 

between AGI and monthly streamflow in the previous month. For every 1 m3/sec 

increase in mean monthly streamflow, there was a 1.9 % (95 % CI: 0.5 %-3.2 %) 

increase in monthly AGI cases one month later. Temperature was not significantly 

associated with AGI in community B. 
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Table 5-3: Final GAM model results, community A and community B, 1999-
2010. 

Variable RR (95 % CI)  P-value 

Community A-Streamflow model  
Temperature (°C), No lag 1.100 (1.051-1.143) 0.002  

Streamflow (m³/sec), No lag 1.150 (1.062-1.235) 0.002 

Streamflow (m³/sec), 2-mo. lag  0.942 (0.838-1.036) 0.208 

Community A-Precipitation model 

Temperature (°C), No lag 1.100 (1.037-1.163) 0.002  

Precipitation (mm), No lag 1.001 (1.000-1.003) 0.081 

Community B- Streamflow model 

Temperature (°C), No lag 1.001 (0.982-1.019) 0.880 

Streamflow (m³/sec), 1-mo. lag  1.019  (1.005-1.032) 0.006 

Streamflow (m³/sec), 2-mo. lag 1.008 (0.993-1.023) 0.306 

Note: Precipitation and streamflow models were constructed separately. No precipitation variables were 
significant at the initial screening level of P<0.20 for community B, therefore there is no final precipitation 
model. RR= relative risk.  

The expected versus predicted monthly case counts for both communities A and 

B and other diagnostic plots revealed adequate fit of the final models (See Figures 2, 3, 

and 4). Sensitivity analyses showed that the results were unchanged when different 

degrees of smoothing and hydroclimatic data from an alternative monitoring station were 

used. 
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Figure 5-2:  Predicted versus observed count of monthly reported AGI cases, 

community A- Precipitation model.  
Note: Grey=observed cases, Blue= predicted cases 

 
Figure 5-3:  Predicted versus observed count of monthly reported AGI cases, 

community A- Streamflow model. 
Note: Grey=observed cases, Blue= predicted cases 
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Figure 5-4:  Predicted versus observed count of monthly reported AGI cases, 

community B - Streamflow model.  
Note: Grey=observed cases, Red= predicted cases 

5.5. Discussion 

This study used epidemiological time-series analysis to examine associations 

between monthly case counts of AGI and temperature, precipitation, and streamflow in 

study communities representing the two major hydroclimatic regimes in the province of 

BC. Our results show that the number of reported monthly cases of AGI increased with 

increasing monthly temperature, precipitation, and streamflow in the same month in the 

context of a rainfall-dominated hydrological regime (community A), and streamflow in the 

previous month in the context of a snowmelt-dominated hydrological regime (community 

B). We found that hydroclimatic variables influence the occurrence and variability of AGI. 

These findings show that relationships between hydroclimatic variables and AGI differ 

across distinct hydroclimatic settings. We acknowledge that there are certainly factors 

other than hydroclimatology that differ across the study settings, but note that 

demographic, land-use, and water system characteristics in these two communities are 

largely similar.  
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We found evidence for a statistically significant and positive association between 

temperature and AGI in the same month in community A, but no such association was 

identified in community B. We hypothesize that the more extreme temperatures that 

characterize community B (maximum daily temperatures often exceed 30°C in the 

summer) compared to community A (extremely warm days are uncommon) may explain 

this difference. Research has shown that the survival and growth of waterborne 

pathogens are positively related to temperature, and that increased temperatures may 

prolong the transmission season and cause an increase in pathogen shedding from 

infected livestock; this is the case up to a threshold (19,169–172). There is 

epidemiological evidence for a temperature-AGI relationship in other parts of the world, 

but results are not consistent across settings (21,141,152). The noted heterogeneity of 

findings may be explained in part by unique temperature-illness relationships across 

distinct ecological contexts. Jagai et al. (2009) found that temperature had the greatest 

effect on AGI in mid-latitude climates (152). Higher temperatures may therefore increase 

the risk of illness in temperate regions, while the impacts in regions characterized by 

more extreme temperatures may be limited (170–172).  

Our results also show a weak positive association between precipitation and AGI 

in the same month in community A, where runoff and groundwater recharge are driven 

by precipitation. There are numerous pathways through which precipitation can influence 

the transport of pathogens including enhanced overland runoff, re-suspension of 

pathogens from sediment, and influences on soil saturation (169,170). Precipitation 

leading to overland movement of pathogens from environmental reservoirs (including 

agriculture, human, and wildlife sources) is thought to be a major pathway through which 

surface water is contaminated (173). Additionally, contaminated overland runoff due to 

precipitation may enter poorly constructed wellheads leading to contamination of 

groundwater. This latter situation described the manner in which the water supply in 

Walkerton, Ontario was contaminated in the most devastating waterborne illness 

outbreak in Canadian history (237,289). Extreme precipitation events can also 

overwhelm water treatment facilities and reduce treatment efficacy due to higher turbidity 

levels (178). Some research also indicates that heavy rainfall after extended dry periods 

may lead to overland flows (to surface water sources) with particularly high pathogen 

loads (10,15). Fall rains following the summertime drought are characteristic of rainfall-
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dominated watersheds and can lead to severe runoff that is highly contaminated, 

increasing the risk of surface water contamination and illness (15). Additionally, high 

levels of rainfall onto saturated soils during periods of extended rainfall may facilitate the 

movement of pathogens over land and into water sources (173,256).  

We found that precipitation played a role in mediating disease risk within the 

context of a rainfall-dominated regime, but not in the context of a snowmelt-dominated 

regime. In snowmelt-dominated watersheds, there is limited precipitation in summer and 

fall months and precipitation is stored as snow in winter months. In this context, 

precipitation patterns may have relatively limited effects on runoff, pathogen mobility, 

and turbidity, and therefore limited effects on the risk of waterborne illness, whereas 

streamflow effects may play a more dominant role. 

Streamflow is associated with AGI in both study communities.  In community A, 

the effect of streamflow on AGI was seen in the same month. In community B, a one-

month lagged positive effect of streamflow was observed. Although there is a dearth of 

research on this subject, a study in the UK found that monthly incidence of AGI caused 

by Cryptosporidium was positively related to streamflow (173). Because variations in 

streamflow are determined by the cumulative effects of climate, hydrology, and 

watershed characteristics (i.e., geology, soil conditions, and land cover), streamflow may 

act as an indicator for the interactions between upstream factors that influence pathogen 

abundance, mobility, and source water quality (290).  

Informed by the findings of this study, we hypothesize that snowmelt events may 

contribute to the June to July peak in illness occurrence seen in community B. Because 

streamflow in a snowmelt-dominated regime is fed primarily by the annual spring thaw of 

snowpack that accumulated over the winter months, streamflow data capture snowmelt 

events in a watershed. During the spring freshet, runoff is enhanced, rivers run high, and 

groundwater levels reach their maximum. Flooding is also a common occurrence at this 

time of year. Although there has been limited research looking at the association 

between snowmelt and waterborne illness, snowmelt can lead to dramatic runoff and 

overland flows with the potential to contaminate water sources and overwhelm treatment 

facilities (15). Moreover, since changes are expected in snowpack accumulation and the 

timing of spring freshets in snowmelt-dominated watersheds due to climate change, this 
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may be an important risk factor for waterborne illness in a changing climate. Snowmelt 

has been correlated with pathogenic contamination of source waters and elevated 

turbidity (168,177). Although there has been little epidemiological research on the 

subject, anecdotal evidence lends some supports to this hypothesis. In fact, “rapid 

snowmelt, resultant runoff, and filtration system failure at the overloaded drinking water 

treatment plant were implicated with the largest known waterborne outbreak of 

cryptosporidiosis, which occurred in Milwaukee, Wisconsin in 1993” (138). More 

research is needed to look explicitly at the impact of snowmelt on water quality and its 

possible role in mediating AGI occurrence in the context of a changing climate, 

specifically in those communities located in snowmelt-dominated watersheds.  

Monitoring of streamflow data and the magnitude and timing of spring freshets 

may be an effective tool to provide early warning to communities when the risk of illness 

is elevated or even signal when preventative boil water advisories should be 

implemented. One caveat is that adequate understanding of local hydrology and the 

biophysical and ecological context is critical to ensure hydrological data are interpreted 

and used appropriately. More research in a variety of ecological settings accounting for 

watershed characteristics is needed to explore the potential utility of hydrological data as 

an indicator for periods of elevated risk of waterborne AGI, and highlights the need for 

continued collaboration and knowledge integration between hydrologists and 

epidemiologists and between public health officials and water managers. 

5.5.1. Implications for future work at the climate change-water-
health nexus 

This work has highlighted that the nature and magnitude of the effects of 

temperature, precipitation, and streamflow on AGI vary across different hydroclimatic 

regimes, or ecological contexts. Ecologically-informed analyses are needed to better 

understand the complex interconnections between hydroclimatology, water quality, and 

waterborne illness. This may be particularly relevant in the context of a changing climate. 

It should be noted that we acknowledge that factors other than hydroclimatic variability 

will play an important role in mediating the transmission and epidemiology of AGI in a 

changing climate. More explicit consideration of the dynamic interactions between 

ecological and social factors has potential to enhance understanding of climate change 
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impacts and to identify new opportunities for policy and action. Responding to this 

challenge requires a combination of high quality data, interdisciplinary collaboration, and 

greater attention to context and scale. 

 To date, most research has examined climate change-water-health linkages 

within spatial units defined by jurisdictional boundaries (e.g., the province or the nation) 

and has largely ignored the regional context within which hydroclimatic factors influence 

health. This is true in the environmental epidemiology literature more broadly where our 

understanding of human health is often “organized spatially around human constructs” 

(43) rather than ecologically relevant units. This has the effect of disconnecting health 

outcomes from distal (or ‘upstream’) risk factors and the biophysical and ecological 

context within which health outcomes manifest. We argue that watersheds, defined here 

as spatially bounded biogeophysical units and their associated social actors and 

institutions (291), can provide an appropriate social-ecological context for research at 

the climate change-water-health nexus. With boundaries defined by biogeophysical 

features and the flow of water through a landscape, watersheds  (also known as 

catchments or river basins) offer meaningful spatial units for understanding and 

interpreting complex relationships among hydroclimatic factors, water quality, and health 

(43). Moreover, when watersheds are understood as social-ecological systems 

(291,225), organizing our research around watersheds can facilitate much needed 

interdisciplinary collaboration across the natural, social, and health sciences. We 

propose, therefore, that watersheds should be recognized as appropriate social-

ecological settings for enhancing our currently limited understanding of the complex 

linkages between hydroclimatic variability and waterborne illness in the context of a 

changing climate.  

In addition to providing context for understanding complex relationships, 

watersheds have been described as appropriate settings for designing integrated 

governance and action for health and environmental sustainability with the potential to 

address social and ecological dynamics of both health promotion and resource 

management (293,294). These arguments draw on and highlight the synergies between 

integrated water resources management (IWRM) and the healthy-settings (or place-

based) approach to health promotion. Integrated water resources management is based 

on the premise that watersheds are appropriate units for integrated rather than sectoral 
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approaches to managing ecosystems and resources (295). The healthy-settings 

literature emerged from the idea that health is created in settings where people live and 

underscores the importance of creating “health-supportive environments” (296,297). 

These bodies of work align well with the emerging calls for ecosystem-based climate 

change adaptation (EbA). Ecosystem-based adaptation draws on the increasing 

evidence that natural resources and ecosystems play an important and cost-effective 

role in reducing the adverse effects of climate change, for both ecosystems and people, 

while providing ancillary benefits such as fostering sustainable resource management, 

building resilience, and creating health-supportive environments (298,299). The notion 

that “[h]ealthy, fully functioning ecosystems are more resilient to stressors and therefore 

better able to support adaptation to impacts” of global environmental change underlies 

EbA (299). Ecosystem-based adaptation also acknowledges the interconnectedness 

between ecological, social, economic, and institutional structures and processes and 

focuses on collaborative and multi-sectoral strategies that aim to build the resilience of 

social-ecological systems in the face of climate change (300). A unique contribution of 

EbA is a focus on the restoration of fragmented or degraded ecosystems as an 

adaptation strategy, protecting groundwater recharge zones or restoring natural 

infrastructure for example (299).   

Drawing on these complementary bodies of literature, we suggest that 

watersheds should be recognized as social-ecological settings for explicitly integrating 

climate change adaptation, health promotion, and water resource management 

initiatives. Although, these efforts are often disconnected in practice, if we acknowledge 

that water is a primary medium through which climate change will impact ecosystems 

and human health (24), and that both healthy ecosystems and healthy people are 

needed to adapt to climate change then integrating these efforts makes sense from 

several perspectives. Organizing our research, governance, and action around 

watersheds may be a promising means to promote health, sustainable water 

management, and social-ecological resilience in an era of climate change.  

5.5.2. Limitations and conclusion 

We conclude that hydroclimatic variables, specifically temperature, precipitation 

and streamflow, play a role in driving the occurrence and variability of AGI in BC 
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Canada. Further, this study has highlighted that the nature and magnitude of the effects 

of hydroclimatic variability on AGI differ in the two hydroclimatic regimes studied. Based 

on expected hydrologic responses to climate change, it is very likely that future climate 

change will lead to a higher burden of AGI in BC. The nature and magnitude of the future 

impacts of climate change on AGI will differ in the context of snowmelt-dominated versus 

rainfall-dominated regimes in the province. Examining the role of hydroclimatology as an 

underlying driver of the epidemiology of waterborne disease is key step towards 

advancing our understanding of the possible impacts of climate change on infectious 

illness and the links among climate change, water, and health more broadly.  

There are limitations of this study that must be considered when interpreting 

these findings and considering their relevance more broadly. First, due to the study 

design used, associations between hydroclimatic variables and illness do not imply 

causation and must be interpreted with caution. Second, we have analysed AGI caused 

by different pathogens together due to low case counts. Some cases may have been 

transmitted via the foodborne pathway rather than the waterborne pathway, which may 

have decreased the magnitude of effect for precipitation and streamflow in particular. 

Whenever data permit, researchers should model AGI caused by different pathogens 

separately to address this issue. Third, we used public health surveillance data, which 

are known to underreport the true burden of illness in a population. Underreporting of 

cases would bias our results if hydroclimatic variation influenced the likelihood of 

reporting, which is unlikely. Finally, monthly aggregation of data may have masked 

relationships at weekly or daily time scales. 

Despite these limitations, this study has generated new knowledge and made 

several important contributions with practical, methodological, and conceptual relevance. 

We have addressed an acknowledged knowledge gap regarding the associations 

between hydrological variables and AGI, and identified several hypotheses and 

questions warranting further research. Further, we have considered these relationships 

in two distinct hydroclimatic regimes contributing to our understanding of these complex 

relationships within very different ecological contexts. This was a novel and productive 

approach that should be considered for future hydro-epidemiology studies and for 

research at the climate change-water-health nexus. Finally, we propose a shift toward 

watershed-based research, governance, and action as a basis for enhancing 
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understanding of complex relationships and integrating climate change adaptation, 

health promotion, and resource management initiatives in a relevant social-ecological 

context.  
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Chapter 6.  
 
Climate change frames in public health and water 
resource management 

6.1. Overview 

Effective climate change policy and action requires a greater understanding and 

appreciation of the diverse ways in which the issue of climate change is constructed and 

conceptualized. The ways in which an issue is framed should not be overlooked in 

interdisciplinary and intersectoral efforts given that implicit and divergent frames often 

impede the processes of knowledge integration and collaboration and therefore, hinder 

the development and implementation climate of change policy and action. This study 

used frame analysis to identify and summarize the climate change frames in public 

health and water resource management texts. Five frames emerged from the analysis of 

public health texts: 1) Preventing direct and indirect health impacts; 2) Promoting health 

and sustainability; 3) Climate change as a complex problem; 4) Strengthening the 

evidence base; and 5) Health equity in a changing climate. Three frames emerged from 

the analysis of water resource management texts: 1) Planning and decision-making 

under uncertainty; 2) Managing multiple drivers of water insecurity; and 3) 

Understanding impacts on complex systems. We discuss relevant points of convergence 

and divergence across this set of climate change frames as they highlight specific areas 

that could either impede or facilitate interdisciplinary research and collaborative action at 

the climate change, water, and health nexus. Drawing on insights from this work, we 

assert that acknowledging and valuing a diversity of climate change frames may 

facilitate learning and working together. We conclude that the notion of frames and the 

process of frame-reflection may be useful tools to promote integration and intersectoral 

collaboration and an opportunity to foster enabling conditions for climate change policy 

and action. 
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6.2. Introduction  

There is now strong consensus that climate change is occurring and will result in 

widespread impacts on ecosystems and human health. Recent evidence suggests that 

the rate of warming is accelerating while the window for climate change policy and 

action, in terms of both mitigation and adaptation, is closing (7,25,26). Despite the many 

compelling reasons for responding to climate change, the implementation of policy and 

action is generally lacking. We face a significant and disconcerting “implementation 

deficit” (185); a gap between the current extent of policy and action and the extent that is 

needed to protect and sustain ecosystem function and human health in a changing 

climate (186,188,301). 

