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Abstract: Climate change poses numerous risks to the health of Canadians. Extreme weather
events, poor air quality, and food insecurity in northern regions are likely to increase along
with the increasing incidence and range of infectious diseases. In this study we identify and
characterize Canadian federal, provincial, territorial and municipal adaptation to these health
risks based on publically available information. Federal health adaptation initiatives
emphasize capacity building and gathering information to address general health, infectious
disease and heat-related risks. Provincial and territorial adaptation is varied. Quebec is a
leader in climate change adaptation, having a notably higher number of adaptation initiatives
reported, addressing almost all risks posed by climate change in the province, and having
implemented various adaptation types. Meanwhile, all other Canadian provinces and territories
are in the early stages of health adaptation. Based on publically available information, reported
adaptation also varies greatly by municipality. The six sampled Canadian regional health
authorities (or equivalent) are not reporting any adaptation initiatives. We also find little
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relationship between the number of initiatives reported in the six sampled municipalities and
their provinces, suggesting that municipalities are adapting (or not adapting) autonomously.
Keywords: climate change; adaptation; Canada; public health; adaptation tracking

1. Introduction
Climate change has been identified as a major risk to human health [1]. Climate-related health risks
are already evident in events such as the 2003 European heat wave and flooding in Alberta, Canada in
2013, and demonstrate that high income countries such as Canada will be affected by the health effects
of climate change [2,3]. In light of the risks posed by climate change, the Intergovernmental Panel on
Climate Change (IPCC) calls for greater global action to reduce greenhouse gas emissions [4]. Yet, as
the recent IPCC Fifth Assessment Report highlights, some degree of climate change and associated
health impacts are inevitable, increasing the importance of adaptation [5]. Adaptation refers to policies,
measures and strategies designed to reduce climate change impacts and support resilience [6], and in a
health context is synonymous with prevention (i.e., it seeks to prevent/minimize impacts), and may involve
primary, secondary, and tertiary interventions [7–10]. While numerous opportunities for adaptation in a
health context exist, managing the effects of climate change on human health has nevertheless been
identified as a formidable challenge for both policy makers and health professionals [11].
Alongside changing precipitation patterns, the annual average surface temperature over Canada’s
landmass has increased by 1.7 °C since 1948, a rate almost twice the global average, and by even more
in Northern Canada, which is experiencing the most rapid climate change globally [12,13]. The health
impacts of climate change affect Canadians through both direct exposures, such as injuries and death
from extreme heat events, and through indirect exposures, for example by creating favourable conditions
for outbreaks of infectious diseases or by negatively impacting socioeconomic conditions. Some health
impacts will be felt throughout Canada, while others will be concentrated in certain regions [14].
Climate change will benefit Canadians’ health in some ways also, for instance by reducing cold-related
mortality and providing economic benefits in some sectors, but overall the health burden is expected to
increase [5,15].
The approach of various levels of government in Canada to adaptation has been described as a
“multi-level mosaic”, loosely connected and emerging spontaneously [16]. Responsibility for adaptation
remains unclear and is divided between the federal government, its 10 provinces and 3 territories [16].
The Government of Canada published the Federal Adaptation Policy Framework in 2011 which outlines
the federal role in adaptation (generating and sharing information; building adaptive capacity; and
mainstreaming adaptation policies) and provides criteria for federal departments and agencies to
consider when identifying climate change adaptation priorities [17]. This framework is valuable and an
important development, but does not identify how the federal government will work with other levels of
government and does not suggest a direction for Canada as a whole to take in adapting to climate change,
outside of the federal government; in the general scholarship, these have been identified as important
components of government planning for adaptation [18–20]. Some climate change effects will be felt in
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localized areas of Canada, meaning much adaptation will also need to be implemented by municipal
governments [21].
Despite the importance of adaptation in a public health context, to our knowledge there has not been
a systematic examination of the current state of health adaptation across Canada. Health Canada and
Natural Resources Canada, departments of the federal government, have conducted comprehensive
vulnerability assessments which outline some examples of adaptation [14,22,23]. However, these
assessments were not designed to characterize and compare adaptations at different jurisdictions, across
regions, and over time. Reflecting this, in this study we systematically review Canadian health adaptation
at the federal, provincial, territorial and local levels, examine their jurisdictional patterning, and outline
gaps in health adaptation. Developing an understanding of how health adaptation is currently taking
place in Canada, the work provides a baseline for future monitoring of adaptation progress. We begin
the paper by outlining the risks posed by climate change on Canadians’ health, before presenting our
methods and results.
2. Climate Change Risks for Canadian Public Health
The projected impacts of climate change on Canadians’ health are diverse, complex, and incompletely
understood for some health outcomes (see Figure 1). For instance, research has yet to reach consensus on
the potential effect of climate change on hurricanes [24,25], severe thunderstorms, and the high winds and
tornadoes associated with thunderstorms, all of which are climatic events pertinent to health in Canada
[26,27]. Studies project freezing rain events are likely to increase in some Canadian regions, and decrease
or remain the same in others [28,29]. The frequency and magnitude of floods have increased in the last
century [30] and are projected to increase in the future in most—but not all—flood-risk areas [5,31–33].
During the 20th century the occurrence of cold nights, cold days and frost days decreased in
Canada [34], along with the duration, frequency and intensity of cold spells [35,36]. Meanwhile, the
occurrence of warm nights, warm days and summer days has increased and is expected to continue rising
under future climate change scenarios [14,34]. Likewise, extreme heat events are projected to increase
in intensity, frequency and duration [33,37]. The negative health effects of extreme heat events in Canada
will be amplified by an aging population and the urban heat island effect, particularly in regions with
high population density [37,38]. Typically there are higher cold-related mortality rates in Canada, but
climate change may shift the balance by increasing summer mortality rates while cold-related mortality
remains constant or decrease [15].
Climate change is expected to increase exposure to ultraviolet radiation (UVR) through UV dose,
exposure duration and ozone depletion, particularly in northern Canada [39–42]. Each degree Celsius
increase in temperature, for example, increases the effective UVR dose by about 2% [42]. While some
exposure to UVR is beneficial to health, overexposure can pose serious risks [43–45]. Climate change
is also expected to negatively affect air quality in urban areas by increasing production of summertime
surface ozone and potentially also influencing particulate matter (PM) concentrations [46]. One study
found the highest projected increases in ozone concentrations for Montreal, Toronto, Vancouver, Calgary,
Edmonton and Winnipeg, as well as large increases in Alberta near the oil sands developments [14].
In Canada, PM impacts may increase or decrease with climate change, depending heavily on biogenic
processes. Wildfires are currently responsible for one third of all PM emissions in Canada, and
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are increasing in frequency, duration and season length, contributing to heart and respiratory
illnesses [33,47,48].

