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1. Introduction 
This report documents the approach, methods, and key findings of CCIAP1 Project 

A580: Coastal vulnerability to climate change and sea-level rise, Northeast Graham 
Island, Haida Gwaii (Queen Charlotte Islands, QCI), British Columbia. This 3-year study 
was funded by Natural Resources Canada’s Climate Change Impacts and Adaptations 
Directorate (CCIAD) with additional contributions from the Natural Sciences and 
Engineering Research Council (NSERC), the Canada Foundation for Innovation (CFI), 
and the Geological Survey of Canada (GSC). In-kind support was also provided by BC 
Parks, GSC, Council of the Haida Nation (CHN), CHN-Forest Guardians, Old Massett 
Village Council, and the University of Victoria.  

The document contains several sub-sections that present: 1) the research context, 
objectives and approach, 2) research results on climate change signals and impacts, 3) 
community-defined impacts and elements of adaptive capacity, 4) key vulnerabilities to 
climate change related risks, and 5) potential adaptation measures and strategies.  
Following this, a list of references and appendices of supplemental materials are 
provided.  A list of acronyms and symbols used throughout this report is also provided 
following the list of Tables. 

1.1. Research context – assessing coastal vulnerability 
Global climate changes are affecting coastal communities around the world, many 

of which are already considered vulnerable to ongoing climatic variability impacts (IPCC 
2001; Monirul and Mizra 2003).  Of these impacts, accelerated sea-level rise has 
received much attention and entails increased coastal flooding, accelerated erosion, 
rising water tables, increased saltwater intrusion, and a suite of ecological changes. 
These biophysical changes result in various socio-economic impacts including loss of 
land, increasing damage and maintenance costs of coastal infrastructure, changing 
quantity and quality of coastal resources, as well as declines in associated economic, 
ecological, cultural, and subsistence values (Klein and Nicholls 1999).  These impacts 
are scale-dependent, however, as they will be unevenly distributed among and within 
nations, regions, communities and individuals as a result of differential exposures and 
vulnerabilities (Clark et al. 1998).  Given rapid rates of change and the extensive area 
and potential magnitude of these impacts, coastal vulnerability assessments have 
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 Canada’s remote, isolated island communities, has received 
considerably less attention (Dolan and Walker 2006).    

Climate change impacts Canada’s coastal communities through gradual effects of 
accelerated sea-level rise, and more immediate risks of extreme events including 
increased storm surge flooding, accelerated coastal erosion, contamination of coastal 
aquifers, and various ecological changes.  These biophysical changes create risks of 
land loss, coastal infrastructure damage, coastal resource changes, and shifts in related 

                                            
1 the Climate Change Impacts and Adaptations Program (CCIAP) was formerly known as the Climate 

Change Action Fund (CCAF) at the time the project was initially funded. 



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   3 

economic, social and cultural values (Klein and Nicholls 1999).  Climate change impacts 
are, and will continue to be, unevenly distributed among coastal communities due to 
different local exposures and vulnerabilities (Clark et al.1998, Dolan and Walker 2006).  
These impacts are superimposed on non-climate issues including First Nations land 
claims, declining health services, and socio-economic restructuring due to declines in 
natural resource-based economies (Dolan et al. 2005, Ommer and Dolan 2005, Ommer 
2006, Ommer and the Coasts Under Stress Research Project Team 2007). 

Although Canada has the longest coastline in the world, and about one-third of this 
has a moderate to high physical sensitivity to sea-level rise impacts (Shaw et al. 1998), 
very little research had been conducted on coastal zone impacts and community 
adaptations to climate change until very recently.  When this project began in 2003, 
existing Canadian studies (e.g., Shaw et al. 2001 PEI study) were essentially exercises 
in impacts assessment, evaluation, and reduction.  Most had not attempted to integrate 
and assess physical risk exposures and local attributes of community adaptive capacity.  
This report provides a case study that combines scientific findings on environmental 
changes with an assessment of community-based and locally relevant elements of 
adaptive capacity to climate change on northeastern Graham Island, Haida Gwaii 
(Queen Charlotte Islands).  The study area (described in more detail in section 1.4) was 
identified by the Geological Survey of Canada as in the top 3% of Canada’s most 
sensitive coasts to accelerated sea-level rise impacts (Shaw et al. 1998) (Figure 1).  

Figure 2 shows the coastal sensitivity map for British Columbia derived from the 
Shaw et al. (1998) assessment and indicates that the study region has a moderate to 
high sensitivity.  This is due to a macrotidal range, erodible sediments, frequent 
windstorms and surges, and an energetic wave climate that produce a dynamic coast 
where some areas are eroding at 1-3 m yr-1 to tens of meters in extreme seasons such 
as the 1997-98 El Niño (Barrie and Conway 1996, 2002, Walker and Barrie 2006).  As 
such, this coast is highly vulnerable to ongoing rates of sea-level rise of 1.6 mm yr-1 
whilst extreme water levels rise at 3.4 mm yr-1 (Abeysirigunawardena and Walker 2006, 
see section 2.6).  Recent extreme storm surge events (see section 2.6.4) provide an 
analogue for future climate variability impacts that are superimposed on more gradual 
sea-level rise.  Such events, coupled with vulnerabilities arising from changing 
community services, infrastructure maintenance, and development issues, pose more 
immediate risks to Haida Gwaii communities, ecosystems, resources, livelihoods, and 
cultural sites.  

The findings of this study tell of issues, both social and environmental, that 
constrain or enhance the adaptive capacity of Canada’s many small, remote coastal 
communities to climate change related risks.  A novel finding of this research is that 
there are many inherent attributes within communities that, although seemingly 
unrelated to climate change responses, enhance the adaptive capacity of coastal 
communities to deal with a variety of social and environmental stressors.  Among these, 
income diversification and food gathering/stockpiling enhance adaptive capacity at the 
household level.  At the community level, high social cohesion and capital enhance 
community resilience to environmental and social changes.  A survey of typical 
vulnerability indicators, such as income, age, and formal education, would miss many of 
these important attributes of adaptive capacity in Haida Gwaii.  That said, given their 
geography, there are some key issues that pose distinct and immediate risks and 
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longer-term challenges for coastal communities to adapt to increasing climate change 
hazards and sea-level rise.  These include high exposure to environmental hazards, 
exposed critical infrastructure, limited provision of essential services, and high 
transportation costs among other factors.  As a result, this study developed a broader, 
integrated approach to defining vulnerability and adaptive capacity whereby both social 
and environmental changes and risks were considered, the former defined in large part 
by the community and the latter determined by more traditional earth science research 
methods (e.g., erosion and flooding assessments). 

1.1.1. Current approaches and limitations 
Coastal zone vulnerability 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 (Carter et al. 1994), and the United Nations 
Environment Program (UNEP) Handbook on Methods for Climate Change Impact 
Assessment and Adaptation Strategies (Feenstra et al. 1998). These documents 
provide frameworks and methodologies to assess climate change impacts by identifying 
key vulnerabilities.  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 impacts.  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 (Harvey et 
al. 1999). 

The IPCC-CZMS (1992) common methodology for coastal vulnerability assessment 
has been applied in Canada (e.g., Shaw et al. 1998; Shaw et al. 2001). Klein and 
Nicholls (1999) highlight five general limitations of this methodology, three of which 
relate to technical and data availability constraints that limit progress on modeling and 
assessing quantitative (and largely physical) impacts.  Such problems are especially 
acute in small island nations or states (Waterman and Kay 1993; Yamada et al. 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 (Yamada et al. 1995; Klein 
and Nicholls 1999).  

Several researchers have evaluated the merit of this type of approach for assessing 
coastal vulnerability and have provided refined and expanded frameworks (Waterman 
and Kay 1993; Yamada et al. 1995; Clark et al. 1998; Harvey et al. 1999; Klein and 
Nichols 1999; Wu et al. 2002, Dolan and Walker 2006). Meanwhile, debate on how 
vulnerability is defined and incorporated into conventional coastal zone impact 
assessments has called for a more integrated, broadened view of vulnerability.  Adger 
(1996) notes that much attention is given to the physical forcing and impacts of climate 
at the expense of examining pre-existing social vulnerability.  In addition, focus on 
community-based research is underemphasized (Riedlinger and Berkes 2001) and 
outcomes of climate models and scenarios are too broad for useful planning and 
adaptation at local scales (Jones 2001).  Further review of vulnerability concepts and a 
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new framework for conceptualizing its use for studying remote coastal communities is 
provided in sections 1.3.1 and 1.3.2 respectively. 

Another key limitation of conventional, and typically broad-scale, vulnerability 
assessments is a lack of attention to distinct local- and/or community-based needs and 
attributes of vulnerability.  For instance, although 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 (Jacobs 
and Bell 1998). 

As responses to climate change impacts will consist primarily of individual 
responses at the local scale (Adger 2001), this necessitates 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, although indirect, impacts of climate change in 
resource sectors such as fisheries and forestry (Adger, 2001).  As of 2003, most 
vulnerability assessments did not consider scales appropriate enough to provide 
adequate community-level guidance regarding climate change adaptation. 

In summary, key limitations with existing approaches to characterizing coastal 
vulnerability to climate change result from the typically ‘impacts-driven’ nature of 
assessment approaches, narrow (and variable) definitions of vulnerability, and issues of 
scale that control the distribution and type of risk and attributes of adaptive capacity.  To 
date, there is no consistent definition of vulnerability used for assessing climate change 
impacts.  A review of common definitions and a new, integrated approach used for this 
study is provided in section 1.3.1. 

1.2. Research purpose and objectives 
The purpose of the study is to investigate the environmental and social impacts of 

climatic change and accelerated sea-level rise on one of Canada’s most sensitive 
coastal regions – the northeastern coast of Graham Island, Haida Gwaii (Queen 
Charlotte Islands).  As such, this report provides a case study that combines scientific 
findings on climatic and environmental changes with an assessment of community-
based and locally relevant elements of adaptive capacity to climate change.  In many 
ways, the findings of this study tell of relevant issues, both social and environmental, 
that constrain or enhance the adaptive capacity of Canada’s many small, remote 
coastal communities to climate change related risks. 

In doing so, the study addresses two key gaps, or objectives, identified by CCIAD.  
The first was to examine the vulnerability of sensitive areas of Canada’s coast.  At the 
time this project was funded, research on biophysical and social impacts, exposures 
and risks associated with climate change and sea-level rise in NE Haida Gwaii was very 
limited.  The second was to examine the development and analysis of options to reduce 
the vulnerabilities to climate change impacts.  Again, at the time of funding, little was 
known on key community and physical vulnerabilities to climate change related risks.  
Furthermore, knowledge of community perceptions of these risks and attributes of 
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adaptive capacity that might reduce climate change vulnerabilities was essentially non-
existent.  By addressing these gaps, this study both derived and analysed extensive 
baseline information on key physical and social vulnerabilities, whilst eliciting new 
information on climatic variability and change risks, community perceptions of these 
risks, and attributes of adaptive capacity important for building effective response and 
adaptation strategies.  From this, preliminary recommendations for adaptation 
measures to mitigate change are made (see section 4).   

Specific research objectives of this project are listed in order of occurrence below as 
discrete results sections in this report.  These include: 
i) a comprehensive review of literature on vulnerability and adaptive capacity to 

develop both an integrated definition and a guiding conceptual framework for 
assessing locally-relevant, community-based vulnerabilities and attributes of 
adaptive capacity to climate change related risks (see section 1.3) 

ii) an examination of modern climatic variability and change trends (e.g., temperature, 
precipitation, winds) and oceanographic responses (e.g., SLR rates, extreme water 
level recurrence intervals, storm surges), including interpretation of a recent 
extreme event (the Christmas Eve 2003 storm) to portend possible future impacts 
(see sections 2.1 through 2.3, and 2.6)  

iii) an assessment of pre-historical climatic changes to the 1600s using 
dendroclimatology (tree-rings) as a means to extend limited historical records from 
meteorological stations and to identify the persistence and variability of long-term 
climatic variability signals (e.g., ENSO, PDO) (see section 2.4) 

iv) a reconstruction of pre-historical coastal geomorphic responses to past sea-level 
changes since the mid-Holocene (~6500 yr ago to present) using optically 
stimulated luminescence dating (OSL), LIDAR mapping, and GIS (see section 2.5) 

v) a study of modern coastal erosion and change trends using measurement and 
mapping of recent morphological changes in the coastline from Tllel to Old Massett 
using historical airphotos, repeat topographic surveys, and bathymetric mapping 
(see sections 2.7) 

vi) an assessment of sea-level rise and coastal erosion vulnerabilities by reference to 
estimated erosion rates and mapping of projected areas of inundation based on 
plausible scenarios of SLR and extreme water levels (see section 2.8). 

vii) an assessment of plausible future climate change scenarios and potential impacts 
(see section 2.9) 

viii) a community workshop and mapping exercise designed to: a) document local 
perspectives on key areas and activities of importance and change in northeastern 
Haida Gwaii, b) gather information on local perceptions, experiences, and 
responses to climate- and community related changes, and c) identify ways in which 
community responses could be strengthened to adapt to future climate and 
community changes (see section 3.2) 

ix) an extensive door-door survey of community perceptions of, and experiences with, 
climate change-related risks, environmental hazards, or other community changes 
so as to identify attributes of adaptive capacity and vulnerability (see section 3.3)  



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   7 

x) a discussion of considerations for the development of short- and long-term 
considerations for developing climate change and sea-level rise adaptation 
strategies (see section 4). 
Some of these objectives are, or will be, published as peer-reviewed journal 

manuscripts (e.g., Dolan and Walker 2006, Walker and Barrie 2006, 
Abeysirigunawardena and Walker in review).  In addition, the project has supported the 
training of 4 masters students (Pearce 2005, Conner 2005, and 2 others in progress), 
one PhD (in progress), and 4 undergraduate student research assistantships in the 
UVic Geography Program.  Local training and research contracts were also provided to 
several local residents, Council of the Haida Nation – Forest Guardians (Haida 
Mapping), and 3 students from Haida Gwaii. 

1.2.1. Limitations and further steps towards adaptation 

This report refers to the state of global climate change knowledge to 2006 as 
published by the IPCC Third Assessment Report (TAR, IPCC 2001).  The most recent 
IPCC Fourth Assessment Report (AR4) is scheduled to be released in early 20072.   On 
2 February 2006, the IPCC-AR4 Working Group I Summary for Policymakers (SPM) 
was released to the media.  Given the timing of this release, only limited findings from 
this new report are incorporated into this document. 

Community-based research in the remote communities of Haida Gwaii is 
necessarily time-consuming and logistically very expensive.  Due to these realities, 
some components of the research were not conducted or completed as initially 
proposed.  Most notably, a long and costly 2-year delay in LIDAR data acquisition and 
processing, resulting from several failed attempts due to poor weather, delayed 
development of a precise base map of the study region until February 2006.  This 
limited the mapping, interpretation and public presentation of sea-level rise inundation 
scenarios for community feedback.  It also did not allow sufficient time for re-
assessment and mapping of coastline sensitivity beyond the scale presented in the 
original Shaw et al. (1998) report.  In addition, the research team determined early on 
that an integrated coastal zone vulnerability assessment map based on an index value 
that combines community values and physical hazards was neither feasible nor 
appropriate as much of the coast is undeveloped and as our definition of vulnerability 
does not favour an ‘indexed’ or additive approach (see discussion in section 1.3).  Thus, 
no attempt was made to assign spatially discrete vulnerability values to the land base.  
Instead, a community mapping exercise (see section 3.2) was used to identify the 
spatial distribution of key areas and activities that could or have been altered by 
climate/environmental and/or socioeconomic changes. 

Finally, these delays, compounded by long planning horizons and high logistical 
costs associated with such community-based research, did not allow for proper final 
stages of adaptation strategy development.  Recommendations provided in this report 
(see section 4) are important steps toward this, derived largely from community input 
and community-based research initiatives. Proper adaptation strategy development 
would require two further stages.  First, an advisory panel of community members, 

                                            
2 see www.ipcc.ch for details 
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Haida Nation representatives, regional and local planning staff, municipal politician and 
the regional MP, and research team members review the findings of this report and 
develop tentative adaptation strategies.  Second, the report and tentative strategies are 
presented by the advisory panel via community consultation forums.  This process 
would be similar to, although narrower in scope, the ongoing development of a land and 
resource use management plan (LRMP) for Haida Gwaii.  Of note, this process began 
in the mid-90s and has involved longstanding negotiations between community groups, 
the Haida Nation, and the BC Ministry of Sustainable Resource Management.  As of 
yet, a comprehensive LRMP does not exist for Haida Gwaii, although a 
recommendations report does exist (HG/QCI LUP process team 2006).  Interestingly, 
climate change considerations such as coastal setbacks and limited development on 
eroding coasts are not part of the current recommendation report. 

1.3. Research approach 
The study approach was designed around a multi-scaled, integrated research 

framework conceptualized specifically for this project (see Figure 3, discussed in section 
1.3.2) (Dolan and Walker 2006).  A multiple methods strategy was used involving two 
parallel components: i) a scientific assessment of past, present, and future climatic and 
environmental changes (described in further detail in section 2), and ii) a community-
based, social science assessment of local perceptions of climate change related risks 
and community attributes of adaptive capacity using focus groups, key informant 
interviews, community workshops, and a door-door survey (described in section 2.9.1).  
Overall, the approach was designed to elicit locally relevant information on key 
vulnerabilities (both socioeconomic and environmental) and elements of adaptive 
capacity to the impacts of climate change and sea-level rise.  Specific methods and 
rationale for each component are detailed in each of the main results sub-sections. 

1.3.1. Characterizing vulnerability 

In general, vulnerability is a rhetorical warning of danger representing a potential for 
loss (Cutter, 1996).  This view forms the basis for analysis in many disciplines including 
natural hazards, risk assessment, food security and climate change research (Liverman 
1990; Blaikie et al. 1994; Yamada et al. 1995; Clark et al. 1998; Harvey et al. 1999; 
Cutter et al. 2000; Wu et al. 2002).  To date however, there is no consistent definition 
used for assessing climate change impacts. 

Within climate change and natural hazards research, three broad characterizations 
of vulnerability are identified that 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 
infrastructure.  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 (Hewitt 1997; Comfort et al. 1999; Shrubshole 2000). For 
example, structural adaptations (e.g., flood-protection or erosion-control structures) do 
not always discourage people from living in high-risk areas such (e.g., floodplains or 
eroding coasts), but may encourage development and consequently, increase 
vulnerability. 
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A second perspective views vulnerability as a human relationship, not a physical 
one.  In other words, 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) (Watts and Bohle 1993; Blaikie et al. 1994; Kelly and Adger 2000). As such, 
exposure is determined by the inequitable distribution of damage and risk among 
groups of people (Wu et al. 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 (Blaikie et al. 1994).  
Thus, protection from the social forces imposed on people that create inequitable 
exposure to risk is just as, if not more, important than protection from natural hazards 
(Hewitt 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 the limited capacity of 
communities to respond (Liverman 1990; Burton et al. 1993; Adger 2000; Cutter et al. 
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., Blaikie and Brookfield 1987; Wu et al. 2002).  For 
example, Wu et al. (2002) applied a GIS-based approach to assess physical 
vulnerability of a coastal region to flood hazards under varying storm intensities and 
projected sea-level rise.  In addition, they delineated regions of 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 (Harvey et al. 1999; Klein 1999; Burton et al. 
2002).  Although other determinants of vulnerability are examined, such assessments 
begin by identifying 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 to assessing vulnerability have increased understanding of 
potential climate change impacts and of the role of adaptation options in moderating 
negative consequences (Smith 1997; Tol et al. 1998; Klein and Nicholls 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 broader assessment of systemic root causes of vulnerability such 
as capitalism, colonialism, and racism (Hewitt 1983; 1997; Blaikie 1985).  Clark et al. 
(1998) developed a causal hazards model that integrates indicators of social 
vulnerability (e.g., poverty, disability) with environmental and spatial considerations to 
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delineate vulnerabilities spatially within a community (e.g., flood risk mapping).  
Although they do not question why poverty exists in delineated areas, they identify 
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 tend to be more interventionist 
and aimed at reducing risks of potential damages by anticipating impacts and planning 
adaptation responses.  Consequently, adaptations fall within narrow management 
categories including: protect, adapt, retreat, and do nothing.  As such, this approach 
perpetuates a protection-oriented response to climate change, rather than a proactive 
one that considers a broader array of technical, institutional, economic, and social 
elements that occur in different localities (Klein and Nicholls 1999).  Presently most 
vulnerability assessments do not yield results sufficient for widespread, day-to-day 
application for local coastal zone management (Klein and Nicholls 1999).  While efforts 
to improve vulnerability assessments via enhanced data and analytical techniques 
continue, other approaches to assist coastal communities in dealing with physical and 
social vulnerabilities via enhancing their adaptive capacity must be pursued. 

1.3.2. An integrated vulnerability-adaptive capacity research framework 

Given the limitations of impacts-driven coastal vulnerability assessments in 
considering both physical and social aspects and in light of the present need for 
community-based approaches to building adaptive capacity to climate change related 
risks, an ‘integrated’ framework (Figure 3) is proposed for this study. Presented in Dolan 
and Walker (2006), 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 (Kelly and Adger 2000, Smit and Pilifosova 2003).  As 
such, 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. 

a) Exposure to climatic variability and change 
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 to be affected by sea-level rise and could be 
assessed either using a simple physical sensitivity index (e.g., Shaw et al. 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 to respond to and 
recover from impacts (e.g., dynamic beach-dune systems that recover from wave 
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erosion and/or 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, either positively or 
negatively (Klein and Nicholls 1999). For example, planned adaptations (e.g., shoreline 
protection, dune restoration) can reduce natural vulnerability by enhancing system 
resistance and resilience, thereby increasing the likelihood of adaptation (Harvey et al. 
1999).  Conversely, human-induced hazards (e.g., land degradation, inappropriate 
development and encroachment) and protection structures may decrease (or 
temporarily increase) resistance, thereby reducing resiliency of the system to respond 
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  
system that shares vulnerability (Klein and Nicholls 1999). 

b) Adaptive capacity and resilience 

Adaptive capacity is an inherent property of the system that defines its capability to 
deal with exposure (Smit and Pilifosova 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 changes.  As such, building adaptive 
capacity helps reduce vulnerability.   

Holling (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 (Burton et al. 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 (Tobin 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 
(Barnett 2001).  

Discussions of determinants of resilience in socio-ecological systems are long-
standing (e.g., Wildavsky 1988; Folke et al. 1998).  In ecological systems, several 
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 
(Holling 1973; Wildavsky 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 
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intensification of resources, mobilization of social networks, mobility for relocation and 
access to resources, and decentralization of decision-making (Handmer and Dovers 
1996).  Some of these same properties emerged in our community survey results (see 
section 2.9.1) as attributes of adaptive capacity already existing in Haida Gwaii. 

In terms of climate change research, the Working Group II report of the IPCC Third 
Assessment Report (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; Yohe and Tol 2002).  

Human activities and communities are also interdependent with environmental 
systems, and this must also be considered in determining adaptive capacity.  In other 
words, adaptive capacity to climate change is determined jointly by socio-economic 
setting and local experiences with environmental exposures and changes.  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). Increased physical 
exposure increases the vulnerability and, depending on the frequency and magnitude of 
exposure and the planning and preparedness of the community, may decrease overall 
adaptive capacity to future changes.  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 vulnerability.  Thus, both physical and social exposures 
create vulnerabilities, decrease resilience and hence, reduce adaptive capacity to 
climatic variability and longer-term change.  

As such, this model considers elements of human-environment systems that create 
vulnerabilities, 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 economic and/or physical impacts of change. 

c) Considerations of scale 

While projections of climate change over decades and broad spatial scales are 
useful for understanding the magnitude and coarse distribution of impacts, hazards are 
expressed quickly at local scales.  It is at this level where responses and adaptations 
are most important (Riedlinger and Berkes 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 (Clark et al. 1998; Wu et al. 2002; Monirul and Mirza 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, climate 
variability events rather than gradual, longer-term change in average conditions such as 
sea-level rise (Smit et al. 1999).   
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This 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 (i.e., local knowledge) provide information on inherent 
characteristics that enable and/or constrain that community to respond, recover, and 
adapt.  An example of such an event, the Christmas Eve 2003 storm is provided in 
section 2.6.4.e), whilst community perceptions to such risks are explored in detail in 
community survey results in section 3.3.  

It is also important to note that adaptive capacity cannot be assessed at the 
community scale alone.  In many ways, broad, system-level determinants of adaptive 
capacity provide information on resiliency to climate-related stresses.  For example, 
economic or political power at the aggregate level may enhance resiliency of a nation, 
region or community, while at the same time, significant portions of the population may 
remain or become marginalized and vulnerable (Handmer et al. 1999).   

Relationships between vulnerable populations and community social structures are 
complex and are examined via specific attributes of disadvantaged populations (Tobin 
1999).  For instance, understanding of divergent adaptive capacities and resiliencies in 
communities may be improved by examining how various characteristics of vulnerability 
mediate risks.  Poverty, political powerlessness, disabilities, limited employment, 
inadequate legal rights, breakdown of interfamily arrangements, and various forms of 
discrimination are recognized indicators of social vulnerability (Wisner 1992, Cannon 
1994, Hewitt 1997).  As such, 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 (Kelly and Adger 2000).  Furthermore, there is merit in 
exploring the socio-economic and institutional conditions at community to global scales 
that constrain or enable individuals and groups to effectively respond and adapt to 
stresses (Kelly and Adger 2000).  Thus, the determinants of adaptive capacity are 
sensitive to scale and are a function of both the role of institutions and policies in 
mediating risk at various scales, as well as the attributes of groups and individuals that 
limit their access to resources and/or information needed to respond and recover from 
external climate change stresses.  For the most part, this study focuses largely on the 
finer scales (community to individual) of vulnerability and adaptive capacity. 

d) Community scale determinants 
Community adaptive capacity involves complex relationships among political, socio-

economic, and cultural elements that vary across a range of spatial and temporal 
scales.  The framework outlined in Figure 3 recognizes that the ability of to cope with 
exposures to climate change depends on several determinants that can be measured at 
community and individual levels. Each determinant discussed here, plus new ones that 
emerged from community survey findings, are discussed further in section 3.3. 

Income (wealth) and its distribution across a population is an important indicator of 
system-level adaptive capacity in that as national, regional, community or individual 
wealth increases, so too does the potential for preparation, recovery, and adaptation 
(Kates 2000).  Access to technology (closely tied to wealth) is another system-level 
determinant as greater access to technology increases the potential range of adaptation 
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options available to communities (Goklany 1995).  Information and skills available 
across a community, and to individuals, become important in determining adaptive 
capacity (Barnett 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 (Fankhauser and Tol 1997).   

