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PREFACE
Climate is changing—rising air and ocean tempera-

tures, shifting precipitation patterns, shrinking glaciers, 
declining sea-ice extent, rising sea level and changes in 
extreme events have been observed globally (IPCC, 2013b) 
and in Canada (Bush et al., 2014). Climate models project 
that many of the observed trends will continue over the 
coming decades and beyond, even with aggressive global 
mitigation efforts (e.g., IPCC, 2013b). Reducing greenhouse 
gases is necessary to lessen the magnitude and rate of 
climate change, but it cannot prevent additional impacts 
from occurring due to the inertia in the climate system. 
Climate change impacts will continue to present risks and 
opportunities (Lemmen et al., 2008; Warren and Lemmen, 
2014), and Canadians will need to adapt—make adjust-
ments in their activities and decisions in order to reduce 
risks and moderate harm, or to take advantage of new 
opportunities.

Although all regions of the country will be affected by 
climate change, Canada’s coastal regions face unique 
pressures. Changing sea levels, coastal and inland flooding, 
higher ocean temperatures and reduced sea ice cause a 
range of severe and often cumulative impacts. Furthermore, 
climate change stresses are superimposed upon the chal-
lenges already facing many coastal communities, including 
aging demographics, shifting economies and sometimes 
conflicting priorities regarding land use and development. 
Living near the coast also means recognizing its dynamic 
nature and adapting to an environment that is constantly in 
flux. It is important to understand the risks and opportunities 
that climate change presents for coastal regions within this 
context, in order to adapt effectively.

1	CANADA’S COASTS
Canada’s coasts, the longest in the world, are a defining 

element of our national identity. (Mercer Clarke et al., 
Chapter 3, this volume)

The marine coastline of Canada fronts on three oceans 
(Atlantic, Arctic and Pacific) and includes major gulfs and bays 
(e.g., Hudson Bay and the Gulf of St. Lawrence). Canada’s 
coastline, measuring more than 243 000 km, is the longest in 
world.1 It extends from latitude 43°N to 83°N and includes 
landscapes as disparate as coastal rainforests and tundra 
barrens (Figure 1), as well as tidal ranges that range from 
negligible to the highest in the world. Canada’s coasts are 
bordered by numerous straits, gulfs and bays, such as the 

1	 Published values for the length of coastlines vary greatly, depending on the spatial scale 
at which measurements were taken. Coastal length is a classic fractal example (Mandel-
brot, 1967) and, as such, all values are estimates. Values in this chapter are taken from 
Atlas of Canada (1972).

Salish Sea on the southwest Pacific coast and the Bay of 
Fundy and Labrador Sea on the Atlantic margin. The large 
mass of northern islands, known collectively as the Canadian 
Arctic Archipelago, is divided from the mainland coast by a 
number of large water bodies and numerous interisland 
channels and straits, including the Northwest Passage.

Coasts are important to all Canadians for their natural 
resources, beauty, biodiversity and other contributions to 
society and culture. Coasts have played, and will continue 
to play, a key role in supporting national, regional and local 
economies, and in facilitating the flow of imports and exports 
to meet the needs of people at home and around the globe. 
Marine ports in Canada annually ship merchandise worth more 
than $400 billion (Association of Canadian Port Authorities, 
2013). Although Canada’s coasts are increasingly urbanized, 
with the diverse economies associated with most modern 
cities, natural resources (including fisheries and forestry) 
continue to play an important role in many regions and are 
particularly sensitive to climate change. Tourism and transpor-
tation are other sectors of the coastal economy with high 

FIGURE 1: Photos showing the diversity of Canada's marine
coasts. East Coast region: a) and b), North Coast region: c) and d); 
and West Coast region: e) and f). Photos courtesy of a) J-P. Savard, 
b) D. van Proosdij, c) N. Couture, d) D. Evans, e) A. Blais Stevens 

and f) D. Lemmen.



CANADA’S MARINE COASTS in a CHANGING CLIMATE 20

sensitivity to climate variability and change. Canada’s coastal 
regions also provide ecosystem services that support the 
well-being of society and individuals (see Chapter 3), and 
that are especially important to many Indigenous peoples.

This report examines the implications of a changing 
climate in the three marine coastal regions of Canada:  
East Coast, North Coast and West Coast (Box 1; Figure 2). 

The boundaries were chosen to best facilitate discussion of 
the climate change issues facing each region, rather than 
being strictly based on geographic or political delinea-
tions. While the importance of inland freshwater coasts, 
such as the Great Lakes, is recognized, these are outside 
the scope of this assessment.

BOX 1 
CANADA’S COASTAL REGIONS
The East Coast region includes the entire coasts of 
New Brunswick, Nova Scotia, Prince Edward Island and 
the island of Newfoundland; the southern coast of 
Labrador as far north as Hamilton Inlet; and the coast  
of Quebec that extends along the estuary and Gulf of 
St. Lawrence, reaching upriver to Québec. The total 
length of this coastline is approximately 42 000 km,  
with a coastal population of about 3 million. Important 
economic sectors include fisheries, aquaculture, trans-
portation, tourism and manufacturing.