This deficit is particularly disconcerting with regards to the dearth of policy and 

action reconciling different bodies of knowledge, perspectives, and sectors. Climate 

change crosses scales and political boundaries, as well as disciplines, knowledge 

domains, sectors, and value systems (38). Consequently, effective climate change policy 

and action demands that we integrate knowledge and collaborate across many divides 

(41,76,102). This is reflected in the increasing calls for cross-disciplinary research and 

collaborative approaches in the climate change literature (in this chapter, the term cross-

disciplinary research is used to refer to multi-, inter-, and transdisciplinary research 

together) (4,41,302–304).  

Over the last decade, a body of literature on the constraints (or barriers) and 

enabling conditions for climate change policy and action has emerged (16,189,192–

196). The importance of this work is underscored in the 5th Assessment Report from the 

IPCC (16). To date, most research has focused on informational and technological 

constraints, and our understanding of enabling conditions for climate change adaptation 

is generally lacking. It is increasingly acknowledged that many important constraints 

have less to do with deficiencies in evidence of climate change impacts, and more do to 

with institutional, governance, and social dimensions and a dearth of practical 

knowledge regarding how to develop and implement policy and action in practice 

(16,192,197,305). This research is inspired by an often-overlooked yet important 

constraint for climate change policy and action– the challenge of “learning and working 

together” (36). We argue that the development and implementation of climate change 
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policy and action requires that we effectively navigate the challenge of learning and 

working together. To accomplish this, there is a need for greater understanding and 

appreciation of the multiple ways in which the issue of climate change itself is 

constructed and conceptualized across divides.  

Actors or stakeholders from different sectors, disciplines, and perspectives 

construct and understand issues in different ways; i.e., they frame issues differently 

(58,198,199,306,307). Issue frames can be thought of as “organizing structures that 

enable a particular interpretation” of an issue (232) or narratives of understanding that 

construct and communicate a given problem (308). Frames outline the nature of a given 

problem, what should be done, and the rationale for action (202). Frames are therefore 

central to communication and can “mobilize some individuals to action, and rally others 

to resistance or opposition” (308). In practice frames generally remain implicit, which can 

exacerbate divides among actors and perspectives, and ultimately impede the 

processes of integration and collaboration (198,199,203,209,210,306).  

This paper presents research guided by the following question: How is the issue 

of climate change framed in public health and water resource management 

communication? Using frame analysis, a method that falls under the umbrella of 

discourse analysis, we analyze and summarize the ways in which the issue of climate 

change is constructed and conceptualized within a selection of texts from these two 

sectors. We also discuss relevant points of divergence and convergence across the set 

of frames identified and conclude by discussing implications for learning and working 

together more broadly.  

We focus on water resource management and public health for two main 

reasons. First, limited progress has been made with regards to generating integrated 

understanding of the links among climate change, water, and health, and the 

implementation of policy and action at the climate change-water-health nexus is 

considerably lacking. Given the significant links among climate change, water resources, 

and human health, learning and working together at this nexus is particularly important. 

Identifying and considering the ways in which climate change is framed from a public 

health and water management perspective may facilitate knowledge integration and 

collaborative processes at this important nexus. Second, the authors have working 
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knowledge and experience in public health and water resource management and at their 

intersection (e.g., (115,268,293,294,309–312)). Our intention is to contribute to the 

emerging literature on the constraints and enabling conditions for climate change policy 

and the scholarship of integration and collaboration.  

6.3. A brief background on frames and frame analysis 

The notion of frames has been developed and used as a tool for analysis in 

scholarly arenas ranging from sociology to business management (313). The construct 

of frames and frame analysis is increasingly employed in the realm of global 

environmental change (e.g., (203,205,213,306,314–317)). Review of this broad body of 

literature highlights that there are various interpretations of frames and different 

approaches to frame analysis (51,200,318). In his highly influential paper entitled 

Framing: Towards Clarification of a Fractured Paradigm, Entman (1993) aimed to 

“identify and make explicit common tendencies among the various uses of the terms 

[frames and framing] and to suggest a more precise and universal understanding of 

them” (200). After an extensive review of the literature, Entman (1993) offers the 

following definition; “to frame is to select some aspects of a perceived reality and make 

them more salient in a communicating text, in such a way as to promote a particular 

problem definition, causal interpretation, moral evaluation, and/or treatment 

recommendation for an item described (original italics)” (200). Framing then involves the 

“selection and salience” of aspects of an issue or problem in written or spoken 

communication (200). According to Entman (1993, 2004), framing involves defining a 

problem, presenting moral interpretations, and providing a rationale for action, and 

suggesting solutions to the problem (200,201).  

Adapting Entman’s work, Snow and Bedford (2000) present what they call core 

framing tasks: diagnostic framing, prognostic framing, and motivational framing (202). 

Diagnostic framing refers to problem identification and the nature of the problem (316). 

Prognostic framing answers the question ‘what can and should be done?’ and articulates 

solutions. Motivational framing refers to the moral appeals and the rationale for caring 

and doing something about the issue. In addition to framing tasks, Van Gorp (2012) and 

others highlight the important role of framing devices including metaphors, vocabulary, 
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and exemplars (204–206). Frames thus are distinct combinations of diagnostic, 

prognostic, and motivational framing and the use of particular framing devices that 

together depict the distinct ways in which an issue is understood within written or spoken 

text (207,208,319).  

Frames, or sets of related frames for a given issue, are “structures present in 

discourse” (320). Stated another way, issue-specific discourse (e.g., the discourse of 

climate change) includes patterns of socially constructed frames 

(51,58,205,212,321,322). Frames are useful as analytical devices to help us understand 

the various ways in which social groups think about, talk about, and understand a 

particular issue or phenomenon (205). A focus on frames also “permits the identification 

of disconnects, incongruities and competing views on the issue from different 

perspectives” (322) .  

This research acknowledges three levels of influence on framing: the meta-level, 

the social level, and the individual level (depicted in Figure 6-1) (58,209). In this 

conceptual framework, the meta-level refers to ideology, ethos, and value systems that 

influence the construction of issues. The social level of framing refers to the construction 

of sets of particular frames within social groups. The individual level represents 

individual experiences and knowledge that also influence, and are influenced by, social 

framing. This work focuses on the social level because we aim to identify and describe 

the ways in which climate change is framed within the texts of two sectors (which we see 

as social groups). As the framework illustrates, these levels are nested and interrelated 

(illustrated by the dotted lines between the levels) (58,229,230) such that the social level 

of framing is influenced by, and influences, both the meta-level and the individual level. 
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Individual level: individual 
experiences and understanding  
  

Social level: construction of given 
issues/phenomena among social 
groups (e.g. disciplines) 

Meta-level: ethos, values, 
ideology etc. 

Diagnostic framing: Nature of the 
issue, source or cause of the issue.  
 

Prognostic framing: Proposed 
solutions or responses to the issue.  
 

Motivational framing: Rational for 
doing something about the issue. 
 

Framing devices: Metaphors, 
vocabulary, and exemplars 
characterizing discussions of the issue. 
 

Frame Dimensions 
 

Levels of Framing 
 

 
Figure 6-1:  Nested Levels of Framing and Frame Dimensions framework. 
Note: Adapted from (58) and (98). 

Framing occurs through language use (231). Since frames are not made explicit 

in text, they must be interpreted through the analysis of language use employing the 

method of frame analysis (232–235). Although many frame analyses offer little 

description of the specific procedures used to identify frames from text, this is important 

(323). We draw primarily on the theoretical work of Entman (1993, 2004) and Snow and 

Bedford (2000) to inform an analytical procedure utilizing prognostic framing, diagnostic 

framing, motivational framing, and framing devices as frame-signifying dimensions 

(herein referred to as frame dimensions), as a means of identifying and operationalizing 

frames from written text.  

6.4. Design and methods 

The public health and water resource management texts analyzed include 

editorial papers from peer-reviewed journals and a selection of policy-oriented 

documents. We used editorial papers in the scholarly literature because these articles 

are more likely to contain elaborate discussions of climate change, and thus depict 

frames more fully compared to research articles that have a methodological focus (315). 
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The texts were drawn from a seven-year period, 2007 to 2014, selected because we are 

interested in current frames of climate change. 

We selected a purposive sample employing a strategy outlined in Figure 6-2 (see 

Appendix C for texts included in samples). The sampling strategy is consistent with 

scoping reviews of literature (324,325). The Web of Science database was used 

because it has a cross-disciplinary focus and includes a large body of public health and 

water management journals. Although Web of Science includes a wide range of journals, 

the authors noted that the journal EcoHealth was missing from the Web of Science 

‘public environmental occupational health’ research area. We therefore manually 

searched the literature from EcoHealth. 
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Figure 6-2:  Overview of sampling process 
Note: an asterisk (*) at the end of a search terms allows any ending or suffix 

The frame analysis involved three main steps: immersion, frame identification, 

and coding of primary and secondary frames for each text. These steps were carried out 
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in an iterative manner, separately for the water resource management and public health 

texts.  

Immersion involved “obtaining a sense of the whole” (326) by carefully reading all 

of the text to get a general sense of the climate change-related discourse and to become 

familiar with the data. Next, using NVivo software, a database was generated containing 

statements from each text in the public health and water resource management sample 

illustrating climate change frame dimensions. Specifically, sensitizing questions (208) 

were used to guide the identification of frame dimensions (see Table 6-1) 

Table 6-1:  Frame dimensions and sensitizing questions. 

Frame dimensions 
Diagnostic framing Prognostic framing Motivational framing  Framing devices 

-What is the nature of 
the climate change 
issue? 

-What is climate 
change about? 

-What aspects of 
climate change are the 
primary foci? 

-Who or what is 
responsible for climate 
change? 

-How can/should we 
respond to climate 
change? 

-What should be the 
outcome of climate 
change policy and 
action?  

-Who should be 
responsible for 
responding to climate 
change? 

-Why should we 
respond to climate 
change?  

- What is the rationale 
/motivation for action? 

-What are common 
metaphors, terms, 
exemplars etc. used 
in relation to climate 
change?   

- What language 
characterises the 
frame? 

Note: Sensitizing questions adapted from (208)  

Subsequently a frame matrix (206) was generated where each row represents a 

distinct frame and the corresponding columns present the frame dimensions that 

characterize and illustrate each frame (see Appendix D and E for frame matrices). 

 Frames evolved iteratively as patterns in the frame dimensions emerged within 

and across individual texts. Candidate frames were therefore “refined, combined and 

differentiated” iteratively (205). Frame summaries were generated to describe the 

identified frames (205). Following Gamson and Modigliani’s (1992) suggestion, original 

quotes from the data were used to illustrate frame dimensions in the summaries, where 

appropriate (204). Text that is placed between ‘quotation marks’ represents an excerpt 

taken directly from the data. 
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The third and final step involved coding a primary and secondary frame for each 

text in the water resource management and public health sample (therefore, some 

papers are cited and reference in more than one frame summary) (205).  

6.5. Findings  

Frames outline the nature of a given problem, what should be done, and 

rationale for action. Our frame analysis identified the following five frames from the 

public health sample: 1) Preventing direct and indirect health impacts; 2) Promoting 

health and sustainability; 3) Climate change as a complex problem; 4) Strengthening the 

evidence base; and 5) Health equity in a changing climate. Three frames were identified 

from the water resource management sample: 1) Planning and decision-making under 

uncertainty; 2) Managing multiple drivers of water insecurity; and 3) Understanding 

impacts on complex systems.  

Frame summaries are presented below in order of prominence (from highest to 

lowest, see Table 6-2) for the public health and water resource management samples, 

respectively. Two texts in the water resource management sample were not coded and 

are presented in Table 6-2 as ‘Other’. 
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Table 6-2: Coding a primary and secondary frame for public health and water 
resource management texts. 

Frames Primary 
frame 

Secondary 
frame 

Total 

Public health frames 
Preventing direct and indirect health impacts 7 6 13 

Promoting health and sustainability  6 6 12 

Climate change as a complex problem 6 2 8 

Strengthening the evidence base 5 3 8 

Health equity in a changing climate  6 1 7 

Water resource management frames 
Planning and decision-making under uncertainty 10 1 11 

Managing multiple drivers of water insecurity  6 4 10 

Understanding impacts on complex systems 7 2 9 

Other 2 0 2 

6.5.1. Public health frames 

Preventing direct and indirect health impacts: Texts depicting this frame 

emphasize that climate change is making people sick and will lead to increasingly 

serious direct and indirect impacts on health in the future. Climate change is viewed as a 

major public health concern because it exacerbates the burden of disease, particularly 

among vulnerable populations like children, the elderly, and the chronically ill. The ways 

in which climate change will increase the risk of negative health outcomes and disease 

is the primary concern. The language of direct and indirect impacts features heavily.  

Prognostic framing is focused on coping with the direct and indirect health 

impacts of climate change using conventional public health prevention strategies. 

Climate change adaptation is equated with secondary and tertiary prevention (i.e., early 

diagnosis of disease and controlling the progression of disease), while mitigation is 

equated with primary prevention (i.e., preventing the onset of disease). Adaptation to 

climate change is conceptualized as ‘conventional medical and public health practice’ 
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(327). Consequently, surveillance, disease control, and monitoring, the traditional suite 

of secondary prevention activities, are emphasized as adaptation strategies.  

Predicting the future direct and indirect impacts of climate change on health 

outcomes is emphasized as the primary means of informing adaptation strategies. The 

assumption that appropriate adaptation strategies can be identified based on predicted 

future health impacts underlies discussions and reflects a predict-and-provide approach 

to adaptation (62). Although mitigation does not feature as prominently as adaptation 

when it comes to prognostic framing, the links between mitigation and health are 

recognized because of the view that mitigation strategies can improve population health 

in the long run via health co-benefits. Finally, the need for ‘integrated action… and 

multisectoral collaboration’ (328), in terms of both adaptation and mitigation, is 

emphasized in this frame. 

The primary motivation for action is protecting vulnerable populations from direct 

and indirect health impacts of climate change.  

Promoting health and sustainability: Texts representing this frame emphasize 

that climate change is a problem because it affects the fundamental drivers of health. 

Healthy and productive ecosystems are understood as critical to overall health and 

wellness and climate change is seen as a problem because it puts ‘pressure on the 

natural, economic, and social systems that sustain health’ (329). The consequences of 

climate change are viewed more broadly than a focus on specific health endpoints and 

disease. Prognostic framing therefore stresses the need for policy that can ‘improve the 

conditions in which people are born, grow, live and work’ (330), while protecting 

ecosystems that support health. Protecting and promoting health and sustainability is 

highlighted as the aim of adaptation. The importance of working across sectors to 

achieve this dual vision of health and sustainability is recognized. Also, given the view 

that ‘[h]ealth professionals and organisations are well placed to help generate a more 

informed debate and policy response’ (331), advocacy and education about the climate 

change are commonly discussed in texts expressing this frame.  

Motivational framing is based on the dual vision of human health and 

sustainability and, in part, a desire to shift climate change-health conversations away 
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from a focus on specific health endpoints and disease prevention and towards a broader 

understanding of the role of climate change in shaping health and determinants of 

health.  

Climate change as a complex problem: The view that climate change is a 

complex problem with interrelated implications for ecosystems, health, and social 

systems characterizes this frame. Climate change is presented as a problem of 

‘unprecedented scale’ (332) characterized by non-linearity, complexity, and a high 

degree of interconnectedness in terms of causal pathways. Given this complexity, 

prognostic framing highlights the need for new modes of thinking and novel approaches 

to climate change research and action. This is clearly illustrated by Forastiere (2010), 

who contends we must ‘apply new modes of approaching and studying the issue, while 

continuously searching for collaboration from other disciplines’ (388). Interdisciplinary 

research and collaborative action are seen as essential tools for navigating this 

complexity, and therefore, are highlighted as a major feature of the climate change 

response. McMichael and Wilcox (2009) argue: ‘we must stop thinking in outmoded 

differentiated sectoral terms’ (332). Aside from recommendations for systems 

approaches and collaborative learning and action, few specific recommendations are 

provided regarding the practical aspects of novel ways of thinking and approaches for 

research and action.  