Risk perception and awareness are also important as individuals and communities 
must perceive and understand climate change to be a present and future threat before 
making steps for planned adaptation (Burton et al. 1993).  Risk awareness is dependent 
on the effectiveness of social networks and infrastructure to facilitate the flow of 
information and skills.  Recently, researchers have drawn relationships between 
community capacity to cope with hazards and their social capital, which includes 
relationships, networks, and infrastructure that support the flow of information and skills 
toward shared values, goals, and collective action (Coleman 1988, Tobin 1999).  For 
instance, communities with denser social support networks often have greater 
cooperation among community members for some mutual benefit.  It follows that 
communities with higher social capital and stronger social networks will better deal with 
hazards and climate change impacts as information and other forms of social support 
are more readily accessible (Buckland and Rahman 1999).  

Critical institutional frameworks at community, regional and national levels that 
manage climate change risks and other hazards are also important (Smith and Lenhart 
1996).  If such frameworks are absent, or their credibility is 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, high dependence on risk 
spreading may lead to long-term ‘maladaptive’ behaviours (Smit 1994) that increase 
vulnerability.  Furthermore, if social and political institutions do not promote equitable 
allocation of power and resources, it is less likely that communities and individuals will 
be able to respond and adapt effectively (Adger and Kelly 1999; Handmer et al. 1999). 
The role of institutions (e.g., regional-municipal planning agencies) in defining and 
allocating property rights and developing land resource use planning processes is very 
important for community adaptive capacity as they influence access to resources, 
wealth, livelihood, and in some cases, physical exposure to natural hazards (e.g., land 
use zoning in vulnerable areas).  This is certainly the case for communities in Haida 
Gwaii, with ongoing First Nations land claims, longstanding resource allocation and 
access negotiations, and with no established regional LRMP. 

1.3.3. The role of community-based research 
Assessing adaptive capacity to climate change 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 (Bielawaski 1995; Cohen 1997; Fast and Berkes 
1998). The research framework presented in Figure 3 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 and traditional knowledge (including cultural interpretations and values) of the 
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environment.  This allows scientific views of climatic changes and related natural 
hazards to be framed and/or presented with a local context.  For example, local 
knowledge and experiences (e.g., historical accounts) can ‘ground truth’ scientific 
research and allow for better examination of how global changes will be expressed and 
interpreted locally (Usher 2000, Riedlinger and Berkes 2001).  In turn, this provides 
improved foundations for decision-making and adaptive capacity building. 

1.4. Study area 

1.4.1. Physical setting 

The Queen Charlotte Islands (Haida Gwaii) is an archipelago of over 180 islands 
located approximately 100 km offshore from Prince Rupert on British Columbia’s north 
coast (54°N, 132°W) (Figure 4).  The northeastern region of the largest island (Graham 
Island), known as the Argonaut Plain or Naikoon peninsula, is comprised of 
unconsolidated Quaternary sediments of glaciofluvial origin (Clague et al. 1982a). This 
region is distinct in British Columbia in that it experienced limited to no ice cover during 
the Late Wisconsinan glaciation (ca. 16000 yr ago) and may have served as a glacial 
refugium (Warner et al. 1982). 

Dramatic fluctuations in relative sea level have occurred in the northern Pacific 
margin of Canada over the late Quaternary. In Hecate Strait, a rapid regression to -150 
m occurred between 14600 - 12400 14C yr ago due to isostatic rebound followed by 
transgression to +16 m by 8900 14C yr ago due to combined eustatic rise and 
subsidence of a glacioisostatic forebulge (Josenhans et al. 1997, Barrie and Conway 
2002).  Since 3800 14C yr ago, sea level has regressed leaving a series of relict 
shorelines and prograding beach ridges.  Further discussion on late Holocene coastal 
landscape responses to sea level change is provided in section 2.5.  Over the 20th 
century, the sea-level has risen at a rate of 1.6 mm yr-1 whilst extreme water levels rise 
at 3.4 mm yr-1 (Abeysirigunawardena and Walker 2006, see section 2.6).  Recent 
extreme storm surge events (see section 2.6.4.e) provide an analogue for future climate 
variability impacts that are superimposed on a more gradual sea-level rise.   

a) Coastal geomorphology 
The modern coastal landscape of NE Graham Island consists of over 100 km of 

sandy shoreline that is host to a variety of landforms (shown in  Figure 5) including:  a) 
low gradient, dissipative beaches backed by prograding foredunes on North Beach,  b) 
reflective, cuspate cobble beaches with sandy low tide terraces on Rose Spit, c) and d) 
multiple-barred beaches backed by migrating foredunes and parabolic dunes on 
northern East Beach, e) and f) eroding bluff systems on southern East Beach, g) 
actively meandering river estuaries such as the Sangan River, and h) the dynamic and 
prominent Rose Spit complex.   

The East Beach coastline is maintained by active northward transport of eroded 
bluff sediments from Capes Ball and Fife by strong wave and tidal currents (Amos et al. 
1995).  South of Cape Ball (Figure 5e, f), beach systems are supply-limited and 
generally erosive.  North of Cape Ball, bluff systems decline in height and the beach 
becomes backed by bluff-top dunes.  North of the Oeanda River, a well-established and 
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extensive active foredune and partly stabilized parabolic dune systems back the beach 
toward Rose Point. Figure 5c shows a stretch of northern East Beach, south of Kumara 
Lake with intertidal bars, a log drift line demarcating an erosive backshore scarp, and an 
extensive drift log jam infilled with aeolian (windblown) sands that fronts 5-10 m 
foredunes with erosional blowouts (Figure 5d).   

Landward of this, parabolic dunes migrate toward the NW (right) up to 1.2 km into 
muskeg on an old coastal platform.  Currently, this coast is retreating by 1-3 m yr-1 
(Conway and Barrie 1994) 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 (Barrie 
and Conway 2002).  However, erosion (i.e., sand loss from the beach) appears to be 
localized to bluff sections with narrow backshores while dune-backed sections retreat 
whilst maintaining high onshore sand accretion via aeolian transport from strong SE 
winds (Figure 5d).  

 Nearshore sediments are stored and cycled in shore-parallel bar systems on East 
Beach that are maintained by intense swash action and strong longshore tidal currents. 
In some areas, beaches are slightly rhythmic with rip currents.  Bars are reworked 
periodically by storm waves (cf. Anthony and Orford 2002) and on northern East Beach 
are shore- attached (see section 1.4.1a for description, Figure 6).  Airphoto comparison 
between 1980 and 1997 airphotos near Cape Fife shows migration of this bar complex 
about 5 km northward.  On the leading edge of these bars, erosion of beach and bluff 
systems occurs as wave energy is focused onshore and less sand is available in the 
nearshore to dissipate this energy.  This, coupled with erosion by storm waves, may 
have led to the drainage of Kumara Lake between 1980 and 1994 (Conway and Barrie 
1994).  Interestingly, earlier airphotos from 1954 and 1966 (not shown) also show the 
lake drained without bars present suggesting that backshore dune growth and 
subsequent erosion during extreme storms may be a recurring process in lake 
dynamics.  These bars also provide enhanced sand supply to backshore dune systems 
similar to that observed by Anthony (2000) on the coast of France. 

The dissipative shores of North Beach have been, until recently, prograding at 0.3 
to 0.6 m yr-1 (Harper 1980).  This progradation has been occurring for at least the past 
1200 years (see section 2.5) as is evident in the dozens of relict foredune ridges 
landward of North Beach (Figure 5a).  Sediment supplying this progradation originates 
either from alongshore transport from the west toward Rose Spit or from East Beach 
during SE storms as northward transport along East Beach is funneled through a 
nearshore channel at Rose Spit, to be worked onshore to North Beach later by NW 
waves and winds (Amos et al. 1995).  Notable erosion has occurred since 2003 on 
sections of North Beach near the Masset Airport, Sangan River, and east of Tow Hill. 

The convergence of North Beach and East Beach forms one of Canada’s most 
spectacular coastal landscapes, Rose Spit (Figure 5h), that is known for its ecological 
and cultural significance.  The spit itself extends from the larger Rose Point complex, a 
flat, cobble-gravel plain capped by aeolian sands and mostly vegetated with grasses 
and small trees.  The point is bounded on East Beach by 1-5 m sandy, driftwood-laden 
foredunes that grade to wave-cut scarps toward the end of the plain.  Beyond this, Rose 
Spit proper extends another few kilometres as a steep-faced intertidal cobble beach 
shaped by the sediment-rich currents from East Beach colliding with the waters of Dixon 
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Entrance.  During SE storms, currents flow westward to North Beach as reflected in the 
western curve of the spit.  Rose Bar exists offshore of this gap, to the east.  On the NW 
shore of Rose Spit, beaches are coarser and more reflective with a distinct sandy low 
tide terrace.  A scarped, cuspate cobble berm formed at spring tide is evident with one 
to two smaller terraces formed at lower tide stages (Figure 5b). Terraces diminish 
westward on North Beach as the system becomes more dissipative.  This transition is 
distinct and likely reflects the change in beach angle to dominant NW swell in Dixon 
Entrance.   

All of these landscapes are highly dynamic, in that their morphology changes 
dramatically between seasons, in response to storm events and summer rebuilding, and 
interannually in response to longer-term erosion and/or sedimentation trends.  This is 
due to an extremely energetic natural regime of conditions including a macrotidal range, 
an energetic wave climate, and frequent strong winds and storm surges.  Erosion 
monitoring profiles (see section 2.7) show that most sections of coast in the study 
region have experienced extensive erosion in response to recent high water events.  
Such events are increasing at more than twice the rate of regional sea-level rise and are 
linked to known climatic variability events (e.g., ENSO, PDO) (see sections 2.3, 2.6). 

b) Climate 

Given it’s location in the NE Pacific, the climate system of Haida Gwaii is highly 
complex and dynamic.  It continues to evolve over time due to large-scale ocean-
atmosphere phenomena (e.g., ENSO, PDO) and regional signals of global warming.  As 
such, both short-term natural climate variability and longer-term climate change signals 
(discussed further in section 2) are expressed readily in Haida Gwaii. 

Haida Gwaii experiences a ‘marine west coast cool’ climate (Köppen classification 
Cfb).  Given the diverse geography of the islands, there are a wide range of ‘micro 
climates’ that simply cannot be described from the limited number of weather stations 
on Haida Gwaii (including Tlell, Rose Spit, Langara, Tasu Sound and Cape St. James).  
As of 2006, not all stations were active or recorded the full suite of climate elements.  
The Sandspit Airport station provides the most continuous and encompassing (in terms 
of recorded climate elements) record extending back to 1945 and includes 
measurements of: temperature, precipitation, winds, wind chill, solar radiation, humidity, 
pressure, and cloud cover/visibility.  

Environment Canada’s Climate normals for 1971 to 2000 for Sandspit show that 
Haida Gwaii receives an average precipitation ranging from 1000 to 1400 mm yr-1.  
Most of this falls as rain from October to April, though an appreciable yet short-lived 
snowfall (1 to 2 cm) occurs occasionally from December to March.  Precipitation occurs, 
on average, about 230 days of the year, with as much as 15 days of snowfall > 1cm. 
June through September are the driest months.  Extreme precipitation events include 
79.5 mm day-1 deluges (15 April 1952), thick snowfalls (380 mm on 27 January 1996, 
810 mm in January 1969) and extended periods of drought (e.g., summer 2004).  The 
moderating influence of the Pacific Ocean on average temperatures in the area is 
seasonally pronounced with above freezing average daily temperatures of 3.2°C in 
January (high 5.6°C, low 0.7°C) to mild-cool summer temperatures of 15°C in August 
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(high 17.9°C, low 12.1°C).  Extreme temperatures range from 27.8°C (28 July 1971) to -
15.5°C (-26°C with wind chill, 16 November 1985).  

c) Wind regime 

Located at ~52-54°N, Haida Gwaii is situated in what could be considered the 
northern ‘furious 50s’, although not per the conventional meteorological definition.  Like 
the ‘roaring 40s’, the ‘furious 50s’ are intense westerly winds located around 50°S that 
occur due to a thermal gradient between warm tropical and cold polar air masses, which 
are deflected in the direction of the Earth's rotation via the Coriolis effect. These 
tempest winds of the South Pacific owe much of there magnitude and persistence to an 
extensive open ocean fetch, unlike winds at this latitude in the Northern Hemisphere, 
which are impeded by large continental land masses. 

Aside from localized topographic effects (e.g., topographic steering, valley 
funneling, slope accelerations), the directionality and magnitude of regional winds in 
Haida Gwaii are controlled largely by pressure gradients and storms associated with 
two major pressure systems: the Aleutian Low (AL) and the North Pacific High (NPH). 
These systems dominate the NE Pacific seasonally and control many aspects of climate 
including seasonally opposed winds that are typically strongest in winter.  In the fall, the 
AL cyclonic system develops and intensifies causing a counter clockwise circulation of 
surface winds.  This brings frequent strong, moisture-laden SW through SE winds up 
Queen Charlotte Sound and Hecate Strait to Haida Gwaii from October through to April.  
Come May, as the AL diminishes and retreats to the northwest, the NPH expands and 
intensifies.  During the summer, higher atmospheric pressures, clearer skies, less 
frequent precipitation, and W through NW winds dominate climate in Haida Gwaii. 

Figure 7 shows the average annual wind rose for Haida Gwaii derived from wind 
data from the Environment Canada met station at Rose Spit from 1995 to 1999 (from 
Pearce, 2005). This station was selected for as it is indicative of regional winds in the 
study area and had less than 2% missing data over this interval.  The wind rose shows 
a seasonally opposed (i.e., bimodal) wind regime.  Average monthly wind speeds range 
from 6.37 m s-1 in August to 9.68 m s-1 in December.  The strongest winds (> 18 m s-1) 
are from the SE and occur 27% of the time annually, with greatest occurrence in 
February and October.  Seasonally, strong fall and winter (September to April) SE winds 
blow frequently and exceed 18 m s-1 (65 km hr-1, 35 knots) 3.5% of the time. From May 
through August, W to NW winds are most frequent (15% of the time) and are usually 
slower (6 to 12 m s-1 with no recorded winds > 18 m s-1). Other modes in the wind 
regime include moderate (6 to 18 m s-1) winds from the S and E, as well as less 
frequent (< 2%) but high winds (> 18 m s-1) from the ESE.   

For this period, 67% of all winds were above the wind erosion threshold of 6 m s-1 
(Fryberger 1979).  Despite high amounts of precipitation, these winds move 
considerable amounts of littoral (coastal) sediments onshore to maintain active dune 
systems (as discussed in section 1.4.1.a).  

Table 1 shows annual average, maximum hourly and maximum gust wind speeds 
and directions for select meteorological stations in Haida Gwaii.  At Sandspit, average 
annual windspeed is 5.3 m s-1 (19.1 km hr-1, 10.3 knots) and in Hecate Strait winds 
average 8.5 m s-1 (31 km hr-1, 16.5 knots) and average directions are from the SE 
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through S respectively. Winds are very persistent in the region with less than 1% calm 
conditions measured in Hecate Strait. On the southern tip of Haida Gwaii at Cape St. 
James, the wind speed average is similar (8.6 m s-1) but the dominant direction is W 
due to a greater exposure of this station to the open Pacific Ocean.  In the north of 
Haida Gwaii at Langara, the maximum hourly windspeed is 35.8 m s-1 (128.9 km hr-1, 
69.6 knots). Given the remote location and extreme winds at this station, data are not 
continuous and preclude determination of average conditions. Extreme winds are 
common to Haida Gwaii as indicated by a maximum hourly windspeed of 49.2 m s-1 
(177 km hr-1, 95.6 knots) at Cape St. James.  Clearly, the winds of Haida Gwaii are 
some of the strongest and most persistent in Canada. 

Table 1: Wind speed statistics from established meteorological stations in Haida Gwaii 
region (from Walker 2006a). 

Location 
(duration of 
observation) 

Average windspeed in 
m s-1 

[dominant direction] 

Max. hourly windspeed 
in m s-1 

[dominant direction] 

Max. gust 
in m s-1 

[dominant direction] 
Sandspit [a] 
(1945-2001) 

5.3 
[SE] 

38.1 
[SE] 

45.6 
[SE] 

Hecate Strait [b] 
(1970-1992) 

8.5 
[S] 

26.4 
[S] 

na 

Cape St. James [a] 
(1925-2001) 

8.6 
[NW] 

49.2 
[SE] 

53.6 
[SE] 

Langara [a] 
(1936-2001) 

na 35.8 
[SW, W] 

41.1 
[W] 

Note: 1 m s-1 = 3.6 km hr-1 = 1.9 knots 
[a] source: Environment Canada, Canadian Climate Normals 1961-1990 and/or 1970-2001 
(www.climate.weatheroffice.ec.gc.ca/climate_normals) 
[b] source: 1970-1992 data from DFO-MEDS Wind & Wave Climate Atlas (www.meds-sdmm.dfo-
mpo.gc.ca/alphapro/wave/TDCAtlas) 

d) Wave regime 

The wave climate of the waters around Haida Gwaii is the most energetic in Canada 
and among the highest in North America (Harper 2006).  Open exposed fetches into the 
NE Pacific generate large swell waves that reach the western and northern shores in 
Dixon Entrance, while frequent storms associated with the AL system generate storm 
waves in Hecate Strait that dominate the eastern shores, especially in winter. 

Annual significant wave height, Hs, (or the average of the highest one-third of all 
waves measured at a location) in Hecate Strait is 1.8 m and the peak (most energetic) 
period is 10 s.  Seventy to eighty percent of the annual waves are less than 2 m.  The 
most active season is from November (Hs = 2.8 m) through January (Hs = 2.6 m) with 
maximum observed Hs of 14.3 m in December (Eid et al. 1993).  Higher values (Hs > 
3.5 m) occur in the shallower waters of Dogfish Banks along East Beach and prevail for 
20-30% of the time during winter months (Thomson 1981).  Individual waves exceeding 
20 m have been recorded numerous times (~40 observations over a 14 yr record) in 
Hecate Strait (Harper 2006).  For comparison, larger waves >6 m occur 10% of the time 
on the west coast of Haida Gwaii vs. <1% of the time in Hecate Strait (Harper 2006).  
The dominant wave direction in Hecate Strait is S-SW though SE winds and onshore 
refraction in shallower waters cause SE waves on East Beach.  On North Beach, NW 
swell and storm waves are comparatively infrequent and less energetic. 
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e) Tides and currents 
Average tidal amplitude for Haida Gwaii is about 4 to 5 m, however, as the tidal 

wave propagates over the shallower waters of Dogfish Banks in Hecate Strait, it is 
amplified to over 7 m (Robinson 2006).  As a result, tides in Hecate Strait have the 
highest range in BC, with highest spring tides exceeding 7.5 m near Prince Rupert and 
Queen Charlotte City.  Mean water levels (MWL), higher high water mean tides 
(HHWMT), higher high water large tides (HHWLT), lower low water mean tides 
(LLWMT), and lower low water large tides (LLWLT) values in metres above chart datum 
(m aCD) for several areas in the study region are listed in Table 2. 

Table 2:  Tidal ranges for locations in the Haida Gwaii region expressed as metres 
above chart datum (courtesy of F. Stephenson, A. Ballentyne, and D. Sinnott - 
Canadian Hydrographic Service, Sidney BC). 

Station MWL LLWLT LLWMT HHWMT HHWLT 
Queen Charlotte City 4.0 0.1 1.2 6.3 7.8 

Prince Rupert 3.8 -0.1 1.2 6.2 7.5 
Dixon Entrance near 

Rose Spit* 
3.3 -0.1 1.0 5.3 6.4 

Masset Inlet+ 2.0 -0.1 0.5 3.4 4.2 
*inferred as 85% of Prince Rupert (A. Ballentyne-CHS, 2005 pers. comm.) 
+based on a short 44 day occupation period in summer 1972 from a temporary station (F. 
Stephenson-CHS, 2007 pers. comm.), low amplitude also reflects strong current control of 
Masset Inlet discharge. 

 
Tides near Graham Island are classified as mixed semidiurnal with M2 tidal 

amplitude in northern Hecate Strait of almost 2 m that peaks on the east coast of 
Graham Island (Bowman et al. 1992).  Harmonic analysis of long-term tidal records in 
the region show that M2, S2, K1, N2, O1 and K2 components comprise about 90% of 
the total amplitude of semidiurnal constituents (Crawford 1998).   

Currents in Hecate Strait and Dixon Entrance are driven mainly by tidal forcing with 
coastal topographic effects only locally important (Amos et al. 1995, Strong et al. 2002).  
Reversing flood-ebb tidal currents occur as water floods into Hecate Strait around Rose 
Spit from Dixon Entrance, then reverses at high tide.  Typical flood current speeds are 
0.25 - 0.5 m s-1 near Rose Spit and 0.15 m s-1 on the ebb along East Beach (Amos et al. 
1995). Two gyres exist along East Beach: a clockwise gyre centered near Rose Spit 
and a counter-clockwise gyre centered near Cape Ball.  Thus, a current divergence 
exists on East Beach that shifts S on the ebb while northward currents increase on the 
northern 20-30 km of the beach.  In Dixon Entrance, the Rose Spit eddy rotates 
counter-clockwise and eastward on North Beach (Crawford and Greisman 1987) at 
speeds of 0.06-0.11 m s-1 (Flather 1987).  River discharge and winds appear to have 
minimal effect on tidal currents except during intense storms when wind-shear currents 
can approach 0.25 m s-1 (Strong et al. 2002).  River discharge from the Skeena and 
Nass Rivers however do have a notable effect on water temperature, especially in 
summer, and this enhances mixing of coastal waters (Robinson 2006).  
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1.4.2. Community setting 
Climate change will impact the socio-economic well-being of remote, resource-

based coastal communities like those in Haida Gwaii through: i) changes in natural 
resources (e.g., forests, water, fish, wilderness) and related land use activities (e.g., 
commercial forestry, fisheries, subsistence gathering, tourism), ii) limited access to 
essential services and resources, iii) structural change in the global economy that may 
provide both opportunities and challenges for resource-based sectors in regional to 
local economies, and iv) increasing social and/or economic risks and costs associated 
with increases in extreme events and sea-level rise impacts (Walker and Sydneysmith 
2007) (e.g., land loss, coastal infrastructure damage, coastal resource changes, 
transportation delays).  Such impacts are, and will continue to be, unevenly distributed 
among coastal communities due to different local exposures and vulnerabilities (Clark et 
al. 1998, Dolan and Walker 2006).  These impacts are also superimposed on non-
climate issues facing coastal communities, including First Nations land claims and 
socio-economic restructuring due to declines in natural resource-based economies 
(Dolan et al. 2005, Ommer and Dolan 2005, Ommer 2006, Ommer and the Coasts 
Under Stress Research Project Team 2007). 

As islanders, the communities of Haida Gwaii are geographically isolated and rely 
on costly critical transportation links (ferries, airplanes, coastal highways) that must 
withstand some of the most extreme coastal waters and stormy conditions in Canada.  
At times, this geographic remoteness limits a resident’s access to critical services (e.g., 
advanced health care) and results in occasional supply shortages.  This limited access 
to resources, critical infrastructure, and services poses a vulnerability to climate change 
related risks, such as increasing frequency of extreme storm events.  In addition, a 
traditionally high economic dependence on variable and, increasingly, restricted natural 
resources for subsistence and jobs (LUPPMT 2003) poses another vulnerability to 
climate change.  This stems from a close association between social and environmental 
exposures in resource-dependent communities as climate changes increase the 
uncertainties associated with natural hazards and resource availability and access.  
However, the communities of Haida Gwaii may also be especially resilient given their 
past experiences with environmental hazards and socio-economic changes, coupled 
with their rich social and cultural fabric, enduring community attachment, and more 
recent socio-economic ingenuity and diversity.    

To assess the adaptive capacity of communities and individuals in Haida Gwaii one 
must consider not only inherent resiliencies, but also any other social processes that 
limit access to resources, power, and decision-making (e.g., differential rights to access 
resources, discrimination, provision of essential services, local funding for infrastructure 
maintenance).  In other words, the cultural and socio-economic contexts in which 
community activities and livelihoods are situated are important.  This requires 
knowledge on community attributes (e.g., demographics, employment) and processes 
(e.g., decision making, land use planning) as well as individual or household-level 
perceptions, attitudes, and responses to past experiences that have challenged and/or 
are indicative of adaptive capacity (see section 3.3.4 for further details).  Combined, 
these attributes provide insight into future adaptive capacity (Riedlinger and Berkes 
2001). 
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a) Community geography 
Haida Gwaii is located approximately 820 km north of Vancouver and about 100 km 

offshore from Prince Rupert (Figure 4).  Graham Island is the largest and northernmost 
of over 180 islands in the Haida Gwaii Archepelago and is home to approximately 4475 
residents.  There are several communities on Graham Island including: Queen Charlotte 
City, Skidegate, Tlell, Port Clements, Masset, Old Massett, and Tow Hill.  Skidegate and 
Old Massett are designated Haida First Nation reserves under Canada’s Indian Act.  
Tow Hill and Tlell are distinct unincorporated communities.   

This study focuses on the four coastal communities along the 110 km stretch of 
coast from Tlell to Masset.  It is recognized that the other communities on NE Graham 
Island are linked to many of the same issues facing these communities.  However, for 
logistical reasons and in accordance with the original sensitivity assessment of Shaw et 
al. (1998) the study was restricted to this geographic area. 

b) Transportation 

The northern communities of Masset, Old Massett, and Tow Hill are approximately 
110 to 130 km, by road, to Queen Charlotte City.  These communities are linked by the 
main regional Highway 16, which is the westernmost stretch of the historic Yellowhead 
Highway.  The segment from Queen Charlotte City to Tlell follows very closely to the 
coast and portions of this have experienced increased flooding and erosion damage in 
recent years.  In some locations, the highway is within metres of erosional bluffs and is 
very near the elevation of the largest tides.  With erosion rates averaged at 1-3 m yr-1 
along East Beach (Conway and Barrie 1994, Barrie and Conway 2002, see section 2.7), 
and faced with rising sea-levels and extreme water levels (see section 2.6), this stretch 
of highway is highly vulnerable and will require immediate planning considerations for 
climate change (see sections 2.8 for further discussion).  An alternate route exists 
between Queen Charlotte City to Port Clements via Juskatla logging road, but the road 
is not suitable for high volume traffic and is not maintained by the Ministry of 
Transportation and Highways. 

There is no public transportation on islands, so residents must rely on personal 
vehicles, private shuttles, or taxi.  Most residents and cargo travel on/off islands via ferry 
or airplane.  The BC Ferry terminal is located in Skidegate, about 5 km east of Queen 
Charlotte City.  Ferry service runs regularly from Skidegate to Prince Rupert on a 160 
km course that takes 5-6 hours.  The main Transport Canada certified airport (CYZP) on 
islands is in Sandspit, an unincorporated village of 460 residents located on Moresby 
Island (Stats Canada 2001).  Travel to the Sandspit airport requires a 5 km (20-30 
minute) ferry from Skidegate to Alliford Bay on Moresby Island, and a 12 km drive to the 
airport.  Most air cargo and passenger travel come via Sandspit, although there is a 
smaller municipal airport in Masset (CZMT) that offers limited charter flights and float 
plane service from Masset and Queen Charlotte City harbours.   