Figure 1. Expected health risks posed by climate change by region.
Food- and water-borne infections are likely to increase and may result in gastrointestinal illness and
in some cases chronic health problems (i.e., kidney failure) [14,48,49]. Some diseases such as acute
gastrointestinal illness (AGI) have been associated with conditions that may be altered by climate
change, such as higher temperatures and changing precipitation patterns, respectively [49]. Heavy
precipitation events, projected to increase in many regions of North America, are strongly correlated to
incidence of water-borne diseases [48].
Climate change is expanding the geographical range of tick populations (the vector for Lyme disease)
northward in Canada, consequently also expanding the potential for Lyme disease [50,51]. Similarly,
outbreaks of West Nile virus, transmitted by mosquito vectors, have been linked to conditions of mild
winters, prolonged droughts and heat waves, conditions which are more likely to occur with climate
change [52]. The prevalence and range of other viruses transmitted by mosquito vectors currently found
in the United States, such as St. Louis encephalitis, Western equine encephalitis and Eastern equine
encephalitis, could also be modified by climate change [14].
Communities in the Canadian Arctic face unique challenges and are particularly sensitive to the
impacts of climate change [43]. This relates in part to the continued importance of subsistence harvesting
to livelihoods, the prevalence of traditional food cultures, and dependence on the rapidly changing sea,
lake, and river ice for transportation between communities and to hunting grounds. Socio-economic and
health inequalities are also pronounced among northern Indigenous populations, and are expected to
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exacerbate the impacts of climate change [53]. Climate change has already been documented to be
compromising food insecurity, enhancing danger of engaging in land-based activities, and
compromising the ability to practice traditional cultural activities, with associated psychosocial
consequences well documented [43,54,55].
Food systems in the Canadian Arctic are already being affected by the impacts of climate change on
subsistence harvesting activities, and climatic changes are posing a threat to the food security of Northern
populations by influencing animal availability, human ability to access wildlife, and the safety and
quality of wildlife for consumption [23,56,57]. There have been few studies examining the effect of
climate change on food security elsewhere in the country, however [58]. Canada is relatively food secure
overall and is a food exporter, thus is expected to be less vulnerable to global yield fluctuations [33].
Climate change will have varied impacts on Canadians’ livelihoods, with implications for social
gradients in health [33]. People with lower socioeconomic status are already exposed to multiple risk
factors, including housing and neighbourhood quality, and adverse interpersonal relationships,
converging in physical and psychosocial health consequences [59]. Groups that are already the most
socially and economically disadvantaged are believed to be the most vulnerable to climate change, with
vulnerability exacerbated and manifest through existing inequalities [11,60]. Definitions of key terms
such as vulnerability and health risk are provided in Appendix A in the supplementary materials.
3. Methods
We employed systematic review methods to document and characterize adaptation initiatives being
undertaken across Canada, with methods varying by, and adapted to, jurisdiction. The approach builds
upon emerging research in the adaptation tracking field, which seeks to identify and characterize the
current status of adaptation and measure progress over time [61,62]. To identify federal-level adaptation
initiatives, we conducted a systematic web search, reviewed Canada’s sixth national communication
(NC6) to the United Nations Framework Convention on Climate Change (UNFCCC) and conducted
snowball searching. We developed the following search string tailored for Google web searches:
(“climate change” OR “global warming” OR “climatic change”) health (adaptation OR adaption OR
~adapting OR ~coping OR response OR ~responding) (Canada OR Canadian OR “gc.ca”). We examined
the first 30 search results, then examined every other result after the first 30 until we had reached 30
consecutive irrelevant results, adapted from Panic & Ford [63]. To track provincial and territorial health
adaptation we used keyword searches on their respective Ministry of Health, Ministry of Environment,
and Climate Change Department (where applicable) websites. At the local level we searched for
evidence of health adaptation in Canada’s six largest municipalities (population >1 million inhabitants)
and in each municipality’s encompassing regional health authority (or equivalent). Under Canada’s
health care system regional health authorities are responsible for health care delivery at the subprovincial or sub-territorial level. To track municipal and regional health authority adaptation initiatives
we used keyword searches on their respective websites. We conducted searches in French in jurisdictions
where relevant. We developed inclusion and exclusion criteria for health adaptation documents (see
Appendix B in the supplementary materials). All documents included in our study are listed in Appendix
C in the supplementary materials.
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We documented details of discrete adaptation initiatives found in included documents, including year,
implementing body, adaptation type, adaptation stage, health vulnerability addressed, completion status,
and consideration of vulnerable groups. Adaptation type refers to the following six adaptation categories
adapted from Biagini et al. [64] (Table 1): capacity building; management, planning and policy; practice
and behavior; information; warning and observing systems; and vulnerability assessments. As per
Lesnikowski et al. [65], adaptation stage refers to either: groundwork actions which build adaptive
capacity, prepare the conditions for adaptation, or enable adaptation actions; or adaptation actions which
indicate action has actually been taken to reduce a population’s health vulnerability or increase
resilience. Groundwork actions can be further classified as information and vulnerability assessment
adaptation types, while adaptation actions are warning and observing systems, and practice and
behaviour initiatives. Capacity building and management, planning and policy adaptation types could be
classified as either groundwork or adaptation actions, depending on the characteristics of the discrete
initiative.
Table 1. Health adaptation initiatives included, by adaptation type.
Adaptation Category

Description

Examples of Actions in Category

Capacity Building

Developing human resources, institutions,
and communities, equipping them with the
capability to adapt to climate change.

Training, best practices guidebooks,
frameworks, public outreach and
education, and dissemination of
information to decision
makers/stakeholders

Management,
Planning and Policy

Incorporating understanding of
climate science, impacts, and vulnerability
and risk into government and
institutional planning, management,
policies and regulations.

Developing an adaptation plan, creating
new bureaus or departments, bolstering
emergency management plans for
anticipated climate change impacts,
and implementing legislation.

Practice and
Behaviour

Revisions or expansion of practices and
on the ground behaviour that are directly
related to building resilience.

Eradication of mosquitoes, cool refuges,
public drinking water developments,
and increasing tree canopy.

Information

Systems for communicating climate
information to help build resilience
towards climate impacts (other than
communication for early warning systems).

Decision support tools,
communication tools, data acquisition
efforts, and digital databases.

Warning or
Observing Systems

Implementation of new or enhanced
tools and technologies for communicating
weather and climate risks, and for
monitoring changes in the climate system.

Air quality indexes, infectious
disease surveillance, and UV indexes.

Assessment of projected health
impacts and risks associated with
future climate change.

Health impacts of climate
change assessment, impacts of climate
change on cities and rural communities,
and health impacts of climate change
on indigenous populations.

Vulnerability
Assessment

Note: Adapted from Biagini et al. [64].

Int. J. Environ. Res. Public Health 2015, 12

629

Finally, we classified initiatives as addressing health risks identified by the IPCC (see Appendix A in
Supplementary Material) [5]. For documents to be included in our analysis, they had to be a
governmental document or webpage and report planned, in progress or completed adaptation initiatives
addressing the health impact of climate change on humans. We collected data in a Microsoft Excel
spreadsheet and performed descriptive statistics. To examine whether health adaptation is
jurisdictionally patterned, we compared adaptation between jurisdictions. We also compared adaptation
of municipalities and regional health authorities (or equivalent) in encompassing provinces to explore
the effect of provincial and territorial adaptation on municipal adaptation. Based on the information
available in academic literature and in the vulnerability assessments conducted by Health Canada and
Natural Resources Canada [14,22,23], we identified the projected health impacts of climate change in
Canadian provinces and territories, outlined in Section 2. As part of our analysis we then examined what
percentage of the identified projected health risks are addressed by provinces and territoriesin their
adaptation initiatives available online.
Our ability to identify adaptation initiatives was limited by how and if they were reported, noting we
only capture explicitly and publicly reported adaptations. This represents a proxy sample rather than an
exhaustive list of all adaptation actions. Whether jurisdictions choose to recognize and report activities
related to adaptation is significant in itself as a potential reflection of the extent to which adaptation
action and recognition is prioritized.
4. Results
4.1. Federal Health Adaptation Initiatives
Canadian federal health adaptation initiatives emphasize capacity building and information type
initiatives, addressing infectious diseases, heat-related risks or general health risks (Figures 2 and 3).
Contributing to the large number of capacity building initiatives is a series of heat risk guidelines and
guidebooks prepared by Health Canada for public health officials, emergency management officials,
health care workers and health administrators [66–68]. Meanwhile, most information initiatives reflect
research conducted by the Public Health Agency of Canada that focuses on food and water safety and
vector-borne diseases [69]. Both Health Canada and Natural Resources Canada have completed national
vulnerability assessments (see Appendix D in Supplementary Material for descriptions of federal
departments) [14,22,23]. Some of these health adaptation initiatives were implemented as part of the
multi-departmental Adaptation Theme of the federal government’s Clean Air Agenda. Canada’s Federal
Adaptation Policy Framework does not discuss any specific adaptation initiatives. The continuation and
further expansion of health adaptation programs and funding availability depend on the priorities of
individual departments and upper-level government. A list of all federal, provincial, territorial and
municipal adaptation initiatives by type is shown in Table 2, and an Excel spreadsheet detailing all
discrete adaptation initiatives is available in in the Supplementary Material (Appendix E).
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Information

4%
13%

25%

Capacity Building
Vulnerability Assessment

13%

Management, Planning
and Policy
17%

Warning or Observing
Systems

29%

Practice and Behaviour

Figure 2. Percentage of federal health adaptation initiatives by adaptation type.

4%

4%
General Health

8%
38%

Infectious Diseases
Heat-Related Risks

21%

Air Quality
Food Security
Water Quality
25%

Figure 3. Percentage of federal health adaptation initiatives by health risk.
The majority of federal health adaptation initiatives reflect groundwork initiatives, preparing
the conditions for adaptive action. These groundwork initiatives include guidebooks, decision-making
toolkits, vulnerability assessments and research. Federal adaptation actions (as opposed to groundwork
initiatives) are primarily alert and response systems to air quality, infectious diseases and heat
event risks. Half of the federal adaptation initiatives reviewed explicitly state consideration of vulnerable
groups, particularly those addressing heat-related health risks.
4.2. Provincial and Territorial Health Adaptation Initiatives
All Canadian provinces and territories have publically accessible climate change adaptation plans
except Alberta and Saskatchewan (Table 3). The median number of health adaptation initiatives
implemented in Canadian provinces or territories is three initiatives, with Quebec reporting the highest
number (31 initiatives). Newfoundland & Labrador report six initiatives, the next highest number of
initiatives found online.
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Table 2. Health adaptation initiatives included, by adaptation type.
Adaptation
Category

Description

Federal Initiatives

Regional, Territorial and
Provincial Initiatives


Municipal Initiatives

Increase awareness about the health
risk factors of climate change through legislation
and awareness activities (ON)



Raise public awareness of Lyme disease (ON)



Training sessions for public health, clinic service
and civil protection personnel concerning infectious
diseases and emerging health problems (QC)


Developing
human resources,
institutions, and
Capacity

communities,

Building

equipping them
with the capability









“Changements climatiques: vulnérabilité et

Program (AANDC)

adaptation des immeubles” guide for

Climate change infections

health network administrators (QC)

disease toolkit (PHAC)


to adapt to climate
change.

