
Understanding Vulnerability of Coastal Communities to Climate Change Related
Risks

INTRODUCTION

Global climate changes are expected to affect coastal
communities around the world, many of which are already
considered vulnerable to ongoing climatic variability (IPCC,
2001; and , 2003). Of these changes,
accelerated sea-level rise has received much attention and may
entail elevated tidal inundation, increased flood frequency,
accelerated erosion, rising water tables, increased saltwater
intrusion, and a suite of ecological changes. These biophysical
changes are expected to cause various socio-economic impacts
including loss of land infrastructure and coastal resources as
well as declines in associated economic, ecological, cultural
and subsistence values ( and , 1999). These
impacts are scale-dependent however, in that they will be
unevenly distributed among and within nations, regions,
communities and individuals as a result of differential
exposures and vulnerabilities ( ., 1998). In light of
the rapid rate of change, widespread area and potential
magnitude of these impacts, coastal vulnerability assessment
has received significant international attention. However, the
effects of scale on the potential inequitable distribution of
climate change impacts, particularly as it frames the
vulnerability of isolated island communities, has received
considerably less attention.

Coastal zone impacts assessment work has been driven
largely by the Intergovernmental Panel on Climate Change
(IPCC) via its Coastal Zone Management Subgroup (CZMS)
(IPCC-CZMS, 1992), the IPCC Technical Guidelines for
Assessing Climate Change Impacts and Adaptations (

, 1994), and the United Nations Environment Program
(UNEP) Handbook on Methods for Climate Change Impact
Assessment and Adaptation Strategies ( , 1998).

These documents provide frameworks and methodologies to
assess impacts of climate change by identifying key
vulnerabilities. Several researchers have evaluated the merit of
these frameworks for assessing coastal vulnerability and have
provided refined and expanded frameworks and

, 1993; , 1995; , 1998;
., 1999; and , 1999; ., 2002).

Concurrently, debate on how vulnerability is defined and
incorporated into conventional coastal zone impacts
assessments has called for a more integrated, broadened view of
vulnerability. (1996) notes that much attention is given
to the physical forcings and impacts of climate at the expense of
examining pre-existing social vulnerability. In addition, focus
on community-based research is underemphasized
( and , 2001) and outcomes of climate
models and scenarios are too broad for useful planning and
adaptation at local scales ( , 2001).

Drawing on the recent climate change impacts and
vulnerability literature, the purpose of this paper is twofold.
First, it provides a discussion of how vulnerability has been
characterized and how this has influenced current coastal
vulnerability assessments. From this, a multi-scaled, integrated
vulnerability framework is presented that takes a more locally
relevant, community-based (bottom-up) approach. This
provides a methodological starting point that will be refined and
applied as part of a larger study to assess the adaptive capacity to
climate change and sea-level rise impacts on one of Canada's
most sensitive coastlines: northeast Graham Island, Haida
Gwaii (Queen Charlotte Islands), British Columbia (

., 1998). This region is located 80 km offshore from British
Columbia's north coast (54°N, 132°W, Fig. 1) and was
identified for its physical exposure ( ., 1998;