While flights and ferries are scheduled regularly, disruptions and cancellations are 
common due to severe weather and high volume.  Following the sinking of M/V Queen 
of the North in March 2006, BC Ferry service to the islands was disrupted for several 
weeks.  Contracted cargo barge service to/from the mainland, available to Masset and 
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Queen Charlotte City, was used to deliver cargo and vehicles (not passengers) during 
this time.  

c) Population demographics 
The total population of Haida Gwaii as reported in the 2001 Canadian census is 

4935 people (Statistic Canada 2001).  Of this, 90% of the residents (4475) live on 
Graham Island and about 44% live in the communities of Masset (926), Old Massett 
(739) and in the larger Skeena-Queen Charlotte electoral district area ‘D’ (rural Graham 
Island)(538).  Population density is obviously low at approximately 50 people km-2 
compared to Victoria, for example, at about 3940 people km-2 (BC Stats 2004).  As 
evident in Table 3, overall population has declined by about 12% in Haida Gwaii since 
1981 with major declines in Masset (-41%) and major increases in Old Massett (+22%) 
and rural Graham Island (+40%). The major decline in Masset resulted from downsizing 
and eventual closure of CFB Masset in 1994-96, when between 500 and 600 military 
personnel and their families left the community (Mushynsky pers.com 2003).  In 
addition, island wide declines in fishing, forestry and mining have also contributed to 
significant out-migration since 1981 (Holman and Nicol 2004).  

Table 3: Changes in population for Haida Gwaii communities (1981-2001 and 1996-
2001) compared to Provincial averages.  Data from Holman and Nicol (2004) as 
modified from Conner (2005). 

Area 1981 1991 1996 2001 % Change 
1981-2001 

% Change 
1996-2001 

Graham Island 4343 4552 4980 4475 +3.0 -10.1 
Masset 1569 1476 1293 926 -41.0 -28.4 

Old Massett 580 632 692 739 +27.4 +6.8 
Port Clements 380 483 558 516 +35.8 -7.5 
Area D:  Rural 
Graham Island 

385 282 520 538 +39.7 +3.5 

Queen Charlotte 
City 

1070 933 1222 1045 -2.3 -14.5 

Skidegate 322 469 695 743 +130.7 +6.9 
Area F: Moresby 

Island 
1278 764 618 460 -64.0 -25.6 

Sandspit 754 702 568 435 -42.3 -23.4 
Other Moresby 524 62 50 25 -95.2 -50.0 

Total 5621 5316 5598 4935 -12.2 -11.8 
British Columbia 1,411,964 1,682,044 3,724,500 3,907,738 +176.8 +4.9 

 

According to the Skeena Native Development Society (SNDS 2004) the total 
residency population and band membership of Old Massett increased from 1994 to 
2003 by 27.6% and 15.2% respectively (Table 4).  In 2003, only 32% of the total band 
membership (799) lived in Old Massett, in part, due to a lack of suitable housing 
(Conner 2005).  An extension of the reserve across the causeway from Masset was 
granted and developed with new housing in 2004.  The large population increases in the 
Haida Nation communities of Old Massett and Skidegate are attributed to rising 
residential populations, declining out-migration, and returning numbers due to 
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amendments to the Indian Act (e.g., Bill C-31) that restored status rights to Aboriginal 
women married to Non-Aboriginal men (LUPPMT 2003, Conner 2005). 

Table 4: Old Massett trends in band membership and local residency (modified from 
SNDS 2004 and Conner 2005).  

Year Total Membership Population Residential Population* 
1994 2181 626 
1995 2224 614 
1996 2270 644 
1997 2305 724 
1998 2346 731 
1999 2388 750 
2000 2413 739 
2003 2512 799 

*population values for Old Massett differ slightly from those listed in Table 3 due to 
differing data sources. 

d) Employment and livelihoods 

The largest employment sector in Haida Gwaii is the natural resource sector (e.g., 
fishing, forestry, and agriculture), employing 29% of the total population (LUPPMT 
2003) (vs. ~8.3% in Masset and ~29.4% in Old Massett).  Other significant employers 
include the service sector (7%), which is highly dependent on tourism (e.g., food 
services and accommodation) while wholesale and retail trades employ 13% 
(LUPPMT 2003).   Major employment sectors in Masset (Table 5) and Old Massett 
(Table 6) are fishing and fish processing, forestry, tourism and government services. 

Table 5: Employment by sector in Masset (Statistics Canada 2001, as in Conner 2005) 

Employment Sector Masset (%) BC (%) 
Agriculture and other resource-based industries 8.3 5.2 

Manufacturing/construction 6.3 15.5 
Wholesale and retail trade 23 15.7 

Finance and real estate 0 6.1 
Health and education 24 16.9 

Business services 14 19.6 
Other Services 22 21.1 

Table 6: Employment by sector in Old Massett (SNDS 2004, as in Conner 2005). 

Employment Sector Old Massett (%) Skeena District (%) 
Fisheries 18.3 13.1 
Forestry 11.1 10.5 
Mining 0 2.3 
Public 40.9 56.2 

Tourism 0.4 1.6 
Other 29.4 15.9 

Unknown 0 0.3 
 

In Masset, the largest employer is the public sector (health and education equates 
to 24%).  According to Table 5, 8.3% of the workforce is employed in agriculture and 
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other resource-based industries.  Jobs in specific sectors (fishing, forestry and 
agriculture) are difficult to discern from these data as they fall within the “agriculture and 
other resource-based industries” category (Stats Canada 2001).  In Old Massett, 40.9% 
of the population is employed in the public sector and 29.4% in natural resource 
industries (fishery and forestry) (SNDS 2004). 

Masset is home to approximately 128 businesses and community services, 
including grocery stores, a bank, the RCMP, an elementary and a secondary school, a 
hospital, an airport, harbour facilities, and visitor accommodations.  As such, Masset is 
considered the major employment centre in northern Haida Gwaii (Village of Masset 
2003). Some of the major employers on the north end of the island are OMEGA 
packaging (a local fish processing plant), Old Massett Village Council (OMVC), Delmas 
Co-operatives (a grocery, pharmacy, and hardware store), Council of the Haida Nation 
(CHN), B.C. School District #50 (Masset), Singing Surf Inn, QCI Regional Hospital 
(Masset), and the Village of Masset.  OMEGA is the largest seasonal employer, 
providing jobs for up to 50 people in the summer season to as few as 6 people in the 
winter season (SQCRD 1999).  In Old Massett, businesses include two gas bars with 
convenience stores, a coffee shop/bakery, bed and breakfast accommodations, a health 
centre, a preschool, several artisan shops and home-based businesses (Holman and 
Nicol 2004, Conner 2005).  

In 2001, 520 people in Masset reported employment income.  The employment 
rate3 was 62% (vs. 59.6% for BC) and the unemployment rate was 8.2% vs. 8.5% for 
BC) (Statistics Canada 2001).  Annual employment earnings in Masset ($29,915) are 
slightly lower than the British Columbia average ($31,544).  Full time employees (235)4 
report an average earning of $41,668 vs. the BC average of $44,307 (Statistics Canada 
2001).   

Of the 416 people in Old Massett’s labour force5 in 2003, 225 were employed, 144 
full-time, 50 part-time, and 41 seasonal, resulting in a 46% unemployment rate (SNDS 
2004 as in Conner 2005), which is down from 1995 (72%), 1997 (68%) and 2000 (61%). 
Though high by comparison to Masset6, compared to average unemployment rate of 25 
native communities profiled by the SNDS service area (55%), Old Massett’s 
unemployment rate is lower.  According to SNDS (2004), “limited local funding” is given 
as the primary reason for high unemployment in Old Massett, while “seasonal work”, 
“high dependency on social assistance”, and “lack of incentive” are also cited.  

Socio-economic restructuring is often reflected in unemployment and changes in 
income levels.  As noted above, the unemployment rate in Old Massett has been 
steadily declining.  In the larger region, unemployment is 16.5%, which is about twice 
the provincial average (8.5%)(BC-STATS, 2001, Conner 2005).  Other changes, such 

                                            
3 the number of persons employed expressed as % of total population 15 years of age and over (Stats 

Canada 2001). 
4 full-year, full-time workers refers to persons 15 years of age and over (excluding institutional residents) 

who worked 49-52 weeks (mostly full timefor pay or in self employment (Statistics Canada 2001). 
5 SNDS (2004) identifies the labour force as those between the ages of 15 and 65, with the exception of 

students and instituted persons. 
6 It is not possible to directly compare unemployment rates between Masset and Old Massett given the 

different data sources and years (e.g., Stats Canada (2001) and SNDS (2004)). 
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as closure of a Canadian Forces base in Masset, led to out-migration of several 
hundred people, job losses, and economic changes.  Population in the larger region has 
declined by 12% since 1981 (BC-STATS, 2001).  

e) Economic Trends and Development 

The traditional economic staples of the Queen Charlotte Islands, as above, are 
fishing and forestry industries (Statistics Canada 2001, Holman and Nicol 2004, SNDS 
2004), both of which have seen significant downward trends in the past ten years.  
Fisheries declines result from reduced populations of salmon, herring, and other marine 
resources, as well as issues associated with the allocation of fishing privileges (e.g., 
implementation of the Pacific Salmon Revitalization Plan) (Holman and Nicol 2004).  In 
forestry, downward economic trends are associated with changing international timber 
markets, increasing costs of accessing timber, changes in forestry management, and 
changes in technology (LUPPMT 2003). Agriculture, on the other hand, has remained 
more stable (Holman and Nicol 2004). 

Locally, there has been downsizing and cutbacks in both federal and provincial 
program funding.  For example there have been cuts to the regional school district (QCI 
Observer, as cited in Conner 2005) and local health services (Bevington 2004).  
Fluctuations in the number of tourists have also been high on the island causing 
instability in the tourism industry.  This, along with recent local population changes 
(discussed above), have posed hardships for some local businesses.  These downward 
trends and economic fluctuations have all had negative influences on employment and 
income levels of communities in Haida Gwaii (LUPPMT 2003). 

In response to these economic changes, there have been a number of initiatives to 
assist in restoring some economic security and stability within island communities. 
These programs include: Gwaii Trust7, Haida Nation Economic Development Programs, 
South Moresby Forestry Replacement Account (SMFRA)8, Greater Masset 
Development Corporation (GMDC), Haida Gwaii Community Futures Development 
Corporation, and Islands Community Stability Initiative (ICSI) (Holman and Nicol 2004). 
These initiatives aim to strengthen the local economic base through job creation and 
support for education and economic development. 

f) Politics and decision making 
Political systems governing the communities of Haida Gwaii are complex.  There 

are three incorporated town councils (the Village of Masset (VOM), the Village of Port 
Clements, and Queen Charlotte City) responsible for town management, infrastructure, 
and services on Graham Island.  At the provincial level, Haida Gwaii falls within the 
larger Skeena-Queen Charlotte Regional District (SQRD), which extends onto the 
mainland and includes the communities of Prince Rupert, Port Simpson, Oona River, 
Kitkatla, and Hartly Bay.  Approximately half of the land area of this district (~10,000 
km2) is in Haida Gwai.   

                                            
7 www.gwaiitrust.com 
8 www.smfra.ca 
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The Council of the Haida Nation (CHN), originally established in 1980 as part of a 
mandate to deal with land issues, is the encompassing political body for the Haida 
people.  The Haida Tribal Society (HTS) was formed in 1984 to assist CHN with 
administrative issues and legal documents.  Although politically, the traditional decision 
making authority of Hereditary Chiefs has lost some power, it remains part of the CHN 
mandate that the chiefs must be in agreement in decision-making (Conner 2005).  CHN 
therefore plays an active role in decision-making on behalf of the Haida people and is 
actively involved in the ongoing Haida Land Claims case.  There are two First Nation 
Band Councils that manage the Haida communities (Old Massett Village Council - 
OMVC and the Skidegate Band Council - SBC).  These bodies are funded by the 
federal Department of Indian Affairs and Northern Development (DIAND) and are given 
jurisdictional authority over reserve lands according to the Indian Act.   

In addition to band councils, community councils, and the CHN, there are expansive 
protected park areas in Haida Gwaii.  In southern Haida Gwaii, Gwaii Haanas National 
Park Reserve and Haida Heritage Site (Figure 4) was established in 1993 via signing of 
a co-management agreement between Parks Canada and CHN.  Naikoon Provincial 
Park occupies much of the NE section of Graham Island and is managed by BC Parks.  
Agate Beach Campground, formerly managed by BC Parks, is run by OMVC.   

g) Formal education 
Table 7 demonstrates that some types of formal education in Masset are lower than 

the provincial averages.  Of note, 32.5% of 20-34 year olds in Masset have less than 
high school as their highest level of formal education, which is more than double that of 
the same age group in British Columbia (14.6%).  This suggests that many young 
people in Haida Gwaii have not completed high school, and is also similar for older 
demographics.  Oddly, the same demographic shows high university completion (30%) 
compared to the provincial average (23.5%), which is perhaps from recent immigrants to 
the islands.  Trades training is also much higher for the 20-34 and 45-65 demographics 
(17.5 and 16.1%) than BC averages (10.5 and 14.3%).   

Current formal education data are not available for Old Massett, although education 
levels and participation rates in the formal education system are lower among the Haida 
than for Haida Gwaii residents as a whole (Holman and Nicol 2004). 

Table 7: Education as a percentage of the population by age category in Masset and 
British Columbia (Statistics Canada 2001, modified from Conner 2005). 

Masset % population by age BC % population by age 
Highest level of schooling 

 
20-34 35-44 45-65 20-34 35-44 45-65 

Less than a high school 
graduation certificate 32.5 28.6 32.3 14.6 17.5 23.5 

High school &/or some post-
secondary education 5.0 28.6 25.8 34.5 25.0 22.3 

Trades certificate or diploma 17.5 14.3 16.1 10.5 14.3 14.3 
College certificate or diploma 15.0 14.3 9.7 17.0 20.2 17.5 

University certificate, diploma, or 
degree  30.0 19.0 16.1 23.5 23.0 22.4 
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h) Cultural heritage 
Haida Gwaii has a unique cultural heritage and a distinct sense of community.  This 

is evidenced in various cultural activities (e.g., potlatches, repatriation ceremonies, 
Haida singing and dancing groups, Haida language teachings), culturally significant 
sites (e.g., former Haida Village sites, Rose Spit, Tow Hill, burial grounds), and 
community events (e.g., Masset’s Harbour Days, Tlell’s Edge of the World Music 
Festival) (Conner 2005).  This, combined with a strong sense of islands’ pride among 
many residents, result in a strong attachment to place and commitment to community 
well-being in Haida Gwaii.   

Haida culture is proudly practiced, is incorporated into most community events, and 
has undergone recent revitalization.  For instance, due to a low and declining 
percentage of people who speak Haida, there has been an increased emphasis to 
revitalize the language and culture via such programs as the Skidegate Haida 
Immersion Program (SHIP) and the Old Massett Education Program.  These programs 
include immersion projects, day care and pre-school programs, a variety of course work 
for elementary and high schools, youth groups, adults and seniors’ groups, as well as 
an on-island university accredited course in linguistics (LUPPMT 2003). 
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2. Climatic and environmental changes 

2.1. Global climate change 

2.1.1. The Intergovernmental Panel on Climate Change (IPCC) 
Observed climate changes and impacts are now of international concern.  In 1988, 

the United Nations Environment Program (UNEP) and the World Meteorological 
Organization (WMO) recognized the potential magnitude of problems associated with 
climate changes and established the Intergovernmental Panel on Climate Change 
(IPCC).  The goal of the IPCC is to assess and evaluate the scientific, technical, and 
socio-economic aspects of human-induced climate changes and, from this, develop 
options for adaptation and mitigation.  To this end, hundreds of international members 
working in three Working Groups9 are examining various aspects including climate 
change science, vulnerability reduction, and greenhouse gas emissions.   

The IPCC Third Assessment Report (TAR) was published in 2001 and provides an 
extensive review of scientific and social science research on climate change.  A more 
recent Fourth Assessment Report (AR4) is scheduled to be released in early 2007 and, 
on 2 February 2006, the IPCC-AR4 Working Group I Summary for Policymakers (SPM) 
was released to the media.  Further details and all IPCC reports are available online at 
www.ipcc.ch. 

2.1.2. Defining climate change 
At the 1992 Earth Summit in Rio de Janeiro, more than 150 countries signed the 

United Nations Framework Convention on Climate Change (UNFCCC) that, in Article 1, 
defines ‘climate change’ as,  

“a change of climate which is attributed directly or indirectly to human activity 
that alters the composition of the global atmosphere and which is in addition to 
natural climate variability observed over comparable time periods.”  
As such, a distinction is drawn between ‘natural’ climate changes and those 

attributable to human activities that alter the Earth’s atmospheric composition.  It also 
recognizes shorter-term ‘climate variability’ and longer-term changes as integral 
components to ‘climate change’.  

Longer-term climate changes are statistically significant shifts in the mean state of 
climate elements that persist for an extended period (decades or longer).  Climate 
variability is defined by shorter-term (seasonal to inter-annual) variations in average 
climate conditions.  This includes shifts in inter-annual means and/or standard 
deviations in climate elements as well as changes in the frequency and/or magnitude of 
extreme events.  Climate variability is experienced on various spatial scales (locally to 
regionally) and on temporal scales typically longer than that of individual weather 
events.  Climatic variability and change may occur by way of: i) natural processes 

                                            
9 WGI examines the physical basis behind climate change drivers and trends, WGII focuses on identifying 

key impacts, vulnerabilities and adaptations, and WGIII explores means to mitigate the causes for 
global climate change (www.ipcc.ch). 
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internal to the climate system (e.g., ocean-atmosphere heat exchanges), ii) external 
forcings (e.g., changes in solar radiation inputs), and iii) persistent anthropogenic 
changes to the climate system (e.g., greenhouse gas emissions).  

The IPCC defines a time horizon of 2100 over which future climate change 
scenarios, impacts, and adaptation strategies should be developed.  It is important to 
note that most of these trends and impacts will not stop by 2100; this is merely a long-
term planning horizon and limit for future scenarios modelling. 

2.1.3. Observed global changes and trends 

Significant, rapid changes in global climate have been observed in response to 
increases in atmospheric greenhouse gas emissions, which trap heat energy in the 
Earth’s atmosphere.  Known as the ‘greenhouse effect’, this has resulted in a global 
warming of surface air temperatures of 0.6° C over the 20th century (IPCC 2001) 
(Figures 8, 9).   

Globally, the 1990s were the warmest decade on record and 1998 was the warmest 
year.  Recent information released by the IPCC (2007), shows that since 1850 eleven of 
the last twelve years (1995-2006) rank among the 12 warmest years on record, and that 
rates of warming over the last 50 years are about twice that for the last 100 years.  This 
confirms a concern that global warming trends are accelerating. 

Key global climate changes and impacts over the 20th century, as documented by 
the IPCC (2001) include:  

• Global air temperatures have increased by 0.6 to 2.0°C since 1850.  This recent 
warming trend is faster than any seen in the past 1000 years.  Rates of warming 
over the last 50 years are about twice that for the last 100 years.   

• There has been a reduction in the frequency of extreme low temperatures, with a 
smaller increase in the frequency of extreme high temperatures. 

• Warm episodes of the El Niño-Southern Oscillation (ENSO) have been more 
frequent, persistent, and intense since the mid-1970s. 

• Precipitation has increased by 0.5 to 1% per decade over most of the Northern 
Hemisphere.  Heavy precipitation events have also increased by 2 to 4%. 

• There have been shifts in the amount and timing of precipitation and river flows 
that have increased the frequency of floods and drought in some areas.  

• Global snow and ice cover has decreased by 10% since 1960s.  In North 
America, many alpine glaciers are melting rapidly and there has been a reduction 
of about 2 weeks in lake and river ice cover. 

• The world’s oceans have absorbed a high percentage of heat added to the 
atmosphere (Figure 10) and global sea levels have risen by 0.1 to 0.2 m, largely 
due to thermal expansion of warmer seawater and glacial melt.  Global sea level 
may rise by as much as 90 cm by 2100. 

It is important to recognize that over geological time, some climate change 
responses are natural and have been occurring for thousands of years.  For instance, 
global cooling phases occur as a result of shifts in the Earth’s energy (and heat) 
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balance due to the eccentricity of the Earth’s orbit around the Sun (a Milancovic cycle).  
This natural pattern results in surface temperature drops of 4 to 6°C and drives ice age 
cycles that occur approximately 100,000 years.  Since the peak of the last ice age some 
18,000 years ago, there have been other warm and cold phases in global climate 
including the Medieval Warm Period (1000-1300AD) and the Little Ice Age (1200-1900) 
respectively (Figure 9).  Solar activity cycles also influence the Earth’s energy budget 
and surface temperatures (Tett et al. 1999, Lean et al. 1995) and may have been 
behind these changes.   

Since the late 1700s however, global surface temperatures have risen rapidly by 
0.6°C largely due to increases in greenhouse gas emissions (IPCC 2001)(Figures 8, 9) 
associated with human activities (e.g., industrialization, massive land use changes, 
fossil fuel burning). This rate of temperature increase is very rapid, is accelerating, and 
is unprecedented in the last 1,000 years.  Evidence exists for changing climate 
variability as well, including increasing frequency and/or magnitude of extreme events 
(e.g., floods, droughts, storms).  Evidence provided in this report will explore regional 
manifestations of these global patterns in Haida Gwaii. 

2.2. National to regional climate change trends 
National climate trends are published by Environment Canada based on calculated 

‘Climate Normals’ or long-term average conditions for 30-year periods.  This is useful for 
comparing daily weather observations to ‘normal’ conditions for an area, so as to 
determine how unusual or great the departure of observation is from the average.  This 
also allows for identification of longer-term climate change trends.  In light of recent 
climate changes, the WMO recommends updating Climate Normals at the end of every 
decade.  Results presented in this section are from the two most recent intervals from 
1961-1990 and 1971-2000 and some longer-term trends that extend back to 1951.   

In general, Canada’s climate has warmed and seen an increase in precipitation over 
the past 50 years. Interestingly, both temperature and precipitation trends show a 
distinct shift toward positive (above average) since the mid-1970s. On the national 
scale, the global to regional processes behind this are not fully understood. However, 
on the BC coast, this may relate to a shift to the positive phase of the PDO and 
enhanced magnitudes of ENSO events. 

Extensive reviews of climate change impacts for BC are provided by Taylor and 
Taylor (1997) and a more recent provincial review by Walker and Sydneysmith (2007) in 
the coming National Assessment Report of Climate Change Impacts and Adaptations 
sponsored by CCIAD (Lemmen et al, in press). 

2.2.1. Surface air temperature 

In the Northern Hemisphere, climate records show a warming of 0.5°C over the past 
50 years and this is unprecedented in the last 1000 years.  This warming occurred 
largely over areas of the Northern Hemisphere (e.g., Siberia, northwest North America) 
while some other regions cooled (e.g., North Atlantic).  In Canada, national average 
temperatures have increased by 1.3°C since 1948 (Figure 11) 2006 is the second 
warmest year on record, next to 1998 (+2.5°C), which was a strong El Nino year.  1972 
was the coolest (-1.8°C) year, and since 1991, temperatures have remained 
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consistently above the longer-term average.  In general there is a greater warming trend 
in the west and north with the Northern BC-Yukon region and the Mackenzie District 
(western Arctic) showing the greatest national increase in temperatures. 

Since 1950, warming has occurred across British Columbia with the BC coast 
(+1.2°C), Northern BC-Yukon region (+2.0°C), and Southern BC Mountains district 
(+1.4°C) showing some of the highest rates (Figure 12).  BC’s temperatures may rise by 
another 1 to 4°C by 2100 (Walker and Sydneysmith 2007).  

Temperature trends in Haida Gwaii since 1950, taken from Cape St. James and 
Sandspit Airport, show rising average daily temperatures of +0.5 to 1.1°C, with 
significant warming in both daily minimum and maximum temperatures of 0.9°C (0.18°C 
per decade) and 1.1°C (0.21°C per decade) respectively.  These increases are most 
pronounced in winter and summer.  

2.2.2. Frost-free and growing degree days 

These general warming trends have additional climate variability implications.  For 
instance, the number of ‘frost free’ and ‘growing degree’ days has increased at many 
locations in BC (Figure 13).  In 2004, there were 16 frost-free days at Cape St. James, 
which has increased at a rate of 3 days per decade since 1950.  At Prince Rupert a 
more significant increase to 46 frost-free days a year occurred (+8.9 days per decade).  

Changes in ‘degree days’ (the number of °C that the mean temperature over a 
month or year is above or below a given threshold) are also an important measure of 
climate change.  For instance, a threshold of 24°C is used as an index of ‘potential heat 
stress’ to crops and forests.  Over the 1971-2000 period, there were zero degree-days > 
24°C and potential heat stress was negligible.  Another relevant threshold is 5°C, above 
which ‘growing degree-days’ are defined.  This is used in agriculture as an index of crop 
growth.  Haida Gwaii experienced an average of 1462 growing degree-days for 1971-
2000, which was up from 1418 for the previous (1961-1990) average.  A threshold of 
0°C indicates freezing degree-days.  Climate normals for Haida Gwaii show an average 
of 28.8 freezing degree-days for 1971-2000, which is down from 38 for the 1961-1990 
period.  These trends in degree-days are explained in part by the general regional trend. 

2.2.3. Precipitation 

Precipitation in the middle to upper latitudes of the Northern Hemisphere has 
increased by 5 to 10% (a rate of 0.5 to 1% per decade) over the 20th century.  In North 
America, some regions show great deviations from this, including the Great Plains, 
which have dried significantly.  In Canada, national average precipitation has increased 
by ~12% over the past 57 years and since the early 1970s has been consistently above 
the long-term average (Figure 11).  This average does not reflect the high regional 
variability in precipitation, which includes +5 to 35 % variations in southern Canada and 
25 to 45 % increases over Nunavut. There has also been a national increase in the ratio 
of snow to total precipitation due to a general increase in winter and autumn snowfall.  

Regional precipitation trends in BC (Figure 14) show an increase of about 20% on 
the BC coast over the 20th century (Taylor and Taylor, 1997).  Since 1950, the driest 
and wettest years occurred in the early – mid 1980s.  Precipitation trends in 2004-2005 
illustrate the variability in the system with a contrasting 3rd wettest year (+37.7%) in the 
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Northern BC-Yukon region while the Pacific Coast experienced a dry year (-19.1%) and 
the Southern BC Mountain region was lowest in the country (-27.1%).  In general, since 
1950, seasonal precipitation trends have been of drier winters for much of the interior 
and southern BC, wetter springs for the Northern BC-Yukon region, and wetter 
summers for the Pacific coast region.  Precipitation may increase by 10-20% in BC with 
more occurring in the fall.  Some areas will become wetter, others drier. 