The North Coast region encompasses the coasts of 
the three northern territories, as well as Labrador (north 
of Hamilton Inlet), Manitoba, Ontario and Quebec along 
Hudson Bay and Hudson Strait. The region includes 
176 000 km of coastline, representing more than 70% of 
Canada’s marine coasts, but is sparsely populated by 
about 70 000 people. All but one of the 25 communities 
in Nunavut are located on the coast, and centres such 
as Inuvik, NT, Iqaluit, NU and Kuujjuaq, QC provide 
important regional services, including the import and 
export of goods. Sea ice and permafrost have a strong 
influence on northern coasts and livelihoods.

The West Coast region includes 26 000 km of coast-
line, all within the Province of British Columbia. The 
population of coastal British Columbia is approximately 
3.5 million, concentrated largely in the lower mainland 
(Greater Vancouver) and southwestern Vancouver Island. 
In an analysis of current (2005) assets exposed to climate 
extremes, Vancouver was ranked 15th most vulnerable 
among all global port cities, with exposed assets of more 
than $55 billion (Nicholls et al., 2008), by far the greatest 
in Canada. Although the provincial economy is diverse, 
the economies of many small coastal communities remain 
strongly tied to fishery, forestry and tourism activities.

FIGURE 2: Canada’s marine coasts, broadly delineating the 
three regions discussed in this report.

Provinces/territories:
   Yukon, Northwest Territories, Nunavut, Newfoundland and Labrador, 
   Quebec, Ontario, Manitoba
Length of coast: 
   approx. 176 000 km
Coastal population:
   approx. 70 000
Major communities:
   Iqaluit, Kuujjuaq, Inuvik, Arviat, Rankin Inlet, Nain, Moosonee
Major Ports: 
   Churchill 
 

Provinces/territories:
   Quebec, New Brunswick,  
   Prince Edward Island, 
   Nova Scotia, Newfoundland 
   and Labrador  
Length of coast: 
   approx. 42 000 km
Coastal population:
   approx. 3 000 000 
Major communities:
   Québec, Halifax, 
   St. John’s, Saint John, 
   Charlottetown  
Major Ports: 
   Halifax, Saint John, 
   St. John’s, Québec, 
   Sept-Îsles, Belledune 
 

Provinces/territories:
   British Columbia 
Length of coast: 
   approx. 26 000 km
Coastal population:
   approx. 3 500 000 
Major communities:
   Metro Vancouver, Capital Region 
   District (Victoria), Regional District 
   of Nanaimo 
Major Ports: 
   Metro Vancouver, Prince Rupert, 
   Victoria
 

North Coast Region

West 
Coast 
Region

East 
Coast 
Region
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DEFINING COASTS –  
A LANDSCAPE APPROACH
Derived predominantly from fisheries management and international 
marine law, the coast is often described as a zone or area along a 
shoreline, largely marine in focus, whose landward boundary is 
either determined by the highest anticipated inland intrusion of 
seawater or designated as a specified distance from the shore, and 
whose marine boundary extends to the limits of national territorial 
seas (i.e., 12 nautical miles [nm] seaward from the shore). More 
integrated (landscape-scale) approaches to coastal management 
take a broader view of coasts that acknowledges the linkages 
among terrestrial, aquatic and marine ecosystems, transcends 
jurisdictional and disciplinary boundaries, and improves under-
standing (and management) of human-environment interactions and 
of long-term coastal change (Figure 3; UNEP-GPA, 1995; Joint 
Group of Experts on the Scientific Aspects of Marine Environmental 
Protection and Advisory Committee on Protection of the Sea, 2001; 
Mercer Clarke, 2010).

Working at a landscape scale provides opportunities for the 
collaborative development of new insights and for the effective 
planning and management of coastal environments (Bekkby et al., 
2002; Stewart and Neily, 2008). It also eliminates the need for 
defined coastal boundaries. This assessment recognizes the 
importance of this broader perspective in the development of 
strategies and measures to address climate change. Although the 
primary focus of the report remains the shoreline, as the interface 
between land and water, the scope of the report extends landward 
and oceanward to the extent that such territory affects the sustain-
ability and well-being of coastal communities and ecosystems.

2	CHANGING CLIMATE

Warming in the climate system is unequivocal, 
and since the 1950s, many of the observed 
changes are unprecedented over decades to 
millennia. (IPCC, 2013b)

International and national science assessments have 
concluded unequivocally that the climate is changing (e.g., 
IPCC, 2013b; Melillo et al., 2014; Warren and Lemmen, 2014; 
see Chapter 2). Coasts in Canada are already experiencing 
escalating changes related, in part, to shifting climate and/or 
changes in severe weather events (Lane et al., 2013). Rising 
sea level, warming air and water temperatures, storms of 
greater intensity and reduced sea ice are some examples of 
the environmental shifts that coastal regions are facing (see 
Chapter 2). These changes will affect regions and communi-
ties in different ways, depending on the physiography of the 
coastline, exposure to wind and waves, presence of natural 
and built protection (e.g., beaches, dunes, marshes, seawalls, 
dikes and breakwaters), proximity of the built environment to 
hazardous conditions, and local preparedness (e.g., Boateng, 
2008; Simpson et al., 2012).

While the rate, scope and nature of impacts will vary 
with location, there are some commonly identified issues, 
including effects on coastal ecosystems (e.g., wetlands and 
aquatic ecosystems), infrastructure (e.g., transportation, water 
supply and discharge, and buildings) and economic sectors 
(e.g., fisheries, natural resources and tourism). Although 
emphasis is commonly placed on the risks associated with 
climate change, there will also be opportunities. Table 1 
provides examples of climate-related risks and opportunities 
for sectors of importance to Canada’s coasts, as identified in 
previous national-scale assessments in Canada.