Motivational framing is driven by the limitations of traditional modes of thinking 

and tools, which are seen as unsuitable for complex issues. Climate change is therefore 

also presented as an opportunity to develop novel and more effective approaches. 

Strengthening the evidence base: This frame constructs climate change as a 

problem of insufficient knowledge and evidence regarding the impacts of climate change 

on health. There is a focus on specific health outcomes and climate-sensitive diseases 

in general. The lack of evidence regarding climate change impacts on health is largely 

explained by insufficient data and a lack of appropriate methods to predict future health 

consequences. Articles demonstrating this frame tend to conceptualize uncertainty as a 

lack of knowledge: the view that uncertainty can be reduced and eventually eliminated 

with more data and knowledge features prominently. Prognostic framing revolves around 

generating more data and evidence that can be delivered to decision makers to develop 
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policy and action. Generating knowledge about extreme weather-diseases relationship is 

presented as a particularly useful means of strengthening the evidence base. Similar to 

the Preventing direct and indirect health impacts frame, a predict-and-provide approach 

to policy development underlies discussions (62).  

Motivational framing here is rooted in the belief that health researchers and 

professionals have a responsibility to ‘develop a more comprehensive body of evidence 

to inform decision makers and policy makers’ (333).   

Health equity in a changing climate: In this frame, climate change is seen as a 

health equity problem because it generates, and will amplify, ‘inequalities in health within 

and across populations’ (334). Further, climate change policy and action ‘pose particular 

challenges for health equity’ (335).  

Prognostic framing emphasizes that climate change responses should be aimed 

at reducing inequalities in health and ensuring access to basic human rights such as the 

right to water and food. Health equity is prioritized as the central goal of climate change 

policy and action. The texts illustrating this frame do not reflect the assumption that 

evidence about climate change impacts directly leads to appropriate policy and action. 

Rather, the idea that ‘ethical principles’ (336) are needed to guide adaptation and 

mitigation emerges. Jensen (2009) calls for the application of a ‘climate change health 

equity filter’ to assess any proposed adaptation and mitigation strategies (337). The 

assumption that those population most responsible for climate change (i.e., western 

industrialized nation-states) should be primarily responsible for the costs of responding 

to climate change underlies discussions. As Kiang (2013) argues, ‘justice demands it’ 

(28).  

The rationale for action in texts presenting this frame is the inherent injustice of 

climate change coupled with the mandate of human rights. Motivation stems in part from 

claims that ethical considerations should be a central focus of climate change policy and 

action,‘not at the periphery’ (336). The Health equity in a changing climate frame 

appears to be emerging in recent years; all but one of the texts employing this frame 

were published in either 2012 or 2013. 



 

105 

6.5.2. Water resource management frames 

Planning and decision-making under uncertainty: In this frame, climate change is 

understood as a problem of planning and decision-making given the uncertainties that 

characterize climate change. The main challenge of climate change is ‘how to plan for 

the future under highly uncertain conditions’ (23). As Dessai (2013) explains, ‘water 

managers have often planned under the assumption of a stationary climate. This 

assumption is no longer valid’ (338). Decisions about how to manage resources can no 

longer be based on the premise that ‘future hydrology will not significantly deviate from 

past hydrology’ (339). Reference to the assumption of stationarity and the fact that 

stationarity is violated in a changing climate is common and largely underlies the 

motivation and rationale for action. Additional motivation for action stems from the belief 

that we need to adapt and make changes ‘despite the fact that we have little faith in 

climate model projections and impact studies’ (339). The notion that uncertainty should 

not be used as an excuse for inaction emerges.  

The uncertain nature of the impacts of climate on the hydrologic cycle and water 

resources, particularly at the regional and local level, is highlighted. However, 

uncertainty here is not only about impacts. Uncertainty is conceptualized as a 

characteristic of complex problems and is seen as ‘irreducible’ (338). Adaptation 

processes must therefore ‘embrace principles of decision making under uncertainty’ 

(340). The view that ‘[t]oo much attention has been focused on reducing, clarifying, and 

representing climatic uncertainty and too little attention has been directed to building 

capacity to accommodate uncertainty and change’ underlies discussions (340). Within 

this frame, adaptation calls for a shift away from predicting impacts and towards novel 

approaches to decision-making and governance. Specific recommendations include 

interdisciplinarity and adaptive (co-) management.  

Managing multiple drivers of water insecurity: The view that water resources are 

increasingly under pressure from many factors, including but not limited to climate 

change, characterizes this frame. Drivers of water insecurity include climate change as 

well as ‘land use, aging infrastructure, urbanization, and changing social values.’ (341). 

Current technologies, infrastructure, and management practices are insufficient to 

ensure water security in a rapidly changing world. Discussions of supply and demand 
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are common among the texts demonstrating this frame because ‘the supply of and 

demand for water resources will be substantially affected by climate change’ (22). 

Concerns regarding water quantity are at the forefront; discussions about water quality 

are secondary. Since climate change is seen as one of the many drivers of water 

insecurity, and because fragmented development across sectors is viewed as part of the 

problem, integration and intersectoral collaboration are underscored as key features for 

achieving water security. Integrated water resource management emerges as a key 

adaptation strategy to manage climate change impacts on water resources. The long-

term sustainability of water resources, a goal that can be shared across sectors, is 

underscored as the overarching goal of climate change policy and action. Additionally, 

prognostic framing underscores that the drivers of water security vary across settings 

such that adaptation will need to be ‘diverse and locally specific’ (342). 

Motivation for action stems largely from the view that ‘the main impacts of climate 

change on humans and the environment occur through water’ (341). The management 

of water resources must therefore feature prominently in the climate change adaptation 

agenda.  

Understanding impacts on complex systems: The Understanding impacts on 

complex systems frame is focused on the challenge of understanding and predicting 

change in the context of complex systems. Texts using this frame argue that we 

currently have little reliable knowledge of climate change impacts and, perhaps more 

importantly, also lack adequate understanding of key hydrological processes and 

relationships under current conditions. There is a high degree of uncertainty with regards 

to our current understanding of climate change impacts and ‘uncertainty tends to 

increase as one goes down in scale and as one moves to more extreme events’ (343). 

‘Dependence on local conditions is a distinguishing feature of hydrology that can make 

the effect of climate change less predictable’ (344). The belief that regional climate 

projections do not adequately capture variability characterises this frame. With regards 

to regional projections, Beven asks if ‘any of this work is fit for the purpose of adapting 

to, or managing for, the future?’ while Blöshcl (2010) compares impact predictions to 

‘throwing the dice’.  
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Prognostic framing is therefore primarily focused on improving our ‘knowledge of 

connections among climate, weather, and hydrology under current conditions’ (344) and 

key processes that characterize complex systems. Second, better uncertainty estimation 

and improvements in modeling to reduce uncertainty are called for. There are parallels 

with the Planning and decision-making under uncertainty frame as uncertainty and 

complexity feature prominently in both. However, the major focus of prognostic framing 

here is the challenge of generating knowledge rather than the challenge of making 

decisions given the uncertainty and complexity that characterize the problem of climate 

change.  

Motivational framing centers on the belief that decision-makers and water 

managers want more evidence regarding the impacts of climate change; specifically 

evidence that is not plagued by uncertainty. Finally, climate change is generally 

presented not only as a significant challenge, but also as an opportunity for advancing 

knowledge and addressing current limitations in data and methods. 

6.6. Discussion 

This set of frames is illustrative of the various ways in which climate change is 

constructed and understood across two purposefully selected sectors at a particular 

point in time (2007 to 2013). We present these findings less as an authoritative 

description than as a heuristic tool, and a conversation piece, to stimulate intersectoral 

discussion and action. We recognize that this set of frames is in flux. Environmental 

problems are continuously re-defined and constructed and frames are not static (91). 

Finally, although efforts were made to capture a suitable sample of texts for frame 

identification, it is possible that certain frames have not been adequately captured in the 

sample analyzed. 

De Boer (2010) contends that climate change is an issue that can be framed in 

many ways (232). Our results show that this is certainly the case within public health and 

water resource management texts specifically. We identified eight distinct frames for 

climate change in the texts analyzed. Reflecting on the frames and frame dimensions, 

we also find that there are relevant points of convergence and divergence, both within 
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and across the set of water resource management and public health frames that 

emerged from the analysis. These points are important to consider as they highlight 

specific areas that could either impede or facilitate research and action at the climate 

change-water-health nexus and also provide insight into “collective blind spots” in the 

climate change discourse (305). In the discussion that follows, we briefly outline 

important points of convergence and divergence across the set of frames identified. 

Subsequently, we consider the potential utility of frames and frame-reflection (199) as 

tools for learning and working together more broadly. 

6.6.1. Points of convergence 

The importance of context: Context and scale emerge as important aspects in 

relation to prognostic and diagnostic framing across most of the water resource 

management and public health frames identified in our analysis. The importance of 

taking local and/or regional context into consideration is, for example, a common thread 

in the prognostic framing of many of the frames. Both the global environmental change 

literature and the emerging literature around social-ecological systems explicitly draw 

attention to issues of scale and context in relation to climate change, and likely inform 

this focus on context we identified.  

A focus on adaptation compared to mitigation: The prognostic framing in all of the 

public health frames emphasizes adaptation as the primary focus when it comes to 

responding to climate change. Mitigation is an element of prognostic framing for three of 

the public health frames, although adaptation remains the primary focus. Mitigation is not 

a major aspect of in the prognostic framing for any of the water resource management 

frames. The focus on adaptation relative to mitigation might be attributed to the 

emerging consensus that some degree of global warming is now inevitable such that 

adaptation is a moral and practical imperative (345).  

Climate change as an opportunity: A common thread with regards to motivational 

framing for numerous frames we identified is the idea that climate change is an 

opportunity. For example, in the Preventing direct and indirect health impacts frame, 

climate change is viewed as an opportunity to strengthen basic public health services, 

while the Managing multiple drivers of water insecurity frame presents climate change as 
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an opportunity to improve water resource management practices. Seeing climate change 

as an opportunity echoes an emerging trend in the climate change scholarship more 

broadly and may be an effective rationale to motivate climate change policy and action in 

general (107). 

A limited discussion of responsibility: Somewhat surprisingly, the issue of who (or 

what) is responsible for climate change is largely absent from nearly all of the frames 

identified. This is the case in terms of both who is most responsible for causing climate 

change and who is most responsible for doing something about it (with regards to 

diagnostic and prognostic framing in other words). The perspective that developed 

western economies that have contributed the majority of carbon dioxide emissions 

should be most responsible for the burden of climate change policy and action does 

surface in the Health equity in a changing climate frame. One might expect more 

discussion as to the “causes of the causes” (346) of climate change, our obsession with 

progress and growth, for example. Such discussions are, however, absent across all 

eight frames.  

An emphasis on collaboration: The strongest point of convergence across the set 

of frames, both within and across the public health and water resource management 

texts, is an emphasis placed on interdisciplinarity and collaboration. In certain frames, 

the Strengthening the evidence base, for example, the focus is on interdisciplinary 

research specifically, while most of the other frames emphasize the importance of 

collaboration in terms of policy-making and action. Also striking is the general absence 

of discussions about methods, processes, or tools to facilitate integration and 

collaboration in practice. 

6.6.2. Points of divergence 

The most appropriate scale for policy and action: In the public health frames, 

prognostic framing emphasizes that community-level policy and action is most effective 

and needed, particularly when it comes to adaptation. In the case of water resource 

management frames, the watershed (or catchment) is highlighted as an appropriate 

scale for action, particularly in the Managing multiple drivers of water insecurity frame 

where IWRM is emphasised as a specific adaptation strategy. We have argued 
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elsewhere that watersheds, defined here as spatially bounded biogeophysical units and 

their associated social actors and institutions (291), can provide a useful social-

ecological context and scale for climate change policy and action. Public health is 

increasingly engaging with the idea of watersheds and airsheds as appropriate scales 

for policy and action (e.g., (294,347,348)).  

Conceptualization of uncertainty: Uncertainty features heavily and is a common 

thread across all of the frames of climate change that emerged from the water resource 

management texts. In comparison, uncertainty is somewhat of an afterthought across 

the set of public health frames (aside from the Climate change as a complex problem 

frame where uncertainty is seen as a central feature of the nature of climate change). 

Moreover, across those frames that do centralize uncertainty, there are differences in 

terms of the ways in which uncertainty is conceptualized. For example, uncertainty is 

presented as an irreducible characteristic of climate change that must be embraced and 

managed in the Planning and decision-making under uncertainty frame while uncertainty 

is conceptualized as a lack of information in the Understanding impacts on complex 

systems frame. According to Mearns (2011), various conceptualizations of uncertainty 

emerge from the climate change discourse and literature more broadly (349).  

Conceptualization of adaptation: Adaptation is conceptualized as both coping 

and transformation across the set frames identified. In the three water resource 

management frames, prognostic framing is founded on the premise that transformation 

in some form is called for (transformation with respect to our approaches, methods, or 

modes of thinking for example). In both the Promoting health and sustainability and the 

Health equity in a changing climate frame, transformation is also called for. In contrast, 

the Preventing direct and indirect health impacts, which was coded most commonly in 

our sample, adaptation as coping is called for. The distinction between adaptation as 

coping and adaptation as transformation is increasingly evident in the climate change 

literature (e.g., (350,351). Adaptation as coping refers to a range of actions enacted 

within the prevailing system of rules and mode of thinking in response to specific 

hazards and risks (351). When we cope with climate change the “current systems and 

paradigms are accepted and in some cases modified, but rarely critically questioned or 

challenged” (305). Adaptation conceptualized as transformation refers to a change in 

structure, function, and/or organization of a system to survive under characteristically 
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different conditions (45,350–352). Ultimately, it may be most useful to think about 

adaptation along a continuum rather than a dichotomy, with adaptation as coping at one 

end of the spectrum and adaptation as transformation at the other end. 

6.6.3. Implications for learning and working together  

The literature increasingly argues that, in the context of issues spanning health, 

ecological, and social concerns, we are “better together” (36) and acknowledges that 

learning and working together in the context of global environmental change 

necessitates the reconciliation of multiple knowledges and perspectives (40,353,354). 

There is a major need to develop tools, methods, and processes that can facilitate 

learning and working together (354). The fact that our results identified numerous distinct 

climate change frames underscores the importance of considering the role of frames and 

framing in our efforts towards knowledge integration and collaboration in the context of 

climate change policy and action. 

A plurality of implicit frames can impede mutual understanding and can “evolve 

into protracted controversies about ‘what the issue is really about’, delaying or impeding 

effective decision-making” (199,306). In their work on gender inequality policies in 

Europe, Verloo et al. (2005) found that distinct and implicit gender inequality frames 

contributed to the limited implementation of policies addressing that issue (208). Gray 

(2004) has provided evidence that implicit frames explained, in part, failures in 

collaboration with regards to various environmental issues (203). However, doing away 

with framing differences, or establishing that one particular way of understanding climate 

change is better than another, should not be our goal if we wish to effectively learn and 

work together towards the development and implementation of effective climate change 

policy and action (189,355,356). A multiplicity of understandings of climate change is 

inevitable and should be regarded as an asset (107). We should aim to explore and 

make explicit different frames in a constructive manner to better understand and 

appreciate various perspectives while utilizing points of convergence to achieve 

integrated understanding and motivate collective action. This process should involve 

acknowledging, respecting, and valuing diversity in cross-disciplinary and collaborative 

efforts.  
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Schön and Rein (1994) convincingly argue for ‘frame-reflection’ as a means of 

dealing with complex policy problems involving a diversity of actors and perspectives 

(199,235). We echo Schön and Rein’s (1994 and 1996) call for frame-reflective 

research, policy-making, and action, and suggest that this may be particularly fruitful with 

regards to climate change. Acknowledging, sharing, and reflecting on frames and 

framing diversity, within a relevant context or setting, can help us navigate the 

challenges of learning and working together. We should note however, that engaging in 

the process of frame-reflection requires a capacity for critical self-reflection (235). 