Long-term precipitation trends in Haida Gwaii show distinct increases in annual 
precipitation at Cape St. James (+12.6%), Sandspit (+12.9%), and Langara (+36.5%) 
since 1950.  At both Cape St. James and Sandspit, increases occurred in all seasons, 
but mainly in winter and spring.  At Langara, statistically significant increases have 
occurred also in all seasons, but mainly in fall (+35.1%).  In contrast, Victoria has seen a 
decline in annual precipitation (-3.1%) with seasonal values ranging from -3.3% in fall to 
-16.8% in winter and an increase of 13.3% in spring precipitation. 

2.2.4. Sea surface temperatures (SST) 

According to the BC-MWLAP (2004), ocean surface temperatures have increased in 
Queen Charlotte Sound by +1.6ºC over the 20th century compared to +0.9ºC on the 
west coast of Vancouver Island and +1.8ºC in the Georgia Basin.  For the waters of 
Haida Gwaii, this is at least twice the IPCC global average of +0.4 to 0.8ºC.  In BC, the 
sea level could rise, largely due to thermal expansion, by up to 30 cm in north coast 
waters by 2050 (BC-MWLAP 2004).  In the Haida Gwaii region, a current sea-level rise 
rate of 1.6 mm yr-1 suggests a future rise of 11 to 22 cm by 2100 (Abeysirigunawardena 
and Walker, in review, also see section 2.6) 

2.2.5. Hydrological changes 
The hydrological impacts of climate changes are widespread. In general, British 

Columbia is experiencing warmer springs, earlier spring thaws, and increased melting of 
alpine glaciers.  Coupled with precipitation changes (amount, timing, snow vs. rain), this 
is having a notable impact on the quantity and timing of river flows.  For instance, over 
the 20th century the Fraser River discharges fell to low levels in the 1940s, rose 30% by 
the late 1960s, and have been falling ever since (Taylor and Taylor, 1997).  In terms of 
timing, about 50% of the annual flow of the Fraser River is occurring earlier in the year 
at a rate of approximately 9 days per century.  There has been no discernable shift in 
the timing or quantity of annual peak flow.  In southern central BC, however, peak flows 
are occurring earlier, with accompanying lower summer to early fall flows, and higher 
early winter flows (Leith and Whitfield, 1998).  Similar changes are also occurring in 
coastal rivers (Whitfield and Taylor, 1998) where spring and summer river flows have 
decreased due to an earlier and longer lasting growing season.  This promotes 
increased terrestrial water use and a lower groundwater supply to river flows (base 
flow).  Low flow periods are expected to begin earlier and last later into the fall as higher 
air temperatures increase evaporation and surface water losses.  In addition to timing 
and magnitude of flow, river water temperature changes are also anticipated, which may 
have a significant impact on salmon spawning success and resulting stocks. 

Seasonal to inter-annual variations in river flow also reflect climate variability 
events.  Rivers in coastal BC tend show greater flows after La Niña winters (cold ENSO 
phase) due to above average precipitation and snowfall.  Following an El Niño season 
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(fall-winter), peak flows arrive earlier due to warmer spring conditions and earlier 
snowmelt. In addition, summer flows after an El Niño are below average due to 
generally drier winter conditions.  These hydro-climatic variations are natural to some 
extent, but may be exacerbated by ongoing human-induced global warming trends.  

2.3. Climatic variability patterns 
Climatic variability (CV) is a part of the natural climate system and is defined as 

short-term (i.e., seasonal to inter-annual) fluctuations above long-term averages in key 
climate variables.  Climatic variability is experienced on local to regional scales at time 
scales typically longer than individual weather events.  

Two major ocean-atmosphere phenomena strongly influence climate variability in 
Haida Gwaii: i) the El Niño-Southern Oscillation (ENSO), and ii) the Pacific Decadal 
Oscillation (PDO).  Both are naturally occurring patterns, but their frequency and 
intensity are changing in response to global climate change (Trenberth and Hurrell 
1994, Timmermann 1999).  Recently, changes in the frequency and magnitude of 
extreme events (e.g., storm surges, droughts, floods, fires) are occurring worldwide and 
climate models predict a continuing rise in their frequency (Palmer and Rälsänen 2002, 
Milly et al. 2002, Easterling et al. 2000, Schumacher and Johnson 2005).  

2.3.1. El Niño - Southern Oscillation (ENSO) 

The El Niño – Southern Oscillation is the most significant and widespread 
phenomenon to cause global climate variability on inter-annual time scales.  ENSO is a 
tropical Pacific phenomenon that influences global weather patterns via change in 
oceanic currents and sea surface temperatures (SST).  It has a cycle of 2 to 7 years 
with events persisting for 6 to 18 months (Wolter and Timlin 1993, 1998, Ropelewski 
and Halpert, 1986; Yarnal and Diaz, 1986).  During “El Niño” events, warm waters from 
the equatorial Pacific migrate up the west coast of North America and influence sea-
surface temperatures, sea levels, and local climate across BC (Figure 15). ENSO 
impacts are strongest in winter and spring.  El Niños bring warmer temperatures (by 0.4 
to 0.7ºC) and less precipitation to BC compared to cool “La Niña” events that bring 
cooler and wetter conditions (CIG 2006).  

El Niño warming also alters the path of the jet stream, which usually results in a 
stronger than normal Aleutian Low (AL) pressure system during December through 
February (Shabbar et al. 1997). This causes more storms to track toward the north 
coast of British Columbia, Yukon and the Northwest Territories and typically brings 
wetter and stormier weather to Haida Gwaii.  Meanwhile, most of southern Canada 
experiences milder and drier winter conditions.  

Since the 1950s there have been 10 notable El Niño events (1957-58, 1965-66, 
1972-73, 1977-78, 1982-83, 1987-88, 1991-92, 1994-95, 1997-98, 2002-03) and 8 La 
Niña events (1950-51, 1955-56, 1964-65, 1970-71, 1973-74, 1975-76, 1988-89, 1998-
99)(Figure 16).  In particular, the El Niños of 1982-83 and 1997-98 were the most 
extreme on record (Wolter and Timlin 1998), and since the mid-1970s, ENSO events 
have become more frequent, persistent, and intense (Trenberth and Hurrell 1994, 
Timmermann 1999). This may, in part, relate to enhanced conditions resulting from a 
shift to a positive PDO phase in 1977 (Hare and Mantua 2000) (see section 2.3.2). 
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2.3.2. Pacific Interdecadal Oscillation (PDO) 
The PDO is a longer-term (~20 to 30 year) pattern of ocean-atmosphere variability, 

defined as the leading principal component of North Pacific monthly SST variability 
north of 20° N (Mantua et al. 1997).  Climate regimes in the NE Pacific are known to 
respond to the PDO (Mantua et al. 1997, Zhang et al. 1997) due to persistent SST 
warming and by enhancing or suppressing the strength of ENSO events at this lower 
interdecadal frequency (Gershunov and Barnett, 1998).  For instance, the positive 
(warm) PDO phase is associated with enhanced El Niño (and weak La Niña) conditions 
(and vice versa), which entails an enhanced AL system in the winter and warmer 
coastal waters (Mantua and Battisti 1994, Zhang et al. 1997) (Figure 15). This  results in 
slightly warmer conditions across BC during winter and spring, and variable effects on 
precipitation.  The opposite occurs during the negative PDO phase, with cooler and 
wetter conditions.  

The PDO index (Figure 16) characterizes inter-annual variability in average sea 
surface temperatures in the NE Pacific and, thus reflects regional climate variability. 
Over the 20th century, there have been two full PDO cycles with the cool phase 
dominating from 1890-1924 and 1947-1976, while the warm phase prevailed from 1925-
1946 and from 1977 through the mid 1990s.  Shifts between PDO phases result in 
major changes in climatic and oceanographic regimes, affecting winds and storms, 
ocean temperatures and currents (Bond and Harrison 2000, McPhaden and Zhang 
2002).  In 1976, the PDO shifted from a negative (cold) to a positive (warm) phase 
(Hare and Mantua 2000) and, except for the late 1980s and early 2000s, has been 
positive since.  Causes for PDO cycles are currently not known, which limits the 
predictability of future PDO events.  

ENSO and PDO are linked as PDO either amplifies or dampens the effects of 
ENSO events (Gershonov and Barnett 1998, Biondi et al. 2001).  This affects not only 
temperature and precipitation, but also snowpack, streamflow, growing degree-days, 
frost-free periods, winds, seasonal ocean levels, and storm surges.  The effects of PDO 
and ENSO in Western North America are widespread and well documented (e.g., 
Fleming et al. 2006, Wang et al. 2006a, Stahl et al. 2006). 

Some climate models suggest that global warming may produce a semi-permanent 
ENSO-like state (Timmermann et al. 1999).  Thus, the possibility exists that future 
ENSO events may be as, or more, extreme in their impacts in coastal British Columbia, 
which could have drastic implications for coastal zone management and planning in the 
Haida Gwaii region. 

2.3.3. Climatic variability impacts 
To date, little research exists on the impacts of ENSO or PDO in coastal BC.  

Oceanographic responses to these events include elevations in coastal sea levels due 
to the thermal expansion of warmer waters and, to a lesser degree, increased terrestrial 
freshwater discharge.  For instance, during major El Niño events (1982-83, 1997-98) 
sea levels along the west coast of North America from California to Alaska rose by as 
much as 100 cm (Subbotina et al. 2001).  During the winter of 1997-98, Hecate Strait 
was approximately 40 cm higher (Barrie and Conway 2002).  Due to more intense and 
more frequent storms associated with an enhanced AL pressure system and enhanced 
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storm waves along the American Pacific coast, these El Niño events produced 
extensive coastal erosion and infrastructure damage (Storlazzi et al. 2000; Allan and 
Komar 2002).  In Haida Gwaii, the 1997-98 El Niño caused as much as 12 m coastal 
retreat on NE Graham Island (Barrie and Conway 2002).  Recent research also shows a 
strong correlation between positive PDO values and elevated sea levels in Hecate Strait 
(Abeysirigunawardena and Walker in review, see section 2.6), although the 
mechanisms of the PDO are not well understood.  

Marine ecosystems in the NE Pacific also respond to phase changes in the PDO 
(e.g., Mantua et al. 1997; Hare and Mantua 2000; Gedalof and Mantua 2002).  As with 
El Niño events, warm phases of the PDO have enhanced coastal biological productivity 
in Alaska, whilst inhibiting productivity along the southern BC and western North 
American coast due to warmer coastal waters and reduced upwelling.  Cold PDO 
phases show the opposite pattern of marine ecosystem productivity.  Recently, 
Department of Fisheries and Oceans Canada has documented that during warm ENSO 
years, the migration route of Pacific salmon headed for the Fraser River is diverted 
northward around Vancouver Island, via Johnstone Strait, instead of Juan de Fuca 
Strait.  In addition, unusual species such as mackerel, who prey on juvenile salmon, 
have migrated north, during such El Niño years.  Thus, it seems that the migration and 
population of some Pacific salmon stocks may be influenced to a certain degree by 
teleconnected ocean-atmospheric processes that begin at the equator.  

2.3.4. Extreme Events 
Extreme weather-related events directly affect the day-to-day lives and decisions of 

British Columbians more than any other climate risk.  Windstorms, forest fires, storm 
surges, landslides, snowstorms, hail, and floods all have major economic impacts on 
communities, infrastructure, and industry (Hamlet 2003, Sandford 2006).  Increased 
occurrence of extreme weather is documented worldwide, and climate models predict a 
continuing rise in their frequency (Palmer and Rälsänen 2002, Milly et al. 2002, 
Easterling et al. 2000, Schumacher and Johnson 2005).  In BC, coastal storms are on 
the rise (Abeysirigunawardena and Walker in review, see section 2.6) and forest fires 
have become more frequent and severe with recent climatic warming (Gedalof et al. 
2005, Westerling et al. 2006). 

BC’s Provincial Emergency Program (BC-PEP) records extreme weather events 
causing personal and economic losses due to infrastructure damage.  From 2003 to 
2005, the frequency, severity, and costs of extreme events recorded by BC-PEP rose 
dramatically as a result of wildfires, storm surges, heavy rains causing flooding and 
landslides, and drought.  Warmer winter weather resulting in ice jams, freezing rain, and 
rain-on-snow events also resulted in economic losses.  These events cost BC taxpayers 
an average of $86 million per year in disaster financial assistance payouts, compared to 
an average of $10 million per year from 1999 to 2002 (Whyte 2006).  This increase is 
consistent with increasing weather-related hazards, as documented in the Canadian 
Disaster Database (PSEPC 2006, McBean and Henstra 2003). 
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2.4. Past climate reconstruction 

2.4.1. Pre-historical climate trends in BC 

Natural archives, such as tree rings and landforms, provide insights into the climate 
variability and environmental history of British Columbia prior to the instrumental record.  
Extensive paleoclimatic research has been conducted in BC.  Recent reviews show that 
following a colder, drier climate toward the end of the last glaciation (~12,500 years 
ago), BC’s climate warmed rapidly by 5ºC over only a century or two (Hebda and 
Whitlock 1997, Walker and Pellatt 2003).  Following this were three broad climate 
intervals:  

i) a warm and dry interval from ~10,000 to 7400 years ago 
ii) a warm and moist interval from 7400 to 4400 years ago, and  
iii) a cooler interval analogous to modern climate from about 4400 years ago 
Superimposed on this longer-term climate history is a complex pattern of climate 

variability that includes:  
• abrupt changes in climate (Gedalof and Smith 2001, Chang et al. 2003, Chang 

and Patterson 2005, Zhang and Hebda 2005) 
• periods of intense, persistent drought (Watson and Luckman 2004, 2005, 

Gedalof et al. 2004) 
• inconsistent relationships between ENSO, the PDO and the climate of BC 

(Gedalof et al. 2002, 2004, Watson and Luckman 2005) 
• multiple periods of alpine glacier advance and retreat (Luckman 2000, Ryder and 

Thomson 1986, Koch et al. 2004, Larocque and Smith 2003, 2004, Lewis and 
Smith 2004).  In particular, the glacial record shows that current warming rates in 
BC are unprecedented in the last 8000 years (Menounos et al. 2004). 

Together, these records demonstrate the dynamic nature of BC’s climate and the 
great likelihood for climate “surprises” to occur in the future.  

Three key lessons emerge from the pre-historical climate record of relevance to the 
assessment of future climate changes10: 

• Influences of large-scale patterns of climate variability (e.g., ENSO and PDO) on 
BC’s climate have not been consistent in recent centuries.  Consequently, the 
modern instrumental record probably does not reflect the full range of variability 
of the climate system, which may respond unpredictably to changes in forcing.   

• Abrupt changes in climate, similar to the PDO regime shift in 1976, are common 
in the pre-historic record, as are abrupt changes in ocean circulation.   

• Severe, sustained droughts occurred more frequently in previous centuries than 
over the past few decades, and hence would be expected to occur in the future, 
irrespective of climate change. 

                                            
10 as documented in Walker and Sydneysmith (2007: section 2) 
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2.4.2. Tree ring study of pre-historical climate variability in Haida Gwaii 
Given the relatively short instrumental record in Haida Gwaii, it is difficult to assess 

the degree to which local records of climatic variability reflect the broader regional 
signal, and vice versa.  It is also difficult to quantify the extent to which decadal to 
centennial climatic variability influences the climate of the islands.   

To address these limitations, an experimental reconstruction was undertaken using 
dendrochronological (i.e., tree-ring) techniques.  Specifically, we tested the following 
four main hypotheses (stated as predictions) on tree-ring records from Haida Gwaii: 

1. they are sensitive to regional variability in temperature and precipitation 
2. they are sensitive to large-scale patterns of climatic variability (e.g., ENSO, 

PDO) 
3. they provide a useful proxy for associated features of the climate system that 

influence coastal geomorphic processes (e.g., storminess, storm surge height, 
mean sea level) 

4. they are broadly coherent with other tree-ring records from the region 

2.4.3. Dendroclimatology methods 

Increment cores were collected from 20 mountain hemlock (Tsuga mertensiana) 
trees growing near treeline using standard dendrochronological techniques (Fritts 
1976).  High-elevation treeline environments are particularly sensitive to climatic 
variability in western North America (e.g., Peterson and Peterson 1994, Laroque and 
Smith 1999, Gedalof and Smith 2001a, Peterson and Peterson 2001).  The sampled 
tree stand was located 50 km northwest of Queen Charlotte City, on a steep SSE facing 
upper slope (60%) (53º28’00” N 132º19’04”W , elevation: 781 m aSL) near Juskatla.   

The twenty mountain hemlock trees were sampled by taking two cores at breast 
height on orthogonal radii to minimize the effects of growth irregularities (Fritts 1976).  
Cores were mounted in slotted boards, and sanded using progressively finer grades of 
sandpaper to enhance the visibility of annual rings.  Annual growth rings were 
measured using the WinDENDRO image analysis system (Régent Instruments, v. 6.01).  
Cross-dating was verified using the program COFECHA (Holmes 1986, Grissino-Mayer 
2001).  The growth series were then detrended and combined into a single 
representative site chronology using the program ARSTAN (Cook and Holmes 1986; 
Cook 1987, Cook et al. 1990).   

To assess the relationship between annual radial growth and climate (hypothesis 1), 
correlations between annual radial growth and records of mean maximum temperature 
and total annual precipitation were calculated over the interval beginning in the spring 
prior to the year of growth, and continuing to the termination of the growth season.  
Different window lengths were used to calculate mean values, including monthly, 
seasonal, semi-annual (October-March, April-September), and annual values.  Climate 
data were taken from the Historical Adjusted Climate Database for Canada (Mekis and 
Hogg 1999, Vincent and Gullett 1999).  The closest station is located at Sandspit 
(53.25°N 131.82°W, 6 m aSL) for the period 1949-2002.  Because growth of mountain 
hemlock has been shown to respond more strongly to total winter snow accumulation 
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than to total precipitation (Graumlich and Brubaker 1986, Smith and Laroque 1998, 
Gedalof and Smith 2001a), the correlation between total snow accumulation and annual 
radial growth was also calculated. 

To test hypothesis 2, the tree-ring chronology was correlated against indices of 
large-scale ocean-atmosphere variability, including the PDO index (Mantua et al. 1997), 
and the Niño 3.4 sea surface temperature (SST) index (Trenberth 1997).  Correlations 
were calculated for the same intervals described above for hypothesis 1.   

The tree-ring series were also correlated directly against mean annual sea level 
(MSL) and maximum annual water level (MAXWL) records from Prince Rupert 
(hypothesis 3).  Sea levels are largely determined by interactions between tidal forces 
and sea-level atmospheric pressure (via surge and wind effects) – both of which are 
correlated with climatic variability11.  Because tree growth is sensitive to other correlates 
of sea level, it is possible that growth patterns could provide a useful proxy for pre-
historical sea-level variations.  This finding would significantly advance the study of 
dendroclimatology and would provide a very useful context for interpreting shoreline 
dynamics in Haida Gwaii over the past several centuries.   

To test hypothesis 4, all available regional mountain hemlock chronologies were 
downloaded from the International Tree-Ring Data Bank (ITRDB; Grissino-Mayer and 
Fritts 1997).  Pairwise cross correlations were calculated between the Juskatla site 
chronology and the ITRDB chronologies for the entire common period of record, as well 
as for 100-year moving windows.  This latter analysis was undertaken to assess the 
stability of the spatial expression of climatic variability in the Northeastern Pacific over 
time (e.g., Gedalof et al. 2002, Gedalof et al. 2004). 

2.4.4. Dendroclimatology results 

a) Tree ring relationships to local climate 
The Juskatla tree-ring chronology exhibits a strong positive correlation to maximum 

monthly temperature throughout the growth season (March to July) and during late 
summer of the year preceding growth (July and August).  This same general pattern is 
also found in the analyses of seasonal, semi-annual, and annual data (Figure 17).   

These associations are reflected in conifer physiology, such that, in late summer, 
radial growth, root, shoot growth, and cone production have all terminated (Owens and 
Molder 1975, Owens 1984a, 1984b, Gedalof and Smith 2001a).  Warm weather, 
favourable for growth, allows the tree to add to its photosynthate reserves that are used 
for growth in the subsequent year (Gedalof and Smith 2001a).  Warm temperatures 
during the growing season increase metabolic rates and prolong the growing season, 
thereby resulting in wider annual rings (Gedalof and Smith 2001a, Peterson and 
Peterson 2001).   

Observed correlations to precipitation are not significantly different from zero.  
Annual precipitation in Haida Gwaii is very high (~ 1400 mm yr-1) and it is not surprising 

                                            
11 see Royer (1993) for a discussion of the role of the moon in influencing the climate of the North Pacific 

Ocean. 
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that precipitation does not limit growth.  In contrast, total winter snow accumulation is 
significantly negatively correlated with growth (R= -0.307, p=0.03) (i.e., greater growth 
during years of low snow accumulation).  This finding is consistent with other studies of 
mountain hemlock in the Pacific Northwest (Graumlich and Brubaker 1986, Smith and 
Laroque 1998, Gedalof and Smith 2001a).  A deep snowpack lowers temperatures in 
the rooting zone early in the growing season, thereby reducing metabolic rates, and 
shortening the total length of the growing season.  Because of the strong temperature 
controls on snowfall accumulation, total precipitation and total snow accumulation are 
actually poorly correlated at Sandspit (R=-0.321, p=0.02), explaining some of the 
differential response of growth rates to total precipitation and snow accumulation. 

The time series of annual radial growth at Juskatla exhibits several intervals of 
prolonged cool temperatures (Figure 18).  The period from the 1950s to mid-1970s is 
widely documented, and corresponds to the cool phase of the PDO (Mantua et al. 
1997).  Comparable events occurred in the 1690s to 1710, 1860s to 1870s, and during 
the decade around 1910.  These cold intervals are often identified as intervals of 
neoglacial advance/moraine formation in the Western Cordillera (e.g., Luckman 2000, 
Larocque and Smith 2003), and probably reflect large-scale changes in climate of the 
Northern Pacific Basin.  Poor sample replication prior to ca. 1675 makes the earliest 
portion of the record unreliable. 

b) Relationships to climatic variability patterns 

The Juskatla tree-ring chronology exhibits a strong positive correlation to PDO 
variability over the growing season, and over much of the previous year (Figure 19).  In 
fact, all correlations are statistically significant except May of the year prior to growth, 
and the fall after the termination of growth.  The strongest correlation is to the April PDO 
index during the year of growth (0.51), followed by mean spring PDO index, also during 
the year of growth (0.48).  These correlation coefficients are very high for a single site, 
and are comparable in magnitude to published reconstructions based on networks of 
sites (e.g., Biondi et al. 2001; D’Arrigo et al. 2001; Gedalof and Smith 2001b).   

Correlations to the Niño 3.4 SST index are also strongly significant, though 
somewhat weaker.  The strongest correlation (0.418) is to the mean Niño 3.4 index 
value over the water year (October-September).  Because the PDO index and the Niño 
3.4 index are correlated, it is possible that tree growth is sensitive only to variability in 
one of the indices, but exhibits a statistically significant correlation due to the 
commonality of the signals.  A partial correlation analysis of annual mean values of the 
PDO and Niño 3.4 indices, controlling for variability in the other, indicates that there is 
no unique variability explained by either index.  That is, after controlling for the variability 
that is explained by the PDO index, there is no significant variability in annual radial 
growth explained by the Niño 3.4 index (partial R=0.256, p=0.08).  Similarly, after 
controlling for variability in the Niño 3.4 index there is no significant variability explained 
by the PDO index (partial R=0.263, p=0.07).  This implies that these trees are sensitive 
to elements of the climate system that are common to the PDO and ENSO – an 
unsurprising finding, given that both exert important controls on the climate of the 
Pacific Northwest. 
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c) Relationships to sea level variability 
No significant relationship between tree growth signals and sea level variability was 

found, despite potentially common driving variables (e.g., sea surface temperature).  
The correlation between annual radial growth and mean annual sea level is 0.137 
(p=0.32) and 0.044 (p=0.75) for maximum annual sea level.  Given the strong tidal 
component present in the water level signal (see section 2.6), the sensitivity of MAXSL 
to single events, and the degree to which annual radial growth is removed from sea 
level (i.e., there is no direct causal relationship between them; they simply share a 
common correlate) these results are not surprising.  It is possible that a more integrative 
index of sea level (such as maximum sustained surge, or the 75th percentile height) 
might be more strongly correlated to annual radial growth, however, these analyses are 
beyond the scope of this exploratory investigation.  

d) Relationships to regional tree-ring signal 
Nine mountain hemlock chronologies from the region were available from the 

ITRDB.  Cross correlation analysis indicates that the Juskatla chronology is significantly 
correlated with all of them, although correlations are modest in some cases.  A slightly 
different perspective emerges from the moving average (century scale) analysis.  Cross 
correlations were conspicuously stronger during the earliest part of the record – a time 
when sample depth was lower and correlations would be expected to be weaker.  
Correlations were weakest during the 1800s, a time when the PDO appears not to have 
been an important mode of variability in the North Pacific Basin (Gedalof et al. 2002).   

Table 8: Cross correlations between annual radial growth at Juskatla and other regional 
mountain hemlock chronologies, taken from the International Tree-Ring Data Bank.  
Significant correlations (α=0.05) are shown with an asterisk (*). 

Site Lat. Long. Elev. All years 1600s 1700s 1800s 1900s 
Ellsworth Glacier 60º 5' 148º 58' 480 0.325* 0.375* 0.270* 0.311* 0.310* 

Cordova Eyak 
Mountain 60º 36' 145º 40' 430 0.284* 0.258* 0.372* 0.250* 0.256* 

Miners Well§ 60º 141º N/A 0.482* 0.379* 0.653* 0.386* 0.496* 
Rock Glacier 60º 4' 145º 50' 420 0.269* 0.306* 0.366* 0.164 0.271* 

Tebenkof Glacier§ 60º 148º N/A 0.232* 0.398* 0.171 0.159 0.156 
Turnagain Pass 60º 49' 149º 10' 400 0.319* # 0.508* 0.393* 0.012 
Water Supply 60º 7' 149º 28' 305 0.186* 0.286* 0.248* 0.079 0.142 
Wittier Canal§ 60º 148º N/A 0.127* # 0.034 0.118 0.212* 

Wolverine Glacier 60º 22' 148º 48' 400 0.273* 0.264* 0.252* 0.238* 0.347* 
§  precise location information not available. 
# indicates insufficient data to calculate correlation. 

Taken together, these analyses provide two important insights into the climate of 
Haida Gwaii over recent centuries: 

1. Although broadly similar to the regional tree-ring record, there is a substantial 
unique component in the Juskatla record, likely caused by a distinct climatic 
history not reflected in nearby records.  Consequently, when assessing the 
effects of climatic variability and change in Haida Gwaii, local records should be 
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used if at all possible.  Otherwise, important links between climatic variability, 
,change and local climate may not be identified from regional-scale records.    