and , 20
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This paper discusses the concept of vulnerability as characterized in the climate change literature and presents a
framework for assessing adaptive capacity. The framework recognizes inherent susceptibilities of human-
environment systems exposed to climate variability and change.As climate change impacts are unevenly distributed
among and within nations, regions, communities and individuals due to differential exposures and vulnerabilities,
the framework highlights determinants of adaptive capacity at the local scale and situates them within larger
regional, national and international settings. Determinants include: access and distribution of resources, technology,
information and wealth; risk perceptions; social capital and community structure; and institutional frameworks that
address climate change hazards. This broader approach contrasts typical impact assessments that focus largely on
reducing economic detriments of change. The framework provides a methodological starting point that, as a
community-based or 'bottom-up' approach, yields important insight on local responses to climate change. It also
recognizes that short-term exposure to variability is an important source of vulnerability superimposed on long-term
change. At the community level, perceptions and experiences with climate extremes can identify inherent
characteristics that enable or constrain a community to respond, recover and adapt. As such, local and traditional
knowledge is key to climate change research and should be incorporated into research design and implementation.
This approach provides locally relevant outcomes that could promote more effective decision-making, planning and
management in remote areas susceptible to climate change hazards. As part of a larger study, this approach will be
refined with local input to study sea-level rise impacts on one of Canada's most sensitive coastlines, northeast
Graham Island, Haida Gwaii (Queen Charlotte Islands), British Columbia. Preliminary evidence of changes and
responses in this area are identified as a brief case study.
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dependency, indigenous peoples interests, and recent exposure
to other socio-economic changes. Preliminary evidence of
changes and responses in this area are identified in a brief case
study.

The IPCC-CZMS (1992) defines vulnerability of coastal
zones by their degree of incapability to cope with the impacts of
climate change and accelerated sea-level rise. Vulnerability
assessment includes the susceptibility of the coastal zone to
physical changes resulting from climate change, the anticipated
impacts on socio-economic and ecological systems, and
available adaptation options ( ., 1999). The
common methodology prepared by IPCC-CZMS (1992) to help
countries identify and assess sea-level rise impacts has been
applied in Canada (e.g., ., 1998; ., 2001).
Recognizing limitations with this methodology, others have
provided altered approaches ( and , 1993;

., 1995; ., 1998; e.g., .,
1999; and , 1999; ., 2002). and

(1999) highlight five general limitations, three of
which relate to technical and data availability constraints that
limit progress on modelling and assessing quantitative (and
largely physical) impacts. Such problems are especially acute in
small island nations or states ( and , 1993;

., 1995). Other limitations include the
ineffectiveness of the IPCC methodology in assessing the wide
range of technical, institutional, economic and cultural
elements in different regions as well as the inappropriateness of
applying market-evaluation frameworks in subsistence
economies and traditional land-tenure systems ( .,
1995; and , 1999). These limitations are in part
related to the broad scale of the assessment methodology and its
lack of attention to distinct local- and/or community-based
attributes. Furthermore, though climate change simulations and
forecasts are important for predicting future changes, they are
limited in their capacity to explain local and regional effects due
to typically coarse spatial and temporal scales. Unless global
changes are downscaled, they have little value for decision-
makers who require locally relevant information that is
applicable at the community scale ( and , 1998).As
responses to climate change impacts will consist primarily of

individual responses at the local scale ( , 2001), this calls
for a multi-scaled perspective that can be applied to assess
community level adaptive capacity. Such responses may be
planned adaptations (e.g., insurance to spread risk, structural
shoreline protection, development setbacks) or spontaneous
reactions (e.g., timing of harvest activities, alternate choice of
resource) to related, though indirect impacts, of climate changes
in resource sectors such as fisheries and forestry or to economic
constraints ( , 2001). To date, most vulnerability
assessments based on the common methodology do not
consider scales appropriate (fine) enough to provide adequate
community-level guidance regarding climate change
adaptation.

Limitations with existing approaches are in part a result of
the 'impacts-driven' nature of conventional vulnerability
assessments that adopt a narrow (and variable) definition of
vulnerability. In general, vulnerability is a rhetorical warning of
danger representing a potential for loss ( , 1996). This
view forms the basis for analysis in many disciplines (e.g.,
natural hazards, disasters, risk assessment, food security),
including climate change research ( , 1990;

., 1994; ., 1995; ., 1998;
., 1999; ., 2000; ., 2002). To date

however, there is no consistent definition used for assessing
climate change impacts.