Climate Change Adaptation



Support the training of specialized teams and



“Be Cool” communication

Heat alert and response systems

implementing financial incentive measures to help

best practices guidebook (HC)

eliminate urban heat islands in municipalities (QC)



Toronto food strategy (Toronto)

Enhancement of information and training tools and



Climate change and health

Heat risk adaptation guideline for



public health and emergency

methods intended for the general public,

management officials (HC)

organizations, medical staff and elected officials (QC)

Heat risk technical guide for



health care workers (HC)

Launch of “Mon climat, ma santé” website to
disseminate accessible information (QC)



Raise the profile of climate change and health
among public health professionals (NL)



Hold conference on climate change and health to
raise the profile of the impacts of climate change on
public health (NL)



Assist communities in developing
emergency response plans (YT)

campaign (Vancouver)

equity workshop (Toronto)
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Table 2. Cont.

Adaptation
Category

Description

Federal Initiatives

Regional, Territorial and
Provincial Initiatives


Municipal Initiatives

Increase awareness about the health risk factors of climate
change through legislation and awareness activities (ON)



Climate Change Adaptation Plans (NL, NS, ON, PE, QC, NU, YT)



Catastrophe planning (PE)



Coastal communities adaptation to coastal erosion (QC)



Establishment of expert panels to assess



(or related document) (Toronto,

measures needed for climate change adaptation (QC)
Incorporating



Intervention plan to protect populations from West Nile virus (QC)

understanding



Use flooding research results to map restricted development zones,

of climate
science,
impacts,
Management,

vulnerability

Planning and

and risk into

Policy

government and
institutional
planning,
management,
policies and



Pilot alert and response
system to heat events (HC)



Pilot alert and response
systems to infectious
diseases (PHAC)



Creation of Water,
Air and Climate Change
Bureau (HC)

prepare regulations and civil security plans (QC)


Revise emergency plans (QC)



Voluntary standard to plan public parking
lots to reduce urban heat islands (QC)



Requiring Regional Emergency Heat Wave Strategies (QC)



Air Quality Policy (promoting local and
regional air quality management) (QC)




regulations.

Vancouver, Ottawa, Edmonton)


Working with municipalities to establish local emergency



Increasing the speed and effectiveness of local and regional
emergency response measures (MB)



Work towards fully integrated emergency management
system that takes climate change impacts into account (NB)



Incorporate climate change considerations
into emergency planning, working with
all stakeholders (NU)

Heat alert system and hot weather
response plan (Toronto)



Expanding extreme hot weather
preparedness work program
(Vancouver)



Contingency plans
for the emergence of
West Nile virus (Montreal)



Contingency plans
for the increase in

management to prepare for extreme weather events (MB)


Emergency preparedness (Ottawa,
Edmonton, Montreal)

Elaborate legislation governing land-use planning and urban
planning to prevent the appearance of new urban heat islands (QC)

Climate change adaptation plan

heat waves (Montreal)


Shade policy and
guidelines (Toronto)
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Table 2. Cont.

Adaptation
Category

Description

Regional, Territorial and

Federal Initiatives


Air Action Plan (BC)



Increase awareness about the health risk factors of climate change
through legislation and awareness activities (ON)

Revisions or



expansion of
practices and on
Practice and
Behaviour



Heat island controlling methods
(Ottawa, Toronto)



West Nile virus control measures
(e.g., spraying at larval state)

heat wave strategies (QC)

(Ottawa)

Upgrade the physical buildings of
health establishments to allow them to

behaviour that

function independently over extended

are directly

periods of time (QC)




Requiring regional emergency

the ground

related to

Municipal Initiatives

Provincial Initiatives

Personalized, automated warning systems



Develop cool refuges (Vancouver,
Toronto)



Expand public access to drinking
water (Vancouver)



Include instances for

building

(by telephone and internet) for vulnerable

mould in new online rental

resilience.

individuals (QC)

databases (Vancouver)



Enhance assistance and psychosocial support



Target green space and

measures following disasters (freezing rain,

trees in hot areas (urban

high tides, flooding) (QC)

heat islands) (Vancouver)
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Adaptation
Category

Description

Regional, Territorial and

Federal Initiatives

Municipal Initiatives

Provincial Initiatives


Flood risk mapping (BC, NB, NL)



Analyze incidence and distribution of GI disease in
at-risk populations and risk factors associated with
climate change (QC)



climate
information to
help build
Information




impacts (other
than
communication
for early warning
systems).





Development of an interactive atlas of health
vulnerabilities to climate change (QC)

the Canadian North (PHAC)



Estimate and model future levels of smog (QC)

Climate change scenarios program



Identification of urban areas

(Part of CAA) (EC)

resilience
towards climate



and adaptation to climate change in

Systems for
communicating

Assessment of the burden of AGI

vulnerable to intense heat (QC)

Evaluation of the impacts of climate



Quebec flooding research (QC)

change on food and water safety



Research on historical morbidity and hospital visits

and public health outcomes (PHAC)

according to historical temperatures and simulated for

Projected burden of Lyme disease in

estimated future temperatures (QC)

Ontario (PHAC)



Water management feasibility study (QC)

Public health and water-borne



Evaluate relevance and feasibility of establishing a

illness research tool (PHAC)

monitoring system focusing on the psychosocial impact

Creation of Water, Air and Climate

of extreme weather events (QC)

Change Bureau, responsible for



Drinking water supply vulnerability analyses (NU)

building knowledge (HC)



Monitoring health trends to identify and develop
responses (YT)



Short and long term epidemiological monitoring system
for physical and psychosocial health problem related to
extreme climate events (QC)



Spatial heat vulnerability
assessment (Toronto)



Urban heat island
research (Toronto)



Assess cooling capacity of
cool refuges (Vancouver)



Explore the potential for cooling
rooms in non-market housing
(Vancouver)



Research transportation to
cool facilities for those in
need (Vancouver)



Urban heat island mapping
(Vancouver)



Vulnerable coastal populations
mapping (Vancouver)
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Table 2. Cont.

Adaptation
Category

Description

Regional, Territorial and

Federal Initiatives

Implementation of


new or enhanced
tools and
Warning or
Observing
Systems



technologies for
communicating



weather and
climate risks, and

Air Quality and Health Index

for monitoring

Improved infectious disease surveillance
(NL, NS, QC)

(HC, EC)



Air quality index (NS, ON)

Pilot alert and response system to



Monitoring, surveillance and warning system for intense

heat events (HC)


Pilot alert and response system to

heat (QC)


infectious diseases (PHAC)

changes in the

SUPREME System—Monitoring and surveillance
system for public health (QC)



Flood alert systems (NL)



Adaptability of Prairie Cities: The Role of

climate system.


Municipal Initiatives

Provincial Initiatives


Heat alert (Ottawa,
Toronto, Vancouver)



Set up/enhance ambient
air quality monitoring
program (Ottawa)



Air quality health index
(Ottawa, Toronto)



Flood warning forecasting
(Toronto)

Assess vulnerabilities and health
impacts of climate change among
Northern/Inuit populations (HC)

Assessment of



key vulnerabilities and

projected health
Vulnerability

impacts and risks

Assessment

associated with
future climate

Assist Northerners in assessing
opportunities (Part of CAA)



(AANDC)

Climate Current and Future Impacts and

Canadian assessment of

Adaptation Strategies (PARC)

vulnerabilities and adaptive

change.

capacity (HC)


From Impacts to Adaptation:
Canada in a Changing Climate
2007 (NRC)

AANDC: Aboriginal Affairs and Northern Development Canada; PHAC: Public Health Agency of Canada; HC: Health Canada; EC: Environment Canada;
NRC: Natural Resources Canada; BC: British Columbia; ON: Ontario; QC: Quebec; NS: Nova Scotia; NL: Newfoundland & Labrador; PE: Prince Edward Island;
YT: Yukon; NU: Nunavut; NT: Northwest Territories; PARC: Prairies Adaptation Research Collaborative (Alberta, Saskatchewan and Manitoba Provinces).