Comparatively little is known about the economic costs 
associated with a changing climate along Canada’s marine 
coasts. A national-scale analysis estimated that the cost of 
flooding of coastal dwellings (only one of many climate 
change impacts of concern) could be $4–17 billion per year 
by the middle of this century (National Round Table on the 
Environment and the Economy, 2011). The significance of 
economic impacts varies regionally. For example, the National 
Round Table on the Environment and the Economy study 
noted that, in terms of percentage of total land area, Prince 
Edward Island’s coastal areas are at the most risk, whereas 
the number of dwellings impacted will be greatest in 
British Columbia and the per capita costs of dwellings 
damaged will be greatest in Nunavut.

FIGURE 3: The coastal landscape (modified from Mercer 
Clarke, 2010). Abbreviation: nm, nautical mile (22.2 km).
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3	ADAPTATION – PREPARING 
FOR CHANGE

Planning by coastal communities that considers 
the impacts of climate change reduces the risk 
of harm from those impacts. In particular, 
proactive planning reduces the need for reactive 
response to the damage caused by extreme 
events. Handling things after the fact can be more 
expensive and less effective. (Wong et al., 2014)

Adaptation to climate change is defined as “the process 
of adjustment to actual or expected climate and its effects” 
(IPCC, 2014b). Adaptation is needed both to reduce the risks 
and to benefit from potential opportunities associated with 
changing climate. There are many different approaches to 
adaptation, including behavioural changes, operational 
modifications, technological interventions, planning changes 
and revised investment practices, regulations and legislation 
(Warren and Lemmen, 2014). While adaptation in the natural 
environment occurs spontaneously, adaptation in human 
systems often requires careful planning and collaboration that 

are guided by both scientific research and detailed under-
standing of the systems involved. This guidance is especially 
important in coastal regions, where there are many actors 
involved, and the potential for maladaptation (actions that 
inadvertently increase vulnerability to climate change) is high.

Because adaptation involves changes in both thinking and 
process, it is by necessity an iterative process that is continu-
ally evolving, informed by new understanding, changing 
socio-economic conditions and practical experience. For 
example, adaptation choices and effectiveness will be 
influenced in many cases by the success of mitigation 
efforts (Box 2).

Specific objectives of adaptation processes can include 
building awareness and capacity, mobilizing resources, and 
assessing and implementing options (Figure 4; Eyzaguirre and 
Warren, 2014). Effective adaptation measures will not only 
enhance climate resilience, but can contribute to other policy 
priorities, such as emergency preparedness and economic 
diversification (Box 3). Indeed, the concept of mainstreaming, 
advocated by Canada’s Federal Adaptation Policy Frame-
work, involves consideration of climate change as one  
of many factors in all relevant processes, such as policy 
development, planning exercises and decision-making.

TABLE 1: Examples of climate change impacts (by sector) in Canada’s coastal regions (from relevant regional chapters of Lemmen et al. 
[2008] and sectoral chapters of Warren and Lemmen [2014]).

Sector Climate-related risks and opportunities

Infrastructure �� Risks associated with coastal erosion, storm-surge flooding and sea-level rise, and wind
�� Failure of dikes and other protection structures, increased construction and maintenance costs

Transportation �� Increased maintenance costs of ports, coastal roads and railroads, traffic disruption and delays
�� Increased marine traffic in the North due to decreased sea-ice

Fisheries �� Higher water temperatures and increased acidity that will affect species distribution and  
ecosystem health, including fish reproduction and distribution

�� Increasing impacts from invasive species
�� Potential increase in total biomass of production from wild-capture fisheries

Tourism �� Increased duration of warm-weather recreation season
�� Decreased duration of cold-weather recreation season
�� Risks to infrastructure and safety associated with extreme weather events

Energy �� Seasonal shifts in energy demand: increased summer cooling, decreased winter heating
�� Risks to energy transmission infrastructure from extreme weather events
�� Risks to offshore production facilities due to increased storminess and changes in ice risk

Forestry �� Increased forest disturbance related to pests, disease and fire
�� Changes in forest composition and potential for increases in productivity

Mining �� Increased risks to transportation infrastructure
�� Changes in sea-ice conditions that could improve marine access to northern mine sites

Agriculture �� Increased duration of growing season
�� Groundwater salinization as a result of sea-level rise and pumping
�� Changes in agricultural pests 
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are guided by both scientific research and detailed under-
standing of the systems involved. This guidance is especially 
important in coastal regions, where there are many actors 
involved, and the potential for maladaptation (actions that 
inadvertently increase vulnerability to climate change) is high.

Because adaptation involves changes in both thinking and 
process, it is by necessity an iterative process that is continu-
ally evolving, informed by new understanding, changing 
socio-economic conditions and practical experience. For 
example, adaptation choices and effectiveness will be 
influenced in many cases by the success of mitigation 
efforts (Box 2).

Specific objectives of adaptation processes can include 
building awareness and capacity, mobilizing resources, and 
assessing and implementing options (Figure 4; Eyzaguirre and 
Warren, 2014). Effective adaptation measures will not only 
enhance climate resilience, but can contribute to other policy 
priorities, such as emergency preparedness and economic 
diversification (Box 3). Indeed, the concept of mainstreaming, 
advocated by Canada’s Federal Adaptation Policy Frame-
work, involves consideration of climate change as one  
of many factors in all relevant processes, such as policy 
development, planning exercises and decision-making.