Although self-reflection has been highlighted as an important skill for cross-disciplinary 

research and collaboration in general (101–103), it may not come easily to all actors 

involved in cross-disciplinary and collaborative endeavours. Cornell (2010) argues that, 

“most physical scientists are not habituated to reflection… so many physical scientists 

enter interdisciplinary areas unequipped for critical reflection” (102). Developing the 

capacity for reflection may therefore need to be purposefully addressed in practice, 

drawing on specific design tools, frameworks, and processes that foster reflection (e.g. 

(38,104,105). More research is needed to better understand how we can use frames, 

frame dimensions, and frame-reflection in practice. Another potentially rich area for 

future research is considering the role of frames and framing in inspiring engagement 

and action.  

Finally, it is worth highlighting the emerging parallels between frames, framing,  

and social learning. Social learning, the “collective action and reflection that takes place 

amongst both individuals and groups when they work to improve the management of the 

interrelationships between social and ecological systems” (357) has received increasing 

attention in the climate change literature (358–361). A handful of scholars (e.g. 

(360,362–364)) have identified the links between social learning, frames, and framing. 

Bullock (2010), for example, writes that social learning indirectly studies frames (58). 

Although the conceptual and theoretical links between the notion of frames, framing, and 

social learning are only just emerging, this may be a rich and productive arena for future 

work.  
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6.7. Conclusion 

This paper contributes to the growing body of research considering the 

constraints and enabling factors for climate change policy and action by examining the 

challenge of knowledge integration and collaboration. Using frame analysis, we 

examined and summarized the ways in which climate change is constructed within water 

resource management and public health texts. We identified five climate change frames 

in the public health texts and three climate change frames in the water resource 

management texts analysed. We also discussed relevant points of convergence and 

divergence, both within and across the set of water management and public health 

frames that emerged. Framing is a social process that involves the “selection and 

salience” of different aspects of an issue, prioritizing certain responses or solutions, and 

drawing on different rationale to mobilize action (200). Framing should not be overlooked 

in cross-disciplinary and collaborative efforts given that implicit differences in frames 

often underlie the challenge of learning and working together. Acknowledging and 

appreciating the nature and content of a diversity of climate change frames, as well as 

frame-reflection processes, may facilitate learning and working together and serve as an 

enabling factor for climate change policy and action. Although the possibility of using 

frames and frame-reflection as tools to help us navigate the challenge of learning and 

working together is only just emerging, this is a rich area for continued research and 

theoretical development with important implications for the scholarship on enabling 

conditions for climate change policy and action. 



 

114 

Chapter 7.  
 
Synthesis: Key findings, implications, and 
opportunities 

7.1. Overview 

In the opening chapter, I presented the case and rationale for research focused 

on the links among climate change, water, and health, as well as the specific research 

questions and objectives. In this concluding chapter, key research findings from the 

three research chapters are revisited and summarized; organized as a response to 

Research Questions 1 and 2 and Objectives 1 through 3 outlined in the introductory 

chapter. Subsequently, I synthesize and present implications of this research, oriented 

toward insights for learning and working together at the climate change-water-health 

nexus and for responding to climate change more broadly (Objectives 4). I also briefly 

summarize the limitations that should be acknowledged when considering these findings 

and implications. The chapter concludes with an overview of future research and 

adaptation opportunities. 

7.2. Summary of key findings 

The overarching goals of this inquiry were to contribute to our currently limited 

understanding of the links among climate change, water, and human health, and to 

inform the ongoing and increasingly necessary dialogue about how to pursue and 

support interdisciplinary and collaborative research and action and how to respond to 

climate change. Informed by interdisciplinary and ecohealth approaches to research, 

and drawing on the scientific method and discourse analysis methodologies, two specific 

research questions and 4 research objectives were examined. The specific research 

questions and research objectives are presented in Table 7.1 below for convenience.  
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Table 7-1:  Summary of specific research questions, objectives, and synthesis. 

Research Question 1: What are 
the possible future impacts of 
climate change on waterborne 
AGI?  

 

Objective 1: To describe the seasonality of waterborne AGI 
across hydroclimatic regimes and drinking water sources. 

Objective 2: To assess the associations between hydroclimatic 
variables and the occurrence of waterborne AGI in different 
hydroclimatic regimes. 

 

Research Question 2: How is the 
issue of climate change framed in 
public health and water resource 
management communication? 

Objective 3: To identify and describe the ways in which climate 
change is framed in public health and water resource 
management texts.   

 

Research Synthesis: Implications 
for learning and working together 
and responding to climate change. 

Objective 4: To critically reflect on the research findings and 
process and synthesize implications for learning and working 
together at the climate change- water-health nexus and for 
responding to climate change. 

7.2.1. Research Question 1: ‘What are the possible future impacts 
of climate change on waterborne acute gastro-intestinal 
illness?’  

To address Research Question 1, I aimed to describe the seasonality of 

waterborne AGI across hydroclimatic regimes and drinking water sources and to assess 

the associations between hydroclimatic variables and the occurrence of waterborne AGI 

in BCs two major hydroclimatic regimes using epidemiological methods (Objectives 1 

and 2). I explored Research Question 1 in the context of BC because of its diverse 

hydroclimatology and identified knowledge gaps regarding the epidemiology of AGI and 

links among climate change, water, and health and in BC. A characterization of AGI 

seasonality and an understanding of the associations between hydroclimatic factors and 

the occurrence of illness sets the stage for considering the potential impacts of climate 

change on waterborne AGI in BC. 

The research presented in Chapter 4 provides evidence that AGI exhibits marked 

seasonality in the province of BC. Although it is difficult to identify consistent differences 

in seasonal patterns when looking at the AGI data disaggregated by water source and 

hydroclimatic regime, it is clear that seasonality remains across all drinking water 

sources and in both the snowmelt- and rainfall- dominated hydroclimatic regimes. 

However, there are differences in the magnitude and timing of the peaks and troughs 
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across those cases linked to groundwater, surface water, and mixed water sources and 

to snowmelt- and rainfall-dominated regimes. These differences likely indicate different 

exposure pathways and/or risk factors. I conclude that the systematic description of the 

seasonal dynamics of infectious disease is a valuable tool for enhancing our 

understanding of disease epidemiology and generating hypotheses, and is an important 

preliminary step for informing disease prevention strategies in an era of rapid global 

environmental change. I assert that knowledge of disease seasonality can be used to 

guide the development of disease prevention and control strategies, and to inform 

climate change adaptation strategies (143,144). 

The research presented in Chapter 5 builds on the findings and conclusions 

presented in Chapter 4. Having identified seasonality as a characteristic of AGI 

epidemiology in BC, I set out to determine whether hydroclimatic factors played a role in 

driving the variability in disease occurrence over time. Using time-series regression 

analysis, I examined associations between three hydroclimatic variables (temperature, 

precipitation, and streamflow) and waterborne AGI at the monthly time-scale using data 

from two (of the original eight) study communities. The communities were selected to 

represent the two major hydroclimatic regimes that characterize BC (rainfall-dominated 

and snowmelt-dominated) and because of adequately large case counts for time-series 

analysis. (The other six communities had prohibitively low cases counts and therefore 

the data could not be analyzed using the time-series design, or other study designs that 

were explored). Results show that the number of monthly cases of AGI increased with 

increasing temperature, precipitation, and streamflow in the same month in the context 

of a rainfall-dominated regime, and with increasing streamflow in the previous month in 

the context of a snowmelt-dominated regime. Specifically, the models show that for a 

1°C increase in mean monthly temperature, there is an 11.5 % (95 % CI: 4.5 %-18.6 %) 

increase in total number of monthly AGI cases in the same month. For a 10 mm increase 

in total monthly precipitation and a mean monthly streamflow increased by 1 m3/sec, 

there is an increase in total monthly AGI cases by 1 % (95 % CI: 0 %-3 %) and 15 % (95 

% CI: 6.4 %-27 %) respectively. In contrast, only streamflow in the previous month was 

statistically significantly related to AGI in community B; for every 1 m3/sec increase in 

mean monthly streamflow, there was a 1.9 % (95 % CI: 0.5 %-3.2 %) increase in 

monthly AGI cases one month later.  
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The findings presented in Chapter 5 suggest that hydroclimatic variables affect 

the occurrence and variability of AGI in BC. More importantly, these findings provide 

evidence that the nature and magnitude of the effects of hydroclimatic variability on AGI 

differ in the context of a snowmelt-dominated regime compared to a rainfall-dominated 

watershed regime. This point is particularly relevant for climate change-water-health 

scholarship in general and underscores that ecologically relevant analyses at local and 

regionals scales are needed to better understand the complex interconnections between 

hydroclimatology, water resources, and waterborne illness, and also to move from 

knowledge-to-action at the climate change-water-health nexus.  

I conclude in Chapter 5 that the monitoring of streamflow data, and the 

magnitude and timing of spring freshets specifically, may be an effective strategy for 

providing early warning of elevated illness risk or even signal when preventative drinking 

water advisories should be implemented. Given that variations in streamflow are 

determined by the cumulative effects of climate, hydrology, and watershed 

characteristics (i.e., geology, soil conditions, and land cover), streamflow may be a 

useful indicator for the interactions between upstream factors that influence pathogen 

abundance, mobility, and source water quality (290). One caveat is that adequate 

understanding of regional hydrology and the biophysical and ecological context is crucial 

to ensure that hydrological data are interpreted and utilized appropriately. 

Together, the findings presented in Chapter 4 and 5 contribute toward our 

understanding of the potential future impacts of climate change on waterborne AGI. 

Some degree of caution, however, is necessary when interpreting these findings and 

inferring what they can tell us about the future impacts of climate change. Based on 

these results, we can say with confidence that AGI is a climate-sensitive disease in BC. 

Further, given the expected increase in temperature, changing precipitation patterns, 

and projected shifts in hydrologic responses in the province, future climate change will 

likely lead to a higher burden of AGI, with impacts mediated by context and social-

ecological factors such as drinking water source and the hydroclimatology of the 

watershed. Due to the complex and wicked nature of climate change and limitations in 

terms of data, regional climate modeling, and analytical tools, a high degree of 

uncertainty about the future impacts of climate change an AGI in BC remains. 

Uncertainty, in terms of the impacts, and in particular the regional and local impacts of 
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climate change on water resources and human health endpoints cannot be avoided and 

is often presented as justification for inaction. Acknowledging and accepting uncertainty 

is necessary to move from knowledge-to-action at the climate change-water-health 

nexus.  

7.2.2. Research Question 2: ‘How is the issue of climate change 
framed in public health and water resource management 
communication?’ 

To answer Research Question 2, I aimed to identify and describe the various 

ways in which climate change is framed in public health and water resource 

management texts (Objective 3), using the method of frame analysis. The analysis 

presented in Chapter 6 revealed five frames from public health texts: 1) Preventing direct 

and indirect health impacts; 2) Promoting health and sustainability; 3) Climate change as 

a complex problem, 4) Strengthening the evidence base; and 5) Health equity in a 

changing climate (See Figure 7-1). Three frames, 1) Planning and decision-making 

under uncertainty, 2) Managing multiple drivers of water insecurity, and 3) 

Understanding impacts on complex systems emerged from the water resource 

management texts (See Figure 7-2). These findings show that the problem of climate 

change is framed in multiple ways and that distinct frames can be identified within and 

across disciplinary perspectives. Furthermore, the fact that numerous distinct climate 

change frames were identified underscores the importance of considering the role of 

frames and framing in our efforts towards knowledge integration and collaboration with 

respect to climate change policy and action. 
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Figure 7-1: Climate change frames from public health texts 

 
Figure 7-2: Climate change frames from resource management texts 

To further examine the diversity of frames that emerged from the frame analysis, 

the relevant points of convergence and divergence, both within and across the set of 

water resource management and public health frames, were presented in Chapter 6. 
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Notable points of convergence and divergence are summarized in Table 7-2. I argue that 

these points are important to consider as they highlight specific areas that could either 

impede or facilitate integration and collaboration at the climate change-water-health 

nexus and also provide insight into the climate change discourse more generally. 

Moreover, acknowledging and appreciating the nature and content of a diversity of ways 

in which to frame climate change, as well as open dialogue and frame-reflection 

processes, may facilitate learning and working together and serve as a much needed 

and enabling factor for climate change policy and action. 

Table 7-2: Summary of points of convergence and divergence. 

Points of Convergence Points of Divergence 
The importance of context The most appropriate scale for policy and action 

A focus on adaptation compared to mitigation Conceptualizations of uncertainty 

Seeing climate change as an opportunity Conceptualizations of climate change adaptation 

A limited discussion of responsibility 

An emphasis on collaboration 

7.3. Research synthesis 

Given the interdisciplinary orientation of this inquiry, integration and synthesis 

were pursued and prioritized. Implications of this research with relevance for learning 

and working together at the change-water-health nexus are synthesized and outlined in 

the following section. These implications speak to Objective 4, which aimed to critically 

reflect on the research findings and process and synthesize implications for learning and 

working together at the climate change-water-health nexus and for responding to climate 

change.  

7.3.1. The need for frameworks to promote integration 

An interdisciplinary research approach values diversity and pluralism, focuses on 

problem solving, and seeks integration. The influential anthropologist Clifford Geertz has 

suggested that the scholarly trend towards interdisciplinarity and integration is not just 

“the moving of a few disputed borders, the marking of some more picturesque mountain 
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lakes - but an alteration of the principles of mapping. Something is happening to the way 

we think about the way we think” (365). This shift is largely driven by the emerging 

consensus that complex, multifaceted, and cross-scalar issues like climate change 

demand new approaches to knowledge generation that prioritise integration. 

Interdisciplinary research commonly pursues horizontal integration across perspectives 

such as disciplines (75). Increasingly, more attention is given to integration across other 

divides such as across sectors and across the ‘hard’ and ‘soft’ sciences, as well as the 

epistemological and ontological implications of doing so (38,40). Integration is an 

important conceptual and methodological challenge; novel frameworks and heuristics 

are needed to address this challenge and to faciliate integration in practice (83).  

Brown et al. (2010, 2014) have developed and utilized the Holistic Knowledge 

Culture Framework to recognize and value different “knowledge cultures” (i.e., individual 

knowledge, local knowledge, specialised knowledge, strategic/organizational knowledge, 

and holistic knowledge) in the context of transdisciplinary research (38,40). The Holistic 

Knowledge Culture Framework promotes vertical integration– “integration among 

different types of knowledge users” (75)– and is useful for transdisciplinary research that 

focuses on participation and engagement beyond the academy but less so for 

interdisciplinary research endeavours. The Three Domains of Knowledge and Learning 

framework offers an alternative framework that is more suitable for interdisciplinary 

research and situations when community participation and engagement are not feasible.  

As outlined in section 3.3.1, The Three Domains of Knowledge and Learning 

framework was used to structure the interdisciplinary inquiry presented in this 

dissertation and to promote integration across, not only disciplines, but also across 

technical, practical, and emancipatory knowledge domains. In relation to Habermas’ 

framework, technical knowledge was generated through the exploration of Research 

Question 1, drawing on the scientific method and using descriptive and analytical 

epidemiological methods to do so. Practical knowledge was generated through the 

exploration of Research Question 2, drawing on discourse analysis methodology, and 

conducting a frame analysis specifically. The final domain, emancipatory knowledge, has 

been generated iteratively via continual reflection on the knowledge created, the 

knowledge generation process, and my experiences conducting this inquiry using Rolfe 

et al.’s Framework for Reflective Practice (104). Although the Three Domains of 
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Knowledge and Learning framework is seemingly simple, it proved to be useful and 

effective for promoting ‘horizontal’ (74) integration across not only across disciplinary 

and sectoral perspectives, but also across knowledge domains. 

An additional significance of Habermas’ Three Domains of Knowledge and 

Learning framework, is that it explicitly highlights that different types of knowledge (i.e., 

technical, practical, and emancipatory knowledge) are equally valuable, rather than 

prioritizing certain forms of knowledge over others. Commonly, the generation of 

practical and emancipatory knowledge is marginalized relative to technical knowledge 

within the context of higher learning and academia. Consequently, practical knowledge, 

and, more so emancipatory knowledge, are overlooked in our efforts towards 

understanding and responding to complex problems (215). Habermas’ framework 

addresses the issue of prioritizing certain knowledge over others by explicitly recognizing 

and valuing three different domains of knowledge.  

The Three Domains of Knowledge and Learning framework may prove useful for 

other scholars and groups engaging in the challenging process of interdisciplinary 

research as well as interdisciplinary training. It may also be useful for ecohealth research 

and practice given that ecohealth “encourages problem solving that draws upon multiple 

types of knowledge from the natural, social and health sciences, and the humanities” 

(366) yet frameworks to facilitate integration across these divides remain limited (367). 