Three broad characterizations of vulnerability from climate
change and natural hazards research are identified that,
combined, address the dynamic and integrated nature of social
and environmental vulnerability. The first characterizes
vulnerability in terms of exposure to hazardous events (e.g.,
droughts, floods) and how this affects people and structures. As
such, a physical event places people at risk and the focus is to
identify vulnerable places. However, methods aimed at
reducing physical risk do not necessarily reduce exposure and
damages and may increase the vulnerability of populations to
such events ( , 1997; ., 1999;

, 2000). For example, structural adaptations (e.g.,
flood protection) do not necessarily discourage people from
living in high-risk areas (e.g., floodplains), but may encourage
development and consequently, increase vulnerability.

A second perspective views vulnerability as a human
relationship not a physical one (i.e., vulnerability is socially
constructed rather than determined by the occurrence of a
physical event). As such, vulnerability is a function of social
conditions and historical circumstances that put people at risk to
a diverse range of climate-related, political, or economic
stresses (e.g., poverty, development in marginal or sensitive
areas) ( and , 1993; ., 1994;
and , 2000). As such, exposure is determined by the
inequitable distribution of damage and risk among groups of
people ( ., 2002) and vulnerability is a result of social
processes and structures that constrain access to resources (e.g.,
wealth and real income, formal and informal social security)
that enable people to cope with impacts ( ., 1994).
Thus, protection from the social forces imposed on people that
create inequitable exposure to risk is just as, or more important
than protection from natural hazards ( , 1997). Social
vulnerability and how it is produced, becomes the focus,
regardless of the nature of the exposure.

A third perspective integrates both the physical event and the
underlying causal characteristics of populations that lead to risk
exposure and limited capacity of communities to respond
( , 1990; ., 1993; , 2000;

., 2000). Vulnerability is therefore a physical risk and a
social response within a defined geographic context. Several
studies have integrated in some way both physical and social
vulnerability perspectives (e.g., and ,
1987; ., 2002). For example, . (2002) applied a
GIS-based approach to assess physical vulnerability of a coastal
region to flood hazards under varying storm intensities and
projected sea-
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Figure 1. Study region on northeastern Graham Island, Haida
Gwaii (Queen Charlotte Islands), British Columbia, Canada.
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social vulnerability within the community using indicators such
as age, gender, race, income and housing conditions. Together,
this identified the broader vulnerability of the area and its
distribution within a community to flood hazard and sea-level
rise.

While various approaches to an integrated definition of
vulnerability to climate change-related risks have been
attempted, much of this work holds a largely biophysical
perspective that is pre-occupied with the outcomes of physical
exposure (e.g., coastal erosion) and residual impacts. For
example, many of the coastal vulnerability assessments
endorsed by the IPCC are largely impacts-driven and depend on
physical exposure for identifying vulnerable regions (

., 1999; , 1999; ., 2002). Though other
determinants of vulnerability are examined, the assessment
begins by identifying as biophysical impacts, then potential
residual socio-economic impacts after adaptations. As such,
understanding how to reduce vulnerability to climate change
becomes an exercise in adaptation planning.

Integrated approaches have increased understanding of
potential climate change impacts and of the role of adaptation
options in moderating negative consequences ( , 1997;

., 1998; and , 1999). However, this is
an interventionist exercise in assessing proximate causes of
vulnerability as attention is directed at identifying and
evaluating the most appropriate technical, economic,
institutional and/or structural means to respond to an external
threat, rather than a full assessment of systemic root causes of
vulnerability such as global capitalism, colonialism, and racism
( , 1983; 1997; , 1985). . (1998)
developed a causal hazards model that integrates indicators of
social vulnerability (e.g., poverty, disability) with
environmental and spatial considerations (e.g., flood risk
mapping) to delineate vulnerabilities spatially within a
community. Though they do not question why poverty exists in
delineated areas, they state that their assessment identifies
causal links between exposure and social vulnerability within
the scope of existing institutional arrangements relevant to
coastal policy-makers, managers and community organizers.
Indeed, IPCC-directed vulnerability assessments are more
interventionist and aimed at reducing the risks of potential
damages by anticipating impacts and planning adaptation
responses. Consequently, adaptations fall within narrow
management categories that include protect, adapt, retreat and
do nothing. As such, this approach perpetuates a protection-
oriented response to climate change, rather than assessing a
broader array of technical, institutional, economic and social
elements that occur in different localities ( and