2. Regional tree-ring records suggest that climatic variability and teleconnections 
appear not to have been stable over time.  Thus, there is a distinct possibility for 
climate “surprises” to occur in the future that are not foreseen from 
interpretations of the relatively short instrumental record.  For instance, while the 
PDO has exerted significant control on the regional climate in recent decades, 
the stability and impacts of this teleconnection may change as it has in the past, 
according to longer tree-ring records. 

2.4.5. Conclusions 

Dendroclimatological records from Juskatla shows that tree growth response is 
highly sensitive to climate variability, which allows interpretation of climate changes prior 
to the instrumental record.  Three key findings emerge on the pre-historical climate of 
Haida Gwaii: 

• Substantial pre-historical climatic variability has occurred on Haida Gwaii 
including several cold intervals associated with episodes of neoglacial advance 
elsewhere in Western Canada. 

• There is strong correlation between tree growth response, PDO and, to a lesser 
degree, ENSO indices.  Despite the comparatively small fraction of variability in 
the climate of Haida Gwaii explained by these patterns12, this suggests that such 
modes of climatic variability are part of the climate system of Haida Gwaii and 
have occurred for centuries. 

• Comparison of the Juskatla site to other regional mountain hemlock 
chronologies shows a statistically significant, regionally coherent, climate 
variability signal.  However, as these correlations are not stable over time, it is 
possible that regional teleconnections may have changed in recent centuries.  

Together, these findings speak to the importance of maintaining local 
meteorological stations in Haida Gwaii, and of developing a more extensive, local proxy 
record dataset for applications where a long-term perspective on the frequency and 
magnitude of climatic variability is needed.  

Dendrochronological tools provide, in many cases, the best means for 
understanding the long-term climatic, ecological, and geomorphological history of a 
region.  In Haida Gwaii, where the climatic history has been particularly volatile, 
interpretation of the links between climatic variability, ecological impacts, and 
physiographic changes is highly problematic.  Future tree-ring studies would provide 
higher quality reconstructions of climate, including spatial and temporal patterns of 
variability.  This would provide a better context for evaluating the magnitude and rate of 
recent warming, and a clearer picture of the links between patterns of local and regional 
climate, and their relationship to, for example, shoreline loss and accretion.   

                                            
12 vs. high correlations between PDO and ENSO in recent water level records, see section 2.3. 



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   43 

2.5. Past sea-level trends and coastline responses 
Global eustatic sea-level changes combined with regional tectonic and glacioisotatic 

effects since the last glacial maximum (~18,000 yr ago) have resulted in significant 
changes in relative sea level along the northern Pacific margin of Canada.  Geomorphic 
and sedimentological evidence exists for sea level transgressions (rises) to as high as 
200 m above modern levels on British Columbia’s north coast mainland (Clague 1985) 
and for regressions (falls) to as low as 150 m in Haida Gwaii (Josenhans et al. 1997).   

The purpose of this section is to document and describe coastal evolution since the 
late Holocene sea-level regression on northeast Graham Island (~ 6,500 y ago), using 
mapping of modern surficial geology and geomorphology with high-resolution LIDAR 
imagery, coupled with optically stimulated luminescence (OSL) and radiocarbon (14C) 
dating.  This work allows interpretation of past phases of coastal landscape evolution in 
order to better understand possible future responses of NE Graham Island to enhanced 
coastal erosion and sea-level rise.  There are two main objectives of this research: 
1. Develop a late Holocene sea level curve, specific to NE Graham Island, using OSL 

and 14C dating control from landscape deposits (e.g., terrestrial sands from stabilized 
sand dunes, coastal scarps) and buried organic materials.  It is hypothesized that 
this curve differs from those previously published for southern Haida Gwaii (e.g., 
Clague et al. 1982b, Josenhans et al. 1995, 1997, Fedje and Josenhans 2000, 
Barrie and Conway 1999, 2002) with respect to the elevation of the late Holocene 
highstand. 

2. To reconstruct phases of coastal landscape evolution in response to sea-level 
regression over the late Holocene using dated control elevations and flooded terrain 
maps to identify former shore positions.  It is hypothesized that there have been 
distinct stages in evolution driven by non-linear changes in sea-level and that this is 
reflected in shoreline positions and landform assemblages. 
As such, this work follows from early Holocene, broad-scale paleogeographic 

reconstructions (e.g., Hetherington et al. 2003) and helps close the gap between late 
Holocene sea level regression and modern eustatic sea-level rise at a key geomorphic 
locale - the prograding Naikoon spit complex.   

2.5.1. Regional sea level history 
A regional sea level regression (drop) on the northern Pacific margin of Canada 

began after the late Wisconsinan glacial maximum ~16000 yr ago (Figure 21).  Crustal 
flexure and rebound caused by a glacioisostatic forebulge initiated a rapid sea level 
regression ca. 14,600-12,400 14C yr ago to -150 m below present day sea level in 
southern Hecate Strait (Josenhans et al. 1997) and to as much as -100 m in northern 
Hecate Strait (Barrie and Conway 1999, 2002, Hetherington et al. 2003).  At that time, 
much of Hecate Strait along East Beach was sub-aerially exposed and may have 
provided a corridor for early human migration (Josenhans et al. 1995).  

Following this, a eustatic sea level rise and subsidence of the forebulge caused 
rapid sea level transgression, at rates as fast as 50 mm yr-1 (500 cm century-1) (Clague 
et al. 1982, Josenhans et al. 1995, 1997), to a highstand at about +16 m by 8,900 14C yr 
ago (~7,500-8,500 yr ago)(Fedje and Josenhans 2000). Transgressional evidence is 
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stored in coastal nearshore environments and includes: drowned shorelines, river 
channels, estuaries, deltas, spit platforms, barrier islands, and wave-cut terraces (e.g., 
Warner et al. 1984, Josenhans et al. 1995, 1997, Barrie and Conway 2002).  After this 
highstand, sea level has fallen at approximately 2.0 mm/yr (or 20 cm/century, based on 
the curve of Clague et al. 1982b).  The duration of the sea level highstand is not known, 
and the subsequent regression may have been non-linear (i.e., occurred in step-like 
phases). Features formed during this regression include relict beach ridges, prograding 
spit and foredune systems, and extensive stabilized parabolic dune systems (Barrie and 
Conway 2002, Walker and Barrie 2006).   

Despite knowledge of the dynamics of relative sea level change on the continental 
shelf of northern British Columbia during the early to mid-Holocene (e.g., Hetherington 
et al. 2004), a significant gap exists in our understanding of late Holocene (i.e., post-
glacial) shoreline evolution and coastal change in this area.  This is particularly so for 
northern Haida Gwaii and for the past 6,000 years; a time when shoreline changes have 
been distinct and well-preserved in the landscape (Figure 22).   

2.5.2. Methods 

a) LIDAR mapping 
High-resolution LIDAR (laser imaging detection and ranging) data and coincident 

digital orthophotos (at 25 cm resolution) were flown in two flights in July and September 
2006.  LIDAR data were flown at approximately 1300 m at a pulse rate of 50 kHz 
(scanned at 30 Hz) along 1 km swaths.  This yielded a ground coverage density of 0.6 
to 2.0 points per m2 with a vertical accuracy of 10-30 cm (depending on ground cover 
type).  From this, a digital elevation model, relative to MSL (using the Canada 2000 
Geoid HT 2.0 model) was compiled.  The resulting bare earth model had a point density 
of approximately 0.3 points per m2.  A combined digital photomosaic, draped on the 
bare earth DEM is shown in  Figure 22.  This imagery, with pre-existing aerial 
photography, was used to identify former shorelines, select sampling locations for OSL 
dating, and reconstruct phases of coastal evolution.  A geomorphic base map (not to 
scale) constructed from airphoto interpretations, showing locations of dated materials 
collected and/or used in this study, is shown in  Figure 23. 

b) Optically stimulated luminescence (OSL) and radiocarbon (14C) dating 
To determine former shoreline positions and elevations, several dating sample sites 

were selected strategically from airphotos (shown in  Figure 23).  Ten samples were 
collected for OSL dating from distinctive shoreline features, including former shorelines, 
foredunes, and parabolic dunes, and one sample from an active blowout was dated for 
zero-age determination (Table 9).  Samples from stabilized features were collected from 
pits or from exposed sections to avoid potential mixing of the parent sands with 
overlying, pedogenically-altered sediment.  Test pits were deepened to approximately 
1.5 m and samples were taken from about 1 m depth, sampled in the dark and stored in 
a sealed container.  Stratigraphy was described at each site, noting pedogenesis, 
bedding structures, and the occurrence of buried soils or other materials.  Pits were 
then infilled and georeferenced in the field to within 10-20 m positional accuracy 
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(NAD83) using handheld GPS units.  Final locations were more accurately positioned 
using the LIDAR data. 

Optical dating measures the time elapsed since mineral grains were last exposed to 
sunlight, which usually corresponds to the time since the grains were buried.  Specifics 
of the technique used are described elsewhere (e.g., Wintle 1997, Aitken 1998, Huntley 
and Lian 1999, Lian and Huntley 2001) and methodological details applied to this study 
are described in Lian et al. (2002).  Essentially, sand-sized (180–250 µm diameter) K-
feldspar grains were dated by excitation with near-infrared (1.4 eV, ~880 nm) photons 
and the violet (3.1 eV, 400 nm) photons emitted in response were measured.  A 
multiple-aliquot additive-dose with thermal transfer correction method was used to 
determine the equivalent dose.  This, with a measure of the environmental dose rate 
and a correction for anomalous fading, was used to calculate ages of the deposits 
(Table 10).  This technique has been used successfully to date sand dune activity in the 
Canadian Great Plains (Wolfe et al., 2004), with ages that are in agreement with 
radiocarbon ages (Wolfe et al., 2002) and an optical age derived from quartz grains 
(Huntley and Lamothe, 2001).  The average analytical uncertainty in the optical ages at 
1σ is about 12% of the reported age, but a few (SFU-O-292 and 286) are about 15% or 
greater.  About half of this uncertainty is derived from the uncertainty in the fading rates.   

Additional 14C dating samples were gathered from exposed sections in terrestrial 
and marine settings, positions recorded with GPS, and submitted for AMS (Accelerator 
Mass Spectrometry) dating.  These dates, shown in Table 11, were combined with other 
regional dates, archived with the Geological Survey of Canada (not shown in Table). 

2.5.3. Sea level curve for northern Haida Gwaii 
Figure 24 shows the sea level curve for northern Haida Gwaii over the Holocene, 

derived from radiocarbon and OSL dated materials.  There is great scatter among the 
data given the elevational and age uncertainties (resulting from the dating techniques).  
Dates from this research enhance the post-highstand (i.e., 10,000 years ago to present) 
sea level response, particularly over the last 3000 years (Figure 25).   

During the Early Holocene sea level transgression, sea levels were rising at 45.5 
cm century-1, based on earlier dates in the region.  Evidence of a wave-cut shoreline at 
the base of Argonaut Hill for a slightly higher highstand at +18 m aSL (dashed line in  
Figure 24) in the region.  Though no dateable material was collected at this site, it is 
higher and would thus predate our oldest (6500 year old) OSL site situated on the 
adjoining, and seaward margin of, Clearwater Lake.  Since the highstand, sea level has 
regressed at an average rate of about 19.5 cm century-1.  Qualitative assessment of the 
irregular trend in post-highstand control elevation dates (Figure 25) and landscape 
evidence (see 2.5.4) suggest that this regression may have involved varying rates of 
sea-level drop, producing large coastal platforms ca. 2500 to 6000 years ago.  The rate 
of regression over the past 300-500 years has been more gradual than the earlier 
transgression, as shown in the close spacing and low elevation gradient in the 
prograding foredune ridges of North Beach (see  Figure 5a, discussed below).  Given 
the limited extent of the historical water level record (to 1909 at Prince Rupert) it is 
uncertain at what point relative sea-level began to rise, except that it began in recent 
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centuries.  It is assumed that tectonic uplift trends in the study region during historical 
times have not affected relative sea levels (Larson et al. 2003). 

Table 9: OSL age and 14C sample locations. 

Site 
No. 

Sample 
No. 

Latitude 
(UTM 

Zone 9) 

Longitude 
(UTM 

Zone 9) 

Sample 
elevation 

(m)a 

RSL 
(m)b 

Feature Material 
dated 

1 SFU-O-284 324860 5994806 5.1 0.0 Modern blowout 
trough 

aeolian sand 

2 SFU-O-285 324247 5995213 10.5 0.0 Stabilized 
parabolic dune 
head 

aeolian sand 

3 SFU-O-286   5.0 <1.0 Mid-section, 
modern wave-cut 
scarp 

aeolian sand 

4 SFU-O-283 325511 5985949 24.7 <1.0 Stabilized 
parabolic dune 
head 

aeolian sand 

5 SFU-O-291 324283 6000524 7.2 <4.0 Top, stabilized 
foredune/beach 
ridge  

aeolian sand 

6 SFU-O-292 324831 6000101 8.2 <5.1 Top, stabilized 
foredune/beach 
ridge  

aeolian sand 

7 SFU-O-288 322427 5996261 15.0 <7.6 Stabilized 
foredune head 

aeolian sand 

8 SFU-O-290 305103 5990155 44.0 <44.
0* 

Aeolian sand cap, 
top, former wave-
cut scarp  

aeolian sand 

9 SFU-O-287 323981 5994917 11.5 5.0-
10.0 

Top, former wave-
cut scarp 

aeolian sand 

10 SFU-O-289 322542 5989363 26.0 <15.
5 

Stabilized 
parabolic dune 
head 

aeolian sand 

11 WDA04-
03A 

325598 5998546 -0.5 <2.0 Shallow marine 
clay deposit 

pine cone 

12 WDA04-
03B 

325598 5998546 -0.5 <2.0 Shallow marine 
clay deposit 

plant 
fragments, 
bark, 
seaweed 

13 WDA04-
01A 

323533 5989086 12.5 <8.0 Terrestrial wetland 
above former 
marine terrace 

peat, plant 
stems, roots 

14 WDA04-08 305103 5990155 44.0   
<44.
0* 

Aeolian sand cap, 
top, former wave-
cut scarp  

peat with 
plant stems 

15 WDA04-
04B 

305103 5990180 28.0   
<28.
0* 

Clay layer, mid-
section, former 
wave-cut scarp 

peat with 
charred plant 
fragments  

a Datum is mean sea level, b RSL (relative sea level) is the approximate former sea-level position relative to present 
mean sea level 

 



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   47 

Table 10: Total dose rate ( D& ), equivalent doses (De), and optical ages with 1σ 
uncertainties for OSL dated samples. 

No
. 

Lab # D&  
Gy/kaa 

 

De 
Gy 

Uncorrected 
optical ageb 

ka 

Fading 
ratec 

%/decade 

Delayd 
days 

Corrected 
optical agee 

ka 
1 SFU-O-284 3.24 ± 0.08  0.06 ± 0.15   0.02 ± 0.05 5.4 ± 0.6 35        ----- 
2 SFU-O-285 3.09 ± 0.08 -0.03 ± 0.10  -0.01 ± 0.03  36        ----- 
3 SFU-O-286 2.66 ± 0.08  0.41 ± 0.08   0.15 ± 0.03  36  0.18 ± 0.04 
4 SFU-O-283 3.09 ± 0.08  0.87 ± 0.10   0.28 ± 0.03  35  0.34 ± 0.04 
5 SFU-O-291 3.14 ± 0.11  1.43 ± 0.13   0.46 ± 0.05  115  0.55 ± 0.06 
6 SFU-O-292 2.70 ± 0.12  2.64 ± 0.35   0.98 ± 0.14  115  1.20 ± 0.18 
7 SFU-O-288 2.68 ± 0.08    5.2 ± 0.2   2.02 ± 0.10  20  2.67 ± 0.16 
8 SFU-O-290 2.63 ± 0.13  6.40 ± 0.7   2.43 ± 0.29  101  3.10 ± 0.39 
9 SFU-O-287 2.63 ± 0.08  10.2 ± 0.6   3.88 ± 0.26 4.9 ± 0.9 20  5.24 ± 0.41 
10 SFU-O-289 2.54 ± 0.08  11.7 ± 0.9   4.80 ± 0.39 5.5 ± 0.5 21  6.52 ± 0.60 
a Total dose rate is the sum of α, β, γ and cosmic-ray contributions. 
b Optical ages, not corrected for anomalous fading.  
c Fading parameters calculated from data between 1.6 days and 4 months or more after laboratory irradiation, as 
described for method ‘b’ in Huntley and Lamothe (2001).  The larger uncertainty for #287 is due to interaliquot 
variability for this sample. A decade is a factor of ten in time since irradiation.  
d Delay is the time between laboratory irradiation and equivalent dose measurements. 
e Optical ages, corrected for anomalous fading using the delay time listed and a fading parameter of 5.4 ± 0.5 
%/decade for all. 
Notes: Past water contents were assumed at 95% confidence to be 5.0 ± 3.0 % for #283-289, 20 ± 20% for #290, 10 
± 5% for #291 and 15 ± 5% for #292. Aliquots used for thermal transfer correction were given red-infrared laboratory 
bleach.   

 

 
Table 11: Radiocarbon (14C) samples and ages. 
 

Site
No. 

Sample # UCIAMS 
Lab # 

Material δC13 Age, years 
ago 

(± 1σ) 

Age range 
Cal yr BP 

(± 1σ) 
11 WDA04-03A 10143 

10529 
Pine cone -26.8 

-24.1 
1350 ± 25 
1330 ± 20 

1276-1298 
1268-1291 

12 WDA04-03B 10144 
10530 

Plant frags. & bark 
Seaweed 

-10.7 
-13.4 

2000 ± 25 
1970 ± 20 

1926-1988 
1871-1944 

13 WDA04-01A 10528 Peat 
(bulk matrix) 

-28.8 3240 ± 30 3403-3479 
 

          “ 10142 
10150 

Bulk peat   -25.0 
-39.4 

3095 ± 35 
2890 ± 20 

3265-3367 
2979-3365 

          “ 10372 
10527 

Plant stems or roots -27.2 
-28.7 

2585 ± 25 
2405 ± 20 

2726-2748 
2355-2457 

14 WDA04-08 10374 Silty peat (bulk) -23.7 2955 ± 25 3077-3201 
 

          “ 
 

10147 
10533 

Plant stems or roots -30.5 
-29.0 

-420 ± 20 
-880 ± 30 

modern 

15 WDA04-04B 10148 Charred plant frags  -21.9 3025 ± 30 3169-3322 
 

          “ 10151 
10373 
10532 

Peat with charred 
plant fragments 

-23.6 
-21.4 
-22.0 

2760 ± 25 
1965 ± 20 
2145 ± 20 

2794-2915 
1884-1931 
2072-2292 
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2.5.4. Phases of coastal landscape evolution 
Maps of distinct phases in coastal evolution (Figures 26 to 30) were reconstructed 

using aerial photography and the LIDAR-based photomosaic (Figure 22) and sea level 
elevations from georeferenced control date sites (both OSL and 14C) situated on 
prominent shoreline features (as discussed above). For these reconstructions, 
uniformity in the rate of formative geomorphic processes (e.g., wind, wave and current 
regimes) is assumed, as is a continuously available sediment supply to the littoral 
system. 

At the time of the sea level highstand about 10,000 years ago, the Rose Spit 
complex, as it is today, did not exist.  Sea levels were approximately 18 m higher than 
present, resulting in the shoreline position shown in  Figure 26.  High bluffs on the north 
shore (from the Sangan River to Masset) owe their steepness to wave cut erosion 
initiated at this time.  On the NE shores, west of Yakun Point, the shoreline proceeded 
inland to create a large embayment that eventually joined the base of Argonaut Hill.  At 
this time, Tow Hill was an island offshore, and would not join the mainland until ~3000 to 
5000 years ago.  South of Argonaut Hill, a small embayment formed (Clearwater Bay) 
with a small barrier spit complex, formed by longshore drift of sediments from the south.  
This dune-topped barrier would eventually isolate the bay into what is now known as 
Clearwater Lake. 

Between 8000 and 5000 years ago, extensive coastal platforms and regressive 
shorelines along East Beach (near Clearwater Lake, Figure 27), capped with dune 
deposits, formed as sea level dropped from the highstand (Figure 25).  During this time, 
the Hiellen River estuary expanded seaward and two regressive platforms developed 
north of Argonaut Hill. 

From 5000 to 2500 years ago (Figure 28), significant changes to the coastal 
landscape occurred with several northward extensions of narrowing regressive 
platforms to form Rose Point.  Waning glacioisostatic adjustments, rather than abrupt 
tectonic motions, are thought to have contributed to the spacing of these phases (Barrie 
and Conway 2002).  Most of the shorelines, on both the North and East coasts during 
this period were dune capped, indicating high aeolian activity.  The Hiellen estuary also 
expanded significantly during this time, and its fluvial sediments, combined with 
longshore transport of coastal sediments from the eroding bluffs to the West, 
contributed to the joining of Tow Hill Island to the mainland via a tombolo.  It is believed 
that at ~3000 years ago, the outcrop that now forms Yakun Point was either an island, 
or was submerged.  Of geoarchaeological interest, a stone plank grinding tool13 was 
found within aeolian sands at the top of the north shore bluff behind the Sangan River.  
Co-located OSL and 14C dates at the artifact depth indicate that this tool was deposited 
ca. 3100 years ago.  This site was likely a favoured promontory at this time.  

From 2500 to 1200 years ago, an extensive, and rapidly prograding foredune 
complex at North Beach became established between Tow Hill and the early Rose Spit 
complex, which extended from the former Rose Point (Figure 29).  Spit development 

                                            
13 identified by Drs. Quentin Mackie (Anthropology, UVic) and Daryl Fedje (Parks Canada).  The stone 

tool now resides with CHN in Masset and Haida Historian, Captain Gold, was taken to the site where it 
was found. 
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suggests enhanced nearshore sediment transport along both North and East Beaches 
during this time with convergence at Rose Spit.  High onshore sediment transport via 
aeolian activity and swash action occurred to develop the extensive progradational 
beach/dune ridges during this time.  Along East Beach, as most pre-existing shoreline 
features have since been eroded, it is difficult to reconstruct the coastal landscape.  
This suggests enhanced coastal erosion along East Beach since 2500 years ago, as 
older features from higher sea level stands remain preserved (e.g., Clearwater Lake 
dune ridges).  

From 1200 to 300 years ago, progradation of North Beach continued during very 
gradual rates of regression (Walker and Barrie 2006).  Most of these progradational 
ridges are dune capped, highlighting the important role that wind action has played in 
coastal development in the region.  This is an important distinction as the term ‘beach 
ridge’ is poorly defined (Otvos 2000), and suggests wave swash as a formative 
mechanism, while the role of aeolian processes is often understated (Hesp 1984, 2002).  
During this period, progradation at the base of the erosional bluff from Tow Hill to 
Masset began and Yakun Point joined the mainland.  Thus, much of the landscape 
below this bluff, including the greater Masset-Old Massett region, likely did not exist 
prior to ca. 1200 years ago. 

2.5.5. Conclusions 
This study shows that there have been significant responses in coastal landscape 

development since the sea-level highstand at ca. 10,000 years ago (8600 C14 years 
ago).  There is geomorphic evidence to suggest that the highstand was higher, at least 
in northern Haida Gwaii, than previously documented (i.e., +18 vs. +15 m aSL) and that 
subsequent regression was not uniform in rate.  At the time of the highstand, the Rose 
Spit complex did not exist, and steep, eroded shorelines from Argonaut Hill to Masset 
suggest extensive wave cut erosion with little onshore sediment movements or spit 
development.  Tow Hill did not join the mainland until ~3000 to 5000 years ago when 
fluvial sediments from an expanding Hiellen River estuary combined with westward 
littoral sediment transport to form a tombolo land bridge.  Following this, rapid 
progradation of North Beach progressed to modern day.  In particular, the past 1200 
years have seen very rapid beach progradation along North Beach.  During this time, 
Yakun Point joined the mainland and much of the lower coastal landscape fronting the 
bluffs on the north shore from the Sangan River to Masset, was formed.  Thus, the 
landscape that now hosts the greater Masset-Old Massett region, most likely did not 
exist prior to 1200 years ago.  Limited geoarchaeological evidence suggests that these 
north shore bluffs may also have served as favoured occupation sites by the Haida prior 
to this time. 

The development of these prograding shorelines and the eventual Rose Spit 
complex, which extended from the former Rose Point ca. 2500 to 1200 years ago, 
suggests enhanced nearshore sediment transport along both North and East Beaches 
and high aeolian activity action during this time.  Most pre-existing shorelines on East 
Beach since ca. 2500 years ago have been eroded, which may suggest enhanced 
coastal erosion since this time.  As aeolian sands and dunes cap most of the former 
shorelines in the region, strong winds have played a longstanding and significant role in 
the evolution of this landscape for at least 6500 years.  They continue to do so by 
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maintaining extensive, resilient, and migrating dune systems on both shores that 
provide a ‘buffer’ of sediment that projects backshore environments from wave attack 
and coastal flooding (Walker and Barrie, 2006).   

It is difficult to forecast the future states of coastal systems in the region, given their 
complex dynamics and typically long response times.  However, recent evidence from 
airphotos and coastal erosion profiles (section 2.7) and evidence of increasing erosive 
water levels and sea-level rise (section 2.6) suggest that enhanced erosion has 
happened recently on most areas of the coastline in the study region and that there is a 
high likelihood that this will continue. 

2.6. Modern sea-level rise and extreme water level trends 
Given the high tidal range and occurrence of strong storm systems in Haida Gwaii, 

high variability in ocean levels is common.  High spring tides (i.e., HHWMT) exceeding 6 
m above chart datum (m aCD)14 and storm surges (i.e., additional water above the 
predicted tide caused by pressure drops and wind effects) exceeding 50 cm are 
common.   

To a certain degree, the beaches and coastal infrastructure in Haida Gwaii reflect 
this.  Beaches have highly dynamic and expansive foreshore and backshore systems 
with shifting landforms (bars, dunes, bluffs, river outflows)(see section 1.4.1.a) that 
reflect shifting water level and wave conditions.  Most coastal infrastructure (docks, 
roads, sewers, breakwalls) was installed in consideration of tidal variations and, 
perhaps, extreme high water events of some probability (e.g., the height of the 100 year 
return period).  Most coastal infrastructure was not designed, however, in consideration 
of longer term sea-level rise, nor increases in extreme events that challenge return 
period calculations.  Thus, most coastal infrastructure is not only exposed to tidal 
fluctuations and storm events, but changes in extremes and longer-term sea-level rise.  
This section examines the drivers and trends behind the sea-level rise signal in Haida 
Gwaii and aims to provide useful information for planning and management of coastal 
infrastructure (e.g., sea-level trends, high water recurrence curves)15. 