Drawing on my experience conducting this interdisciplinary inquiry and the 

literature presenting horizontal and vertical integration as two ‘types’ of integration 

(74,75), I argue that we should also acknowledge a third type of integration – integration 

across scales. More specifically, linking knowledge that is generated by examining 

complex issues at multiple scales. This is achieved in practice by the process of 

zooming-in, examining an issue in detail, and zooming-out, examining the issue from a 

broader vantage point. Integration across scales is particularly relevant for 

interdisciplinary research regarding complex social-ecological problems like climate 

change. In this inquiry, integration across scales was achieved by linking the knowledge 

generated by examining the climate change-water-health nexus at multiple scales. As 

outlined in section 2.3 of this dissertation, zooming in to shed light on the details of a 

given issue and then stepping back and zooming out to understand the broader social-
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ecological context within which issues are embedded as a strategy to gain a more 

fulsome understanding of complex and multi-scalar issues is a characteristic of 

ecosystem approaches to health. Waltner-Toews (2013) describes this process as an 

essential “imaginative skill” for understanding the multiple and nested connections that 

characterize complex problem (84).  

Extending the metaphor of vertical integration along the x-axis and horizontal 

integration along the y-axis, I argue it is useful to think about this third type of integration, 

integration across scales, along the z-axis (as illustrated in a simple heuristic in Figure 7-

3).  

!

Vertical integration: 
Integration among different 
types of knowledge users  
(i.e., local communities, 

academics, practitioners)   
 

Horizontal integration: 
Integration across knowledge 

perspectives 
(i.e., disciplines, sectors, 

knowledge domains)   
 

x-axis 

y-
ax

is 

z-a
xis

 

Integration across scales:  
Zooming in and zooming out  

 

 
Figure 7-3: XYZ integration. 

7.3.2. A focus on learning  

In addition to the potential utility of Habermas’ framework for promoting 

integration in interdisciplinary efforts as outlined above (section 7.3.1), another valuable 

facet of the Three Domains of Knowledge and Learning framework is that it makes an 

explicit distinction between knowledge and learning. This distinction is all too often 

overlooked in research activities. Learning is more than the accumulation of information 

or knowledge; it is a shift in perspective inspired by reflection on experiences and 



 

124 

insights. Often times, the pursuit of learning is lost in the process of knowledge 

generation. Learning does not occur in a straightforward linear manner but rather is 

characterized by loops where the learner(s) has(ve) new experiences and gain(s) novel 

insights, encouraging reflection and the creation of new meaning and ultimately a shift in 

perspective. Learning is an active and reflective process (368).  

The experience of doing interdisciplinary research at the climate-water-health 

nexus has also underscored the value of “learning-by-doing” (369). ‘Learning-by-doing’ 

is a term used to describe an iterative process of learning from experience, throughout 

the knowledge generation process. A focus on learning-by-doing characterizes certain 

methodologies, (e.g., action research, participatory research) but is not explicitly 

emphasized or promoted in most methodologies, including those employed in this 

inquiry. It became evident throughout my training and research that ‘learning-by-doing’ is 

particularly important for interdisciplinary research given that there is no single model or 

roadmap for success. Researchers must move forward in the process of knowledge 

generation in an iterative manner, drawing on lessons learned and insight gained along 

the way, and modifying objectives, methods, and analytical procedures to reflect 

learning. This was certainly the case in this work, given that the second research 

question and the paper presented in Chapter 6 were largely inspired and informed by my 

experience of conducting the research presented in Chapters 4 and 5. Something 

changed for me in my PhD process when I began to think of my research primarily as a 

learning process, one characterized by multiple levels and types of learning. My PhD 

became an opportunity for learning-by-doing rather than a process focused solely on 

knowledge generation (how I first approached my research endeavours). My shift in 

thinking was pivotal and has inspired higher-level thinking, and provided motivation 

when I most needed it. This dissertation would have looked very different, and I would 

have lacked the breadth that it now demonstrates had I not used the insights gained 

from the early phases of the research process to guide the later stages.  

7.3.3. Researchers as reflective-practitioners 

The interdisciplinary inquiry presented in this dissertation has engaged in 

integration across several divides. Engaging in work across divides is challenging and 

demands the management of different assumptions, vocabularies, and practices which 
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characterize unique disciplines or sectors, while also navigating differences in 

epistemologies, philosophies of science, and values. The process of reflection supports 

this challenging work and is needed to achieve integration. Although many researchers, 

physical and biomedical scientists in particular, are unhabituated to reflection, I argue 

that interdisciplinary researchers must be “reflective practitioners” (370). In his seminal 

and highly influential book entitled The Reflective Practitioner: How Professionals Think 

In Action Schön (1999) describes an effective reflective practitioner in the following 

manner: 

The [reflective] practitioner allows himself (sic) to experience surprise, 
puzzlement, or confusion in a situation, which he finds uncertain or 
unique. He reflects on the phenomenon before him, and on the prior 
understandings, which have been implicit in his behavior. He carries out 
an experiment, which serves to generate both a new understanding of the 
phenomenon and a change in the situation. (370) 

Reflection fosters learning, facilitated interdisciplinarity, and promotes innovation 

(220). In short, reflection is central to learning and is key to moving beyond the 

generation of disconnected facts and information and towards integration (371). I agree 

with Romm (1998) who suggests that interdisciplinarity can be understood as 

“embracing a reflexive orientation” (101). Reflection is also particularly important for the 

process of moving from knowledge-to-action. Furthermore, reflective practice within 

research processes can help scholars make conceptual advances. Climate change is a 

relatively new problem, such that the conceptual underpinnings relevant to climate 

change research and action remain limited. Conceptual learning through reflective 

practice is thought to be particularly important in times of significant and rapid change 

(58). An emphasis on reflective practice is lacking from most methodologies but must 

become a more explicit part of research processes aimed at understanding and 

responding to complex issues like climate change. 

7.3.4. Context matters 

With regards to global environmental change, “…we need to realize that the 

context in which these changes occur really does matter” (64). Because climate change 

interacts with social and ecological determinants of health in complex ways in a given 
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setting at a particular time, the social and ecological context simply cannot be ignored 

(46). When it comes to understanding and responding to climate change, adaptation in 

particular, context matters (32).  

The importance of context was acknowledged from the outset of this research 

process. In the introductory Chapter (section 1.4 specifically) I clearly state that context 

cannot be ignored and the need to consider context is emphasized in the Contextualized 

DPSEEA framework (adapted from the traditional DPSEEA framework to explicitly 

acknowledge context (section 3.3.2)). The importance of context is further supported by 

the research presented in Chapter 4. The fact that each watershed has unique 

ecological, hydrological, and physico-chemical characteristics, especially in terms of how 

surface water and groundwater respond to climate variability, underscores that we must 

account for the regional and local context when conducting epidemiological research 

examining the associations between hydroclimatic variables and health endpoints. 

Increasingly, epidemiological research is accounting for the role of context in the 

production of health outcomes. The importance of context is explicitly acknowledged in 

the literature pertaining to eco-epidemiology for example (89,90).  

Insights about context in relation to the climate change-water-nexus also 

emerged from the analysis of climate change frames presented in Chapter 6. 

Specifically, the importance of local and regional context emerged across nearly all of 

the climate change frames identified. The role of context in relation to climate change 

responses was emphasized. This work also identified that a focus on context may be a 

so-called ‘touch point’ to foster integration and collaboration across different 

perspectives and sectors in practice.  

 These findings emphasize that there is no “one size fits all” adaptation strategy 

when it comes to responding to climate change (372). The place-based and context-

specific nature of adaptation is emerging more strongly from the literature, as evidenced 

in the most recent IPPC, report which states with high confidence that “[a]daptation is 

place and context specific, with no single approach for reducing risks appropriate across 

all settings” (16).  
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In section 5.5.1 of this dissertation, I propose a shift toward watershed-based 

research and action as a means to explicitly situate research and action within a relevant 

social-ecological context and to foster knowledge integration and collective climate 

change responses. The notion of watersheds (defined following Glaser (2012) as 

spatially bounded biogeophysical units and their associated social actors and institutions 

(291) as a setting for health is increasingly gaining attention as a means for achieving 

interconnected public health and resource management objectives (373). Although the 

idea of using watersheds as settings for collaborative research and action is increasingly 

acknowledged, conceptual and theoretical advancement and research is warranted in 

this specific arena.  

7.3.5. Frames and frame-reflection as tools for learning and 
working together 

It is increasingly acknowledged that, in the context of issues spanning health, 

ecological, and social concerns, we are “better together” (36). Within the realm of climate 

change specifically, mitigation and adaptation are social processes largely influenced by 

our capacity for learning and acting together across disciplinary and sectoral divides 

(16,31,32). Nevertheless, there is a concerning lack of tools for facilitating knowledge 

integration and collaborative action in practice. I argue that the notion of frames and 

frame-reflection processes should be added to the currently limited toolbox to address 

this void.  

Given the complexity of climate change, and the fact that impacts cross scales 

and sectors and are largely determined by the local and regional social-ecological 

context, a plurality of frames is inevitable. The task at hand then is to acknowledge 

different ways of framing climate change and to value the diversity of frames that 

inevitably emerge during interdisciplinary research and collaborative action (205). We 

can analyze frame dimensions (i.e., the diagnostic, prognostic, and motivational framing) 

of complex issues to identify specific commonalities, differences, and ambiguities that 

may inhibit progress in collaborative groups as well as points of overlap that can be used 

to promote and motivate action (322). Moreover, the process of frame-reflection may be 

an important process to expose underlying assumptions and biases among actors 

engaged in interdisciplinary and collaborative research and action (98).  
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I have argued that frames and frame-reflection can be added to the currently 

limited toolbox for fostering integration and collaboration, with a specific relevance for 

creating enabling conditions for climate change policy and action. Frames and frame-

reflection also have potential utility beyond climate change research and practice, having 

relevance more generally for complex social-ecological problems that require moving 

beyond our disciplinary silos and reductionist approaches, integrating knowledge and 

perspectives, and acting collectively to effect change. One particular area where I see 

the notion of frames and the process of frame-reflection as valuable tools is with respect 

to the integrated management of water resources. Simple and effective tools and 

processes that can be applied in a given watershed setting to foster integration and 

collaboration across the public health and water management divide, and facilitate the 

management of watersheds for health, are needed (373).  

Finally, I argue that we must begin to think about communication and language 

as a tool for action. Numerous aspects of climate change communication, the stories we 

tell about local impacts, how the issue is framed, or the words we select and use to 

describe climate change risks for example, can play an important role in creating the 

enabling conditions for climate change policy and action. One of the lessons that has 

clearly and continuously emerged from the research process, and the implications of the 

research presented in Chapter 6 in particular, is that thoughtful and effective 

communication and language can be used as a tools to promote integration, 

collaboration, and action at the climate change-water-health nexus.  

7.3.6. A role for collaborative networks 

Collaborative networks can support researchers as they navigate the many 

challenges associated with understanding and addressing complex problems. 

Collaborative networks are well situated to facilitate knowledge integration and action 

across disciplines, perspectives, sectors, and scales (374). As an emerging and ever-

evolving field of research, practice, and education with already established regional and 

international networks, ecohealth is one example of an excellent vehicle to foster efforts 

towards knowledge integration and collective action at the climate change-water-health 

nexus. Networking initiatives are an explicit goal of the ecohealth community and “many 

ecohealth research practitioners place considerable value on networking as a means of 
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expanding knowledge and enhancing capability to bring about change.” (36) The 

regional networks of Communities of Practice in Ecohealth (CoPEHs) (e.g., CoPEH-

Canada, CoPEH-Latin America, and the Caribbean, CoPEH-West and Central Africa) 

play an important role in connecting scholars and practitioners across scales and space 

(36). These networks also build the capacity of emerging scholars and practitioners to 

effectively manage the unique challenges that emerge when engaging in interdisciplinary 

research and collaborative action. Although other collaborative networks exist, the 

ecohealth community, and CoPEH-Canada more specifically, has been instrumental 

throughout my scholarly training. The ecohealth community provided me with much 

needed tools for navigating the complexity and uncertainty that characterize climate 

change and for working at the intersection of numerous divides and dichotomies. The 

ecohealth community also provided the motivation and support for exploring the climate 

change-water-health nexus at different scales (i.e., the process of zooming in and 

zooming out) and encouraged my explicit focus on reflection and learning. Ecohealth 

can be a much needed ‘home’ for those scholars engaging in inter- and transdisciplinary 

research and prioritizing collective action towards promoting both ecosystem function 

and health in a changing climate.  

The ecohealth community has recently recognized its role in responding to 

climate change in the 2014 Ecohealth Call to Action on Climate Change (47). The 

statement presents a renewed and ongoing commitment towards climate change, and is 

a call to action for the ecohealth community to “build upon the strengths of ecohealth to 

make sustained efforts by integrating understanding, sharing insights and tools, and 

taking practical steps and coordinated actions” (47).  

Local and regional networking organizations and consortiums also have an 

important role to play in establishing and fostering connections among the currently 

disconnected efforts towards responding to climate change in specific regional and local 

settings. The recently established Climate Change and Health Policy Group (CCHPG, 

http://www.climatehealthbc.ca/), the Pacific Climate Impacts Consortium (PCIC, 

www.pacificclimate.org/) and the Pacific Institute for Climate Solutions (PICS, 

pics.uvic.ca) can play an important role to this end within BC in particular.  
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7.4. Limitations 

The previous sections in Chapter 7 speak to the overall contributions and 

strengths of this research. There are also several limitations that should be considered 

when interpreting the research findings. Specific limitations have been mentioned in 

each of the research chapters such that the section that follows acts as an overview and 

synthesis of these limitations. Limitations pertaining to Research Question 1 are 

presented first, followed by specific limitations related to Research Question 2.  

First, with regards to the study design used in Chapters 4 and 5, although the 

time-series study design is an invaluable tool for assessing the health effects of 

environmental factors that fluctuate over time, there are important caveats in terms of 

causality. The statistically significant associations identified between hydroclimatic 

variables and AGI do not imply causation and must therefore be interpreted with caution.  

There are also important limitations related to the AGI case data used in this 

research. We used data provided by the BCCDC, collected through a provincial disease 

surveillance program (iPHIS). There are potential biases associated with surveillance 

data in general. The extent to which data collected through surveillance systems capture 

the true burden of illness in a population is questionable due to marked underreporting 

(145). Underreporting of cases could have biased the results presented in Chapters 4 

and 5 if, as an example, hydroclimatic variation influenced the likelihood of reporting, 

which is unlikely. Also, surveillance data can be influenced by changes in physician 

reporting behaviours (148).  

Another limitation particular to the data used is that I was not able to remove all 

of the potentially foodborne cases from the AGI dataset. I used pathogen-type as a 

proxy for identifying those cases deemed more likely waterborne. For the research 

presented in Chapter 4, I removed all cases caused by E.coli pathogens known to be 

foodborne and for the research presented in Chapter 5, all those cases considered more 

likely to be transmitted via the foodborne pathway than the waterborne pathway (all 

cases caused by E.coli and Salmonella). Nevertheless, it is very likely that some 

foodborne cases remained in the data. Additionally, the times series data analyses were 

aggregated data of cases caused by different pathogens. Separate analyses for different 
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pathogen types would have been preferred but low case counts did not permit this 

approach.  

A final point to note with regards to the data used in the research presented in 

Chapter 5 is that the hydroclimatic data were gathered from monitoring stations that may 

not reflect true exposure. Although monitoring station data is generally considered the 

best available data for examining relationships between hydroclimatic variables and 

health endpoints, it should be noted that alternatives to monitoring data are increasingly 

available for climate-health research. The Pacific Climate Impact Consortium for 

example, provides both historical and future predicted spatially interpolated temperature 

and precipitation data (e.g., http://www.pacificclimate.org/). These data could be a useful 

alternative to monitoring station data in some cases. 

An important limitation of the research presented in Chapter 4 and 5 is that 

historical data was used to examine past seasonality and associations between 

hydroclimatic variables and AGI with the aim of understanding the potential future 

impacts of climate change on AGI. In other words, historical relationships are used as 

analogues for what future relationships may look like. There are clearly limitations of this 

approach that must be acknowledged (30). Using historical data to learn about potential 

future relationships is a major limitation of the research, but a limitation that unfortunately 

plagues the very large majority of climate-health and climate-water-health research to 

date. In my view, this limitation underscores why it is important to not only enhance our 

technical knowledge and learning with regards to the potential impacts of climate 

change, but to explicitly focus on enhancing practical knowledge regarding how to 

respond to climate change, given the limits and uncertainties that characterize what we 

know about specific impacts at local and regional scales. This of course, provided some 

of the rational for the second research question, which none the less had its own set 

limitations.  