, 1999). Presently most coastal vulnerability
assessments do not yield results sufficient for widespread, day-
to-day application for coastal zone management ( and

, 1999). While efforts to improve vulnerability
assessments via improved data and analytical techniques
continue, other approaches to assist coastal communities in
dealing with physical- and social vulnerabilities must be
pursued.

Despite having the longest coastline in the world and about
one-third of this moderately to highly sensitive to sea-level rise
impacts ( ., 1998), very little work has been
conducted on impacts and adaptation in the coastal zone. Many
coastal communities in the Canadian Arctic are experiencing
climate change effects such as melting sea ice, rising sea levels,
coastal erosion and permafrost thawing ( ., 1992;

., 1998; ., 1999). To date, however
the only integrated study on sea-level rise impacts in Canada
was conducted in Prince Edward Island ( ., 2001).
The study was heavily impacts-driven and focused largely on
physical impacts (e.g., storm surge flooding, shoreline erosion)
and associated socio-economic costs. Though the study defined
vulnerability as a function of exposure and susceptibility as well
as the adaptive capacity to change, the objective was essentially

to maximize 'positive effects' and to minimize adverse impacts,
thereby reducing vulnerability. Socio-economic vulnerabilities
were reduced to capital costs of: i) erosion and flooding hazards
on residential, recreational, heritage and commercial
properties, ii) associated tourism impacts, iii) municipal
infrastructure damage, and iii) health, education and
employment impacts. Environmental vulnerabilities were
reduced to, “added value attributable to ecosystem services
provided by the natural environment within 200m of the
shoreline” ( ., 2001 p. 32). Among the
recommendations were: i) hazard identification and
monitoring, ii) managed retreat or avoidance, iii)
accommodation and enhancement of natural resilience (e.g.,
dune rehabilitation, dyke removal, wetland renewal), iv)
structural protection, v) coastal management to accommodate
change (e.g., rezoning, restricted development, land swapping)
and vi) increased awareness and public education. In essence,
this approach was an exercise in impacts assessment, evaluation
and reduction, not an integrated vulnerability assessment that
incorporates risk exposure with intrinsic attributes and adaptive
capacities of the local setting.

Given the limitations of impacts-driven coastal vulnerability
assessments in considering both physical and social aspects of
vulnerability and in light of the present need for community-
based approaches to adapting to climate change related risks,
we propose an 'integrated' framework (Fig. 2). This approach
considers inherent susceptibilities and resiliencies of both
biophysical and social environments as an interrelated and
interdependent human-environment system. This compliments
an emerging discourse in climate change research where
vulnerability is the starting point, rather than the end point as
with impacts-driven assessments ( and , 2000;

and , 2003). Adaptive capacity is
characterized by the ability of the system to respond and adapt,
rather than in terms of what may or may not happen in the future.
Current adaptive capabilities and potentials for managing
changes are then linked to existing decision processes to
provide a more locally relevant, community-based approach.
This moves away from identifying and evaluating specific
adaptation options toward promoting capacity building within
communities to respond and adapt to climate change and sea-
level rise risks.

Exposure of the coastal environment can be characterized by
susceptibility (or sensitivity), resilience and resistance.
Susceptibility to climate change-induced sea-level rise can be
defined as the potential of a coastal system to be affected by sea-
level rise and could be assessed either using a simple physical
sensitivity index (e.g., ., 1998) or a more integrated
approach (e.g., IPCC-CZMS, 1992). Resistance describes
system stability to possible sea-level rise impacts (e.g.,
resistance of a shoreline to wave erosion), whereas resilience
reflects the capacity of the system respond to and recover from
impacts (e.g., dynamic dune systems that recover from storm
surges). Together, these terms define natural coastal
vulnerability.