BOX 2 
ADAPTATION AND MITIGATION
Although adaptation and mitigation (the reduction of greenhouse gas emissions and enhancement of greenhouse gas 
sinks) are sometimes portrayed as distinct responses to climate change, they are inextricably linked. The success of 
mitigation directly affects the need for adaptation, as well as the viability of different adaptation options. Mitigation 
reduces both the magnitude and the rate of climate change. The greater the reductions in greenhouse gas emissions, 
the greater the potential for successful adaptation.

For example, scenarios presented in the most recent report of the Intergovernmental Panel on Climate Change (IPCC, 
2013b) include a range of plausible futures where mean global surface temperature is likely to increase by 0.3–4.8°C for 
the period 2081–2100 (relative to the 1985–2005 mean), with associated rises in global sea level of 0.26–0.82 m. Lower 
increases in temperature are associated with very ambitious greenhouse gas mitigation and would lead to reduced 
amounts of sea-level rise that would require less investment in adaptation. This relationship becomes even more 
important when one considers that sea level will continue to change beyond the current century. Although ambitious 
greenhouse gas mitigation in the coming decades can limit global sea-level rise to about 1 m during the next 500 years, 
scenarios with only limited mitigation efforts could result in global sea level rising by 1 m to more than 3 m by the year 
2300 (Church et al., 2013).

FIGURE 4: The iterative process of adaptation (modified 
from Eyzaguirre and Warren, 2014).

Recent years have seen a rapid expansion in literature 
on the topic of adaptation (Burkett et al., 2014). A number 
of specific approaches have proven useful in coastal 
settings globally, including community-based adaptation 
and ecosystem-based adaptation (Shaw et al., 2014; Wong 
et al., 2014), with a common goal of enhancing resilience. 
The most appropriate approaches to adaptation will be 
location and context specific. In Canada, including along 
the coasts, there has been a strong focus on adaptation at 
the community scale (Eyzaguirre and Warren, 2014). The 
value of ecosystem-based approaches, which involve the 
use of biodiversity and ecosystem services as part of an 
overall adaptation strategy, is increasingly recognized in 
Canada as a means to address some coastal issues (see 
Chapters 3, 4 and 6).

There are also many ways of classifying adaptation actions 
to address climate change impacts along coasts. In scientific 
and technical literature, it is common to group coastal 
adaptation, particularly with respect to addressing sea-level 
rise and coastal flooding, into four categories (see Chapter 3): 
no active intervention; accommodation; protection (hard and 
soft measures); and avoidance or retreat. In reality, most 
coastal adaptation strategies are likely to involve several, and 
perhaps all, of these groups of actions.

CONFIDENCE AND UNCERTAINTY
Planning for any future activity inevitably involves some degree  
of uncertainty. The global scientific assessments of the IPCC  
use predefined terminology to express uncertainty in terms of 
likelihood, based upon either statistical analysis or expert opinion 
(IPCC, 2014b, p. 6). In this assessment, we use common-sense 
language to convey likelihood, rather than using statistically defined 
terms. This approach is used because it is rare to have quantitative 
data on the probability of impacts at the national scale, so there is  
a strong reliance on the expert opinion of the author teams.

Similarly, while other assessments adopt predefined terminology 
for depicting scientific confidence in findings, this report uses 
common-sense language. Confidence is greatest where projected 
impacts are consistent with impacts observed in historical trends 
and/or where a number of studies have independently arrived at 
similar conclusions.



BOX 3 
PRINCIPLES FOR EFFECTIVE ADAPTATION 
(IPCC, 2014b, p. 25–28)

The Summary for Policymakers of the Working Group II 
(Impacts, Adaptation and Vulnerability) contribution to 
the IPCC Fifth Assessment Report highlights a number 
of broad principles that underlie successful adaptation. 
Those of direct relevance to the issues discussed in this 
report include the following:

�� Adaptation is place and context specific, with no 
single approach for reducing risks appropriate 
across all settings.

�� Adaptation planning and implementation can be 
enhanced through complementary actions across 
levels, from individuals to governments.

�� A first step toward adaptation to future climate 
change is reducing vulnerability and exposure  
to present climate variability.

�� Effective adaptation strategies include actions  
with co-benefits for other objectives.

�� Adaptation planning and implementation are 
contingent on societal values, objectives and  
risk perceptions.

�� Existing and emerging economic instruments  
can foster adaptation by providing incentives  
for anticipating and reducing impacts.

�� Poor planning, overemphasizing short-term 
outcomes or failing to sufficiently anticipate 
consequences can result in maladaptation.
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4	SCOPE AND FORMAT 
OF THE REPORT
This assessment, Canada’s Marine Coasts in a Changing 

Climate, discusses current and future risks and opportunities 
that climate change presents to coastal regions of Canada. It 
highlights what we know regarding vulnerability and the key 
issues facing each coastal region, with the goal of being a 
policy-relevant resource to inform regional and national 
decision-making on coastal management and the devel-
opment of climate change adaptation strategies. The 
assessment is based on a critical analysis of existing 
knowledge, drawing from the published scientific and 
technical literature (peer-reviewed and ‘grey’ literature), 
and from expert (including traditional) knowledge. Although 
emphasis is on studies conducted within Canada, interna-
tional sources are incorporated as appropriate. Ecosystem 
impacts and adaptation, noted in all chapters, are discussed 
primarily in the context of ecosystem services and the 
fisheries sector. Key concepts mirror those of past Cana-
dian (Lemmen et al., 2008; Warren and Lemmen, 2014) 
and international (IPCC, 2014b) assessments of climate 
change impacts and adaptation. Key terminology is 
presented in Box 4.