There are also some important limitations regarding the frame analysis used in 

the research presented in Chapter 6. Three notable limitations to the scope of the study 

ensured that the work was feasible. First, only editorial texts in academic peer-reviewed 

journals and policy-related documents (referred to in those editorial texts) were 

analysed. Second, the work focused on papers that were published during a 7-year time 
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period (2007 to 2014) and therefore are only illustrative of this particular subset of time. 

Third, only written text was considered. Also noteworthy, although efforts were made to 

capture a suitable sample of texts from which climate change frames could be identified, 

it is possible that our sample did not adequately capture all climate change frames in 

public health and water resource management communication. Despite the numerous 

sources analysed and the systematic way in which the sample of texts was generated it 

is possible that certain frames have not been captured in the sample. Further, even 

though the data were analysed and interpreted systematically (and the process was 

clearly outlined, which is often not the case in framing analyses), it is not possible to 

completely exclude all subjective interpretation on the part of the researcher.  

Finally, when interpreting these findings, it should be noted that I do not claim 

that the set of frames identified represents a final or authoritative description of the 

climate change frames from a water management or public health perspective. Rather, 

the set of frames is illustrative of the diverse ways in which the issue of climate change 

can be constructed and understood from these disciplinary perspectives, while also 

offering a glimpse into the broader climate change discourse. 

In spite of these limitations, this research has generated and integrated 

knowledge and learning that contribute to our currently limited understanding of the links 

among climate change, water, and human health, and informs the ongoing and 

increasingly necessary dialogue about how to respond to climate change and how to 

pursue and support interdisciplinary and collaborative research and action. These 

limitations also provide insight and guide future research and action opportunities for 

making further advancements.  

7.5. Future research and action opportunities  

7.5.1. Research opportunities at the climate change-water-health 
nexus 

Further research is warranted to confirm findings presented in the previous 

sections and to further enhance our understanding of the complex links among climate 
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change, water, and health. Building on the research presented in this dissertation, 

opportunities related to research in three thematic areas are outlined below:  

Waterborne AGI in a changing climate 
• Assess association between hydroclimatic variables and AGI at different times 

scales (i.e., the weekly and daily time-scale) and in different settings; 

• Assess association between extreme events (precipitation and runoff) and 
AGI; 

• Develop methods for dealing with the low case counts that characterize time- 
series data and plague climate change and health research; 

• Further examination of the potential utility of streamflow monitoring as a 
means of providing early warning of elevated illness risk; 

• Design climate change, water, and health research using socially and 
ecologically relevant boundaries and settings such as the watershed (as 
opposed to political boundaries) 

Frames and frame-reflection in relation to climate change policy and action 
• Further research into the role of frames and frame-reflection in fostering 

integration and collaboration, and as an opportunity to foster enabling 
conditions for climate change policy and action; 

• Develop and test simple tools and processes drawing on the notion of frames 
and the process of frame-reflection for application in local and regional 
contexts;  

• Examine climate change frames across knowledge cultures (38,40) (i.e., 
individual knowledge, local knowledge, specialised knowledge, 
strategic/organizational knowledge, and holistic knowledge) 

Interdiscplinary research and collaborative action at the climate change-
water-health nexus  

• Test the utility of the Three Domains of Knowledge and Learning framework 
as a tool for supporting interdisciplinary research and reflective practice; 

• More concerted efforts addressing the question of ‘how to generate integrated 
knowledge and conduct interdisciplinary research’; 

• Examine the role of watersheds as social-ecological settings for explicitly 
integrating climate change adaptation, health promotion, and water resource 
management initiatives; 

• Develop a suite of tools and practices, adaptable to different local and regional 
settings, to foster the processes of integration and collaboration in relation to 
climate change adaptation 
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7.5.2. Adaptation opportunitites at the climate change-water-health 
nexus 

Given that the impacts of climate change are now uncontroversial, adaptation is 

imperative. Echoing the Secretary General of the United Nations, adaptation to climate 

change “…is both a practical need and a moral imperative...” (375). Scholars and 

practitioner working at the interface of climate change, water, and human health, are 

faced with the challenge of determining how we can and should adapt to climate change 

given the complex and uncertain nature of regional and local impacts. “A broad spectrum 

of adaptation options is urgently needed” in order to protect and promote both human 

health and ecosystem function and to build resilience in a future increasingly shaped by 

climate change (299).  

Moving forward with the climate change adaptation agenda, and addressing the 

current implementation deficit, calls for multi-faceted, multi-level, and context-specific 

collaborative action (35,47). Our overarching aim must be to collectively adapt and learn, 

rather than to predict and control (376). In this section, I draw on the adaptation 

literature, the research findings presented in Chapters 4 through 6, and insights I have 

learned from my experiences conducting this interdisciplinary inquiry to outline specific 

adaptation opportunities relevant to the intersection of climate change, water, and 

health. I present the Adaptation Continuum at the Climate Change-Water-Health Nexus 

(Figure 7-4). The Adaptation Continuum is a relevant contribution to the climate change 

scholarship and a synthesis of the technical, practical, and emancipatory knowledge and 

learning generated throughout this inquiry and the knowledge generated by examining 

the climate-change-water-health nexus at multiple scales.  

The Adaptation Continuum at the Climate Change-Water-Health Nexus highlights 

a continuum of actions that can be taken in response to climate change in a given 

regional or local context. In the Adaptation Continuum, adaptation as transformation is 

situated at one end, adaptation as coping is situated at the other, and adaptation as 

restoration is situated in the middle of the continuum. The distinction between adaptation 

as coping, as restoration, and as transformation is beginning to emerge from the climate 

change literature and practice. Adaptation as coping refers to action enacted within the 

prevailing system of rules and modes of thinking in response to a specific hazard and 
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risk (351). When we cope with climate change, we respond to specific impacts and risks 

in such a way that the “current systems and paradigms are accepted and in some cases 

modified, but rarely critically questioned or challenged” (305). Specific examples at the 

climate-water-health nexus are: 1) enhancing disease surveillance and monitoring 

programs, particularly during high-risk times (i.e., spring freshets) and 2) early warning 

systems that warn public health and water management practitioners when there is 

elevated risk of AGI in a given community. 

The enormous adaptation challenge requires not just incremental changes and 

strategies that enable coping with specific impacts and risks, but also, and perhaps more 

importantly, transformative changes are needed (197). Adaptation conceptualized as 

transformation refers to shifts in priorities, values, and modes of thinking and changes in 

the structure, function, and/or organization of a system (350,351). Transformational 

adaptation results in more widespread shifts while bringing about ancillary benefits to 

society. Transformational adaptation is more challenging and time-consuming to 

implement in practice. Specific opportunities for transformative adaptation at the climate 

change-water-health nexus include: 1) prioritizing health and water security over growth 

and progress, 2) enhancing integration and collaboration across the climate, water, and 

health sectors, 3) conceptualizing watersheds as settings to achieve human health and 

environmental sustainability objectives, and 4) adopting governance structures and 

processes that acknowledge and work with complexity and uncertainty (i.e., adaptive 

(co-)management). Adaptation as transformation is currently poorly understood and 

rarely studied calling for more conceptual and theoretical development in this arena 

(352). 

Adaptation as restoration is situated in the middle of the Adaptation Continuum, 

inspired in large part by the literature on ecosystem-based adaptation which emphasises 

that the restoration of fragmented and depleted ecosystems is a key, but often 

overlooked, opportunity to adapt to climate change (299). The notion of restoration in 

relation to climate change action is also presented in the Ecohealth 2014 Call to Action 

on Climate Change (47). In the context of the Adaptation Continuum presented here, 

restoration refers to the restoration of fragmented and depleted ecosystems and social 

systems. Specific examples of adaptation as restoration include: 1) strengthening 

current water management regulations and practices, 2) restoration of groundwater and 
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surface water resources, 3) enhancing current disease surveillance and monitoring 

systems for water-related diseases.  

Importantly, the Adaptation Continuum also orients adaptation processes 

towards an emphasis on learning, which I highlight as a contribution of this work more 

generally (section 7.3.2). The importance of learning for adaptation is increasingly 

evident in the climate change literature; developing and implementing adaptive 

responses given the inevitable uncertainty and complexities that characterize climate 

change requires a focus on learning (377). Learning is emphasized in the model as 

‘Learning-by-doing’ (i.e., learning from the implementation of activities along the 

adaptation continuum) and ‘Learning from the context’ (i.e., using the social-ecological 

context to inform choices and the specific adaptive responses that are developed and 

implemented).  

As Ebi and Burton (2008) highlight, limited tools currently exist to guide the 

identification and prioritization of adaptation opportunities that ultimately protect and 

promote health in a changing climate (378). The Adaptation Continuum at the Climate 

Change-Water-Health Nexus presented here can be applied as a heuristic tool to guide 

thinking and dialogue in collaborative research and action processes, and to guide the 

identification of adaptation opportunities within a specific regional or local context and 

therefore contributes towards addressing the noted void.
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Figure 7-4: Adaptation Continuum at the Climate Change-Water-Health Nexus.  

7.5.3. Climate change as an opportunity  

Beyond the specific research and action opportunities outlined in sections 7.5.1 

and 7.5.2, I urge researchers and practitioners to shift their thinking (as I have) about 

climate change and to see it not only as a research problem, but also as an opportunity. 

Climate change “calls into question the ways in which we develop and use knowledge” 

(41), it challenges our dependence on the ideas of progress and growth, and questions 

the ways in which we interact with nature and with each other (107,379). I agree with 

Hulme (2009) who argues that we should  

…use climate change both as a magnifying glass and as a mirror: as a 
magnifier to focus our attention on the long-term implications of short-
term choices in the context of material realities and social values; and as 
a mirror to attend more closely to what we really want to achieve for 
ourselves and for humanity (107).  

Climate change is an opportunity to embrace complexity and uncertainty, to develop the 

much needed tools and processes that enable more effective research and action with 
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regards to complex social-ecological problems, and to learn how to learn and work 

together more effectively. 

7.6. Conclusion 

We shall not cease from exploration 
and the end of all our exploring 
will be to arrive where we started  
and know the place for the first time.  T.S Elliot 
 

There is no longer any reasonable doubt that climate change is occurring. There 

is also no reasonable doubt that climatic change will lead to widespread adverse impacts 

on ecosystems, water resources, and human health. However, our knowledge of the 

impacts of climate change on water-related health outcomes remains limited, at the 

regional and local scale in particular, and numerous barriers to climate change policy 

and action exist such that we currently face an implementation deficit. This dissertation 

explored the climate change-water-health nexus using an interdisciplinary approach and 

drawing on ecohealth approaches to research. The research presented in Chapters 4 

through 6 have generated new knowledge about the links among climate change, water, 

and health while also generating insights with relevance for learning and working 

together at the climate change-water-health nexus and for responding to climate change. 

Despite the contributions of this work, more interdisciplinary research and collaborative 

efforts are needed to address remaining knowledge gaps and to make progress towards 

climate change policy and action that achieve the interconnected goals of environmental 

sustainability, resilience, and health in a rapidly changing world.  
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Appendix A.  
 
Using a GIS to assign a drinking water source to AGI cases 
In some settings, the identification of residential drinking water source is facilitated by large-scale 
databases that indicate drinking water system connections at the household level (148). 
Unfortunately, such databases do not exist in BC. In their absence, researchers must determine 
the residential drinking water source and supply using a surrogate measure. This is an early step 
in the research process and can be a time-consuming and labour-intensive task.  

Three potential methods were identified as candidates for linking individual AGI cases to a 
drinking water source in the research presented in Chapter 4. These included: 1) Using annual 
tax records to identify residential water connections, 2) Using urban-rural status as assigned 
using BC assessment urban/rural classification, and 3) A spatial approach using a GIS. These 
three potential methods are described in detail in Table A1.  

Table A1: Candidate methods for linking AGI cases a drinking water system. 

Candidate method  Description of method 

Using annual tax 
records to identify 
residential water 
connections 

Annual tax records can be used to determine whether or not a household is 
connected to a municipal drinking water system. The variable that indicates 
connection to a water system in BC tax records is commonly called ‘water 
frontage’. Those households that are connected to a municipal water system are 
classified to the municipal drinking water system, while those households that are 
not connected (or do not pay for municipal water) are classified to private 
drinking water systems (either individual or small community private systems). 
Using tax records is considered the ‘gold standard’ for determining the residential 
water and supply after direct communication with individual households because 
researchers are able to assess water connection on a yearly basis and the 
approach is relatively straightforward. Unfortunately, tax records often do not 
contain a variable indicating water system connections while in other cases tax 
records are not made available to researchers.  

Using urban-rural 
status from BC 
assessment 
urban/rural 
classification 

A second surrogate measure to classify households to a drinking water system is 
to use urban versus rural status according to residential address or postal code. 
With this method, it is assumed that those land parcels with an urban designation 
are serviced by the municipal water system while those parcels with a rural 
designation are serviced by a private community or individual water system. This 
approach can be problematic because urban/rural classification is often not 
straightforward and is particularly challenging in regions with peri-urban areas 
and unevenly distributed populations.  
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Candidate method  Description of method 

 A spatial approach 
using a GIS 

A spatial approach where illness cases are linked to a water system service 
areas and/or water system mains within a GIS has been used more often in 
recent years due to the increasing availability of spatial data and information and 
the growing role of GIS in public and environmental health. When using this 
approach, households located within a given water service boundary area or, 
those households that have water system connections, are assumed to be 
serviced by the municipal water system, while those outside this area or without 
water system connections are assumed to use either private individual or small 
community systems. Additional data sources can be used to improve on this 
approach so that households within a service area that have opted to use private 
individual systems can be identified. In BC, data exists regarding the spatial 
location of both the individual private wells and individual service water extraction 
points used for drinking water, which can be linked to households. Also, some 
health authorities have recently created sites detailing water system quality 
reports and sample reports that include spatial information that can be geocoded 
(e.g., the Vancouver Island Health Authorities health space website).  

 

The annual tax record approach was deemed unfeasible because tax records were only available 
for two of the eight study communities (four communities did not collect this information, and two 
communities were unwilling to share this data). The urban/rural classification approach was not 
selected because this method would not be appropriate in several study communities with many 
private individual groundwater wells within urban settings. Given the availability of spatial 
databases regarding municipal and regional district drinking water systems, private drinking water 
systems, and small community systems, the spatial approach using a GIS was selected for the 
research presented in chapter 4. Water system service area data, spatial information about 
individual and community drinking water systems, and satellite imagery were used in a GIS to link 
individual AGI cases to residential water system and therefore linking cases to a either 
groundwater, surface water, or mixed water source.  

Data and methods used to assign a drinking water source to individual AGI cases 

Data: Geocoded AGI cases, six spatial datasets, and satellite imagery were used to assign a 
residential drinking water system to each AGI case. The datasets used are described below and 
summarized in Table A2.  

• Geocoded AGI cases: The AGI cases were geocoded on site at the BC CDC (by the medical 
geographer). The cases were extracted from iPHIS and geocoded using street address or by 
postal codes in cases where the street address could not be used. A street network reference 
file of BC roads and a postal code reference file were used in the geocoding process. 
 

• Land parcels: The Integrated Cadastral Information Society provided land parcel data for all 
study communities. Land parcel data indicates the spatial extent of land parcels and thus can 
be used to identify the boundaries of any given property. Because these boundaries do 
change over time, the most up-to-date layers for each community were obtained to ensure 
optimal accuracy.  
 

• Spatial extent of water services areas and water system connections: The spatial extent of 
municipal and regional district drinking water systems for the study communitites were 
represented using either boundaries of water system service areas or maps of the water 
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system mains and residential connections. In most cases, this data was provided in GIS format 
by water engineers or GIS specialists from a given municipality or regional district. For two of 
the study communities, hard copies of the municipal drinking water distribution system mains 
were provided and subsequently digitized for this research. 

 
• Geocoded small water systems: Geocoded small water system layers were created for each 

study community using addresses from health authority water samples and water quality 
information.  