2.6.1. Climatic drivers of sea level variations 
Long-term eustatic sea level rise (SLR) due to global warming is a major threat to 

the coastal zone, particularly due to erosion and flooding of low lying, sensitive areas 
(Bijlsma et al. 1996, Shaw et al. 1998, Titus et al. 1991, Gornitz 1991, Pernetta 1992, 
Watson et al. 2001, IPCC 2001, Allan and Komar 2006, Church et al. 2001, Donnelly et 
al. 2004, Church and White 2006).  In addition, there is increasing evidence of 
significant, shorter-term sea level responses to intra- and inter-decadal scale climate 
variability (CV) phenomena such as ENSO and PDO (Allan and Komar 2002, Cazenave 
et al. 1998, Storlazzi et al. 2000, Schwing et al. 2001, Barrie and Conway 2002).   

                                            
14 CD, or chart datum is the ‘zero’ level expressed on tidal charts and is derived regionally by the 

Canadian Hydrographic Service for navigational purposes.  It is defined as the lowest water level 
condition under normal atmospheric conditions as observed over a full 19 year tidal cycle (www.lau.chs-
shc.gc.ca). 

15 as derived from the work of Abeysirigunawardena and Walker (in review) 



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   51 

ENSO has extra-tropical expressions that, due to the northward deflection of warm 
equatorial currents from South America, translate up the western coast of North 
America.  For instance, during the major El Niños of 1982-83 and 1997-98, ocean levels 
from California to Alaska rose by as much as 100 cm above MSL (Subbotina et al. 
2001) and an enhanced wave climate (Seymour 1998) produced extensive coastal 
erosion and infrastructure damage (Storlazzi et al. 2000, Allan and Komar 2002).  In 
northern British Columbia, sea levels 10 to 20 cm above seasonal heights occurred 
during the winter of 1997-98 (Crawford et al. 1999).  As well, Hecate Strait experienced 
a rise of 40 cm above MSL and as much as 12 m of coastal retreat on NE Graham 
Island occurred (Barrie and Conway 2002).   

ENSO variability in the NE Pacific is described by the Northern Oscillation Index 
(NOI) (Schwing et al. 2002) – a measure of atmospheric pressure at sea level (SLP) 
anomalies between the North Pacific High (NPH) region off the coast of California 
(35°N, 130°W) and Darwin Australia (10°S, 130°E).  Positive values indicate La Niña 
conditions, while negative values indicate El Niño (Schwing et al. 2002).  

In addition to MSL rises, more intense and frequent storms, surges and waves are 
often associated with ENSO events in the NE Pacific as a result of an enhanced 
Aleutian Low (AL) pressure system.  The relative intensity of the AL system, which 
drives regional SLP and surface winds in the NE Pacific, is described by the Aleutian 
Low Pressure Index (ALPI) (Beamish et al. 1997).  Positive ALPI values reflect a 
relatively strong, large AL system and, hence, indicate conditions of potentially stronger 
fall-winter storms that affect regional MSL and extreme water level events (e.g., storm 
surges).  During El Niño seasons, the strength of the NPH (lower NOI) is weakened as 
a result of a more intense AL system (higher ALPI).  

 In the NE Pacific, climate regimes are known to respond strongly to the longer-term 
(20-30 year) PDO (Mantua et al. 1997, Zhang et al. 1997).  In addition to persistent SST 
warming, the PDO influences the climatic variability in the region by enhancing or 
suppressing the strength of ENSO events at this lower inter-decadal frequency 
(Gershunov and Barnett 1998).  For instance, the positive (warm) PDO phase is 
associated with enhanced El Niño (and weak La Niña) conditions and vice versa.  
During the positive PDO phase, the NE Pacific experiences an enhanced AL system in 
the winter, warmer coastal waters (Mantua and Battisti 1994, Zhang et al. 1997), and 
significant rises in MSL (e.g., Flick and Cayan 1984, Crawford et al. 1999, Subbotina et 
al. 2001, Barrie and Conway 2002).  Historical tide gauge records have been used to 
relate these complex CV signals (e.g., ENSO, PDO) to sea level responses (e.g., Allan 
and Komar 2002, 2006, Papadopoulos and Tsimplis 2006, Barrie and Conway 2002). 

2.6.2. Sea-level responses to climate change in Haida Gwaii  
This section examines sea level responses on the northern BC coast to longer-term 

climate change effects (i.e., eustatic sea-level rise) as well as to known climatic 
variability phenomena, as described by several key indices.  The goal is to identify 
significant links between CV events, longer-term climatic change, and sea level 
variations across inter decadal to seasonal time scales.  This is done via four objectives: 

1. to determine the long-term sea-level rise trend in the region using simple linear 
and non-parametric regression models from historic tide gauge data. 
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2. to develop an annual extreme water level recurrence curve using extreme value 
analysis of historic tide gauge data.  A case study of a recent extreme storm 
surge event on 24 December 2003 is provided to place this into context. 

3. to explore relationships between CV drivers (e.g., ENSO, PDO) and their regime 
shifts and sea level variations using linear and non-linear statistical techniques 

4. to examine seasonal to monthly responses in water levels and their drivers (e.g., 
ENSO years, ALPI conditions)   

2.6.3. Methods and data sources 

a) Water level data 
Time series of monthly, seasonal, and annual mean sea levels were compiled from 

hourly data measured at Prince Rupert obtained from DFO’s Marine Environmental 
Data Services database (MEDS16).  This station was chosen over Queen Charlotte City 
for its longer, more continuous record (back to 1909 vs. 1976), and because it is a deep 
water station that does not reflect localized shallow water characteristics, such as the 
influence of the Sandspit sand bar or shallow coastal shelf near Queen Charlotte City. 
Thus, the Prince Rupert station is broadly representative of the sea level response 
characteristics of the study region17.  

All measured water levels are expressed as metres relative to nautical chart datum 
(CD).  Years with less than 90% continuous data were eliminated from the dataset, 
which saw removal of most years prior to the 1940s.  This left 71 years of hourly 
observations, most of which occur after 1945.    

b) Climatic variability indices 

Several published climatic variability indices are used in this study.  The Aleutian 
Low Pressure Index (ALPI18) indicates of the relative intensity of AL system and is 
calculated as the mean area (km2) with SLP less than or equal to 100.5 kPa, expressed 
as an anomaly from the 1950-1997 mean (Beamish et al. 1997).  Positive index values 
reflect a relatively strong or intense AL.  Trenberth and Hurrell (1995) provide another 
index of the AL system, the North Pacific Index (NPI), that is virtually the inverse of ALPI 
(r= -0.86).  Both indices indirectly describe the intensity of the AL in the NE Pacific and, 
thus, the relative strength of wind patterns that affect regional sea levels and surges. 

The full regime of ENSO variations are characterized via the Multivariate ENSO 
Index (MEI19) (Wolter and Timlin, 1993, 1998).  MEI is the weighted average of a 
number of tropical Pacific variables including SST, the east-west and north-south 
components of surface winds, SLP, sea level temperature, and cloudiness.  Negative 

                                            
16 http://www.meds-sdmm.dfo-mpo.gc.ca/ 
17 M. Foreman, DFO, pers. comm., 2004. 
18 Annual ALPI values are published online by the DFO at: www.pac.dfo-mpo.gc.ca/sci/sa-

mfpd/downloads/alpi.txt 
19 Monthly MEI values are published online at NOAA-CIRES Climate Diagnostic Center’s Comprehensive 

Ocean-Atmosphere Data Set (COADS) (www.cdc.noaa.gov/people/ klaus.wolter/MEI/). 
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MEI values represent the cold ENSO phase (La Niña) while positive MEI values 
represent the warm ENSO phase (El Niño).  

The Northern Oscillation Index (NOI)20 is the SLP anomaly between the North 
Pacific High (NPH, 35°N and 130°W) region of the NE Pacific and the equatorial Pacific 
near Darwin, Australia - a climatologically low-pressure region (Schwing et al. 2002). 
The NOI is dominated by and, hence, reflects inter annual variations of ENSO events, 
such that large negative NOI values are associated with El Niño events and vice versa 
for La Niña. As NOI is partially based in the NE Pacific, it provides a more direct 
connection between global ENSO and CV responses in the study region. The PDO 
index21 characterizes the inter-annual variability in average north Pacific SST and, as 
above, reflects NE Pacific regional climatic variability (Mantua et al. 1997).  

c) Statistical methods 

Simple linear and non-parametric regression methods were applied to annual MSL 
and maximum annual sea level (MAXSL) data to identify significant long-term linear 
trends.  The statistical significance of the trends is evaluated using the t-test statistic 
and a 95% confidence interval.  The strength of dependence in the simple linear and 
non-parametric regression models is assessed using the Pearson’s product-moment 
and Kendall’s Rank correlation coefficients, respectively.  Auto correlation plots and the 
Durbin-Watson (DW) test for auto correlation between Ordinary Least Square residuals 
were used to test for possible residual auto correlations in the dataset. 

The strength of shared variance between CV indices (independent variables) and 
sea levels (dependent variable) were investigated via correlation analyses and multiple 
regressions.  In the multiple regression analyses, if a CV index within the regression 
model became redundant due to addition of another CV index as a predictor, this latter 
index value is assumed to have more predictive power on sea level fluctuations than the 
former.  Though simple in application, the forecasting ability of multiple regression 
models is limited when the residuals are auto-correlated.  For example, positively auto-
correlated residuals may make regression tests appear more significant than if non-
correlated variables are used, which can lead to biased estimates.  As such, multiple 
regression is used here only as a scoping tool to identify potential response relations 
between CV variables and sea levels.  

Several non-linear statistical techniques and graphical methods were also used to 
explore relationships between climatic variability and sea levels.  Return Periods of 
MAXSL are established by fitting a non-linear Generalized Extreme Value (GEV) 
distribution to ranked annual extreme sea levels (per Gumbel 1958).  A strong GEV 
model fit can be obtained for datasets with more than 50 observations allowing 
extrapolation of return periods (R) 3 to 4 times the length of the original data series (i.e., 
R = 150 to 200 years) with some confidence.  Extreme value statistics in this study were 
derived using the Extreme Value Toolkit developed for extreme weather and climatic 

                                            
20 Monthly NOI values are available online from NOAA’s Pacific Fisheries Environmental Laboratory 

(www.pfeg.noaa.gov/products/PFEL/modeled/indices/NOIx/noix.html). 
21 Monthly PDO index values are published online at the University of Washington’s Joint Institute for 

Study of the Atmosphere and Ocean website (www.jisao.washington.edu/pdo) 
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variability applications by the National Center for Atmospheric Research (NCAR) 
(http://www.isse.ucar.edu/extremevalues/evtk.html) (Gilleland et al. 2000).  

Graphical analysis was applied to identify the extent to which CV signals (MEI, PDO 
and NOI) modulate regional sea levels by comparing fluctuations to regular monthly 
variations.  To do so, average monthly MSL values derived form the total record were 
compared against the average monthly MSL for positive and negative CV values, 
grouped separately.  If graphical comparisons of the two groups of MSL values exhibit 
large deviations from the overall average, it is concluded that forcing from the 
corresponding CV pattern modulates MSL variations, either enhancing or suppressing 
water levels during the signal period. 

Cumulative Sum Analysis (CumSum) was used to compare and illustrate the 
correspondence between trends in CV indices and their regime shifts to MSL 
fluctuations.  The approach involved addition of data points in a time series to the sum 
of all previous points.  This allows examination of long period (decadal scale) trends in 
the time series (Murdoch 1979).  In addition, trends can be identified by subtracting the 
mean of the entire time series from each data point prior to addition.  Thus, trends in the 
CumSum graph reflect those in the dataset.  For instance, a positive (or negative) slope 
in a CumSum curve corresponds to an increasing (or decreasing) trend in the time 
series, while the year, during which the slope changes, defines a regime shift.  This 
technique is applied in fisheries management to study the responses of fish populations 
to CV signals and regime shifts (cf. Beamish et al. 1999).  

Superposed Epoch Analysis (SEA) is a non-parametric classification technique that 
allows testing an association between a response and an explanatory variable at their 
extremes (Prager and Hoenig 1989).  SEA has been applied to describe the linkages 
between precipitation, drought, stream flow, and climatic variability patterns (e.g., 
Kadioğlu et. al., 1999; Kahya and Karabőrk, 2001; Hessl et. al., 2004; Kahya and 
Dracup, 1993).  Despite this, applications to oceanographic responses are scarce.  In 
this study, SEA was applied to identify current year and lagged nonlinear relationships 
between CV indices and seasonal (summer or winter) MSL values.  The monthly mean 
MSL value from March to August averages is considered representative of the 
“Summer” season, whilst the following September to February value was considered as 
“Winter”.  For a given season, significant event years were identified as those with 
seasonal MSL anomalies exceeding one standard deviation (>1 STDV) from the overall 
mean.  Next, for each CV index (MEI, NOI, PDO), 5-yr epochs were formulated around 
significant event years (i.e., 2 seasons preceding, 1 during the event season, and 2 
seasons following). The five-year epoch window was chosen to yield a sufficient number 
of events for the evaluation of multi-seasonal (inter-annual) linkages between CV 
indices and extreme MSL events.  Finally, the significance of each CV index, across the 
5-year periods, was evaluated by comparing the overall mean CV values during the 
event epoch against the complete CV time series, using a randomized Monte Carlo 
simulation method.  This technique randomly picks years, identifies 5-yr windows, 
calculates expected means, and provides 95% confidence intervals. The computer 
program “EVENT”, developed as a part of FHX2 fire history program (cf. Grissino-Mayer 
and Swetnam 2000), was used to perform the Monte Carlo simulations.  The same 
approach was used to test the association between lower than average seasonal MSL 
values (i.e., MSL < 1STDV) and the CV indices.  
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2.6.4. Sea level trends and extreme events 

a) Long-term trends in mean sea level (MSL)  

A simple linear regression model using data back to 1909 yields a statistically 
significant (p< 0.05) long-term MSL trend of +1 mm yr-1 (Figure 31).  However, large 
gaps in the dataset prior to the 1940s, reduces confidence in this trend and a closer 
assessment of the time series reveals a possible acceleration in MSL since around 
1945.  This acceleration may reflect global trends in MSL over the 20th century, as 
observed in other studies (e.g., Church and White, 2006).  For these reasons, a second 
regression model was derived using MSL from 1945 to 2003, which shows a statistically 
significant (p< 0.05) trend of +1.6 mm yr-1 (Table 12).  This is the defined, long-term 
trend in MSL used throughout this report. 

A test for residual auto-correlation using the DW test statistic was conducted and 
found to have a value of 1.65, which confirms that the regression models are not 
significantly auto-correlated.  The non-parametric regression model fit to the same 
annual MSL series from 1945 to 2003, indicates a highly significant (P<0.0001) trend of 
+1.7 mm yr-1, with a Kendall’s rank correlation of 0.421 (Table 12).    

Although tectonic uplift signals on relative sea level are considerable in some 
regions of the British Columbia coast (e.g., Southwestern Vancouver Island at Tofino), 
there is currently no vertical geodetic monitoring in the study region (Henton et al. 
2006).  Recent studies indicate, however, that although lateral plate movements are 
considerable (e.g., on the order of 5 to 10 mm yr-1 toward the north) (Henton et al. 
2006), vertical movements from glacio-isostatic and/or tectonic uplift trends in the Prince 
Rupert region, over the period of historical water level observations, have not affected 
relative sea levels in the area (Larson et al. 2003).  Therefore, it is assumed that the 
long-term MSL trend identified here is representative of the regional eustatic (or 
absolute) sea level trend in Northern BC (+1.6 to 1.7 mm yr-1) with 95% confidence 
limits ranging from +1.0 to 2.3 mm yr-1.  This trend is close to the global rate of eustatic 
sea-level rise (+1 to 2 mm yr-1) over the 20th century (IPCC 2001).  

b) Extreme sea level (MAXSL) trends 
Extreme sea level (MAXSL) trends are typically higher than MSL trends and often 

result from events, such as storm surges, that generate positive residual water levels 
above predicted tides.  MAXSL trends may be linked to climatic variability if there is an 
increasing frequency and/or magnitude of storm events in the region.   

The simple linear regression model based on yearly maximum sea levels (MAXSL) 
shows a significant (p< 0.05) trend of +3.4 mm yr-1 (Figure 32).  From this, it appears 
that since 1945 annual MAXSL events in the study region have increased at more than 
twice the rate of the mean annual SLR trend.  This could relate to enhanced storm 
conditions and the influence of major ENSO events (e.g., 1982-83 and 1997-98) during 
this period.  This agrees with Graham and Diaz (2001) who conclude that storm 
intensities in the North Pacific have increased from 1949 through 1998.  

Furthermore, there was a certain (p = 0.967) increase in the frequency of surge-
related regional storm winds (i.e., from S-SE >50 km hr-1) since the mid 1970s to 
support this finding (D. Abeysirigunawardena, unpublished data, analysis not shown 
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here).  The timing of this is coincident with the most recent and severe PDO regime shift 
of 1976 (Miller et al. 1994).  It is believed that this increasing trend in MAXSL, coupled 
with enhanced storm winds, waves, and surges, may be responsible for significant 
beach erosion in the study region over the past 2 decades (Barrie and Conway, 2002, 
Walker and Barrie, 2006) (see section 2.7). 

Table 12: Statistics for the simple linear and non-parametric regression models for long-
term MSL = m (year) + c and MAXSL = m (year) + c, for the northern coast of British 
Columbia at Prince Rupert. 

Correlation Coeff. 
95% 

Confidence 
(cm) Model  

 
Kendall’s 

Rank Pearson 

Coeff. 
(cm) Sig. 

LB UB 

Durbin 
Watson 

Simple linear regression for 
MSL (1909 to 2003)  0.597     1.65 

Y-Intercept (c)   192.26     

Slope (m)   0.10 0.000 0.06 0.14  

Simple linear regression for 
MSL (1945 to 2003)  0.588     1.7 

Y-Intercept (c)   66.91     

Slope (m)   0.16 0.000 0.10 0.22  

Non-parametric linear 
regression for MSL (1945 to 

2003) 
0.421       

Y-Intercept (c)   46.21     

Slope (m)   0.17 0.000 0.10 0.23  

Simple linear regression for 
MAXSL (1945 to 2003)  0.34      

Y-Intercept (c)   86.06     

Slope (m)   .339 .009 0.09 0.59 1.78 
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c) Extreme tide-surge combinations 
In a macro tidal region, the phasing of tides relative to the storm surges is critical in 

determining coastal hazards due to extreme sea level events.  For instance, 
coincidence of a peak surge with high to moderate tide could pose serious flooding and 
damage.  Considering this possibility, an analysis of the significance of surge and 
astronomical tides in generating extreme annual water levels (MAXSL) was conducted.  
To do this, corresponding surge and tidal components for the highest water level events 
(MAXSL) and the highest storm surges each year were extracted and plotted (Figure 
33).  Interestingly, results show that annual maximum surges over the period of record 
occur at low to intermediate tides, while annual MAXSL events are dominated by 
astronomical tides.  This suggests significant tidal dominance in the extreme water level 
regime of the study region.  

Despite their different physical mechanisms, this consistent occurrence of extreme 
surges at low to intermediate tides signals a possible coupling between astronomical 
tides and surges.  Heap (1983) suggested that the occurrence of peak surges at lower 
astronomical tides, rather than at normal high waters, is the result of a significant 
increase in shallow water propagation speed of the highest combined tide and surge 
elevation, due to the added water depth resulting from the extreme surge component.  
Inversely, the lowering of MSL due to a negative surge (under high atmospheric 
pressure conditions) could retard the propagation of tides due to increased bed frictional 
effects.  Another explanation is the possible dampening of surges at high tides (or 
amplification during rising tide) that results in a lower net surge amplitude at the time of 
high waters.  Examination of these mechanisms is beyond the scope of this study and 
requires further research.   

d) Return periods of extreme sea level (MAXSL) events 
Return period (R, in yrs) curves are useful in predicting and planning for coastal 

hazards as they describe the annual probability of occurrence22 for MAXSL events.  An 
annual MAXSL recurrence curve for the study region was produced using a non-linear 
GEV distribution on data from Prince Rupert with the NCAR Extreme Value Toolkit 
program (Gilleland et al. 2000) (Figure 34). 

Projections based on GEV recurrence curves provide a more accurate 
representation of the distribution of MAXSL events, as these models account for both 
linear and non-linear variability contained in the record, whereas regression models only 
account for linear trends.  For example, the MAXSL regression curve (Figure 32) 
explains less than 15% of the variability in the MAXSL dataset (i.e., R2 value ≈ 0.12).   

The GEV recurrence curve (Figure 34) projects an extreme annual water level 
(return period, R=1) of 7.13 m aCD and a 100-year extreme water level (R=100) of 7.90 
m aCD – a difference of 0.77 m.  A simple difference approach using these values 
reveals a rate of increase in MAXSL across the total time interval of +7.7 mm yr-1.  This 
rate is more than twice that derived from the regression model (+3.4 mm yr-1) largely 

                                            
22 Probability (P) of occurrence for extreme events is the inverse of the return period, or P = R-1 x 100, 

expressed as a % chance in any given year. 
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because it accounts for non-linear responses of sea levels to forcing events (e.g., CV 
patterns) that are not accounted for in the simple regression model.  Clearly, these 
differences illustrate the significant influence of intra- and inter- decadal scale climate 
variability forcing on extreme water levels.  

There are two important notes on these results: 
1. MAXSL projections based on the annual maxima extreme value method are 

entirely a function of progressive and episodic events recorded in past records.  
Neither the influence of likely future accelerated SLR trends nor the effects of 
episodic extremes due to climatic variability (e.g., ENSO, PDO regime shifts) are 
considered.  Thus, the MAXSL curve presented here could be considered an 
underestimate, should climate change increase the frequency and/or magnitude 
of high water events. 

2. Tide dominance in MAXSL records in this region (per Figure 33) serves to under 
represent the contribution of surges in the GEV annual maxima method.  Thus, 
higher extreme water levels than projected by this model are possible, as the 
joint occurrence of tides and surges are not considered. This requires more 
sophisticated methods than afforded in this project, such as process-based 
numerical modeling and Joint Probability modeling (JPM) to develop more 
representative surge-tide extreme water level recurrence curves (cf. Flather et 
al. 1998, Pugh and Vassie 1980). 

e) Extreme event case study – Christmas Eve 2003 storm surge 
To place the regime of MAXSL events into context, a recent extreme event resulting 

from a high magnitude storm surge on 24 December 2003 is examined.  During this 
event, an intense storm system on 23 December generated strong E-SE winds 
(reaching 111 km hr-1) and, over 33 hours, generated a maximum surge of 0.73 m 
above the predicted tide in Queen Charlotte City (Figure 35).  

The storm occurred during exceptionally large spring tides (to a predicted elevation 
of 7.54 m aCD), which were in the top 0.4% (Harper 2004).  Fortunately, the peak surge 
occurred at low tide and the MAXSL of 8.06 m aCD happened 6 hrs later.  This does not 
include extra elevation due to wave run-up of approximately 0.5 to 1.3 m (Harper 2004) 
that, combined with the surge, caused extensive coastal flooding, 10s of meters of 
erosion, and damage to roads and critical infrastructure on NE Graham Island (Figure 
36). 

According to the MAXSL recurrence curve (Figure 34), the 24 December 2003 
storm event (7.91 m aCD) has a recurrence interval of approximately 100 years, or an 
annual probability (P) of 1%.  This is the highest recorded water level on record at 
Prince Rupert since 1909.  Note however, that because the peak surge contributing to 
this event occurred at low tide, a less frequent and lower magnitude surge event 
occurring on a higher tide stage could result in the same, or greater, MAXSL.  
Furthermore, the trend of extreme events is on the rise (Figure 32) and is superimposed 
on longer-term, climate change-induced sea-level rise.  In other words, the probability of 
occurrence for events like the Christmas Eve 2003 storm is increasing. 
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2.6.5. Sea level responses to climatic variability 

a) Linear relations between sea levels and climatic variability 

The third objective of this study is to identify whether known CV signals explain sea 
level variations in the region on seasonal, annual, and inter-decadal scales.  Initial 
correlations (Table 13) show significant (p < 0.01) linear correspondence between 
annual MSL and CV indices.  As expected, there is a very strong negative correlation (r 
= -0.865) between NOI with MEI (as both relate to the ENSO phenomenon).  This 
signals a strong, regional atmospheric response to ENSO fluctuations and is also 
confirmed by a moderately strong, significant correlation between ALPI (r = 0.365) and 
MEI.  In addition, PDO is strongly positively correlated (r = 0.732) with MEI, showing 
that significant regional ocean-atmosphere response to ENSO fluctuations exist and 
span seasonal (NOI, ALPI) to inter-decadal (PDO) scales.  

In addition, all CV indices are significantly correlated to annual MSL.  PDO shows 
the highest correlation with MSL (r = 0.650), followed by NOI (r = -0.577), MEI (r = 
0.569), and ALPI (r = 0.483).  The strong oceanic (SST) influence of PDO on 
atmospheric sea level pressure (SLP) in the NE Pacific is evident in the moderately 
strong correlation between PDO and ALPI (r = 0.564), signifying the forcing of both SST 
and SLP on surface winds in the region (Mantua et al. 1997).  

Table 13: Pearson’s correlation coefficients (r values) for relations between annual 
average MEI, PDO, ALPI , NOI, and MSL (Prince Rupert) values (from 
Abeysirigunawardena and Walker, in review). 

 MEI PDO ALPI NOI MSL 

MEI 
Pearson’s r  .732** .365** -.865** .569** 

Significance  .000 .007 .000 .000 

PDO 
Pearson’s r   .564** -.721** .650** 

 
Significance   .000 .000 .000 

ALPI 
Pearson’s r    -.363** .483** 

 
Significance    .000 .000 

NOI         
Pearson’s r     -.577** 

Significance     .000 

** Correlation is significant at the 0.01 level (2-tailed) 
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Multiple regression models describing the linear correspondence between MSL and 
various CV indices are summarized in Table 14.  The strength of each model is 
reflected in the overall R2 value, which increases from 0.387 for model A (MEI only) to 
0.605 for model C (MEI, ALPI, NOI, and PDO).  Interestingly, of these four CV indices, 
PDO is the only significant predictor in model C, as all others become redundant at 95% 
confidence level.  Thus, it seems that annual MSL variability in northern BC coastal 
waters are most strongly (linearly) correlated with the PDO.  

Table 14:  Multiple regression fit statistics for MSL vs. MEI, ALPI, NOI and PDO, 
showing the overall model fit (R2) and the significance of each climate control as 
predictors (from Abeysirigunawardena and Walker, in review). 

Significance of CV index value 

Model Multiple Regression Model Model R2 Model 
Sig. 