The report is structured by region, with the main chapters 
of the assessment providing regional perspectives on 
Canada’s East Coast, North Coast and West Coast regions 
(Chapters 4–6). Each of these chapters provides regional 
context, then discusses observed and projected climate 
changes in the region, and climate change risks, opportuni-
ties and adaptation approaches. Case studies are used to 
provide more detail on selected issues, to highlight exam-
ples of effective adaptation initiatives and to identify 
transferable lessons learned. In recognition of the signifi-
cant differences between the regions, the regional chapters 
do not follow a common template.

In addition to this ‘Introduction’, there are two support-
ing chapters. ‘Chapter 2: Dynamic Coasts in a Changing 
Climate’ provides an overview of the diversity and dynamic 
nature of Canada’s marine coasts, discussing past and 
projected climate change, sea-level change and the 
impacts and implications of changing mean and extreme 
water levels. ‘Chapter 3: The Coastal Challenge’ discusses 
how ongoing and projected changes may affect coastal 
environments and coastal societies, and provides an over-
view of approaches to adaptation, outlining how they are 
being used along Canada’s coastlines. The report concludes 
with ‘Chapter 7: Frequently Asked Questions’, which builds 
on the content of the other chapters, to provide an easily 
accessible resource that explains, in plain language, the 
main climate change issues facing Canada's coastal regions.
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BOX 4 
KEY TERMINOLOGY IN THIS REPORT 
(modified from IPCC, 2013a, 2014a, p. 5)

Adaptation is the process of adjustment to actual or 
expected climate and its effects. In human systems, 
adaptation seeks to moderate or avoid harm, or exploit 
beneficial opportunities. In some natural systems, human 
intervention may facilitate adjustment to expected climate 
and its effects.

Adaptive capacity is the ability of systems, institutions, 
humans and other organisms to adjust to potential 
damages, to take advantage of opportunities, or to 
respond to consequences.

Climate change refers to a change in the state of the 
climate that can be identified (e.g., using statistical tests) 
by changes in the mean and/or variability of its properties, 
and that persists for an extended period, typically decades 
or longer. It refers to any change in climate over time, 
whether due to natural variability or human activity.

Climate variability refers to variations in the mean state 
and other statistics (such as standard deviations and the 
occurrence of extremes) of the climate on all spatial and 
temporal scales beyond that of individual weather events. 
Variability may be due to natural internal processes within 
the climate system or to variations in natural or anthropo-
genic external forcing.

Ecosystem services are ecological processes or functions 
having monetary or nonmonetary value to individuals or 
society at large. These are frequently classified as 1) 
supporting services, such as productivity or biodiversity 
maintenance; 2) provisioning services, such as food, fibre 
or fish; 3) regulating services, such as climate regulation  
or carbon sequestration; and 4) cultural services, such as 
tourism or spiritual and aesthetic appreciation.

Exposure refers to the presence of people, livelihoods 
species or ecosystems; environmental functions, services 
and resources; infrastructure; or economic, social or cultural 
assets in places and settings that could be adversely affected.

Hazard is the potential occurrence of a natural or 
human-induced physical event or trend, or physical 
impact that may cause loss of life, injury or other health 
impacts, as well as damage and loss to property, infra-
structure, livelihoods, service provision, ecosystems and 
environmental resources.

Impacts are effects on natural and human systems. The 
term ‘impacts’ is used primarily to refer to the effects on 
natural and human systems of extreme weather and climate 
events, and of climate change. Impacts generally refer to 
effects on lives, livelihoods, health, ecosystems, economies, 
societies, cultures, services and infrastructure due to the 
interaction of climate changes or hazardous climate events 

occurring within a specific time period, and the vulnerability 
of an exposed society or system. Impacts are also referred 
to as ‘consequences’ and ‘outcomes’. The impacts of 
climate change on natural physical systems, including 
precipitation regimes (e.g., floods, droughts) and the 
global hydrological cycle (e.g., sea-level rise), are a subset 
of impacts called physical impacts.

Maladaptation are actions that may lead to increased risk of 
adverse climate-related outcomes, increased vulnerability to 
climate change or diminished welfare, now or in the future.

Resilience is the capacity of social, economic and environ-
mental systems to cope with a hazardous event or trend or 
disturbance, responding or reorganizing in ways that 
maintain their essential function, identity and structure, 
while also maintaining the capacity for adaptation, learning 
and transformation.

Risk is the potential for consequences where something  
of value is at stake and where the outcome is uncertain, 
recognizing the diversity of values. Risk is often represented 
as probability of occurrence of hazardous events or trends 
multiplied by the impacts if these events or trends occur.  
Risk results from the interaction of vulnerability, exposure  
and hazard.

Sensitivity is the degree to which a system is affected, 
either adversely or beneficially, by climate variability or 
climate change. The effect may be direct (e.g., a change  
in crop yield in response to a change in the mean, range  
or variability of temperature) or indirect (e.g., damage 
caused by an increase in the frequency of coastal flooding 
due to sea-level rise).