Int. J. Environ. Res. Public Health 2015, 12

636

Alberta and Saskatchewan do not report any health adaptation initiatives individually, but combined
with Manitoba, their governments are part of the Prairies Adaptation Research Collaborative (PARC)
which has implemented three general health initiatives: a vulnerability assessment feasibility report, a
study of adaptability of Prairie cities, and an elders’ forum on climate change [70–72].Since these three
regional initiatives were implemented jointly by all three provinces, for analysis our results show Alberta
and Saskatchewan province as having implemented one initiative each. PARC is a good example of how
provinces or territories can cooperate to adapt to regional climate change impacts.
Table 3. Population size, adaptation plans and health initiatives in Canadian provinces and territories.
Province/Territory
Alberta
British Columbia
Manitoba
New Brunswick
Newfoundland &Labrador
Northwest Territories
Nova Scotia
Nunavut
Ontario
Prince Edward Island
Quebec
Saskatchewan
Yukon

Population [73]
4,025,100
4,582,000
1,265,000
756,100
526,700
43,500
940,800
35,600
13,538,000
145,200
8,155,300
1,108,300
36,700

Adaptation Plan
Available
√
√
√
√
√
√
√
√
√
√
√

Health Adaptation
Initiative(S) Reported
√a
√b
√
√
√
√b
√
√
√
√
√
√a
√

a

Alberta, Manitoba and Saskatchewan have jointly implemented three regional initiatives, but Alberta and
Saskatchewan have not implemented any individually; b British Columbia’s adaptation plan does not include
health initiatives, but health adaptation initiatives were identified in other documents or webpages.

Based on the information available online, Quebec addresses almost all of the identified climate
change health risks relevant to the province. Most other provinces and territories report addressing fewer
than half of the identified health risks. The health risks addressed by each province or territory are shown
in Figure 4. Aggregated to the regional level (region classification is shown in Figure 1), Quebec reports
addressing the highest percentage of regional risks, followed by Atlantic Canada. Meanwhile, Northern
Canada, Ontario, British Columbia and the Prairies region each address fewer than half of the identified
regional health risks in the health adaptation initiatives available online.
Of the provinces and territories reporting health adaptation initiatives, all include initiatives with
elements of management, planning and policy, and most include initiatives with some information or
capacity building aspects (Figure 5). Only the Northwest Territories and Nova Scotia have specifically
targeted vulnerability assessments available online for their jurisdiction. All provinces and territories
reporting initiatives specify considering vulnerable populations, including the elderly, the very young
and Indigenous populations in their initiatives, except British Columbia, Prince Edward Island, and New
Brunswick. Most provinces and territories reporting adaptation initiatives have a combination of both
groundwork actions and adaptation actions. Most of the health adaptation initiatives reviewed have been
implemented or are ongoing.

Number of Health Adaptation Initiatives Reviewed
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Figure 4. Types of climate change risks addressed by provincial and territorial health
adaptation initiatives.

Information

Figure 5. Percentage of health adaptation types by province or territory. Adapted from
Biagini et al. [64]. a The three Prairie provinces (Alberta, Saskatchewan and Manitoba) have
implemented three joint regional initiatives.; b Saskatchewan and Alberta do not report
implementing any health adaptation initiatives other than the three joint Prairie
provinces initiatives.
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4.3. Adaptation Initiatives in Municipalities or Regional Health Authorities
Among Canada’s six largest municipalities, only Toronto and Vancouver have adaptation plans
available. Montreal, Ottawa and Edmonton report health adaptation initiatives in other documents or on
websites. Calgary is the only large municipality that does not report any health adaptation initiatives
online (Table 4). Though regional health authorities are responsible for sub-provincial or sub-territorial
health care delivery, none of the six sampled regional health authorities report any health adaptation
initiatives or discuss climate change on their websites. Nonetheless, Vancouver reports a partnership on
one initiative with its regional health authority, Vancouver Coastal Health.
Table 4. Adaptation plans and initiatives in Canada’s largest municipalities.
Municipality
Calgary, AB
Edmonton, AB
Montreal, QC
Ottawa, ON
Toronto, ON
Vancouver, BC

Adaptation Plan
Available
√
√

Health Adaptation
Initiative(s) Reported
√
√
√
√
√

Toronto and Vancouver emerged as leading municipalities in public health adaptation to climate
change based on our analysis of publically available information. Both are the only municipalities
reviewed to include plans for monitoring and evaluation of adaptations implemented. The majority of
Toronto’s health adaptation initiatives were adaptation actions that addressed extreme heat, but others
addressed air quality, food safety and security, UV radiation, floods and general health vulnerabilities.
Toronto’s adaptation initiatives are highly varied, including actions such as providing cooling centres
during extreme heat events, and implementing a heat alert system and hot weather response plan.
Similarly, the majority of health adaptation initiatives implemented by the City of Vancouver address
heat-related climate change health risks. Almost half of the initiatives consider vulnerable groups,
primarily homeless and low-income populations.
Edmonton, Montreal and Ottawa do not have publically available or reported adaptation plans, but
they describe a small number of health adaptation initiatives in other documents or on their websites.
These initiatives are predominantly management and planning adaptation actions (e.g., contingency
plans for the increase in heat waves, emergency response plans for severe weather events), while Ottawa
also reports some initiatives aimed at altering practice and behavior (e.g., urban heat island controlling
methods, West Nile disease control measures).
4.4. Emerging Leaders and Progress among Canadian Provinces and Territories
Based on our analysis of publically available information, Quebec emerged as the leader in provincial
and territorial health adaptation (Figure 6). The province has a comprehensive climate change adaptation
plan with a detailed health section, addresses most regional health risks and has a diverse assortment of
adaptation types. Quebec is bolstered by being home and partner to Ouranos, a consortium on regional
climatology and adaptation practitioners, which contributes to the knowledge base on impacts,
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vulnerabilities and adaptation in the province. Similar to the United Kingdom Climate Impacts Program
(UKCIP), Ouranos functions as a boundary organization that seeks to bridge science and policy to increase
engagement of decision-makers, build adaptive capacity and create a network of knowledge [74];
such boundary organizations have been identified as an important component of institutional
development for promoting readiness for adaptation [18,75]. Ouranos emerged in response to several
extreme weather events (1998 ice storm and 2000 flooding in Quebec, and the European heat wave in
2003) which incited support for climate change research [76]. Gosselin et al. suggest adaptation to the
health impacts of climate change in Quebec is taking place because of stable financing (money from the
province’s carbon tax funds its climate change action plan), willingness for transdisciplinary
collaboration, openness to public health innovation, and the knowledge provided by Ouranos on the
current and projected impact of climate change in the province [76].