Natural susceptibility is viewed as largely independent of
human influence but resilience and resistance are often affected
by human activities, positively or negatively ( and

, 1999). For example, planned adaptation (e.g.,
shoreline protection, dune restoration) can reduce natural
vulnerability by enhancing system resistance and resilience
thereby increasing the likelihood of adaptation ( .,
1999). In converse, human-induced hazards (e.g., land
degradation, inappropriate development and encroachment,
and protecti
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and adapt. This underscores the view that biophysical and
human systems are not isolated entities, but should be treated as
a dynamically interacting and co-evolving ( and

, 1999) system that shares vulnerability.
While scientists project changes in climate over decades and

broad spatial scales, hazards are expressed quickly at local
scales. It is at this level where responses and adaptations are
most important ( and , 2001). The aim of
coastal vulnerability approaches is to help coastal communities
adapt to risks of longer-term climate change and accelerated
sea-level rise. However, shorter-term impacts of climate
variability including extreme storm surges, flooding and
enhanced erosion are also possible risks of future climate
change ( ., 1998; ., 2002; and

, 2003). This is an important distinction in that
adaptations by countries and communities will likely occur in
response to changes in frequency and magnitude of short-term,
variability events rather than gradual, longer-term change in
average conditions such as sea-level rise ( ., 1999).
Our framework recognizes that shorter-term exposure to
variability and extreme events is an important source of
vulnerability superimposed on long-term climate change.
Community level perceptions of, and experiences with, climate
extremes in recent and historical memory can be explored to
allow examination of inherent characteristics that enable and/or
constrain a particular community to respond, recover and adapt.

Adaptive capacity is an inherent property of the system that
defines its capability to deal with exposure ( and

, 2003). Here, adaptive capacity is reflective of
resiliency, such that a resilient system has the capacity to
prepare for, avoid, moderate and recover from climate-related
risks and/or change. Building adaptive capacity helps reduce
vulnerability. (1973) posits that instead of aiming for
a precise capacity to handle some future scenario, all that is
required to maintain a stable system is a qualitative capacity to
absorb and accommodate uncertain and unexpected changes.
This idea, originally applied to ecological systems, has been
applied widely to human system behaviour, particularly in
natural hazards research. For instance, losses or damages to a
socio-economic system after exposure indicate that the hazard
exceeded the system's absorptive capacity ( .,
1993). This has prompted the design for resilient and hence,
adaptive systems. Communities that are structurally organized
to minimize the effects of hazards, whilst being able to recover
quickly by restoring socio-economic vitality are thus, resistant
and resilient. Communities are also considered resilient if social
networks can withstand changes in both horizontal and vertical
decision-making relationships. This stresses the complex and
important relationship between individuals, communities and

the broader political economy ( , 1999). In this sense,
resilience can be referred to as an ability of human systems to
learn from and reorganize to meet changed conditions, and as
such will gain the inherent characteristics needed for adaptation
( , 2001).

Discussions of determinants of resilience in socio-ecological
systems are long-standing (e.g., , 1988;

., 1998). In ecological systems, several system properties are
indicative of resilience including: homeostasis and feedback
transmission, diversification of resources and their delivery,
high rate of resource movement through the system, limited
hierarchical structure, and excess capacity ( , 1973;

, 1988). Paralleling these in the natural hazards
literature are indicators of human system resilience including:
efficient transmission of knowledge across space and time,
temporary and permanent diversification and sustainable
intensification of resources, mobilization of social networks,
mobility for relocation and access to resources, and
decentralization of decision-making ( and ,
1996). In terms of climate change, the Report of Working Group
II to the Third Assessment Report of the IPCC (IPCC, 2001)
identifies several determinants of adaptive capacity including:
available technological options, available resources and their
distribution, stock of human capital including education and
security, stock of social capital including property rights,
structure of critical institutions, access to risk spreading
processes, ability of decision-makers to manage information
and validate it, and public perception (IPCC, 2001; and