MEI ALPI NOI PDO 

A MSL= m1(MEI)+C 0.387 .000 .000    

B MSL= m1(MEI)+m2(ALPI)+C 0.504 .000 .000 .014   

C 
MSL= 

m1(MEI)+m2(ALPI)+m3(NOI)+m4(PDO)
+C 

0.605 .000 0.724 0.501 0.383 0.006 

 

Table 15:   Pearson’s correlation coefficients for summer seasonal average (March – 
August) values of MEI, PDO, NOI, and MSL at Prince Rupert (from 
Abeysirigunawardena and Walker, in review). 

 MEI PDO NOI MSL 

MEI        
Pearson’s r  .727** -.871** .478** 

Significance  .000 .000 .000 

PDO        
Pearson’s r   -.719** .628** 

Significance   .000 .000 

NOI         
Pearson’s r    -.481** 

Significance    .000 

** Correlation is significant at the 0.01 level (2-tailed) 

 



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   61 

Table 16: Pearson’s correlation coefficients for winter seasonal average (September – 
February) values of MEI, PDO, NOI and MSL at Prince Rupert (from 
Abeysirigunawardena and Walker, in review). 

 
MEI PDO NOI MSL 

MEI 
Pearson’s r  .668** -.797** .640** 

 
Significance  .000 .000 .000 

PDO 
Pearson’s r   -.525** .477** 

 
Significance   .000 .000 

NOI 
Pearson’s r    -.654** 

 
Significance    .000 

** Correlation is significant at the 0.01 level (2-tailed) 

 
A better description of potential CV controls on MSL variability is attained through 

seasonal correlation analysis (Table 15, Table 16).  In the previous analyses, PDO 
showed strong control over annual MSL, however during the winter season (Sept-Feb) 
MEI and NOI exert a significantly higher climate control over MSL, combined, 
accounting for more than 60% of the seasonal MSL variability.   

The observed high correlation between winter MEI, NOI, and MSL suggests 
stronger atmospheric controls on sea levels in the winter season vs. during the summer.  
This may result from a weakening of equatorial trade winds during positive MEI that can 
significantly intensify the jet stream and, during concurrent negative NOI phases, 
generate strong atmospheric lows at NPH and more intense AL systems that enhance 
surge-developing conditions such as strong S-SE winds that elevate seasonal MSL in 
the study region.  Such seasonal scale relations are not accounted for by longer-term 
PDO signals.  However, during summers (Mar-Aug) the strongest correlation with MSL 
is the PDO, signifying weaker atmospheric controls and stronger oceanic control 
(perhaps due to persistent SST effects) on summer MSL.   

b) Non-linear relations between sea levels and climatic variability 

Estimating the correspondence among CV indices and temporally averaged 
seasonal MSL values using simple correlations is a simplistic method.  It does not 
provide any information on synchronous changes in the trends (e.g., regime shifts), nor 
does it provide a measure of likely non-linear dependence between variables.  To 
address this, several non-linear statistical techniques were applied. 



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   62 

Generally, residual sea levels correspond to non-linear fluctuations that cannot be 
captured by regression models.  For example, linear regression models for MSL and 
MAXSL in this study explain only 35% and 12% (respectively) of sea level fluctuations in 
the record.  Thus, a large percentage of both MSL and MAXSL are unexplained 
(residuals) resulting from non-linear effects.  Graphically, a good temporal 
correspondence exists between residual MSL at Prince Rupert and PDO and MEI 
indices (Figure 37).  For instance, Barrie and Conway (2002) reported an elevated 
regional MSL for Hecate Strait of 0.4 m during the El Niño of 1997-98.   

Monthly sea level modulation curves for MEI, PDO, and NOI indices were 
developed to examine short-term responses of MSL to CV (Figure 38).  Sea level 
responses to all CV patterns are most pronounced during the winter season (Sept-Feb).  
In particular, elevated monthly MSL closely corresponds with positive MEI, positive 
PDO, and negative NOI values.  Paired sample t-tests indicate that these observed 
differences are significant at the 99.9% level (p < 0.001).   

The influence of PDO on both positive and negative MSL appears to last longer 
than other climate controls (i.e., until early summer), suggesting persistent control by 
PDO on sea level variability, presumably resulting from persistent inter-annual SST (i.e., 
thermal expansion) effects.  This confirms the earlier suggestion of PDO as the key 
control on MSL variability in the region, although the specific physical mechanism(s) 
behind this remain unclear. 

Superposed epoch analysis (SEA) was conducted to further explore non-linear 
relationships between CV and extreme sea levels on a seasonal scale (Figures 39, 40).  
Significant differences are seen in all CV indices for both high (≥ 1 STDV) and low (≤ 1 
STDV) event seasons (i.e., time lag = 0) compared to randomized results from 1000 
Monte Carlo simulations.   

Results show that positive MEI, positive PDO, and negative NOI are associated with 
high sea level event seasons and vice versa.  All event season associations exceeded 
the 95% (and, in some cases, the 99%) confidence limit.  This suggests that high sea 
level seasons in Northern BC coastal waters are associated with higher than average 
SST conditions driven by positive PDO and MEI as well as lower than average SLP in 
the NE Pacific and vice versa.  During winter, higher sea levels correspond to positive 
MEI and negative NOI (significant at 99% confidence level, Figure 39). During 
summers, however, higher sea levels correspond well with SST anomalies driven by the 
PDO (Figure 40).   

 Combined with the results of linear correspondence between MSL and CV indices, 
it seems that persistent SST warming driven by the multi-decadal PDO signal 
dominates over seasonal scale SLP effects in the summer.  Results also indicate that, 
for both seasons, high or low sea level events are not necessarily preceded by 
significant CV signals (either positive or negative), which suggests a lack of serial 
dependence in extreme (high or low) MSL seasons.  Thus, timely detection and/or 
forecasting of extreme sea level events based on the CV indices, as analysed here, is 
very limited.  
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c) Sea level response to climate regime shifts  
CumSum analyses distinguish decadal scale climate regime shifts from one 

relatively stable state to another.  In particular, regime shifts in the PDO are known to 
cause major, multi-decadal climate changes in the NE Pacific (Mantua et al. 1997, 
Zhang et al. 1997).  Although the four CV indices considered here reflect different 
elements and geographical locations of climatic variability, the CumSum analysis shows 
that they all capture the late 1970s regime shift at approximately the same time (c. 
1976)(Figure 41).  The CumSum curve for PDO also indicates a minor regime shift 
starting in 1998.   

Regime shifts in the PDO are known to affect the local climate of the NE Pacific by 
enhancing or suppressing the strength of ENSO signals (Gershunov and Barnett, 1998) 
and that enhanced ENSO events may be a manifestation of longer-term climatic change 
(Timmerman 1999).  This synchronous change of different CV indices also suggests a 
common event or controlling process may be responsible for climate regime shifts 
(Beamish et al. 1997), although explanation for this is beyond the scope of this study.   

Clearly, sea level fluctuations in Northern BC respond significantly to both seasonal 
and decadal scale climatic oscillations.  For instance, 8 of 9 annual average high MSL 
events (≥ 1 STDV) on record have occurred during the post-1976 positive PDO phase, 
while 7 of 9 low average MSL events (≤1 STDV) occurred during the pre-1976 negative 
PDO phase.  In addition, there is also a close lag of about 1-2 years between regional 
MSL and the 1976 PDO regime shift.  This response lag in MSL partially accounts for 
some of the non-linear variability in the MSL record and reflects complex ocean-
atmospheric interactions occurring in the region.  

2.6.6. Conclusions  

This study provides clear, statistically significant evidence that sea level variations 
in Hecate Strait respond to known climate variability and change signals.  This is 
reflected in regional SST and SLP fluctuations driven mostly by ENSO and PDO.  Over 
the 20th century, the region has experienced a statistically significant, accelerated 
eustatic MSL trend of +1.6 to 1.7 mm yr-1 while the MAXSL trend is approximately 
double in magnitude at +3.4 mm yr-1.  Non-linear, extreme value (GEV) analyses and 
recurrence interval statistics show that, due to the potential significant influence of 
annual to decadal scale climate variability events (e.g., ENSO, PDO), the predicted rate 
of increase in extreme sea levels could be higher.  However, results do not indicate that 
CV index values from preceding seasons can be used reliably to forecast extreme sea 
level responses into the future.  This may explain the poor performance of forecasting 
models in predicting the intensity of the 1997-1998 El Niño and associated MSL 
responses before its onset.  This would require a better understanding of the linked 
ocean-atmosphere processes at work as well as their associated lag times and 
manifestations in the NE Pacific.   

Distinct seasonal MSL responses to CV events exist.  During winters, MSL 
responds mainly to ENSO related climate forcing (as captured in MEI and NOI indices) 
while persistent SST effects (via thermal expansion) related to longer-term PDO signals 
dominate summer MSL responses.  Despite seasonal differences, linear 
correspondence between annual MSL and PDO index values shows that SST-driven 
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multi-decadal forcing signals best explain overall inter-annual MSL variability in 
Northern BC.  Given this, and the significant temporal correspondence between PDO 
phases and regional sea level, advanced detection of PDO regime shifts could 
substantially improve forecasting for high and/or extreme sea level fluctuations, and 
related hazards, for the north coast of BC.  

Recent research related to climate controls on coastal systems are mostly limited to 
El Niño conditions, likely due to the common belief that La Niña conditions are more 
restrictive in its occurrence in the northeastern Pacific (Cayan and Webb, 1992).  For 
example, impacts due to lower than average sea levels resulting from La Niña 
conditions, on sensitive coastal ecosystems, such as salt mashes and inter tidal zones, 
are rarely discussed.  However, this study shows that sea levels in Northern BC are 
equally and significantly affected across the full range (i.e. both positive & negative) of 
climate events under all three climate indices, and therefore may not be limited in their 
impacts to the strong positive phase (El Niño). 

The results of this study show that shorter temporal scale CV impacts can be more 
hazardous to a coastal system than the longer term sea level rise trends due to climate 
change (i.e., global warming).  Thus, for sea level studies it is equally important to know 
whether an area is endangered by flooding due to seasonal, annual, intra- and inter- 
decadal scale regional climate variability patterns, rather than sighting the problem 
through the global or local mean sea level trend alone. Even a systematic change in the 
direction of local winds due to a climate regime shift may increase coastal flooding and 
associated damages.  

2.7. Modern coastal erosion trends and impacts 
The modern coastal landscape of NE Graham Island consists of over 100 km of 

sandy shoreline that is host to a variety of dynamic coastal landforms (discussed in 
section 1.4.1.a) and shown in Figure 5) including: a) low gradient, dissipative beaches 
backed by prograding foredunes on North Beach,  b) reflective, cuspate cobble beaches 
with sandy low tide terraces on Rose Spit, c) multiple-barred beaches backed by 
migrating foredunes and parabolic dunes on northern East Beach, e) eroding bluff 
systems on southern East Beach.  These beaches are punctuated by actively 
meandering river estuaries such as the Sangan, Hiellen, Oeanda, and Tlell rivers.  The 
combination of an energetic wind and wave regime with significant fluvial/estuarine 
reworking of littoral sediments, makes for an incredibly dynamic coastal zone, most of 
which is highly erodible and sensitive to future sea-level rise impacts.  

In general, the larger Naikoon Peninsula is an extensive (40 km wide) coastal plain 
that has prograded to the northeast over the past 10,000 years (see  Figures 26 to 30).  
Today, most of the north coast of Graham Island continues to prograde at rates of 0.3 to 
0.5 m yr-1 (Harper 1980), while the entire eastern coast is actively eroding at estimated 
rates of 1 to 3 m yr-1 (Barrie and Conway, 1996; Barrie and Conway, 2002; Walker and 
Barrie, 2006).  At the junction of these two systems is Rose Spit, which extends 
northeastward at a point of sediment transport convergence. 

As much of the coastal zone lies underwater, it is important to understand the 
behaviour and response of features in the nearshore to tidal, storm and longer-term sea 
level changes.  Nautical charts provide information on gross morphology (e.g., bar 
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locations, nearshore slopes, extents of the continental shelf), however, information in 
very shallow (i.e., < 5 m) nearshore areas is often lacking.  Simple cross-shore 
bathymetric profiles and shallow water bathymetric surveys reveal much about changes 
in nearshore dynamics (e.g., onshore-offshore bar movements, beach erosion, beach 
slope responses).  In turn, these surveys should be linked to the backshore (terrestrial) 
environment as it is often the source or sink for littoral sediments and as backshore 
changes are the most obvious in terms of shoreline position and geomorphic changes. 

In general, sedimentary features in the coastal zone represent accumulations of 
sediment moving on/offshore or alongshore as driven by winds, waves and/or tidal 
currents.  In some areas along East Beach, features such as intertidal and nearshore 
bars store millions of tonnes of sediment eroded from coastal bluffs that is transported 
northward by tidal currents (Walker and Barrie 2006, Amos et al. 1995).  In some 
locations, bars are shore-attached (or ‘welded’) and provide renewed onshore sediment 
via swash and wind action (Walker and Barrie 2006).  Further information on the 
geomorphic setting of the region is provided in section 1.4.1. 

This section provides monitoring information from several repeat surveyed coastal 
profiles (Figure 42), both on- and off-shore, to improve understanding of coastal 
processes on NE Graham Island. Though somewhat fundamental, this information is 
critically lacking in many coastal regions and is essential for interpreting coastal zone 
dynamics.  Some of these locations have been monitored as far back as 1993.  
Combined with historical airphoto analyses, sea-level rise estimates (see 2.6), and 
interpretation of past landscape responses (see 2.5), this allows estimation of ongoing 
erosion and/or progradation rates and gives some insight into the potential responses of 
the coastal landscape to future changes in driving processes (e.g., shifts in wind and 
wave regimes) and longer-term morphodynamic responses to sea-level rise.  

2.7.1. Methods for coastal erosion profile monitoring 

Benchmarks at ten locations were installed as far back as 1993 for monitoring 
cross-shore profiles on North Beach (Elephant Cage, White Creek, Agate Beach, North 
Beach 1-3, Rose Spit West) and on northern East Beach (Rose Spit East, Naikoon, 
Cape Fife).  Logistical constraints inhibited repeat surveys along southern East Beach, 
though a profile was installed at the Pesuta site in 2004.  Five of these profiles were 
chosen for intensive (weekly) surveys during the summer of 2004 (Agate Beach, North 
Beach 1, Rose Spit West, Rose Spit East, and Cape Fife) to document storm and tidal 
cycle responses in beach form.  

Topographic profiles were surveyed with a TopConTM laser total station on bearings 
that extended approximately shore normal from the installed benchmark.  At most sites, 
2 benchmarks were installed several metres apart on bearing to ensure proper re-
sighting of profile directions.  Most surveys were conducted on ebbing to low spring 
tides, in as much as possible to ensure broad coverage into the intertidal zone (which 
would then be overlapped by bathymetric surveys at high tide).  Elevation and distance 
data relative to the benchmark were collected by the total station, downloaded to 
computer and corrected in spreadsheet software to chart datum (CD) given the 
elevation and time of measurement of a point at the waterline. 
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Weekly cross-shore profiles were conducted during the summer of 2004 to identify 
characteristic changes occurring within the active volume of sediment, or sweep zone, 
on the north and east coast of Graham Island.  This monitoring was intended to 
document the recovery from storm to normal profile, and to increase the knowledge of 
coastal processes along the northeast Pacific coast.  

Bathymetric surveys were conducted via singlebeam echosounding surveys from a 
4-m inflatable Zodiac MK II boat provided by the Geological Survey of Canada in June 
2004 and May 2005.  Profiles were measured at 21 sites from Masset Inlet east to Rose 
Spit, and down East Beach to Tlell (Figure 42).  In 2004, the main objectives of the 
surveys were for reconnaissance and to extend onshore survey profiles into the 
nearshore.  In 2005, the purpose was to resurvey representative profiles from 2004, to 
fill in gaps, and particularly on East Beach, to explore sand bar mobility. 

Surveys were conducted as much as possible at high tide to overlap with onshore 
topographic profile surveys.  Measurements were conducted along previously identified 
shore-normal survey transects using handheld GPS.  Between profiles, measurements 
were recorded on a “zig-zagging” pattern on- and off-shore to infill bathymetric 
measurements and randomly capture features in different water depths23.   

From the survey vessel, water depth was measured using a Simrad EQ30 
echosounder with a transom-mounted transducer operating at 200 kHz with a beam 
angle of 7.5o.  The sounding system has vertical resolution of 0.1 m and an acoustic 
footprint of 2.6 m at 10 m water depth.  Horizontal positioning was provided by Garmin 
handheld GPS units with differential position from a Canadian Differential GPS 
(CDGPS) receiver provided by the Geodetic Survey of Canada.  The CDGPS receiver 
uses a signal from MSAT telecommunications satellites to increase the ~10 m positional 
accuracy of handheld GPSs to ~3 m.  Time-stamped GPS and sonar data were 
recorded by datalogger at about 1 Hz.  

Ideally, vertical elevation control would be obtained from a tide gauge, but as none 
were active in the study area during surveying, modelled predicted tides provided by 
DFO were used to post-process measured water depths and convert seabed elevations 
relative to chart datum (CD).  For North Beach surveys, a tidal model node in southern 
Dixon Entrance (54o15.6’N, 131o57.0’W) was used and for East Beach and Tlell 
surveys, a node off Cape Ball was used (53o43.1’N 131o44.1’W). Soundings and 
positions were merged and tide-corrected, using post-processing software developed by 
the Geological Survey of Canada, and quality controlled using ArcGIS software. 

2.7.2. Onshore profile results 

a) Elephant Cage 

Starting on North Beach near Masset, the Elephant Cage profile shows an 
intermediate beach with very fine (1.3 - 3.0 phi) low tide sediments to a steeper upper 
beach face with coarser high tide sands (0.5 - 1.5 phi).  The profile is backed by an 
accreting vegetated foredune complex and the intertidal zone consists of a broad, flat 
boulder-cobble platform near chart datum that extends for > 500 m seaward (Figure 

                                            
23 these data are not presented in this report, but are available from Gavin Manson, GSC-Atlantic. 
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43a).  Intermittent boulders occur in a fine, unconsolidated sand matrix and become 
subaerial at spring low tide conditions.  

Monitored for over 10 years (1993-2005), Elephant Profile showed minor vertical 
accretion of the foredune (by ~1 m) and considerable seaward progradation (~ 8 m) as 
a result of onshore aeolian (windblown) sand transport.  This gives a progradation rate 
of approximately 0.67 m yr-1, slightly higher than the 0.5 and 0.3 m yr-1 described by 
Harper (1980).  However, it is important to note that this rate is derived over a relatively 
short period, not from longer-term airphoto analyses. 

b) White Creek  
The White Creek profile shows a dissipative beach with medium to fine grain sizes 

(1.8 to 2.3 phi), also coarsening vertically on the beach face (Figure 43b). Similar to 
Elephant Cage, the profile shows vertical accretion of the foredune and  shoreward 
migration over ten years of observation, most notably between 1993 and 1997.  From 
this, a progradation rate of ~ 0.58 m yr-1 and ~ 0.25 m yr-1 of vertical growth was 
estimated for the active foredune.  

c) Agate Beach 

Agate Beach has a relatively flat, sandy, dissipative low tide terrace (slope = 
0.0097, grainsize = 2.3 to 2.7 phi) backed by a steep, reflective, multiple-bermed upper 
beach (subaerial slope = 0.156) comprised mainly of coarse gravel and cobbles (Figure 
43c).  The reflective portion of the profile is characterized by cobble cusps with summer 
spacing of approximately 14.8 m from crest to crest and an average height of 0.48 m.  

Agate Beach is a relatively small, embayed beach between bedrock promontories, 
which likely disrupt alongshore and onshore sand movements, as compared to the 
much finer and more dissipative South Beach on the other (west) side of Yakun Point.  
As such, it is more similar in form and sedimentology to the Rose Spit West profile.  
Agate Beach has shown continuous erosion during the monitoring period and, using 
long-term airphoto analysis (1937-1997), shows rates of retreat of 0.5 to 0.8 m yr-1. 
During the summer of 2004, Agate Beach showed an overall removal of sediments both 
above and below the mean water line. 

d) North Beach profiles 1-3 

North Beach profile 1 shows a low gradient (slope = 0.0164), ultra-dissipative, 
medium, well-sorted sand (2.5 to 2.8 phi) beach (Figure 46).  Most of the observed 
change at this profile between 2003 and 2005 occurred as annual scarp and fill at the 
base of the foredune to a cross-shore distance of ~150 m, with the most noticeable 
change occurring within 25 m of the foredune. Between July 2003 and February 2004 
the foredune was significantly eroded, possibly due to a high storm surge in November 
2003.  This did not fully rebuild during the summer of 2004 and the scarp was still 
remnant in summer 2006, although considerable aeolian transport had occurred at the 
base of the fordune.  Coincident with the building of the aeolian scarp-fill ramp, a low 
amplitude bar (50 m wide x 0.5 m high) developed between 300 and 400 m seaward of 
the high-tide line at ~ 2 to 3 m below MSL.  During the monitoring period the bar crest 
moved on-shore ~ 25 m, yet no significant change was noted on the middle beach at 
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mean sea level.  Substantial aeolian delivery occurs above the high water mark bringing 
sediments to rebuild the base of the foredune.  

North Beach profile 2 shows a more intermediate slope on the upper beach (0.049) 
that grades to a flatter intertidal section (slope =0.014)(Figure 46).  Sediments are fine 
to medium grained (2.6 to 1.7 phi) in the intertidal zone and grade to medium to coarse 
grained (1.8 to 0.6 phi) on the upper beachface.  A low bar and trough (56 m wide x 0.3 
m deep) developed between 250 and 300 m during summer 2004. Though scarped, 
there was no noticeable deposition landward of the foredune.  

North Beach profile has a steeper (slope = 0.105), more reflective beachface that 
grades to a lower intertidal beach slope of 0.011.  Intertidal sands are medium grained 
(1.9 phi) and grade to very coarse gravels to sands (-2 to -4 phi).  The low tide terrace is 
characterized by a very low slope and well defined asymmetrical ripples (3 to 5 cm in 
height and 8 cm crest to crest) indicating an onshore transport direction.  

e) Rose Spit West 

The Rose Spit West profile is the western extent of a transect that runs 
approximately east-west over Rose Spit (adjoined to Rose Spit East).  This profile was 
intended to measure contrasting morphodynamics of the opposing coasts.  Rose Spit 
West shows a steeper, coarser (1.46 phi) upper beach face that transitions abruptly into 
a medium sand (1.78 phi), dissipative, low tide terrace (Figure 45j). The upper beach is 
intermediate, with a slope of 0.063, and a dissipative, low slope tidal terrace seaward. 

Between August 2004 and February 2005, the Rose Spit West profile showed a 
consistent onshore transport of sediment, via onshore migrating intertidal bars that 
replenished a beach scarp during the summer, followed by removal of sediment from 
the upper beach berm and the lower beach face.  As at Agate Beach, there is little to no 
change observed at the mean water line.  Rates of onshore bar migration are rapid, as 
the first bar (at ~1.2 m aCD) moved ~ 25 m onshore during the summer of 2004.  This 
indicates high onshore transport rates via intertidal wave processes and tidal action on 
western Rose Spit during summer.  

f) Rose Spit East 
Rose Spit East is the northernmost profile on East Beach. Rose Spit East has an 

intermediate slope (0.048) upper beach face and, seaward of this exist multiple intertidal 
bars (Figure 44a).  Low tide sediments range from pebbles to coarse grained sand on 
the upper beach.  Repeat profiles during the summer of 2004 show a well-defined 
succession of swash bar generation, migration up the beach face, and welding to the 
upper beach.  This is followed by secondary bar generation, migration, and welding.  
The swash bars are asymmetrical and indicate onshore movement, as on the Rose 
West profile.  Thus, there appears to be appreciable onshore sediment transport 
occurring on Rose Spit during summer conditions.  

Both Rose Spit East and Naikoon profiles (below) show relative coastline stability 
and aeolian deposition over the study period.  For instance, between February 2004 
and 2005 the active driftwood-foredune system at Rose Spit East grew ~1 m vertically, 
largely due to new logs deposited via overawash and subsequent aeolian accretion.  
Seaward of Rose Spit East is a spectacular series of four shore parallel bars (see 
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Figure 50).  These bars were surveyed to a depth of about - 6 m aCD to 1200 m 
offshore.  The bar morphology at this point showed no sign of terminating, however, the 
survey was restricted due to vessel size (further discussion of these bars is provided in 
section 2.7.3).  

g) Naikoon  
Since installed by the Geological Survey of Canada in 1993, considerable vertical 

accretion of windblown sediment has occurred in the Naikoon profile to 150 m landward 
of the log line (Figure 44).  The amount of accretion is ~1 m deep from the logjam to 
about 75 m landward, beyond which it declines.  Experiments conducted ~15 km down 
the coast of East Beach show that appreciable amounts (up to 110 kg m-2) of sand can 
be transported more than 200m landward of foredunes during strong fall-winter 
windstorms (Anderson and Walker, 2006).  Localised vertical aggradation to 3 m was 
also observed along East Beach (Pearce 2005).  Sediment accumulation in the 
driftwood jam amounts to ~0.6 m of vertical aggradation between March 1993 and 
February 2005 (~ 0.05 m yr-1).  Such accumulations in driftwood jams are significant 
stores of sediment along East Beach, and serve important geomorphic functions as 
accretionary anchors on the beach and as a buffer of additional debris and sediment 
against wave attack and storm surges that must be moved before dune erosion (Walker 
and Barrie 2006). 

Repeat surveys at Naikoon and Rose Spit East during 2003-2005 do not show any 
considerable retreat, unlike Cape Fife to the south (see below).  However, since 1994, 
the axial crest of the logjam at Naikoon shifted landward ~ 20 m, whilst the sweep zone 
of the beach profile changed very little.  

h) Cape Fife 

The Cape Fife profile is located on a bluff feature that has retreated continuously 
and rapidly since 1993 (Figure 44).  Barrie and Conway (2002) documented retreat of 
up to 12 m during a single storm and 10 m during the 1997-98 El Niño season at this 
site.  By July 2003, the profile had retreated only 2 m, however, between then and 
February 2004, another 6 m of bluff retreat occurred, largely as a result of the 24 
December 2003 storm.  From February to July 2004, ~1.5 m were eroded, followed by 
another 7 m to February 2005.  These observations suggest an annual erosion rate of ~ 
3.5 m yr-1 to as high as 12 m yr-1.  This retreat is so great that three profile benchmark 
pins have been lost to erosion and needed reinstallation landward during the project. 

2.7.3. Nearshore profile results 

Figure 45(a-u) shows all bathymetric profiles from Masset Inlet east to Rose Spit, 
then south to Tlell.  Generally, beaches most exposed to the northwest winds and 
waves in McIntyre Bay (Figure 45, a-j) display characteristics markedly different to those 
in Hecate Strait, which are openly exposed to the southeast winds and waves and 
strong northerly tidal currents (Figure 45, k-u).  