 
• Cleaned BC WELLS database (Cleaned version, up to 2006): The BC WELLS database is a 

province-wide database containing groundwater well log files and information about the spatial 
location of groundwater wells in the province. The dataset is compiled and maintained by the 
BC Ministry of Environment (MOE) . The dataset used in this work was a cleaned and 
improved version of the data (provided by Dr. Diana Allen) and is therefore an improvement 
over the publicly available data (the database was created and cleaned in 2009 for another 
study and included data up to 2006). It is important to note that the cleaned BC WELLS 
dataset likely does not capture all wells in the study communities. Prior to March 5th 2008, the 
reporting of newly constructed wells (commonly reported by water well drillers, ground water 
specialists, and water well owners) was voluntary; after this date, it became mandatory by law 
to report all newly drilled wells. Consequently, it is estimated that the dataset’s coverage of 
actual wells across the province is approximately 70 %. However, this is the best available 
data source regarding the spatial location of wells in the province.    
 

• BC WELLS database 2006 – 2010: A spatial layer of all wells created after 2006 was 
assembled from the online BC WELLS database to account for all wells not included in the 
database described above. The most recent wells from the Cleaned BC groundwater WELLS 
database (up to 2006) were identified using the well tag number (WTN; the WTN is a unique 
identifier assigned to wells as they are entered into the BC WELLS database). Therefore the 
highest WTN is the most recent well). All wells with a WTN greater than 95069 were included 
to capture wells from 2006 to present.   

 
• BC points of diversion with water licence: This province-wide spatial layer contains information 

pertaining to water licence points of diversion. It is compiled and maintained by the BC MOE. It 
contains spatial and attribute information about licensed points of diversion from streams, 
lakes, and rivers across the province. There are several iterations of this information however, 
personal communication with the MOE indicated which dataset was most appropriate for this 
work. It covers the years 1997 to present (and therefore the entire study period) and is updated 
on an ongoing basis.  

 
• Satellite imagery of study communities: The satellite imagery used, Bing Maps Worldwide 

Aerial imagery, was accessed through ArcGIS10. Bing imagery is a mosaic of satellite imagery 
with resolution ranging from 1 m to 15 m. The imagery is seamlessly integrated into ArcGIS 
products and updated monthly.  
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Table A2: Overview of data used to link AGI cases to a drinking water source. 

Spatial data 
layer 

Source of 
data  

Limitations Visual example 

Geocoded AGI 
cases 

BC Centre for 
Disease 
Control 

Could not always 
use street address 
for geocoding. 

Address may not be 
residential address. 

 

Image not included as per BC CDC privacy 
standards.  

Land Parcels  Integrated 
Cadastral 
Information 
Society  

None  

 

Spatial extent of 
water services 
areas and water 
system 
connections  

Municipal and 
regional 
district water 
engineers and 
managers  

Data represents a 
snapshot in time 
(one year) therefore 
does not capture 
changes over time.  
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Spatial data 
layer 

Source of 
data  

Limitations Visual example 

Geocoded small 
water systems 
 

Health 
authority 
information on 
small water 
systems 1 

Health authorities 
are unaware of 
some small 
systems. This is 
particularly true in 
certain areas of the 
province such as 
the Okanagan. 

 

Cleaned BC 
WELLS 
database 
(Cleaned 
version, up to 
2006) 
 

D. Allen 
(originally 
from BC 
MOE) 

Estimated to 
capture 70% of 
wells; some wells in 
study communities 
may not be included 
in the dataset.  

 

BC WELLS 
database 2006 - 
2010 
 

BC Water 
Resources 
Atlas  

 

Although likely more 
than 70% coverage 
for the most recent 
wells (because 
mandatory well 
reporting since 
March 5th 2008), 
this dataset may not 
capture all the wells 
in the study 
communities.  
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Spatial data 
layer 

Source of 
data  

Limitations Visual example 

BC Points of 
diversion with 
water license 
Information 

BC Water 
Resources 
Atlas  

 

Although it is illegal 
in BC to extract 
water from a lake, 
stream, or river, it is 
likely that some 
individuals do not 
obey the law such 
that the dataset may 
not capture 100% of 
extraction points in 
the study 
communities. 

 

Satellite 
imagery of the 
study 
communities  
 

ArcGIS10 
Bing 
basemap 

Resolution varies 
and is poor in some 
locations.  

 

 

Methods: Linking residential drinking water systems with AGI cases using a spatial approach 
involved several steps and a decision algorithm. The process was carried out using a separate 
GIS for each of the eight study communities. The first step involved compiling all spatial data into 
a single GIS and projecting these layers within a single projection to ensure spatial consistency 
across the various data sources. Subsequently, all land parcels within the municipal and regional 
district water system service areas of the study communities were identified. The boundaries of 
municipal and regional district drinking water systems were defined using a) the water service 
boundaries provided by the municipalities and regional districts themselves or b) was created 
using a 20 m buffer around water system connection layers. Next, all of the land parcels with 
private groundwater wells and surface water extraction licenses used for either residential or 
unknown purposes were identified. Also, the land parcels presumed to be serviced by small water 
systems according to the geocoded small water system layer were identified. Each case was 
manually checked and the decision algorithm was used to check and ultimately assign the most 
appropriate residential drinking water system to each land parcel with an associated AGI case. 

To assess the validity of this approach I conducted a sensitivity analysis comparing the spatial 
approach to the annual tax record based approach in the two communities where tax records 
were available. 
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Appendix B.  
 
Aggregating dissemination area population counts in a GIS 
to estimate population at risk 
Epidemiology and public health rely on rates and ratios to describe and monitor risk and to plan 
for health-related needs and interventions. The value used to indicate the total population at risk, 
the denominator in a given rate or ratio calculation, can greatly influence calculations of risk and 
subsequently policy decisions and action. Government-derived census data offer the most up-to-
date and accurate estimates of population size and other demographic characteristics. However, 
census data tend to be delineated by municipal and census tract boundaries, which oftentimes do 
not correspond to the true population distribution across space and are thus largely artificial 
(380). In BC, census area, census subdivision, and dissemination area boundaries are not 
designed to reflect population characteristics, but rather criteria such as shape or number of 
households that can be surveyed in a given time period (381,382). To adequately measure risk of 
disease, compare risk across settings, and identify those factors influencing risk of illness in a 
population, we must carefully consider whether administrative boundaries adequately represent 
the true population at risk. As Dobson (383) notes, the science of knowing where people are is 
critical to epidemiological research.  

For the research presented in Chapter 4, I determined that simply using census-derived 
population counts at the municipal level did not adequately represent the population at risk. Visual 
analysis of the geocoded AGI cases across space illustrate that many individuals experiencing 
AGI lived outside the census tract boundaries (Figure B1). As communities in the province grow 
and change over time, the population tends to spread beyond administrative boundaries. As this 
happens, a portion of the true population at risk is not accounted for in the municipal census 
population counts. The degree to which municipal census data do not adequately represent the 
true population at risk is not constant across communities. One of the key strengths of using GIS 
in public health research is the ability to integrate data from otherwise incompatible spatial zones. 
I used dissemination area (DA) population estimates and satellite imagery integrated within a GIS 
to generate estimates of population at risk that are more reflective of the actual population on the 
ground. In other words, we reconstructed the census boundary tracts to more adequately and 
appropriately represent the population at risk for AGI within each study community.  

In previous studies in the BC, researchers opted to exclude cases that were outside the census-
derived municipal boundary (262). Excluding these cases was not an appropriate approach here 
due to already low case counts. Consequently, a simple spatial method was developed census-
derived using Dissemination Area (DA) population counts (see Figure B2), a GIS, and satellite 
imagery to calculate a more representative estimate of population at risk for each of our eight 
study communities.  
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Figure B1: Example of AGI cases outside administrative boundaries after 

geocoding. All cases have been moved at random to protect privacy. 
 

Data and methods used to estimate population at risk using dissemination area data 

Data: The AGI data is an eleven-year time-series (1999-2010) representing all laboratory- 
confirmed cases in each of the eight study communities extracted from the iPHIS by the BC CDC. 
In BC, all laboratory-confirmed cases of potentially waterborne disease are reportable by law 
through this electronic reporting system. Cases were geocoded by street address or postal code 
at time of reported illness using ArcGIS 10 (Environmental Systems Research Institute, 
Redlands, California).  

Census and DA geography files and corresponding data files containing population estimates at 
the municipal level and DA level were provided by the medical geographer at the BC CDC and 
entered into the GIS (note that it was previously referred to as enumeration areas). Dissemination 
areas are the smallest census unit, containing population counts of approximately 400 to 700 
people (See Figure B2). Spatially, these areas are very heterogeneous as they are small in urban 
areas and much larger in rural areas. Finally, satellite imagery, Bing Maps Aerial was also used 
(accessed through ArcGIS10).  
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Figure B2: Example of municipal, census tract, and DA boundaires in BC 
Note: Adapted from (382). 

 

Methods: The steps used to estimate population at risk using dissemination area data are 
outlined below:  

• STEP 1- Delineate an inclusive boundary: The first step involved delineating a boundary that 
was more reflective of the true population at risk than the municipal census tract boundary. 
This involved visual examination of satellite imagery and consideration of roads, natural 
boundaries, populated versus unpopulated areas, and the spatial distribution of cases. The 
census boundaries were used in any cases where they were deemed appropriate.  

 
Figure B3: Example of inclusive boundary. 
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• STEP 2- Selection of DAs within the boundary: In order to estimate the total population at risk 
within this newly delineated boundary, all DAs contained and partially contained within the 
delineated boundary were identified. A new layer was created containing the geographic extent 
of these selected DAs.  

 
Figure B4: Example of DA selection within inclusive boundary. 

 
• STEP 3: Estimate percentageof population contained within boundary: A new variable was 

created called ‘percent_coverage’. This variable, ranging from 10% to 100%, indicated the 
percentage of dissemination areas estimated to be contained within the boundary.  
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Figure B5: Example of estimating percentage of DA population contained within 

boundary. 
 
• STEP 5: Calculate total population: The final step involved calculating the total population 

contained within the boundary, taking into account the % coverage estimation. The attribute 
table was exported to Excel and a new column was created wherein census DA population 
was multiplied by the % coverage. The total population is the sum of these newly calculated 
population estimates.  

•  

 
Figure B6: Sample calculations of DA population according to estimated 

coverage. 
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Appendix D.  
 
Frame matrix: Public health texts 

Diagnostic framing Prognostic framing Motivational framing Framing devices 
Preventing direct and indirect health impacts of climate change 

• Climate change is 
a public health 
problem because it 
affects the burden 
of disease and 
mortality 

• Climate change 
will have direct 
and indirect 
impacts on health 
outcomes 

• Vulnerable 
populations 
(children, the 
elderly, chronically 
ill etc.) are at 
greatest risk of 
climate impacts 

• Responding to 
climate change 
primarily involves 
implementing 
more primary, 
secondary, and 
tertiary public 
health prevention 
activities  

• Policy and actions 
should be aimed at 
achieving a lower 
burden of disease 
and mortality 
(focusing on 
vulnerable 
populations) 

• Public health 
professionals have 
a duty to protect 
vulnerable 
populations and 
prevent and 
control disease  

• Climate change 
represents an 
opportunity to 
strengthen basic 
public health 
prevention    

 

• Common 
terms=Direct and 
indirect health 
impacts, 
prevention 

• Primary prevention 
as mitigation  

• Secondary and 
tertiary prevention 
as adaptation  

•  Health as lack of 
disease  

• Vulnerability and 
context as a 
‘moderating 
influence 
 

Verbatim examples from texts illustrating the Preventing direct and indirect health impacts of 
climate change 
• “Climate change can affect human health directly (for example, thermal stress, injury and 

death in floods and storms) and indirectly through changes in the distribution of disease 
vectors (such as mosquitoes), food and water-borne disease, the quality and availability of 
food and water, and poor air quality.” (384)  

• “The urban poor, the elderly and children, traditional societies, subsistence farmers and 
coastal populations are some of those at greatest risk from the adverse impacts of climate 
change. “ (384) 

• “Primary prevention of the health impacts of climate change lie in mitigation and abating 
global greenhouse gas emissions. However, secondary prevention is also necessary in the 
form of adaptation. Adaptation is a response strategy to minimise the potential impacts of 
climate change” (384) 

• “Primary prevention corresponds to mitigation—efforts to slow, stabilize, or reverse climate 
change by reducing greenhouse gas emissions. Secondary and tertiary prevention 
corresponds to adaptation—efforts to anticipate and prepare for the effects of climate 
change, and thereby to reduce the associated health burden” (327) 

• “Mitigation efforts will occur mainly in sectors other than health, such as energy, 
transportation, and architecture (although the health sciences can contribute useful 
information regarding the choice of safe, healthful technologies). Adaptation efforts, on the 
other hand, correspond closely to conventional medical and public health practices. (327) 

• “A population’s vulnerability to climate change depends on factors such as population 
density and age distribution, economic development, food availability, income level and 
distribution, local environmental conditions and geography, pre-existing health status, and 
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quality and availability of public health care.” (384). 
• “In response to the challenge of climate change, the public health community should adopt 

two simultaneous courses of action: (1) anticipate unavoidable climate- related health 
problems and design appropriate, locally specific strategies to minimize disease burdens, 
particularly in the most vulnerable individuals (adaptation); and (2) work aggressively across 
sectors and disciplines to reduce and eventually eliminate GHG emissions as a critical first 
step toward stabilizing the climate and protecting public health now and into the future 
(mitigation)” (328) 

•  “integrated action… and multisectoral collaboration” (328) 
• “The necessary preventive actions to deal with most climate-sensitive diseases are already 

quite clear” (328) 
• “Adaptation strategies must be customized for local conditions and populations and should 

involve a wide coalition of stakeholders and agencies.” (385) 
• “By adapting to unavoidable health threats from climate change, traditional public health 

practices and infrastructure will be strengthened.” (385) 
Promoting health and sustainability 

• Climate change is 
a problem 
because if affects 
the fundamental 
requirements and 
drivers of health 
and well-being 
(i.e., basic 
requirements like 
food air, water, 
and shelter) 

• Climate change 
influences the 
social 
determinants of 
health, daily living 
conditions and the 
systems that 
sustain health and 
well-being 

• Policy and action 
should foster 
healthy 
environments and 
improve the 
conditions in which 
people are born, 
grow, live, and 
work 

• Advocacy and 
education needed. 

• Policy and action 
beyond the health 
sector (economic, 
agricultural 
sectors) needed. 