2002).
The effects of interdependency within human-

environmental system must also be considered in determining
adaptive capacity. For example, sustainable resource
management practices, decision-making processes and
infrastructure can be exacerbated by climate change and sea-
level rise (e.g., increased damage to critical infrastructure,
declines in resource yield). This, via increased physical
exposure, increases the vulnerability and, depending on
frequency and magnitude of exposure, may decrease overall
adaptive capacity of the human-environment system. In turn,
decreased adaptive capacity of communities (e.g., reduced
social capital, declines in funding to maintain infrastructure,
poorly implemented resource management plans) would
increase socio-economic exposure, thereby increasing the
vulnerability of the system. Thus, both physical and social
exposures create vulnerability and serve to decrease resilience
and hence, adaptive capacity to variability and longer-term
change. As such this model considers elements of the human-
environment system that determine vulnerability, specifically
determinants of adaptive capacity within social systems that
interact and co-evolve with changes in the physical
environment. This broader approach is in contrast to typical
'impacts assessment' methods that focus largely on reducing
(predominantly economic) detriments of change.

While system-level determinants of adaptive capacity
provide some indication of resiliency of human-environmental
systems to external climate-related stresses, adaptive capacity
cannot be assessed at the community scale alone. For example,
economic power at the aggregate level may enhance resiliency
of a nation, region or community, but at the same time may leave
significant portions of the population vulnerable and different
groups marginalized ( ., 1999). Relationships
between vulnerable populations and community social
structures are complex and are best examined via specific
attributes of disadvantaged populations ( , 1999).
Recognizing how characteristics of vulnerability mediate risks
may also increase understanding of divergent adaptive
capacities in and resiliency of communities. Poverty, gender
oppression, ethnic discrimination, political powerlessness,
disabilities, limited employment, absence of legal rights,
breakdown of interfamilial arrangements and various forms of
discriminati
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vulnerability ( , 1992; , 1994; , 1997).
and (2000) state that vulnerability is defined by

the capacity of individuals and social groups to respond to, cope
with, recover from, and adapt to external stress on their
livelihoods and well-being. Their 'architecture of entitlements'
focuses less on an inventory of structural conditions indicative
of social resiliency and more on the socio-economic and
institutional conditions that constrain (and/or enable) effective
response and adaptation. They advise a multi-scale approach to
understanding adaptive capacity where individuals and groups
and the local, regional and global systems within which they are
situated are important. Their determinants of adaptive capacity
are sensitive to scale and defined as social entitlements (i.e.,
material sources at individual level), differentiated levels of
equity and livelihood diversity (i.e., distribution at community
or population level), and appropriate institutional forms (i.e.,
institutional context within which entitlements are formed from
community to global scales) ( , 2001). Thus, assessing
vulnerability involves both the role of institutions and policies
in mediating risk at various scales and the attributes of groups
that limit their access to specific resources needed to respond
and recover from external stress.

Community adaptive capacity involves complex
relationships among political, socio-economic and cultural
elements that vary across a range of spatial and temporal scales.
Our framework recognizes that a system's ability to cope with
exposures of climate change is dependent on several
determinants that can be measured at the community and
individual levels. For instance,

across a population is an important indicator of
system-level adaptive capacity in that as wealth of a nation,
region, community or individual increases, so too does the
potential for preparation, recovery and adaptation ( ,
2000). (closely tied to wealth) is another
system-level determinant as greater access to technology
increases the potential range of adaptation options available to
communities ( , 1995).

across a community and to individuals are also
important ( , 2001). Recognition of the need to adapt,
knowledge about available adaptation options, capacity to
assess them and the ability to implement the most appropriate
ones are all dependent on the availability and credibility of
information and skills ( and , 1997).