Storm surge is the temporary difference between the 
expected water level and that experienced at a particular 
location due to meteorological conditions, especially 
atmospheric pressure. Strong onshore winds and low 
atmospheric pressure can cause a positive storm surge that 
brings water levels higher than expected. Strong offshore 
winds and high atmospheric pressure can cause a negative 
surge that brings water levels lower than expected.

Uncertainty is a state of incomplete knowledge that can 
result from a lack of information or from disagreement 
about what is known or even knowable. It may have many 
types of sources, from imprecision in the data to ambiguously 
defined concepts or terminology, or uncertain projections  
of human behaviour.

Vulnerability is the propensity or predisposition to be 
adversely affected. Vulnerability encompasses a variety of 
concepts and elements, including sensitivity or susceptibil-
ity to harm and lack of capacity to cope and adapt.



CANADA’S MARINE COASTS in a CHANGING CLIMATE 26

5	REFERENCES
Association of Canadian Port Authorities (2013): Industry information – Canadian  

port industry; Association of Canadian Port Authorities,  
<http://www.acpa-ports.net/industry/industry.html>.

Atlas of Canada (1972): Facts about Canada – coastline; Natural Resources Canada.

Bekkby, T., Erikstad, L., Bekkestuen, V. and Bjørge, A. (2002): A landscape ecological 
approach to marine coastal zone applications; Sarsia, v. 87, no. 5, p. 396–408.  
doi:10.1080/0036482021000155845

Boateng, I. (2008): Integrating sea-level rise adaptation into planning policies in  
the coastal zone; FIG Working Week 2008, Stockholm, Sweden, 22 p., 
<http://www.researchgate.net/publication/237428444_Integrating_ 
Sea-Level_Rise_Adaptation_into_Planning_Policies_in_the_Coastal_Zone>.

Burkett, V.R., Suarez, A.G., Bindi, M., Conde, C., Mukerji, R., Prather, M.J., St. Clair, A.L. and 
Yohe G.W. (2014): Point of departure; 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 on Climate 
Change), (ed.) C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, T.E. 
Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. 
Levy, S. MacCracken, P.R. Mastrandrea and L.L. White; Cambridge University  
Press, Cambridge, United Kingdom and New York, New York, p. 169–194,  
<http://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-Chap1_FINAL.pdf>.

Bush, E.J., Loder, J.W., James, T.S., Mortsch, L.D. and Cohen, S.J. (2014): An overview of 
Canada’s changing climate; in Canada in a Changing Climate: Sector Perspectives 
on Impacts and Adaptation, (ed.) F.J. Warren and D.S. Lemmen; Government of 
Canada, Ottawa, p. 23–64, <http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/
earthsciences/pdf/assess/2014/pdf/Chapter2-Overview_Eng.pdf>.

Church, J.A., Clark, P.U., Cazenave, A., Gregory, J.M., Jevrejeva, S., Levermann, A., 
Merrifield, M.A., Milne, G.A., Nerem, R.S., Nunn, P.D., Payne, A.J., Pfeffer, W.T., 
Stammer, D. and Unnikrishnan, A.S. (2013): Sea level change; in Climate Change 
2013: The Physical Science Basis (Contribution of Working Group I to the Fifth 
Assessment Report of the Intergovernmental Panel on Climate Change), (ed.) T.F. 
Stocker, D. Quin, G.K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, 
V. Bex and P.M. Migdley; Cambridge University Press, Cambridge, United Kingdom 
and New York, New York, p. 1137–1216, <http://www.ipcc.ch/pdf/assessment-re-
port/ar5/wg1/WG1AR5_Chapter13_FINAL.pdf>.

Eyzaguirre, J. and Warren, F.J. (2014): Adaptation: linking research and practice; in Canada 
in a Changing Climate: Sector Perspectives on Impacts and Adaptation, (ed.) F.J. 
Warren and D.S. Lemmen; Government of Canada, Ottawa, p. 253–286, <http://
www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2014/pdf/
Chapter9-Adaptation_Eng.pdf>.

Joint Group of Experts on the Scientific Aspects of Marine Environmental Protection and 
Advisory Committee on Protection of the Sea (2001): Protecting the oceans from 
land-based activities – land-based sources and activities affecting the quality and 
uses of the marine, coastal and associated freshwater environment; IMO/FAO/
UNESCO-IOC/WMO/WHO/IAEA/UN/UNEP, GESAMP Reports and Studies, 
no. 71, 162 p., <http://www.gesamp.org/data/gesamp/files/media/Publications/
Reports_and_studies_71/gallery_1371/object_1490_large.pdf>.

IPCC [Intergovernmental Panel on Climate Change] (2013a): Glossary; Annex III in Climate 
Change 2013: The Physical Science Basis (Contribution of Working Group I to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change), (ed.) 
T.F. Stocker, D. Quin, G.K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. 
Xia, V. Bex and P.M. Migdley; Cambridge University Press, Cambridge, United 
Kingdom and New York, New York, p. 1447–1465, <http://www.ipcc.ch/pdf/
assessment-report/ar5/wg1/WG1AR5_AnnexIII_FINAL.pdf>.

IPCC [Intergovernmental Panel on Climate Change] (2013b): Summary for policymakers; in 
Climate Change 2013: The Physical Science Basis (Contribution of Working Group I 
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change), 
(ed.) T.F. Stocker, D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, 
Y. Xia, V. Bex and P.M. Midgley; Cambridge University Press, Cambridge, United 
Kingdom and New York, New York, p. 3–29, <http://www.ipcc.ch/pdf/assessment-re-
port/ar5/wg1/WG1AR5_SPM_FINAL.pdf>.