Figure 6. Level of health adaptation by province or territory a. a The provinces and territories
have been ranked qualitatively by number of health adaptation initiatives, percentage of
regional health risks addressed, having a climate change adaptation plan, and the quality of
the adaptation plan. See Appendix F in supplementary material for further details on the
development of this figure.
The remaining provinces and territories, based on publically available documents, are in the early
stages of adaptation. Figure 6 shows the level of health adaptation in Canadian provinces and territories
ranked qualitatively by number of initiatives found online, addressing identified regional health risks,
having an adaptation plan with a health section, level of detail, and availability of climate change
information on health department websites. A middle-pack of provinces and territories emerges, consisting
of New Brunswick, Newfoundland & Labrador, the Northwest Territories, Nova Scotia, Nunavut, and
Ontario. These provinces and territories each report implementing three to six health adaptation
initiatives, but vary in levels of detail, comprehensiveness and risks addressed. Lastly, Alberta, British
Columbia, Manitoba, Prince Edward Island, Saskatchewan, and Yukon have each reported three or fewer
health adaptation initiatives independently (Alberta, Saskatchewan and Manitoba have jointly
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implemented three initiatives), address few or none of the identified regional health risks, and provide
limited detail.
4.5. Jurisdictional Patterning of Adaptation
Canadian federal action on health adaptation largely consists of setting the stage for sub-national
adaptation through groundwork capacity building and knowledge development. Meanwhile, local
adaptation is operational, focusing on planning and changing practice and behavior “on the ground”
(Figures 7 and 8).
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Figure 7. Average percentage of adaptation type by jurisdiction.
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Figure 8. Average percentage of groundwork initiatives and adaptation actions by jurisdiction.
Divergent jurisdictional strategies are important here, since an adaptation initiative successful at one
scale may not be considered successful at another [77]. Federal governments are best suited to intervene
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with public policy on issues affecting whole populations [77]. Some Canadian federal initiatives address
specifically Northern populations which fall under the jurisdiction of the federal government, as dictated
by Canada’s Constitution [78]. Sub-national governments meanwhile are often more flexible and can
make and implement decisions more quickly [79]. Municipal governments have impetus for adaptation,
since the benefits of these adaptive actions benefit them directly, and as key actors in adaptation need
climate resources and decision support [80]. Current health adaptation to climate change reflects the
jurisdictional responsibilities for health mandated by Canada’s Constitution, and the federal
government’s role in adaptation outlined in Canada’s Federal Adaptation Policy Framework [17,78].
Despite these trends and the need for support, the influence of higher-level governments on municipal
adaptation planning and implementation is not clear based on the publically available information
reviewed here. Local governments are not entirely autonomous actors in adaptation and can be assisted
or constrained by higher-level governments [77,80]. For example, changes in Chinese municipal
government adaptation agendas are heavily influenced by national government incentives [81];
in contrast, where federal climate change action is limited such as in the United States, local governments
may have the opportunity to be more entrepreneurial, innovative and autonomous in their adaptation
strategies [80,82]. Based on our review, large Canadian municipalities seem to follow the latter pattern,
where some cities such as Toronto and Vancouver have committed to adaptation, while others including
Ottawa, Montreal, Edmonton and Calgary report doing little to nothing. Provincial adaptation also does
not appear to exert a strong influence on municipal adaptation: Quebec is a leader in provincial
adaptation, while Montreal, Quebec’s largest city, reported few health focused adaptations;
British Columbia is a laggard among Canadian provinces, but its largest city Vancouver is
progressing autonomously.
Assigning responsibility to jurisdictions for managing the risks of climate change impacts and
financing adaptation is a major challenge in such cross-jurisdictional issues [83]. In contrast to the
Canadian context where the responsibility for health and environment are primarily devolved to the
provinces, the adaptation responsibilities of central government are clearer in other countries with
different jurisdictional structures, such as Belgium and the United Kingdom [84,85]. These issues of
scale and allocation of resources are difficult to resolve in unchartered cross-jurisdictional waters, and
have been identified as barriers to adaptation in the broader scholarship [75,86–89].
5. Discussion
5.1. Gaps in Adaptation
The National Adaptation Policy Framework serves as Canada’s national adaptation strategy, and
while an important development it does not have action points, lacks visibility and is not intended as
an implementation framework, with implications for its potential role as a coherent adaptation
strategy [90,91]. The Framework is very similar to Australia’s document “Adapting to Climate Change
in Australia: An Australian Government Position Paper” which outlines the Australian’s government
vision for, and role in, adaptation, including sub-national governments [92]. National adaptation plans
of other OECD countries such as Belgium, Germany, Ireland, Switzerland and the United Kingdom
however, go further, detailing the government’s general adaptation approach, specific adaptation
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options, and which departments or levels of government are involved (often divided sectorally). It is
noteworthy here that Canada’s jurisdictional structure is markedly different from that of many Western
European countries, inhibiting federal jurisdiction to engage in top-down guidance. Nonetheless,
commentary on Canada’s federal role in adaptation has emphasized the need for a cross-cutting
adaptation plan or strategy that will coordinate and clarify jurisdictional and sectoral roles and
responsibilities in climate adaptation [83,93,94], with such frameworks also serving to institutionalize
adaptation at sub-national scales [93].
Federal departments such as Health Canada and the Public Health Agency of Canada (PHAC) have
examined the risks posed by climate change to Canadians and have begun to examine opportunities for
adaptation; these represent important developments, and Canada has been regarded as a leader in
examining vulnerabilities in a health context [63]. Climate change has also received increased emphasis
within Canada’s federal agencies responsible for health: since 2007, for example, both Health Canada’s
Climate Change and Health Office and climate change and health activities within the Public Health
Agency of Canada expanded their full-time staff. However, further coordination and prioritization of
climate change at the national level will be beneficial to develop and promote comprehensive climate
and health programming. To this end, the Canadian government received significant criticism for a lack
of leadership on adaptation issues by the Canadian Commissioner of the Environment and Sustainable
Development [94], and similarly for poor performance in climate change policy and mitigation more
generally [95].
Provinces and territories need vulnerability assessments to plan appropriate adaptation
strategies [96]. Currently only the governments of Northwest Territories and Nova Scotia have
independently conducted vulnerability assessments available online targeted to their specific jurisdiction
and health. Natural Resources Canada conducted a regional vulnerability assessment, but the scale, level
of detail, links between health and climate change, and overall relevance for adaptation planning varies
by chapter [23].
While there is an increasing amount of scholarship examining the effect of climate change on some
sub-populations believed to be highly sensitive to the effects of climate change (e.g., northern
populations such as the Inuit) [6,43,56,97], other vulnerable populations are not consistently being
targeted, such as First Nations, the elderly, children, socially disadvantaged, mentally ill, or chronically
ill [5,97]. Vancouver succeeds in both identifying vulnerable groups within its jurisdiction and
implementing tailored adaptation initiatives, targeting low-income populations [98]. Health Canada also
identifies the risks and challenges for low-income populations in its extreme heat events toolkit for public
health and emergency management officials, but does not offer any further adaptive responses tailored
to this population [66]. No other jurisdictions consider low-income populations in adaptation initiatives
reviewed here.
5.2. Future Health Adaptation
In light of the gaps identified in Canadian health adaptation, we suggest several steps to advance on
adaptation in a health context:


Development of a national adaptation research consortium, or further regional consortiums.
A national or regional research consortium would serve to coordinate research activities and act
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as a boundary organization to link research and policy [18], as Ouranos does for Quebec and the
National Climate Change Adaptation Research Facility (NCCARF) does for Australia.
Development of Ouranos in the province of Quebec has helped to characterize and quantify the
impacts of climate change on human health in Quebec and provide a solid knowledge base for
subsequent Action Plans [76]. Similarly, the Australian government established the NCCARF to
coordinate and manage climate change adaptation research. Evaluations of NCCARF have found
that the Facility’s activities have improved Australia’s capacity to develop the knowledge
necessary for effective adaptation decision-making [99].
Development of provincial and territorial vulnerability assessments to guide sub-national
health adaptation. Before making an adaptation plan and implementing adaptation actions,
the first steps in adapting to climate change are understanding current and future climate
vulnerability [96]. Sub-national governments will be able to make informed adaptation decisions
that are context-appropriate and an efficient use of resources with access to detailed
vulnerability assessments.
Development of adaptation guides for regional health authorities, similar to the series of extreme
heat events guidebooks developed by Health Canada [66–68]. Developing an adaptation guide
could serve as a tool for regional health authorities to identify the necessary steps and
considerations for adaptation. Some of the health effects of climate change will be felt locally, thus
regional health authorities (or equivalent) must make adaptation to climate change a priority [21].
Regular meetings of representatives from all sectors involved in federal, provincial and territorial
health adaptation in Canada. Such meetings are important for coordinating activities, and
working towards a more comprehensive national health adaptation strategy [18,20].
Regular meetings between provinces and territories, and between municipalities and regional
health authorities, to exchange knowledge and experience, such as in Switzerland where cantons
are encouraged to exchange procedures and experiences during heat waves [100].
Ensuring adaptation best practices such as consideration of vulnerable groups and monitoring
and evaluation are being followed in future adaptation programming, guided by existing
adaptation best-practice guides such as UKCIP’s Adaptation Wizard [101].

6. Conclusions
Health adaptation to climate change in Canada varies significantly by jurisdiction. Federal adaptation
initiatives are primarily groundwork initiatives emphasizing capacity building and generating and
sharing knowledge to support sub-national adaptation. This approach is congruent with the strategy
outlined in Canada’s Federal Adaptation Policy Framework [17] and with Canada’s constitution which
devolves responsibility for health and environment to the provinces and territories [78]. Sub-national
adaptation focuses progressively less (between provincial/territorial and local adaptation) on information
and capacity building initiatives, and progressively more on warning or observing systems and initiatives
changing practice and behavior. Management, planning and policy is most heavily emphasized at the
provincial and territorial jurisdiction.
The level of health adaptation also varies strongly within levels of jurisdiction. The province of
Quebec reports online more than five times as many health adaptation initiatives as the next province or
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territory, addresses to some degree almost all identified health risks in the province and has a
comprehensive adaptation plan. Meanwhile, the rest of Canada’s provinces and territories are still in the
early stages of adaptation, based on publically available information. Similarly, the cities of Toronto and
Vancouver both show commitment to adaptation and a long-term vision, while Canada’s next four
largest municipalities report little to no evidence of health adaptation. Though not explored in this study,
rural Canadian communities will face challenges distinct from those of their urban counterparts,
including adaptive capacity, risk perception, and dependence on natural resources [102].
Variation in health adaptation between provinces and territories and between municipalities is
inconsistent with risks posed to varying jurisdictions. Recent extreme events such as the Alberta floods in
2013, for instance, which caused the evacuation of over 100,000 people, demonstrate the magnitude of
risks facing provinces and municipalities. The Alberta provincial government, Calgary and other municipal
governments have been criticized for a lack of preparation and planning for climatic
extremes [103,104]. Unaddressed, these jurisdictional differences may contribute to regional differences
in the health impacts of climate change on populations. Federal guidance to assist such provinces and
territories is important in this context.
Canada has the capacity to adapt, with the necessary wealth, technology, institutions, social
organizations and skills. However, as Burton [105] notes in his concluding chapter to the Canadian
National Assessment on climate change impacts and adaptation a spontaneous or laissez faire approach
is unlikely to be sufficient for Canadian adaptation to the impacts of climate change.
Acknowledgments
The authors would like to acknowledge funding from the Public Health Agency of Canada, with the
work also benefitting from support from CIHR and Dr. Lea Berrang-Ford’s Trottier fellowship.
Author Contributions
Stephanie E. Austin conducted data collection and analysis. Stephanie E. Austin, James D. Ford and
Lea Berrang-Ford developed the framework, methodology and discussion. All co-authors contributed to
writing and editing.
Conflicts of Interest
The results in this paper were originally developed for a report contracted by the Public Health
Agency of Canada.
References
1.