are also important as individuals and
institutions must perceive and understand climate change to be
a present and future threat before making steps for planned
adaptation ( ., 1993). Risk awareness is dependent
on the effectiveness of social networks and infrastructure to
support and facilitate the flow of information and skills. Of late,
researchers have drawn relationships between community
capacity to cope with hazards and their , or
relationships among people based on shared values and goals
involving collective action, social trust, norms and networks
( , 1988; and , 1999; ,
1999). Civic engagement measures social capital such that
denser social support networks promote greater cooperation
among community members for some mutual benefit. It follows
that communities with higher stocks of social capital and
stronger social networks will better deal with hazards and
climate change impacts given that information and other forms
of social support are more readily accessible ( and

, 1999).
at community, regional

and national levels that manage climate change risks and other
hazards are important ( and , 1996). If they are
not present or their existence and/or credibility are tenuous,
communities will be less able to adapt. For example, provision
of risk spreading options (e.g., insurance) by institutions helps
individuals and groups cope with physical vulnerabilities such
as floods, storm surge and wind damage. At the same time, too
much dependence on risk spreading may lead to long-term

'maladaptive' behaviours ( , 1994) that increase
vulnerability. Furthermore, if social and political institutions do
not promote equitable allocation of power and access to
resources, it is less likely that communities and individuals will
be able to respond and adapt effectively ( and ,
1999; ., 1999). How property rights are defined
and allocated and how land use planning processes are
developed by institutions is important for community adaptive
capacity as they influence access to resources, wealth, well-
being and livelihood. This particularly so in remote native
communities undergoing land claims and resource allocation
negotiations.

The Geological Survey of Canada (GSC) defines sensitivity
as the degree to which a rise in sea level would initiate or
accelerate coastal changes given local conditions (e.g., tides,
waves, flooding, erosion) and other climate change effects (e.g.,
increased storminess). Recognizing the exposure of coastal
regions to potential sea-level rise hazards, the GSC mapped a
'sensitivity index' based on geological attributes for the entire
Canadian coastline ( ., 1998). Due to a macrotidal
range, erodible sediments, frequent storm surges and an
energetic wave climate, the shoreline of NE Graham Island
(Figure 1) from Tlell to Masset, ranks among the most highly
sensitive in Canada. This area has undergone significant
changes in sea level over the Holocene (-150 to +16 m)
( ., 1997) and currently is rising at +1.5 mm a-1
( ., 1997). In response, some areas are eroding

at 1-3 m a and greater during extreme events such as the 1997-
98 El Niño that caused 0.4 m of regional sea-level rise and 12 m
of localized retreat ( and 2002). Despite
extreme physical sensitivity of this environment little is known
about the resilience and adaptive capacity of communities on
this coast to climate change and sea-level rise.

Resource-based, remote, coastal communities are
increasingly affected by global trends and international
markets, including shifting supply and demand of natural
resources in other parts of the world. Haida Gwaii has seen
significant downward trends in its natural resource-based
industries as a result of changes in the global economy,
environmental degradation and other national and provincial
policy adjustments. The forest industry has experienced
turbulent international timber markets, increasing costs of
access, and changes in forest management and technology. The
fishing industry has experienced variable and potentially
diminishing populations of salmon, herring and clams as well as
changes in allocation of fishing privileges. Downsizing of
federal and provincial governments and funding cutbacks, as
well as high fluctuations in tourism have also impacted these
communities. These economic impacts manifest in
unemployment and changes in income levels. For example, in
Old Massett, a Haida native community, around 60% of the
population was unemployed in 2000, down from 72% in 1995
(SNDS, 2001). In the larger region, unemployment is 16.5%,
which is about twice the provincial average (8.5%)(BC-STATS,
2001). Other changes, such as closure of a Canadian Forces
base in Masset, led to out-migration of about 2000 people, job
losses and economic changes. Population in the larger region
has declined by 12% since 1981 (BC-STATS, 2001). Coupled
with these trends are national, provincial and regional contested
rights of access to natural resources for local livelihoods, both
subsistence and commercial.