IPCC [Intergovernmental Panel on Climate Change] (2014a): Glossary; Annex II in Climate 
Change 2014: Impacts, Adaptation, and Vulnerability (Contribution of Working 
Group II to the Fifth Assessment Report of the Intergovernmental Panel on Climate 
Change), (ed.) C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. Mastrandrea, 
T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, E.S. Kissel,  
A.N. Levy, S. MacCracken, P.R. Mastrandrea and L.L. White; Cambridge University 
Press, Cambridge, United Kingdom and New York, New York, p. 1757–1776,  
<http://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-AnnexII_FINAL.pdf>.

IPCC [Intergovernmental Panel on Climate Change] (2014b): Summary for policymakers; 
in Climate Change 2014: Impacts, Adaptation, and Vulnerability (Contribution of 
Working Group II to the Fifth Assessment Report of the Intergovernmental Panel  
on Climate Change), (ed.) C.B. Field, V.R. Barros, D.J. Dokken, K.J. Mach, M.D. 

Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. Estrada, R.C. Genova, B. Girma, 
E.S. Kissel, A.N. Levy, S. MacCracken, P.R. Mastrandrea and L.L. White; Cambridge 
University Press, Cambridge, United Kingdom and New York, New York, p. 1–32, 
<https://ipcc-wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf>.

Lane, D., Clarke, C.M., Forbes, D.L. and Watson, P. (2013): The gathering storm: managing 
adaptation to environmental change in coastal communities and small islands; 
Sustainability Science, v. 8, no. 3, p. 469–489.

Lemmen, D.S., Warren, F.J., Lacroix, J. and Bush, E., editors (2008): From Impacts to 
Adaptation: Canada in a Changing Climate; Government of Canada, Ottawa, 
448 p., <http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/
assess/2007/pdf/full-complet_e.pdf>.

Mandelbrot, B. (1967): How long is the coast of Britain? statistical self-similarity and 
fractional dimension; Science, v. 156, no. 3775, p. 636–638.

Melillo, J.M., Richmond, T.C. and Yohe, G.W., editors (2014): Climate change impacts in 
the United States: the third national climate assessment; U.S. Global Change 
Research Program, 841 p., <http://nca2014.globalchange.gov/report>.

Mercer Clarke, C.S.L. (2010): Rethinking responses to coastal problems: an analysis of the 
opportunities and constraints for Canada; Ph.D. thesis, Dalhousie University, Halifax, 
NS, 352 p.

Nicholls, R.J., Hanson, S., Herweijer, C., Patmore, N., Hallegatte, S., Corfee-Morlot, J., 
Château, J. and Muir-Wood, R. (2008): Ranking port cities with high exposure and 
vulnerability to climate extremes: exposure estimates; OECD Environment Working 
Papers, no. 1, 62 p., <http://www.oecd-ilibrary.org/docserver/down-
load/5kzssgshj742.pdf?expires=1430833054&id=id&accname=gu
est&checksum=AB8AFBBE353D81BEDFC638DE21D2FAB7>.

National Round Table on the Environment and the Economy (2011): Paying the price: the 
economic impacts of climate change for Canada; National Round Table on the 
Environment and the Economy, Climate Prosperity, Report 4, 162 p., 
 <http://collectionscanada.gc.ca/webarchives2/20130322143132/http://nrtee-trnee.
ca/wp-content/uploads/2011/09/paying-the-price.pdf>.

Shaw, M.R., Overpeck, J.T. and Midgley, G.F. (2014): Cross-chapter box on ecosystem 
based approaches to adaptation – emerging opportunities; 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 on Climate Change), (ed.) C.B. Field, V.R. Barros, D.J. 
Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. 
Estrada, R.C. Genova, B. Girma,  E.S. Kissel, A.N. Levy, S. MacCracken, P.R. 
Mastrandrea and L.L. White; Cambridge University Press, Cambridge, United 
Kingdom and New York, New York, p. 101–103, <http://www.ipcc.ch/pdf/
assessment-report/ar5/wg2/WGIIAR5-PartA_FINAL.pdf>.

Simpson, M.C., Mercer Clarke, C.S.L., Clarke, J.D., Scott, D. and Clarke, A.J. (2012): 
Coastal setbacks in Latin America and the Caribbean: a study of emerging issues 
and trends that inform guidelines for coastal planning and development; 
Inter-American Development Bank, Technical Note IDB–TN–175, 476 p.,  
<http://publications.iadb.org/bitstream/handle/11319/5567/Coastal%20
Setbacks%20in%20Latin%20America%20and%20the%20Caribbean.pdf? 
sequence=1>.

Stewart, B. and Neily. P. (2008): A procedural guide for ecological landscape analysis: an 
ecosystem based approach to landscape level planning in Nova Scotia; Approved 
Guide for the Nova Scotia Department of Natural Resources Integrated Resource 
Management (IRM) Planning Process, Report for 2008-2, 45 p., <http://novascotia.
ca/natr/forestry/reports/Procedural-Guide-For-Ecological-Landscape-Analysis.pdf>.