2.

McMichael, A.; Neira, M.; Bertollini, R.; Campbell-Lendrum, D.; Hales, S. Climate change:
A time of need and opportunity for the health sector. Lancet 2009, 11, doi:10.1016/S01406736(09)62031-6.
Haines, A.; Kovats, R.S.; Campbell-Lendrum, D.; Corvalán, C. Climate change and human health:
Impacts, vulnerability and public health. Public Health 2006, 120, 585–596.

Int. J. Environ. Res. Public Health 2015, 12
3.
4.

5.

6.
7.
8.
9.

10.
11.

12.

13.

14.
15.

645

McMichael, A.J.; Woodruff, R.E.; Hales, S. Climate change and human health: Present and future
risks. Lancet 2006, 367, 859–869
IPCC. Summary for policymakers. In Climate Change 2014: Mitigation of Climate Change.
Contribution of Working Group III to the Fifth Assessment Report of the Intergovernmental Panel
on Climate Change; Edenhofer, O., Pichs-Madruga, R., Sokona, Y., Farahani, E., Kadner, S.,
Seyboth, K., Adler, A., Baum, I., Brunner, S., Eickemeier, P., et al. Eds.; Cambridge University
Press: Cambridge, UK, 2014.
Smith, K.R.; Woodward, A.; Campbell-Lendrum, D.; Chadee, D.D.; Honda, Y.; Liu, Q.;
Olwoch, J.M.; Revich, B.; Sauerborn, R. Human health: Impacts, adaptation, and co-benefits.
In Climate Change 2014: Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral
Aspects. Contribution of Working Group II to the Fifth Assessment Report of the Intergovernmental
Panel of Climate Change; Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J., Mastrandrea, M.D.,
Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova, R.C., Eds.; Cambridge University
Press: Cambridge, UK, 2014.
Ford, J.D.; Willox, A.C.; Chatwood, S.; Furgal, C.; Harper, S.; Mauro, I.; Pearce, T. Adapting to
the effects of climate change on inuit health. Am. J. Public Health 2014, 104, e9–e17.
Ebi, K.L.; Semenza, J.C. Community-based adaptation to the health impacts of climate change.
Am. J. Prev. Med. 2008, 35, 501–507.
Frumkin, H.; McMichael, A.J.; Hess, J.J. Climate change and the health of the public. Am. J. Prev.
Med. 2008, 35, 401–402.
Hess, J.J.; McDowell, J.Z.; Luber, G. Integrating climate change adaptation into public health
practice: Using adaptive management to increase adaptive capacity and build resilience.
Environ. Health Perspect. 2012, 120, 171–179.
Bell, E. Readying health services for climate change: A policy framework for regional
development. Am. J. Public Health 2011, 101, 804–813.
Costello, A.; Abbas, M.; Allen, A.; Ball, S.; Bell, S.; Bellamy, R.; Friel, S.; Groce, N.;
Johnson, A.; Kett, M.; et al. Managing the health effects of climate change: Lancet and University
College London Institute for Global Health Commission. Lancet 2009, 373, 1693–1733.
Government of Canada. Canadaʼs Sixth National Report on Climate Change: Actions to Meet
Commitments Under the United Nations Framework Convention on Climate Change; Government
of Canada: Ottawa, ON, Canada, 2014.
Larsen, J.N.; Anisimov, O.A.; Constable, A.; Hollowed, A.B.; Maynard, N.; Prestrud, P.;
Prowse, T.D.; Stone, J.M.R. Polar regions. In Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part B: Regional Aspects. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel of Climate Change; Barros, V.R.; Field, C.B.;
Dokken, D.J., Mastrandrea, M.D., Mach, K.J., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O.,
Genova, R.C., et al., Eds; Cambridge University Press: Cambridge, UK, 2014; pp. 1567–1612.
Séguin, J. Human Health in a Changing Climate: A Canadian Assessment of Vulnerabilities and
Adaptive Capacity; Health Canada: Ottawa, ON, Canada, 2008.
Ebi, K.L.; Mills, D. Winter mortality in a warming climate: A reassessment. Wiley Interdiscip. Rev.
2013, 4, 203–212.

Int. J. Environ. Res. Public Health 2015, 12

646

16. Dickinson, T.; Burton, I. Adaptation to climate change in Canada: A multi-level mosaic. In Climate
Change Adaptation in Developed Nations; Ford, J.D., Berrang-Ford, L., Eds.; Springer: New York,
NY, USA, 2011; pp. 103–117.
17. Government of Canada. Federal Adaptation Policy Framework. Environment Canada;
Government of Canada: Gatineau, QC, Canada, 2011.
18. Ford, J.D.; King, D. A framework for examining adaptation readiness. Mitig. Adapt. Strat.
Glob.Chang. 2013, 7, 1–22.
19. Preston, B.L.; Westaway, R.M.; Yuen, E.J. Climate adaptation planning in practice: An evaluation
of adaptation plans from three developed nations. Mitig. Adapt. Strat. Glob.Chang. 2011, 16,
407–438.
20. Smith, J.B.; Vogel, J.M.; Cromwell, J.E., III. An architecture for government action on adaptation
to climate change. An editorial comment. Clim. Chang. 2009, 95, 53–61.
21. Ogden, N.H.; Sockett, P.; Fleury, M. Public health in Canada and adaptation to infectious disease
risks of climate change: Are we planning or just keeping our fingers crossed? In Climate Change
Adaptation in Developed Nations; Ford, J.D., Berrang-Ford, L., Eds.; Springer: New York, NY,
USA, 2011; pp. 161–175.
22. Warren, F.J.; Lemmen, D.S. Canada in a Changing Climate: Sector Perspectives on Impacts and
Adaptation; Government of Canada: Ottawa, ON, Canada, 2014; p. 286.
23. Lemmen, D.S.; Warren, F.J.; Lacroix, J.; Bush, E. From Impacts to Adaptation: Canada in a
Changing Climate 2007; Natural Resources Canada: Ottawa, ON, Canada, 2008.
24. Mann, M.E.; Emanuel, K.A. Atlantic hurricane trends linked to climate change. EOS Trans. Am.
Geophys. Union 2006, 87, 233–241.
25. Bender, M.A.; Knutson, T.R.; Tuleya, R.E.; Sirutis, J.J.; Vecchi, G.A.; Garner, S.T.; Held, I.M.
Modeled impact of anthropogenic warming on the frequency of intense Atlantic hurricanes.
Science 2010, 327, 454–458.
26. Trenberth, K.E. Framing the way to relate climate extremes to climate change. Clim. Chang. 2012,
115, 283–290.
27. Brooks, H.E. Severe thunderstorms and climate change. Atmos. Res. 2013, 123, 129–138.
28. Cheng, C.S.; Auld, H.; Li, G.; Klaassen, J.; Li, Q. Possible impacts of climate change on
freezing rain in south-central Canada using downscaled future climate scenarios. Nat. Hazard.
Earth Syst. Sci. 2007, 7, 71–87.
29. Lambert, S.J.; Hansen, B.K. Simulated changes in the freezing rain climatology of North America
under global warming using a coupled climate model. Atmos. Ocean 2011, 49, 289–295.
30. Berry, P.; Clarke, K.; Fleury, M.D.; Parker, S. Human Health. In Canada in a Changing Climate:
Sector Perspectives on Impacts and Adaptation; Warren, F.J., Lemmen, D.S., Eds.; Government
of Canada: Ottawa, ON, Canada, 2014; pp. 191–232.
31. Loukas, A.; Vasiliades, L.; Dalezios, N.R. Potential climate change impacts on flood producing
mechanisms in southern British Columbia, Canada using the CGCMA1 simulation results.
J. Hydrol. 2002, 259, 163–188.
32. Milly, P.C.D.; Wetherald, R.T.; Dunne, K.A.; Delworth, T.L. Increasing risk of great floods in a
changing climate. Nature 2002, 415, doi:10.1038/415514a.