• Central goal is to 
develop and 
implement policy 
and action that 
promote health 
and sustainability ( 
a dual vision) 

• Motivated by a 
desire to promote 
health and well-
being and 
sustainability 
(guided by a dual 
vision) 

• Also, motivated by 
limited focus of the 
dominant disease 
prevention 
approach with 
regards to climate 
change and health  
 

• Common terms= 
promote, 
sustainability/susta
inable, 
determinants  

• Health-promoting 
environments a 
central idea 

• Focus on more 
proactive action 
rather than coping 
with specific 
impacts 

• Health as more 
than lack of 
specific diseases  
 

Verbatim examples from texts illustrating the Promoting health and sustainability frame 
• “…ensure the maintenance and development of healthy environments from local to global 

levels. In the long term, sustainable development and protection of ecosystem services are 
fundamentally necessary for human health” (328) 

•  “Opening up the streams not just helping out downstream.” (386) 
• “In the long run, however, the health impacts from the gradual build-up of pressure on the 

natural, economic, and social systems that sustain health “ (329) 
• “Health professionals and organisations are well placed to help generate a more informed 

debate and policy response” (331) 
•  “Such public health responses, although necessary and urgent, tend to focus on managing 

the health consequences of climate change. In a parallel, there is also a compelling need 
for…adaptive measures that concentrate more on the causes and determinants” (386) 
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•  “Advice for public health professionals on what can be done to mitigate and adapt to climate 
change and promote sustainable communities.” (386) 

• “To achieve these other health benefits, more than just a ‘‘technical fix’’ related to changes 
in energy policy would be required…imply changing the social determinants of health” (330)  

• “ We know what to do: improve the conditions in which people are born, grow, live, work, 
and age. This improvement entails tackling the structural drivers of these conditions: 
inequities in power, money, and resources” (330) 

• “You cannot tackle hunger,  disease,  and  poverty  unless  you  can   also provide people 
with a healthy ecosystem” (387) 

• ‘’ Recognizing health in all policies and strengthening health systems globally can advance 
human rights and help create safe, resilient, adaptable, and sustainable communities.’’(387) 

Climate change as a complex problem 
• Climate change is a 

complex problem 
and 
characteristically 
different from other 
health hazards 

• Complexity, non-
linearity, and 
interconnectedness 
are characteristics 
of climate change 

 

• Need to apply new 
modes of thinking 
and approaches to 
understand and 
effectively respond 
to climate change 

• Major focus on 
interdisciplinary 
research and 
collaboration to 
manage 
complexity  

• Little guidance is 
given in terms of 
what new or novel 
modes of thinking 
and acting look like 
in practice 

• Traditional modes 
of thinking, and 
approaches are 
not suitable for 
highly complex 
and 
interconnected 
problems  

• Climate change 
can be an 
opportunity to 
develop new 
perspectives and 
approaches and to 
move away from 
traditional modes 
of thinking (i.e., 
reductionism, 
disciplinary 
thinking)  

• Common terms= 
Complexity, non-
linearity, 
interconnected  

• Climate change 
as complex 
problem 

• Uncertainty as a 
characteristic of 
complex 
problems 

 
 

Verbatim examples from texts illustrating the Climate change as a complex problem frame: 
•  “..unprecedented scale and complexity”  (332) 
• “…opportunities to shift from the comforts of prevailing ideas and intellectual habits to a 

different approach in research and in prevention” (388)  
•  “…entangled interactions” (388) 
•  “Too often, we believe that our confidence intervals are the most accurate representation of 

the degree of our uncertainty. False, of course, as several key factors and parameters may 
be missing and the confidence intervals represent only the statistical portion of the overall 
uncertainty” (388)  

• “The challenge of the research agenda (and policy making) on climate change and health 
will be to connect the endogenous dots of a ‘systems biology’ perspective” (334) 

• “…first, we must stop thinking in outmoded differentiated sectoral terms”  (332) 
• “Traditionally, environmental health has been concerned with the health effects of local or 

regional hazards, mainly of a toxicological nature, such as urban air pollution. It has so far 
not dealt much with environmental health effects on a global scale, many of which arise via 
disruptions to complex natural systems (389)  

•  “We need novel collaborations with colleagues from the above disciplines and a readiness 
to learn their concepts, methods and factual knowledge – which is the essence of science 
anyway. Indeed, few other challenges demand the transdisciplinary collaboration as urgently 
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as does the nexus of climate change and health.” (389)  
• `”Now we have the chance, indeed the responsibility, to do that integrated, ecologically 

attuned, research, and to help illuminate an alternative path to the future ” (332) 
Strengthening the evidence base 

• Climate change is 
ultimately a 
problem of lacking 
data and evidence 
regarding impacts 
on health 
endpoints 

• Climate change is 
conceptualized as 
an environmental 
health hazard, 
similar in nature to 
other hazards 

• Complexity 
acknowledged but 
the argument that 
more research and 
data address 
complexity is put 
forth 

•  Responses to 
climate change 
should focus on 
data needs and 
research that 
strengthen the 
evidence-based of 
climate-health 
associations and 
climate impacts 

• Evidence at the 
local scale 
particularly needed 

• More multi-
disciplinary and 
epidemiological 
research needed 
to generate useful 
evidence 

• Motivated be 
desire to generate 
evidence for 
decision makers 

• Common terms= 
uncertainty, 
epidemiology, 
strengthening 
evidence base, 
informing policy 

• Uncertainty as lack 
of knowledge  

 
 

Verbatim examples from texts illustrating the Strengthening the evidence base frame: 
• “Epidemiology can play a part in informing policy questions by clarifying the health 

consequences” (390)   
• “ … by undertaking new primary epidemiologic research to improve the evidence base”  

(390)  
• “…epidemiologists should be part of interdisciplinary teams “ (390)  
•  “…critical need is for more evidence” (390)  
• “…local assessments, which are not as uncertain as broad-brush global ones, may be the 

most relevant…” (390)  
•  “ To protect public health from the impacts of climate change, we must develop a more 

comprehensive body of evidence to inform decision makers and policy makers.” (333)  
•  “‘…[t]he evidence base needs to be strengthened to facilitate policy changes” (345) 
•  “But predicting how the interaction of factors will play out is not always straightforward.” 

(391) 
• “ Adaptation poses difficult challenges, given the paucity of information on projected impacts 

at local levels. (345) 
Health equity in a changing climate 

• Climate change is 
a health equity 
problem; it 
exacerbates 
inequalities in 
health within and 
across populations  

• Both mitigation 
and adaptation 
pose particular 

• Need to consider 
how adaptation 
and mitigation 
activities may 
influence 
inequality 

• Goal of climate 
change policy and 
action should be 
health and equity 

•  Both health and 
equity issues 
related to climate 
change are often 
overlooked. 

•  Equity has been 
absent in climate 
change discourse 
but should be 
central 

• Common terms= 
human rights, 
(in)equality, 
(in)equity  

• Climate change as 
injustice 

• Health as more 
than lack of 
specific diseases  
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challenges for 
health equity 

 
 

• We need ethical 
principles to guide 
policy-making and 
action 

considerations not 
at the periphery 

Verbatim examples from texts illustrating the Health equity in a changing climate frame: 
•  “…climate change may further amplify these known inequalities in health within and across 

populations “(334) 
• “Industrialised countries are unequivocally responsible for the additional pressures being 

placed upon those already disadvantaged and for the morbidity and mortality already being 
witnessed”(28)   

• “ Global activities to mitigate climate change and increased finance/technology transfer are 
urgent priorities for health in poor countries, and justice demands this.” (28)  

•  “Most importantly, we must advocate at all levels to ensure that health and health equity are 
prioritised objectives” (28)  

• “Health Ethics Principles to Guide Decision-Making in Relation to Climate Chang” (336) 
• “ …ethics considerations need to be at the centre of climate change policies and treaty 

negotiations, not at the periphery” (336)  
• “ Many influential health professional bodies and individuals now recognise that if climate 

change is tackled in a fair and just way, the health of all will be transformed” (330) 
• “Measures to adapt to climate change also pose particular challenges for health equity” 

(335) 
• “The Commission on Social Determinants of Health’s call “to bring the two agendas of health 

equity and climate change together” requires specific  attention.” (335)  
•  “The simultaneous pursuit of climate stabilization and health equity is a political as well as a 

technical challenge, questioning current economic models in terms of the allocation of 
resources in society and calling for careful policy design to achieve fairer outcomes” (335)  
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Appendix E.  
 
Frame matrix: Water resource management texts 

Diagnostic framing Prognostic framing Motivational framing Framing devices 
Planning and decision-making under uncertainty 

• The problem of 
climate change is 
ultimately about 
planning and 
making decisions 
under conditions of 
uncertainty 

• The impacts of 
climate change on 
hydrological 
factors are 
unpredictable, the 
tools we have for 
making predictions 
about the future 
are flawed  

• The assumption of 
stationary is 
violated in a 
changing climate   

• We need new and 
improved decision-
making and 
planning 
processes that 
acknowledge the 
unpredictable and 
uncertain nature of 
climate change 

• Interdisciplinary 
and collaboration 
are key aspects to 
managing 
uncertainty  

• Adaptive (co-) 
management a 
specific 
recommendation 

• Climate models 
and predictions 
are not useful for 
planning 

• Adaptation is 
needed despite 
the fact that we 
have little faith in 
climate models 
and impact studies  

• Climate change 
can as a catalyst 
for innovation in 
planning and 
management 

• Common terms= 
(non-) stationarity, 
uncertainty, 
unpredictable, 
collaborative, co-
management 

• Uncertainties as 
irreducible 

• Future as 
uncertain and 
rapidly changing 

• Adaptation as the 
ability to navigate 
complexity and 
manage 
uncertainty   

 

Verbatim examples from texts illustrating the Planning and decision-making under uncertainty 
frame: 
• “Traditional water utility planning methods are based on an assumption of stationarity—that 

future hydrology will not significantly deviate from past hydrology.” (338)  
• “In recognition of the limitations of stationarity, many water utilities are broadening their 

understanding of climate change and investigating decision-support planning methods.” 
(338) 

• “Climate change means learning to manage under increased uncertainty.” (341) 
• “It is known that climate models do rather poorly in representing some variables of 

hydrological interest, particularly rainfalls, under control period conditions. They get the 
wrong result, especially for extremes.” (392)  

•  “The issue in all cases boils down to how we deal with uncertainty in making decisions 
about water planning and management” (23) 

•  “One path forward is to embrace principles of decision making under uncertainty (340)  
• “The wrong reaction is to do nothing just because the climate projections have little 

credibility (or large uncertainty).” (392)  
• “So, given current model limitations, should we continue to do local bias corrections and use 

change factors in impact studies just because the funders of research and decision-makers 
are asking for ‘evidence’ of how great the impacts of change might be; or should we change 
the nature of the game into something more overtly political before the ‘evidence’ comes to 
be seen as based on insubstantial foundations.” (392)  
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•  “We need to adapt and make changes ‘despite the fact that we have little faith in climate 
model projections and impact studies.” (339)  

• “I believe in climate change (and the potential impacts of other catchment changes) but I 
would suggest that we need better ways of deciding how pre- cautionary to be in planning 
for the future.” (392)  

• - “Building resilience and adaptive capacity into the water sector will involve getting outside 
the water box” (340)  

• “Too much attention has been focused on reducing, clarifying, and representing climatic 
uncertainty and too little attention has been directed to building capacity to accommodate 
uncertainty and change.  Given the limited ability to forecast the future climate, emphasis 
must shift to the human actors and social dynamics of water systems, including planning 
processes, work practices, operational rules, public attitudes, and stakeholder engagement.” 
(340)  

• “…we may also lack conceptual, institutional and practical tools to move in new 
directions.”(393)  

•  “We refer to systemic and adaptive effectiveness as the ability to navigate complexity in a 
climate changing world and contend that it can’t be done with old mental models and 
business-as-usual practices.” (393)  

• “It is also necessary for meteorologists, climatologists and hydrologists to work more 
effectively together and more extensively so as to have the means to respond to the 
challenges raised by a rapidly changing climate.” (394)  

• “Surprisingly, even accepting the first hypothesis (that climate change is not caused by 
humans) leaves one in a strikingly similar situation—how to plan for the future under highly 
uncertain outcomes.” (23)  

 
Managing multiple drivers of water insecurity 

• Water resources 
are increasingly 
under pressure 
from many drivers, 
including but not 
limited to climate 
change  

• Climate change 
will increasingly 
determine how 
much water we 
have and affect 
other drivers of 
supply and 
demand  

• Increasing 
pressures on 
water supply and 
the challenge of 
meeting increasing 
demand leads to 
water insecurity in 
a changing climate  

 

• Others drivers of 
change must be 
considered along 
with climate 
change in a 
holistic approach 
to water resource 
management 

• Need to 
collaborate across 
sectors because of 
diversity of drivers 
affecting water 
insecurity 

• Sustainability is a 
common vision 
across different 
sectors, and 
therefore should 
be the main goal 
of climate change 
policy and action  

•  IWRM is a specific 
adaptation 
measure 

• Given the 
numerous drivers 
of water insecurity, 
and numerous 
sectors with 
demands for 
water, need to 
manage water 
resources with a 
common goal.  

• Water is key for 
sustainable 
development, 
ecosystem 
function and 
livelihoods, and 
human health.   

• Climate change as 
an opportunity to 
improve water 
resource 
management 
practices.  

 

-Common terms= water 
stress, scarcity, 
insecurity, supply, 
demand, sustainable 
development. 
-Water demand and 
supply are central 
ideas. 
-Adaptation as a means 
to achieve sustainability 
and water security  
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Verbatim examples from texts illustrating the Managing multiple drivers of water insecurity frame: 
•  “Climate change also adds to the uncertainty surrounding all the other drivers.” (341)  
• “Because climate variability and change affect all the major water drivers, adaptation 

measures are needed in all sectors.” (341)  
• “Melbourne Water is moving towards integrated city and water planning, recognising the 

integral role of water in sustainable cities.” (395)  
• “The water sector is looking to collaborate with these and other sectors—energy, education 

and health to name a few—to integrate planning towards a joint vision: creating a 
sustainable city of the future.” (395)  

•  “ …an opportunity to improve water management practices.” (396)   
• “The water sector must adapt to these changing climatic conditions by seeking alternative 

water resources and developing improved water management approaches that will reduce 
pressure on already stressed systems.” (397)  

• “…help move from the problems of the present to the opportunities of the future” (397)  
• “The challenges of water management will become increasingly important because there is 

general agreement that the supply of and demand for water resources will be substantially 
affected by climate change.” (22)  

•  “ Integrated Water Resources Management – an intelligent strategy for adaptation (22) 
• “ Better water management will be essential if communities are to adapt successfully to cli- 

mate induced changes in their water resources. The strategies adopted will have to use a 
combination of “hard,” infrastructural, and “soft,” institutional, measures and to go well 
beyond what is normally considered as “water business”. Critically, they will require major 
changes in the way agriculture, industry and human settlements in general are managed. “  

• “IWRM approach provides a framework for action, indeed that the best approach to manage 
the impact of climate change on water.” (22)  

• “The impacts will exacerbate the increasing human pressures on water systems, and 
decision-makers and managers need to address the challenges in an integrated fashion. 
Impacts will be felt differently in different geographical regions.” (342)  

• “Climate change is but one of many challenges facing water resource managers. A holistic 
approach to water resources management includes all significant drivers of change.” (398)  

Understanding impacts on complex systems 
• The main problem 

of climate change 
is the challenge of 
understanding and 
predicating the 
impacts of climate 
change in the 
context of complex 
systems. 

• Projections are not 
adequate as they 
do not capture 
variability and 
poorly project 
extremes 

 

• We need to 
improve our 
methods for 
quantifying and 
reducing 
uncertainty 

• More monitoring 
data, research, 
and advanced 
modeling methods 
are needed to 
reduce uncertainty 
with regards to 
impacts  

• Need better 
knowledge of 
connections 
among climate, 
weather, and 
hydrology under 

• Current work and 
knowledge is not 
fit for the purpose 
of adapting to, or 
managing for, a 
future 
characterized by 
climate change. 

• Decision-makers 
and practitioners 
want more 
evidence 
regarding the 
future impacts of 
climate change  

• Common terms= 
data, evidence,  

• Uncertainty as a 
lack of knowledge  

• Water systems as 
complex systems 

• Climate change 
impacts as 
unpredictable 
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current conditions. 
•  Interdisciplinary 

research needed 
to generate useful 
knowledge  

Verbatim examples from texts illustrating the Understanding impacts on complex systems frame: 
• “On local and regional scales, and for variables such as precipitation and streamflow, the 

uncertainty in model projections is even greater than for global average.” (338)  
• “Catchment systems include a multitude of processes that interact in varying degrees. In 

assessing the effects of changes in the inputs to the system output and/or the system 
characteristics, the way the components interact are important.” (343)  

•  “The type of change may be closely related to the degree of non-linearity of the system as 
well as any feedback effects present in the system.” (343)  

•  “System behaviour in the context of change can be characterized by properties such as 
stability, resilience, reversibility or irreversibility of change, as well as hysteresis.”  (343)  

•  “Assumptions that relationships observed at smaller scales hold good at the largest scales, 
and that processes observed in one particular region can be applied to another, have often 
led to inappropriate and ineffective responses, because different processes are dominant at 
different scales.” (343)  

•  “..underlying causes and their potential effects have far too many different facets that are 
also often entangled in a difficult web of connections.” (399)  

• “Part of the problem is related to the fact that rainfall and river flows, typically, are highly 
non-linear with an asymmetric probability distribution. This feature makes rainfall and river 
flows less predictable.” (344)  

•  “Dependence on local conditions is a distinguishing feature of hydrology that can make the 
effect of climate change less predictable and diversified.” (344)  

• “When one zooms in to a single catchment the uncertainty of rainfall-related future changes 
increases even further. This means that we cannot have much confidence in any 
simulations of rainfall-driven floods in a changed climate. There are elements of throwing the 
dice.” (344) 

•  “Along the lines of enhancing the trustworthiness of impact studies, we believe there is also 
a need for better uncertainty estimation.” (400) 

•  “...ecosystems are complex, the things we measure exhibit high variability and, despite 
what we do know, we still have much to learn. Nowhere are these issues truer than when 
thinking about possible ecosystem responses to climate change” (400)  

•  “ The responsibility of the scientific community therefore, must be to address the question of 
reducing uncertainty in the impact assessment and to provide near-future decadal 
projections for use in water management policies.” (396) 

 