UNEP-GPA [United Nations Environment Programme–Global Programme of Action for 
the Protection of the Marine Environment from Land-based Activities] (2005): 
Guiding principles for post-tsunami rehabilitation and reconstruction: the Cairo 
principles; Tsunami Disaster Task Force in cooperation with the UNEP Coordination 
Office of the Global Programme of Action for the Protection of the Marine 
Environment from Land-Based Activities (UNEP-GPA), Cairo, 8 p.

Warren, F.J. and Lemmen, D.S., editors (2014): Canada in a Changing Climate: Sector 
Perspectives on Impacts and Adaptation; Government of Canada, Ottawa, Ontario, 
286 p., <http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/
assess/2014/pdf/Full-Report_Eng.pdf>.

Wong, P.P., Losada, I.J., Gattuso, J.-P., Hinkel, J., Khattabi, A., McInnes, K.L., Saito, Y. and 
Sallenger, A. (2014): Coastal systems and low-lying areas; 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 on Climate Change), (ed.) C.B. Field, V.R. Barros, D.J. 
Dokken, K.J. Mach, M.D. Mastrandrea, T.E. Bilir, M. Chatterjee, K.L. Ebi, Y.O. 
Estrada, R.C. Genova, B. Girma, E.S. Kissel, A.N. Levy, S. MacCracken, P.R. 
Mastrandrea and L.L. White; Cambridge University Press, Cambridge, United 
Kingdom and New York, New York, p. 361–409, <http://www.ipcc.ch/pdf/
assessment-report/ar5/wg2/WGIIAR5-Chap5_FINAL.pdf>.

http://www.acpa-ports.net/industry/industry.html
http://www.researchgate.net/publication/237428444_Integrating_Sea-Level_Rise_Adaptation_into_Planning_Policies_in_the_Coastal_Zone
http://www.researchgate.net/publication/237428444_Integrating_Sea-Level_Rise_Adaptation_into_Planning_Policies_in_the_Coastal_Zone
http://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-Chap1_FINAL.pdf
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2014/pdf/Chapter2-Overview_Eng.pdf
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2014/pdf/Chapter2-Overview_Eng.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter13_FINAL.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_Chapter13_FINAL.pdf
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2014/pdf/Chapter9-Adaptation_Eng.pdf
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2014/pdf/Chapter9-Adaptation_Eng.pdf
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2014/pdf/Chapter9-Adaptation_Eng.pdf
http://www.gesamp.org/data/gesamp/files/media/Publications/Reports_and_studies_71/gallery_1371/object_1490_large.pdf
http://www.gesamp.org/data/gesamp/files/media/Publications/Reports_and_studies_71/gallery_1371/object_1490_large.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_AnnexIII_FINAL.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_AnnexIII_FINAL.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_SPM_FINAL.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg1/WG1AR5_SPM_FINAL.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-AnnexII_FINAL.pdf
https://ipcc-wg2.gov/AR5/images/uploads/WG2AR5_SPM_FINAL.pdf
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2007/pdf/full-complet_e.pdf
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2007/pdf/full-complet_e.pdf
http://nca2014.globalchange.gov/report
http://www.oecd-ilibrary.org/docserver/download/5kzssgshj742.pdf?expires=1430833054&id=id&accname=guest&checksum=AB8AFBBE353D81BEDFC638DE21D2FAB7
http://www.oecd-ilibrary.org/docserver/download/5kzssgshj742.pdf?expires=1430833054&id=id&accname=guest&checksum=AB8AFBBE353D81BEDFC638DE21D2FAB7
http://www.oecd-ilibrary.org/docserver/download/5kzssgshj742.pdf?expires=1430833054&id=id&accname=guest&checksum=AB8AFBBE353D81BEDFC638DE21D2FAB7
http://collectionscanada.gc.ca/webarchives2/20130322143132/http://nrtee-trnee.ca/wp-content/uploads/2011/09/paying-the-price.pdf
http://collectionscanada.gc.ca/webarchives2/20130322143132/http://nrtee-trnee.ca/wp-content/uploads/2011/09/paying-the-price.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-PartA_FINAL.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-PartA_FINAL.pdf
http://publications.iadb.org/bitstream/handle/11319/5567/Coastal%20Setbacks%20in%20Latin%20America%20and%20the%20Caribbean.pdf?sequence=1
http://publications.iadb.org/bitstream/handle/11319/5567/Coastal%20Setbacks%20in%20Latin%20America%20and%20the%20Caribbean.pdf?sequence=1
http://publications.iadb.org/bitstream/handle/11319/5567/Coastal%20Setbacks%20in%20Latin%20America%20and%20the%20Caribbean.pdf?sequence=1
http://novascotia.ca/natr/forestry/reports/Procedural-Guide-For-Ecological-Landscape-Analysis.pdf
http://novascotia.ca/natr/forestry/reports/Procedural-Guide-For-Ecological-Landscape-Analysis.pdf
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2014/pdf/Full-Report_Eng.pdf
http://www.nrcan.gc.ca/sites/www.nrcan.gc.ca/files/earthsciences/pdf/assess/2014/pdf/Full-Report_Eng.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-Chap5_FINAL.pdf
http://www.ipcc.ch/pdf/assessment-report/ar5/wg2/WGIIAR5-Chap5_FINAL.pdf

	PREFACE
	1	CANADA’S COASTS
	2	CHANGING CLIMATE
	3	ADAPTATION – PREPARING FOR CHANGE
	4	SCOPE AND FORMAT OF THE REPORT
	5	REFERENCES