Int. J. Environ. Res. Public Health 2015, 12

647

33. Romero-Lankao, P.; Smith, J.B.; Davidson, D.J.; Diffenbaugh, N.S.; Kinney, P.L.; Kirshen, P.;
Kovacs, P.; Villers-Ruiz, L. North America. In Climate Change 2014: Impacts, Adaptation, and
Vulnerability. Part B: Regional Aspects. Contribution of Working Group II to the Fifth Assessment
Report of the Intergovernmental Panel of Climate Change; Barros, V.R., Field, C.B.,
Dokken, D.J., Mastrandrea, M.D., Mach, K.J., Bilir, T.E., Chatterjee, M., Ebi, K.L., Estrada, Y.O.,
Genova, R.C., et al., Eds.; Cambridge University Press: Cambridge, UK, 2014.
34. Vincent, L.A.; Mekis, É. Changes in daily and extreme temperature and precipitation indices for
Canada over the twentieth century. Atmos. Ocean 2006, 44, 177–193.
35. Shabbar, A.; Bonsal, B. An assessment of changes in winter cold and warm spells over Canada.
Nat. Hazard. 2003, 29, 173–188.
36. Shabbar, A.; Bonsal, B. Associations between low frequency variability modes and winter
temperature extremes in Canada. Atmos. Ocean 2004, 42, 127–140.
37. Smoyer-Tomic, K.E.; Kuhn, R.; Hudson, A. Heat wave hazards: An overview of heat wave impacts
in Canada. Nat. Hazard. 2003, 28, 465–486.
38. Luber, G.; McGeehin, M. Climate change and extreme heat events. Am. J. Prev. Med. 2008, 35,
429–435.
39. Fioletov, V.E.; Kerr, J.B.; McArthur, L.J.B.; Wardle, D.I.; Mathews, T.W. Estimating UV index
climatology over Canada. J. Appl. Meteorol. 2003, 42, 417–433.
40. Berner, J.; Furgal, C.; Bjerregaard, P.; Bradley, M.; Curtis, T.; DeFabo, E.; Hassi, J.; Keatinge, W.;
Kvernmo, S.; Nayha, S.; et al. Human health. In Arctic Climate Impact Assessment; Cambridge
University Press: Cambridge, UK, 2005; pp. 863–906.
41. WMO. Scientific Assessment of Ozone Depletion: 2010; WMO: Geneva, The Switzerland, 2011.
42. Van der Leun, J.C.; Piacentini, R.D.; de Gruijl, F.R. Climate change and human skin cancer.
Photochem. Photobiol. Sci. 2008, 7, 730–733.
43. Furgal, C.; Seguin, J. Climate change, health, and vulnerability in Canadian Northern Aboriginal
communities. Environ. Health Perspect. 2006, 114, 1964–1970.
44. Lucas, R.; McMichael, T.; Smith, W.; Armstrong, B. Solar Ultraviolet Radiation: Global Burden
of Disease from Solar Ultraviolet Radiation; Organization, W.H., Ed.; World Health Organization:
Geneva, The Switzerland, 2006.
45. Lucas, R.M.; Valery, P.; van der Mei, I.; Dwyer, T.; Pender, M.P.; Taylor, B.; Ponsonby, A.-L.;
The Ausimmune Investigator, G. Sun Exposure over a Lifetime in Australian Adults from
Latitudinally Diverse Regions. Photochem. Photobiol. 2013, 89, 737–744.
46. Jacob, D.J.; Winner, D.A. Effect of climate change on air quality. Atmos. Environ. 2009, 43,
51–63.
47. Rittmaster, R.; Adamowicz, W.; Amiro, B.; Pelletier, R. Economic analysis of health effects from
forest fires. Can. J. For. Res. 2006, 36, 868–877.
48. IPCC. Managing the Risks of Extreme Events and Disasters to Advance Climate Change
Adaptation; IPCC: Cambridge, UK, 2012.
49. Febriani, Y.; Levallois, P.; Gingras, S.; Gosselin, P.; Majowicz, S.E.; Fleury, M.D. The association
between farming activities, precipitation, and the risk of acute gastrointestinal illness in rural
municipalities of Quebec, Canada: A cross-sectional study. BMC Public Health 2010, 10,
doi:10.1186/1471-2458-10-48.

Int. J. Environ. Res. Public Health 2015, 12

648

50. Ogden, N.; Maarouf, A.; Barker, I.; Bigras-Poulin, M.; Lindsay, L.; Morshed, M.; Oʼcallaghan, C.;
Ramay, F.; Waltner-Toews, D.; Charron, D. Climate change and the potential for range expansion
of the Lyme disease vector Ixodes scapularis in Canada. Int. J. Parasitol. 2006, 36, 63–70.
51. Ogden, N.H.; Bouchard, C.; Kurtenbach, K.; Margos, G.; Lindsay, L.R.; Trudel, L.; Nguon, S.;
Milord, F. Active and passive surveillance and phylogenetic analysis of Borrelia burgdorferi
elucidate the process of Lyme disease risk emergence in Canada. Environ. Health Perspect. 2010,
909–914.
52. Epstein, P.R. West Nile virus and the climate. J. Urban. Health 2001, 78, 367–371.
53. Ford, J.D.; Berrang-Ford, L.; King, M.; Furgal, C. Vulnerability of Aboriginal health systems in
Canada to climate change. Glob. Environ. Chang. 2010, 20, 668–680.
54. Ford, J.D. Dangerous climate change and the importance of adaptation for the Arcticʼs Inuit
population. Environ. Res. Lett. 2009, 4, 024006–024015.
55. Willox, A.C.; Stephenson, E.; Allen, J.; Bourque, F.; Drossos, A.; Elgarøy, S.; Kral, M.J.;
Mauro, I.; Moses, J.; Pearce, T. Examining relationships between climate change and mental health
in the Circumpolar North. Reg. Environ. Chang. 2014, 1–14.
56. Meakin, S.; Kurvits, T. Assessing the Impacts of Climate Change on Food Security in the Canadian
Arctic.
Available
online:
http://www.grida.no/_res/site/file/publications/
foodsec_updt_LA_lo.pdf (accessed on 10 October 2014).
57. Nancarrow, T.; Chan, H.M. Observations of Environmental Changes and Potential Dietary Impacts
in
Two
Communities
in
Nunavut,
Canada.
Available
online:
http://www.ncbi.nlm.nih.gov/pubmed/20568912 (accessed on 10 October 2014).
58. Porter, J.R.; Xie, L.; Challinor, A.J.; Cochrane, K.; Howden, S.M.; Iqbal, M.M.; Lobell, D.B.;
Travasso, M.I. Food security and food production systems. In Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of Working
Group II to the Fifth Assessment Report of the Intergovernmental Panel of Climate Change;
Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J., Mastrandrea, M.D., Bilir, T.E.,
Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova, R.C., et al. Eds.; Cambridge University Press:
Cambridge, UK, 2014.
59. Evans, G.W.; Kim, P. Multiple risk exposure as a potential explanatory mechanism for the
socioeconomic status–health gradient. Ann. N.Y. Acad. Sci. 2010, 1186, 174–189.
60. Costello, A.; Maslin, M.; Montgomery, H.; Johnson, A.M.; Ekins, P. Global health and climate
change: Moving from denial and catastrophic fatalism to positive action. Philos. Trans. R. Soc. A
2011, 369, 1866–1882.
61. Ford, J.; Berrang-Ford, L. The 4Cs of adaptation tracking: Consistency, comparability,
comprehensiveness, coherency. Mitig. Adapt. Strateg. Glob. Chang. (In press).
62. Berrang-Ford, L.; Pearce, T.; Ford, J.D. Systematic review approaches for climate change
adaptation research. Reg. Environ. Chang. (In press).
63. Panic, M.; Ford, J. A review of national-level adaptation planning with regards to the risks posed
by climate change on infectious diseases in 14 OECD nations. Int. J. Environ. Res. Public Health
2013, 10, 7083–7109.