The communities of Graham Island are potentially
vulnerable to climate change given their isolated and sensitive
landscape, extreme climate variability ( and ,
2004), and their economic dependence on variable and
increasingly restricted natural resources for subsistence and
jobs. Social and biophysical resilience are closely tied in
resource-dependent communities and climate changes may
increase uncertainty of resource availability and access. Past
coping experiences and perceptions of change reveal insight
into future ada
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This requires that researchers work with local people to
identify coping and adaptation strategies to current and future
risks. As discussed, contested property rights, land claims, and
land use planning processes both complicate and compromise
adaptive capacity of communities in the area. Such issues are
embedded in historical and cultural circumstances and must be
considered as they directly influence the livelihoods and well-
being of a significant proportion of the population.

On the other hand, these same communities may be
especially resilient given their past experiences with and
adjustments to environmental and socio-economic changes,
coupled with their rich social and cultural fabric and enduring
community attachment. Assessment of adaptive capacity of
individuals and communities in Haida Gwaii must take into
account not only inherent resiliencies, but also differential
rights, discrimination and other social processes that limit
access to resources, power and decision-making. In other
words, the socio-cultural context in which community activities
and livelihoods are situated is important. In addition,
dependence on critical infrastructure (e.g., diesel electricity
generation, roads and power lines on eroding coasts, supplies
delivered by ferries) susceptible to sea-level rise impacts may
increase vulnerability. This, despite an inherent social resilience
and ability to deal with inconvenience. The next stage of this
research will explore these attributes to reveal determinants of
community adaptive capacity to deal with current and future
climate change and sea-level rise hazards.

Assessing vulnerability requires contributions from a variety
of disciplines, institutions, local decision-makers, resource
users and residents. The contribution of local and traditional
knowledge to understanding climate change in remote regions
is well-documented ( , 1995; , 1997;
and , 1998). Our framework focuses on local-level
capacities to deal with change and the institutional frameworks
that govern decisions at different scales. This requires that
research be grounded at the community-level and involve local
knowledge systems (including traditional ecological
knowledge) as well as cultural interpretations of the
environment. This allows scientific views of changes to be
framed in a local context. For example, traditional knowledge
can 'ground truth' scientific research and allows for better
examination of how global changes will be expressed and
interpreted locally ( , 2000; and ,
2001). In turn, this provides improved foundations for decision-
making and adaptive capacity building.

This paper discusses the concept of vulnerability as it has
been characterized in the climate change literature and presents
a multi-scaled, integrated framework for assessing
vulnerabilities and adaptive capacity. The framework stems
from a recent discourse in climate change research that
recognizes inherent vulnerabilities of human-environment
systems as interdependent entities exposed climate variability
and longer-term change. Determinants of adaptive capacity
include: access to and distribution of wealth, technology, and
information; risk perception and awareness; social capital; and
critical institutional frameworks to address climate change
hazards. These are identified at the individual and community
level and situated within larger regional, national and
international settings. Local and traditional knowledge is key to
research design and implementation and allows for locally
relevant outcomes that could aid in more effective decision-
making, planning and management in remote coastal regions.
As such, this integrated vulnerability approach contrasts typical
coastal impact assessments that focus largely on reducing the
economic detriments of change. As part of a larger study, this
approach will be refined with local input from communities and
regional institutions and applied to study sea-level rise hazards
and adaptations on one of Canada's most sensitive coastlines.

This research is facilitated with financial support from the
Government of Canada's Climate ChangeAction Fund (CCAF)
Coastal Zone (Project A580) and contributes to Natural
Resources Canada's Climate Change Impacts and Adaptation
Program. Appreciation is extended to Teresa Conner for
assistance and the Council of the Haida Nation and the people of
the Villages of Old Massett, Masset and Tlell for their
contributions in this preliminary stage of the project.
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