Int. J. Environ. Res. Public Health 2015, 12

649

64. Biagini, B.; Bierbaum, R.; Stults, M.; Dobardzic, S.; McNeeley, S.M. A typology of adaptation
actions: A global look at climate adaptation actions financed through the Global Environment
Facility. Glob. Environ. Chang. 2014, 25, 97–108.
65. Lesnikowski, A.; Ford, J.; Berrang-Ford, L.; Paterson, J.; Barrera, M.; Heymann, S. Adapting to
health impacts of climate change: A study of UNFCCC Annex I parties. Environ. Res. Lett. 2011,
6, doi:10.1088/1748-9326/6/4/044009.
66. Health Canada. Communicating the Health Risks of Extreme Heat Events; Water Air and Climate
Change Bureau, Ed.; Health Canada: Ottawa, ON, Canada, 2011.
67. Health Canada. Extreme Heat Events Guidelines: Technical Guide for Health Care Workers;
Health Canada: Ottawa, ON, Canada, 2011.
68. Health Canada. Extreme Heat Events Guidelines: User Guide for Health Care Workers and Health
Administrators; Health Canada: Ottawa, ON, Canada, 2011.
69. PHAC. Preventative Public Health Systems and Adaptation to a Changing Climate Program.
Available online: http://www.phac-aspc.gc.ca/hp-ps/eph-esp/pph-psp-eng.php (accessed on 11
June 2014).
70. Ermine, W.; Nilson, R.; Sauchyn, D.; Sauve, E.; Smith, R.Y. Isi Askiwan—The State of the Land:
Prince Albert Grand Council Elders’ Forum on Climate Change. Available online:
http://www.parc.ca/pdf/research_publications/communities8_isi-askiwan.pdf (accessed on 10
October 2014).
71. Klaver, J. A Feasibility Assessment to Study Societal Adaptation and Human Health Impacts under
Various Future Climate Scenarios Anticipated in the Canadian Prairies. Available online:
http://www.parc.ca/pdf/research_publications/communities5.pdf (accessed on 10 October 2014).
72. Wittrock, V.; Wheaton, E.E.; Beaulieu, C.R. Adaptability of Prairie Cities: The Role of Climate
Current and Future Impacts and Adaptation Strategies; Prairie Adaptation Research
Collaborative: Saskatoon, Saskatchewan, 2001.
73. Statistics Canada. Population by Year, by Province and Territory (Number). Available online:
http://www.statcan.gc.ca/tables-tableaux/sum-som/l01/cst01/demo02a-eng.htm (accessed on 10
October 2014).
74. Hedger, M.M.; Connell, R.; Bramwell, P. Bridging the gap: Empowering decision-making for
adaptation through the UK Climate Impacts Programme. Clim. Policy 2006, 6, 201–215.
75. Clar, C.; Prutsch, A.; Steurer, R. Barriers and guidelines for public policies on climate change
adaptation: A missed opportunity of scientific knowledge‐brokerage. Nat. Resour. Forum 2013,
37, 1–18.
76. Gosselin, P.; Bélanger, D.; Lapaige, V.; Labbé, Y. The burgeoning field of transdisciplinary
adaptation research in Quebec (1998–): A climate change-related public health narrative.
J. Multidiscip. Healthc. 2011, 4, 337–348.
77. Adger, W.N.; Arnell, N.W.; Tompkins, E.L. Successful adaptation to climate change across scales.
Glob. Environ. Chang. 2005, 15, 77–86.
78. Government of Canada. Constitution Act; Government of Canada: Ottawa, ON, Canada, 1867.
79. Puppim de Oliveira, J.A. The implementation of climate change related policies at the subnational
level: An analysis of three countries. Habitat Int. 2009, 33, 253–259.

Int. J. Environ. Res. Public Health 2015, 12

650

80. Poyar, K.A.; Beller-Simms, N. Early responses to climate change: An analysis of seven US state
and local climate adaptation planning initiatives. Weather Clim. Soc. 2010, 2, 237–248.
81. Qi, Y.; Ma, L.; Zhang, H.; Li, H. Translating a global issue into local priority China’s local
government response to climate change. J. Environ. Dev. 2008, 17, 379–400.
82. Bulkeley, H. Cities and the governing of climate change. Annu. Rev. Environ. Resour. 2010, 35,
229–253.
83. Burton, I. Adapt and Thrive: Options for Reducing the Climate Change Adaptation
Deficit. Available online: http://policyoptions.irpp.org/wp-content/uploads/sites/2/assets/po/
global-warming-a-perfect-storm/burton.pdf (accessed on 10 October 2014).
84. Climate-Adapt. European Climate Adaptation Platform: United Kingdom. Available online:
http://climate-adapt.eea.europa.eu/countries/united-kingdom (accessed on 19 September 2014).
85. Climate-Adapt. European Climate Adaptation Platform: Belgium. Available online: http://climateadapt.eea.europa.eu/countries/belgium (accessed on 19 September 2014).
86. Burton, I. Adaptation to climate change: Context, status, and prospects. In Climate Change
Adaptation in Developed Nations; Ford, J.D., Berrang-Ford, L., Eds.; Springer: NewYork, NY,
USA, 2011; pp. 477–483.
87. Moser, S.C.; Ekstrom, J.A. A framework to diagnose barriers to climate change adaptation.
Proc. Natl. Acad. Sci. 2010, 107, 22026–22031.
88. Termeer, C.; Biesbroek, R.; van den Brink, M. Institutions for adaptation to climate change:
Comparing national adaptation strategies in Europe. Eur. Polit. Sci. 2012, 11, 41–53.
89. Biesbroek, G.R.; Termeer, C.J.; Klostermann, J.E.; Kabat, P. Analytical lenses on barriers in the
governance of climate change adaptation. Mitig. Adapt. Strateg. Glob. Chang. 2013, 19, 1–22.
90. The Canadian Press. Climate Change Plan Easy for Bureaucrats to Ignore. Available online:
http://esciencenews.com/sources/cbc.technology.science/2012/07/30/climate.change.plan.easy.bu
reaucrats.ignore (accessed on 10 October 2014).
91. Boyle, J.; Cunningham, M.; Dekens, J. Climate Change Adaptation and Canadian Infrastructure;
International Institute for Sustainable Development (IISD): Winnipeg, MB, USA, 2013.
92. Australian Government. Adapting to Climate Change in Australia—An Australian Government
Position Paper. Available on line: http://www.climatechange.gov.au/sites/climatechange/files/
documents/03_2013/adapt-climate-change-position-paper.pdf (accessed on 10 October 2014).
93. Mimura, N.; Pulwarty, R.S.; Duc, D.M.; Elshinnawy, I.; Redsteer, M.H.; Huang, H.Q.;
Nkem, J.N.; Rodriguez, R.A.S. Adaptation planning and implementation. In Climate Change 2014:
Impacts, Adaptation, and Vulnerability. Part A: Global and Sectoral Aspects. Contribution of
Working Group II to the Fifth Assessment Report of the Intergovernmental Panel of Climate
Change; Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J., Mastrandrea, M.D., Bilir, T.E.,
Chatterjee, M., Ebi, K.L., Estrada, Y.O., Genova, R.C., et al. Eds.; Cambridge University Press:
Cambridge, UK, 2014.
94. Office of the Auditor General of Canada. Report of the Commissioner of the Environment and
Sustainable Development to the House of Commons: Chapter 3 Adapting to Climate Impacts;
Office of the Auditor General of Canada: Ottawa, ON, Canada, 2010.
95. Climate Action Network Europe. The Climate Change Performance Index: Results 2013. Available
online: http://germanwatch.org/de/download/7158.pdf (accessed on 10 October 2014).

Int. J. Environ. Res. Public Health 2015, 12

651

96. Ebi, K.L.; Burton, I. Identifying practical adaptation options: An approach to address climate
change-related health risks. Environ. Sci. Policy 2008, 11, 359–369.
97. Furgal, C.M.; Garvin, T.D.; Jardine, C.G. Trends in the study of Aboriginal health risks in Canada.
Int. J. Circumpolar Health 2010, 69, 322–332.
98. City of Vancouver. Climate Change Adaptation Strategy; City of Vancouver: Vancouver, BC,
Canada, 2012.
99. NCCARF. A Short History of NCCARF. Available online: http://www.nccarf.edu.au/content/
short-history-nccarf#s5 (accessed on 1 December 2014).
100. Office Fédérale de l’Environnement. Adaptation Aux Changements Climatiques Dans Les Villes
Suisses.
Available
online:
www.bafu.admin.ch/klimaanpassung/11504/index.html?
lang=fr&download=NHzLpZeg7t,lnp6I0NTU042l2Z6ln1ae2IZn4Z2qZpnO2Yuq2Z6gpJCGfXx7
hGym162epYbg2c_JjKbNoKSn6A-- (accessed on 10 October 2014).
101. UKCIP. Tools. Available online: http://www.ukcip.org.uk/wizard/ (accessed on 28
November 2014).
102. Wall, E.; Marzall, K. Adaptive capacity for climate change in Canadian rural communities.
Local Environ. 2006, 11, 373–397.
103. McClure, M. Alberta Urged to Prepare for Increasingly Severe Weather as Insurance Losses
Mount. Available online: http://www.calgaryherald.com/news/alberta/Alberta+urged+prepare+
increasingly+severe+weather+insurance+losses+mount/8446756/story.html (accessed on 10
October 2014).
104. The Canadian Press. Alberta Flooding Sets Records, Prompts Calls for Action on Climate Change.
Available online: http://www.macleans.ca/news/canada/alberta-flooding-sets-records-promptscalls-for-action-on-climate-change/ (accessed on 10 October 2014).
105. Burton, I. Moving Forward on Adaptation. In From Impacts to Adaptation: Canada in a Changing
Climate 2007; Lemmen, D.S.; Warren, F.J.; Lacroix, J.; Bush, E., Eds.; Government of Canada:
Ottawa, ON, Canada, 2008.
© 2015 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article
distributed under the terms and conditions of the Creative Commons Attribution license
(http://creativecommons.org/licenses/by/4.0/)