Figure 45(a-j) shows that northwest exposed beaches have few distinct nearshore 
features (e.g., bars, troughs, sand waves).  The Airport and Elephant Cage profiles 
(Figure 45b and c) show irregular hummocks that likely represent cobbles and boulder  
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deposits, similar to those seen at low tide from these beaches.  Small bars (up to 0.5 m 
height) are visible in the White Creek Profile (Figure 45d) and very low bar-like features 
are seen at South Beach (Figure 50e), and North Beach Lines 1 and 2 (Figure 45g and 
h).  Agate Beach (Figure 45f) is a much coarser, embayed beach, with a sandy low-tide 
terrace and a prominent low-tide step at 2.25 m aCD.  A similar feature is shown in the 
North Beach Line 3 profile (Figure 45i).   

 Further east, beaches with more westerly aspects are more exposed and show 
progressively steepening profiles.  This is best illustrated in a stacked plot of selected 
northwesterly facing beaches (Figure 46) that shows the flat Cemetery and Elephant 
Cage profiles in the west, moderately steep profiles at Agate and North Beach, and 
steeply sloping profile at Rose Spit West.  South Beach and White Creek are somewhat 
anomalous in that they show relatively steep slopes close to shore but assume slopes 
similar to Agate and North Beach 1 offshore.  There is also a switch from concave to 
convex profiles between North Beach 1 and 2.  Agate and North Beach 1, despite 
markedly different beach face slopes, display identical nearshore slopes.  This may 
relate to strong geological control, such as a submerged wave cut platform in the larger 
Tow Hill basaltic body veneered with relatively shallow nearshore sediments.  Repeat 
profiles at North Beach Line 1 show no significant changes between 2004 and 2005.  At 
North Beach Line 2, there is some evidence for erosion of the lower shoreface between 
2004 and 2005.   

In contrast to the northwesterly exposed beaches in McIntyre Bay, eastern beaches 
facing Hecate Strait display large, multiple bedforms indicating significant nearshore 
transport of wave-eroded sediment from the backshore (Walker and Barrie 2006, Amos 
et al. 1995).  North of Cape Ball, 3 to 5 shore-oblique to shore-parallel bars, up to 4 m in 
height and 400 m in wavelength, are common along East Beach.  Their length 
increases and height decreases offshore.  Bars appear to be more dynamic in the 
northern profiles where bar crest migration of 90 m or more may have occurred between 
2004 and 2005 (Figure 45k).   

 Given the limited time of this mapping campaign, it cannot be determined whether 
these bars are migrating on- or off-shore, and hence indicate net nearshore sediment 
transport transfers.  For example at Rose Spit East, the bar at 400 m in 2005 could be 
either the bar at 300 m or the bar at 500 m in 2004.  Indeed, even in profiles where bars 
show no apparent migration (e.g. Figure 45l),  it cannot unequivocally be said that bars 
did not migrate.  For instance at the Naikoon profile, it is possible that the bar at 200 m 
in 2004 either migrated landward and welded to the shoreline, or migrated seaward and 
was replaced by a new migrating bar which separated from the shoreline.  

However, bathymetric maps near Cape Fife show changes in bar positions relative 
to the coast between 1984 (by the Canadian Hydrographic service) and during surveys 
for this study in 2004.  In 1984, bars exist between 110 and 150 m further east of their 
positions in 2004.  The bars have not moved onshore, rather, they have maintained 
position relative to the retreating coast.  They are either bending at a hinge point to 
maintain their position relative to the coast or they are migrating north and their position 
is controlled by strong, northward tidal currents.  North of the Cape Fife, profiles 
(onshore and bathymetric) show that bar troughs infill and the bathymetry possibly 
promotes wave shoaling further offshore (unlike at Cape Fife). 
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Sandbar dynamics are complex and require several years of closely spaced, 
seasonal surveys or monitoring using video camera systems, to resolve these 
ambiguities.  Thus, the profiles presented here quantify scale and morphology of these 
features, but are not useful for estimating rates of migration.  That said, it is clear that 
there is a significant amount of sediment moving in the nearshore along East Beach, 
while it retreats at average rates of 1 to 3 m yr-1 (Conway and Barrie 1994). 

From Cape Ball south, bedforms are rare and profiles are less steep often with 
cobble lag covered shore platforms (Figure 45r and u).  In general, this indicates a 
supply-limited system (i.e., limited available sediment to nearshore current processes), 
which can result in a more erosive beach setting.  At Tlell, the coastal platform is 
shallow, gently sloping, and extends beyond 2.5 km offshore (Figure 45u).  Zig-zag 
surveys between Tlell and Cape Ball revealed large isolated boulders several metres 
high.  Some bar-like forms are apparent at Pesuta (Figure 45t), where there is an 
abundance of sand on and offshore, likely the result of Tlell River outputs.  

2.7.4. Discussion and Conclusions 
Coastal accretion continues on the north coast of Graham Island, with observed 

(short-term) rates in this study of up to 0.67 m yr-1, which are greater than those 
previously published (cf. Harper 1980).  The addition of new profiles from those 
originally installed by the Geological Survey, with more continuous (seasonal to inter-
annual) monitoring has highlighted the variability from accretion to erosion along the 
north coast and the control that storm events have played.   

Sub-tidal beach profiles in McIntyre Bay increase in steepness toward Rose Spit 
and change from planar to concave to convex.  This results from a shore platform at the 
entrance to Masset Inlet, sediment entrainment in a counterclockwise gyre in McIntyre 
Bay toward Rose Spit, and increasing western exposure to wave conditions of profiles 
closer to Rose Spit.  Masset Inlet itself is largely devoid of sediment (V. Barrie, pers. 
comm.) suggesting it has been current-scoured.  Thus, the flat forms of the western-
most profiles may reflect an ebb-tidal delta shoal of sediments from Masset Inlet.  Lines 
to the east of Elephant Cage profile do not see this shoal and are steeper.   

A counterclockwise gyre circulating sediment in McIntyre Bay may provide sediment 
to beaches of South Beach and North Beach.  This may be enhanced with sediments 
transported around Rose Spit from East Beach during strong SE storms (Amos et al. 
1995).  Sediments coarsen from sand at North Beach 1, mixed sand and gravel at North 
Beach 2 and 3, and gravel and cobble at Rose Spit West.  This suggests sand removal 
with increasing westerly wave exposure.  Furthermore, coarser beaches maintain a 
steeper profile, and reflect more incoming wave energy than they dissipate in such high-
energy wave climates.  This reflected energy results in strong nearshore currents that 
remove finer sediments from the nearshore.  Together, these processes explain the 
eastward steepening profiles shown by beaches in McIntyre Bay. 

Coastal retreat of the East Beach is still rapid with rates from 6.0 to 12 m yr-1 at 
Cape Fife.  This location is likely an erosional hotspot (as near other bluff systems along 
the coast), and overall, the net erosion rate of the larger coast is about 1 to 3 m yr-1.  
Again rates of erosion are quite variable and increase significantly during storm events 
and high water seasons (e.g., ENSO 1997-98).  The coastal response to erosion is also 
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significantly controlled by the location and migration of nearshore bars and, despite net 
coastline retreat on East Beach, significant amounts of sediment are moving landward 
via aeolian transport, causing vertical accretion of ~1 to 3 m in the backshore. 

East Beach nearshore profiles have larger and more numerous bedforms in the 
north and shallower, gentler profiles, with occasional boulders and few bedforms south 
of Cape Ball.  This is likely explained by high sediment supply to northward nearshore 
currents from Cape Ball, which feeds profiles and bar systems to the north.  Sand 
supply to the nearshore remains high as most of the coast, north of the Pesuta profile, is 
backed by eroding bluffs and/or dune systems.  As waves erode the backshore, and 
nearshore currents transport increasing amounts of sediment northward, supply grows 
and large, multiple bar systems form toward Rose Spit.  These bar systems are highly 
dynamic, but their rates of migration, seasonal sedimentary dynamics, and long-term 
responses remain to be quantified.  Recurrent nearshore surveys over several 
consecutive years, possibly in conjunction with an onsite video camera system, would 
assist with this. 

South of Cape Ball to Tlell, the bedforms are rare and profiles are less steep often 
with cobble lag-covered shore platforms.  This reflects a supply-limited system with high 
erosion potential.  This is evident in the high rates of coastal erosion from Tlell south to 
Skidegate, as there is limited available sediment to nearshore current and wave 
processes.  Though not monitored in this study, it is highly likely that these areas will 
continue to erode, possibly at increasing rates, with anticipated changes in storminess 
and sea-level rise in the region. 

2.8. Coastal erosion, flooding and sea-level rise hazard assessments 
The most immediate natural hazards facing NE Graham Island are coastal erosion 

and flooding.  There is high certainty that these hazards will increase in frequency 
and/or magnitude along most of the coast, given what is known about regional sea-level 
rise trends and past, present and future climate variability signals and landscape 
responses (see 2.4, 2.6, 2.5).   

2.8.1. Erosion hazards 
High erosion and flooding hazards exist along much of the coastline from Tlell to 

Masset as it consists predominantly of a low-lying and exposed landscape, comprised 
of highly erodible sediments subject to frequent, extreme coastal storms.  This, with 
rates of ongoing sea-level rise and maximum annual water level rise of 1.6 mm yr-1 and 
3.4 mm yr-1 respectively, makes the NE coast of Graham Island highly sensitive24 to 
climate change and sea-level rise.  Given logistical constraints (see 1.2.1), a finer scale 
re-assessment and mapping of coastline sensitivity beyond the scale of the original 
Shaw et al. (1998) report was not conducted.  In addition, the research team decided 
that an integrated vulnerability map, based on an indexed value that combines 
community values and physical hazards, was neither feasible nor appropriate as much 
of the coast is undeveloped and as our definition of vulnerability does not favour an 
‘indexed’ or additive approach (see section 1.3).  

                                            
24 using the physically-based sensitivity index of Shaw et al. (1998). 
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As shown in the previous sections, coastal erosion averages 1 to 3 m yr-1along East 
Beach to tens of metres in extreme years, such as the El Niño season of 1997-98, 
which produced a seasonal rise in sea level of 0.4 m and 12 m of localized coastal 
erosion (Barrie and Conway 1996, 2002).  On the north shore, erosion is more localized 
and short-lived, as the system continues to prograde seaward at rates of 0.3 to 0.67 m 
yr-1.  That said, notable erosion of 2-5 m on North Beach and in areas along the Sangan 
River estuary have been observed recently.  Erosion hazards are also likely to increase 
with rising sea levels as strong tidal currents encroach upon the shores of Masset Inlet 
and Masset Harbour (see maps and discussion below). 

2.8.2. Flooding and sea-level rise inundation 

Three plausible future sea-level rise scenarios for the Masset Inlet region are 
provided in Table 17.  Values are shown as metres above MSL, which is 2.0 m aCD for 
Masset Inlet, from the year 200025.  Scenarios are based on observed rates for: 1) 
regional mean sea-level rise (1.6 mm yr-1) and 2) extreme annual high water level trend 
(MAXSL, 3.4 mm yr-1) (see 2.6), both occurring at observed highest high water, large 
tide stages (HHWLT) to provide an upper limit for each scenario.  In addition, 3) a global 
extreme sea-level rise rate of 8.8mm yr-1 (derived from IPCC 2001, see 2.9.2 below) at 
HHWLT is included for an extreme scenario.   

Scenario elevations were estimated as follows, then mapped for the Masset and 
Old Massett regions26 (Figures 48 to 52).  Scenario water levels (SWL) in metres above 
MSL were determined using:   

SWL = {(rate / 1000) x (year - 2000)} + HHWLT - MSL   
For context, the historical high water level from the 24 December 2003 storm, 

corrected for local MSL and a -15% tidal amplitude, is provided27.  Though this event did 
not occur to the same magnitude in Masset Inlet as in Tlell, it is provided as a high 
magnitude event of low probability.  This was the highest recorded water level on record 
at Prince Rupert since 1909 and is provided as a plausible extreme flood.  Per section 
2.6, extreme water level events are strongly related to climatic variability effects (e.g., 
ENSO, PDO) in the region and that there is a good likelihood that the frequency of such 
high magnitude storm surges is increasing with climate change.  

Figures 48 through 52 show sea-level flood maps from select scenarios (indicated 
by a (#) in Table 17) for the Old Massett-Masset region for 2020, 2050, 2080 and 2100.  
These maps were produced using ESRI GIS software by Haida Mapping (CHN-Forest 
Guardians, Masset).  A custom relative colour fill algorithm was used to show relative 

                                            
25 MSL and HHWLT values provided by Fred Stephenson, DFO (2007) and are based on 44 days of 

observation in summer 1972. The value was adjusted to approximate a long term MSL.  To obtain 
values relative to chart datum (CD), 2 metres must be added to all values for Masset Inlet.  

26 At the time of publication, Lidar elevation maps for the Tlell region had not been processed to allow 
SLR scenario mapping. 

27 The total water level observed at Prince Rupert during the Christmas Eve 2003 storm was 7.91 m aCD, 
and was corrected for -15% tidal amplitude for North Beach (Anne Ballentyne, DFO, personal 
communication 2006).  As tidal amplitudes in Masset Inlet are lower, this value is considered an 
extreme estimate.  No direct water level observations were recorded in Masset Inlet during this event.  
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water depths in the flood zone (blues) and land elevation heights (greens to reds) above 
the waterline for each scenario.   

Table 17:  Sea-level rise scenarios for Masset Inlet region for 2020, 2050, 2080 and 
2100 based on observed rates of sea-level rise (1.6 mm yr-1) and MAXSL trend (3.4 mm 
yr-1) starting from the year 2000.  Water level scenarios are expressed as metres above 
a local MSL (2.0 m aCD) occurring at the highest high water large tide (HHWLT) to 
provide an upper limit for each scenario.  For Masset Inlet, MSL = and HHWLT = 4.2 m 
aCD (Fred Stephenson, DFO, 2007).  Values indicated with ‘#’ are mapped in  Figures 
48 through 52.  Note that wave conditions are not included in these scenarios and rates 
of rise are held constant to 2100. 

Scenario 2000  2020 2050 2080 2100 

1. Observed SLR (1.6 mm/yr) at HHWLT 2.20 2.23# 2.28 2.33 2.36 

2. MAXSL trend (3.4 mm/yr) at HHWLT  2.27 2.37# 2.47 2.54# 

3. Global extreme (8.8 mm/yr)a at HHWLT  2.38 2.64# 2.90 3.08# 

Christmas Eve 2003 storm (historic high) 4.72#*     
a per IPCC (2001) 
* see footnote 25 below 

 
Figure 47 shows the modern mean sea level (2.0 m aCD) map for the Masset and 

Old Massett regions.  In the Masset region, water floods landward of the causeway into 
the Delkatla Slough on flood tides, maintaining a dynamic and recently28 accreting salt 
marsh bird sanctuary.  During very high tides (similar to levels shown in Figure 48), 
Masset essentially becomes a peninsula surrounded by flood waters in the marsh to the 
east, and Masset Inlet to the west.  The only roads out of town either cross the flooded 
marsh or the causeway.  Marsh and lagoon systems also exist east and northwest of 
Old Massett.  

By 2020, the map for scenario 1 (Figure 48) shows a flood zone very similar in 
elevation to the current highest tide range (2.23 vs. 2.20 mSL for HHWLT).  By this time, 
most of the Delkatla Slough would remain flooded, compromising the secondary 
roadways out of both Masset and Old Massett.  Much of the low-lying marsh in and 
around Old Massett may see standing water as the local groundwater table rises.  
Flooding in both Masset and Old Massett, given the relatively steep slopes of upper 
beach faces and prevalence of retaining walls and erosion control structures, would be 
modest.  However, tidal encroachment will occur in low-lying areas at the southern tip of 
Masset and along the harbour, the lands between Hwy. 16 and the new marina, and 
low-lying areas in Delkatla (across the causeway from Masset).  In addition, existing 
retaining walls, road beds, dock pilings, and erosion control structures would see 
increased current flow and scour at high tides.  For instance, the causeway and Hwy. 16 
along the Delkatla Slough toward cemetery road are vulnerable to future high tide 

                                            
28 from the 1960s, the road causeway to Masset had blocked all tidal discharge into the Delkatla Slough, 

until the late 1990s when it was breached for restoration of the salt marsh.  Now, the slough is a 
designated bird and wildlife sanctuary and tidal sedimentation into the saltmarsh has resumed. 
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encroachment and enhanced erosion.  As these roadways (and secondary roads) are 
highly exposed to future high tide encroachment and erosion, and since they are 
important transportation and evacuation routes, they are highly vulnerable and require 
future planning for sea-level rise. 

By 2050, annual maximum sea levels (MAXSL, shown in Figure 49) could rise as 
high as 2.37 m aSL.  This would result in an increase to the frequency and extent of 
flooding in Delkatla Slough and low-lying shorelines, as well as increased tidal current 
erosion along existing retaining walls, road beds, dock pilings, and control structures.  
With enhanced flood-ebb tidal exchanges to the slough, increased sedimentation in 
Masset Harbour can be expected, posing future navigation and maintenance issues and 
costs for management.  In Old Massett, there is increased likelihood of enhanced 
erosion along most of the shoreline of Masset Inlet, and areas like the aging retaining 
wall toward the end of town and the cemetery (already shored up due to erosion 
problems) will become more exposed.  In addition, there is an increased likelihood of 
flooding and breaching of the lagoon/marsh system at the tip of the Old Massett 
peninsula, which could further compromise secondary roads and the cemetery.  Many 
of the low-lying areas toward the northwest end of Old Massett, near the playground 
and museums, may experience occasional flooding or saturated ground as water tables 
and marsh levels rise.  The probability and extent of these impacts will only increase to 
2100, as maximum sea levels rise to 2.54 m aSL (Figure 50). 

Under the extreme global sea-level rise scenario 3, high water levels could rise to 
2.64 m aSL (Figure 51).  All low-lying areas would see increased tidal encroachment 
and flooding.  Erosion could increase along most of the shoreline between Masset and 
Old Massett and sedimentation would increase in Masset Harbour, posing increasing 
navigation and maintenance issues and costs.  In particular, the new marina lands 
would more frequently be isolated as an island, and a flow passage structure and 
enhanced erosion control may be required for the access roadway.  By this time (or at 
this water level), it is also likely that the end of the runway at Masset Airport would be 
compromised by coastal erosion and sand drifting. 

By 2100 for scenario 3, high water levels could rise to 3.08 m aSL (Figure 52) and 
causing a significant increase in flooding of low-lying lands in Old Massett and Masset.  
Under these conditions, the Old Massett cemetery would flood and erode as would all 
secondary roads out of the village.  Most of the low-lying homes and the main road in 
the northwest end of Old Massett would be compromised by floodwaters.  It is also likely 
that erosion along the Masset Inlet shoreline by this time will have compromised 
significant stretches of the coastal road to and within Old Massett, and perhaps 
neighbouring homes.  In Masset, all low-lying areas will be flooded and coastal erosion 
and sedimentation will compromise homes bordering, and structures within, Masset 
Harbour.  Both Hwy. 16 (from the fish plant to the junction of the cemetery road), and 
the secondary road through the marsh, would be compromised by flooding and erosion.  
The secondary road would either have to be abandoned or require significant re-
engineering (e.g., a causeway or piling bridge) to cross the predominantly flooded 
slough.  Low-lying areas in Delkatla would also see increased flooding, as would the 
marina lands and roadway. With such an increase in the volume of tidal flow through the 
causeway to the slough, the integrity of the causeway itself could be compromised by 
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strong currents and erosion.  Significant re-engineering would be required (perhaps a 
bridge structure or enlarged gap) to maintain the main link to Masset. 

For an extreme high surge event, comparable to that experienced at Tlell during the 
24 December 2003 storm (4.72 m aSL), the Masset-Old Massett region would see 
significant flooding, as much of the area lies below 5 m aSL (see Figure 53).  Though  
such an event has a very low probability of occurrence (i.e., <1%) currently, this 
probability will increase given the expected trends in extreme water levels and their 
association with driving climatic variability events (e.g., ENSO, PDO).  This, of course, is 
superimposed on a gradually rising sea-level.  For such an event, all low-lying areas 
and dozens of properties in Old Massett would be flooded, particularly those nearest the 
coast, including the Fire Hall.  Most of the coastal road, including the entry and lower 
level of the proposed new Hospital, would flood as well.  Many coastal properties in 
Masset would be inundated, including the marina lands and most properties on both 
sides of Masset Harbour.  Most of Delkatla village would be flooded, along with the 
entire low-lying stretch of Hwy. 16 from the fish plant to the airport.  It is likely that the 
Delkatla slough would be flooded through to the north coast, which may enhance water 
levels due to wave surge inrush.  The runway at Masset Airport would flood and suffer 
erosion and sedimentation damage at the seaward end.  Most river and tidal inlets in 
the region (e.g., Sangan/Chown, White Creek, Hiellen, etc.), as well as storm sewer 
systems, would back up for hundreds of metres and cause increased local flooding. 

Clearly both the gradual effects of sea-level rise and the changes in the frequency 
and magnitude of extreme water level events pose increasing risks and hazards due to 
coastal erosion, sedimentation and flooding for the Masset-Old Massett region.  There 
is a high certainty that, within 15-20 years, mean sea-level will rise to the current highest 
tide levels, which would compromise secondary roadways out of both Masset and Old 
Massett through the Delkatla Slough.  Tidal encroachment and increased scour will 
affect low-lying properties along Masset Harbour and in Delkatla village, and will begin 
to compromise Hwy. 16 and the new marina.  This will also begin to challenge the 
integrity of existing retaining walls, road beds, dock pilings, and erosion control 
measures, thereby posing fairly immediate infrastructure vulnerabilities in need of re-
engineering or relocation due to sea-level rise. 

More extreme rises toward 2050 and beyond will increase the frequency and/or 
extent of flooding and erosion hazards in Masset-Old Massett, posing extensive 
property damage and/or loss in low-lying and coastal areas, increased navigation 
hazards and costs in Masset Harbour, and serious re-engineering or relocation issues 
for coastal infrastructure, notably for Hwy. 16, the new marina, the causeway to Masset, 
and all secondary roads (that serve as alternate evacuation routes), leading out of 
Masset and Old Massett.  Increased erosion along Masset Inlet will also require 
attention in the near future, which will compromise transportation between Masset and 
Old Massett as well as access to the new Hospital site. 

These maps and scenarios provide a basis for informing future planning and 
management of critical infrastructure and flood control in the region, and are useful in 
informing the development of appropriate climate change adaptation strategies. 



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   77 

2.9. Future climate change scenarios and potential impacts 

2.9.1. Global climate change scenarios  

Global climate models (GCMs) are used to project future climate using plausible 
scenarios of future greenhouse gas emissions and physical models of climate that 
include atmospheric, ocean, ice, and land surface components.  Multiple projections 
and/or models are used to address uncertainty and produce a range of possible futures. 

According to the IPCC, it is virtually certain that future global average surface air 
temperature will continue to rise by 1.8 to 4°C by 2100, according to a range of 
simulation models (IPCC 2007)(Figure 54). For the next 2 decades, a warming of 
~0.2°C per decade is projected (IPCC 2007).  This rate of increase is larger than those 
observed during the 20th century and is perhaps the most rapid rate of rise in the last 
10,000 years.   

Recent global simulation models show that most continents will warm more rapidly 
than the global average, most notably the northern regions of North America and north-
central Asia in the winter.  Global average water vapour and precipitation are projected 
to increase during the 21st century over northern mid- to high latitudes in winter (IPCC 
2001, 2007)(Figure 55).  In British Columbia, this may mean an increase of 10-20% in 
fall-winter precipitation.  In addition, larger year-to-year variations in precipitation are 
expected in these areas, which could mean more intense deluges and snowfalls as well 
as more intense and prolonged droughts. 

2.9.2. Sea-level rise scenarios 
Model-based projections of global average sea level rise at the end of the 21st  

century (2090-2099) are anticipated to be 0.18 to 0.59 m higher than in 1980-1999 
(IPCC 2007).  Upper values for these scenario ranges could increase by a further 0.1 to 
0.2 m should Greenland and Antarctic ice contributions continue at observed linear 
rates.  More extreme values are also possible.  These values differ slightly than those 
reported by IPCC (2001) (shown in  Figure 56) mainly  because of improved modelling 
of uncertainties.  For the intents and purposes of this report, the extreme sea-level rise 
scenario published by the IPCC TAR (2001) of ~0.9 m by 2100 (a rate of 0.88 cm 
century-1) are used.  A series of plausible future scenarios for sea-level rise in the 
Masset-Old Massett region is presented in Table 17 and discussed in 2.8.2 above. 

2.9.3. Regional temperature and precipitation scenarios 

As part of a province-wide climate change impacts and adaptations assessment 
report (Walker and Sydneysmith 2007), three large scenario regions (Northern, 
Southern, and Coast) were chosen for BC based on large (~100 km2) GCM grids29.  
Seven GCMs were used with the IPCC (2001) Special Report on Emission Scenarios 

                                            
29 simulations based on finer resolution Regional Climate Models (RCMs) are available and downscaling 

methods (e.g., ClimateBC program) can be used to provide enhanced spatial resolution (e.g., Hamann 
and Wang 2005).  The computational costs and time required to do this were beyond the scope of this 
study.  Results presented here are from simulations produced for Walker and Sidneysmith (in press). 
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(SRES) models to ensure a range of possible outcomes and consistency with IPCC 
findings and methods.  The observed historical climatology for 1961-1990 was used to 
project future conditions in temperature and precipitation for the 2020s, 2050s and 
2080s (Figure 57).  Further  details on the GCMs and methods are provided in Lemmen 
et al. (in press, Chapter 2).  

The box-and-whisker plots in  Figure 57 summarize the range of certainty for each 
time step, such that the ‘box’ delineates the lower quartile, median (line in box), and 
upper quartile values and the ‘whiskers’ that extend from the boxes are show the full 
range of the scenario data.  As such, the box represents 50% of the range in the 
scenario and whiskers indicate the extremes30.  

Temperature scenarios for the BC coast region (Figure 57a) show  a possible mean 
annual temperature increase of 0-2°C for the 2020s to 2050s to as much as 5.5° C by 
2080.  Seasonal scenarios for median temperature changes around Haida Gwaii (not 
shown) suggest that this warming will occur across seasons and may be more 
pronounced in winter by 2050s.   

Precipitation scenarios (Figure 55) show likely future increases of precipitation to as 
much as 5-7% by 2050s to as much as 10-15% by 2080.  Scenarios of median 
precipitation changes around Haida Gwaii by season (not shown) suggest that 
conditions could be 10-20% wetter in winter and as much as 10% drier in summer by 
2050s.  Furthermore, greater seasonal and interannual variability in precipitation is 
expected such as more intense rain/snow fall, more prolonged droughts, and increased 
spring flooding frequency (Taylor and Taylor, 1997).   

2.9.4. Potential future impacts  

Following is a list of potential future climate change impacts to ecological and 
human systems in British Columbia and Haida Gwaii.  Much of this information was 
gathered from existing sources (e.g., Walker and Sydneysmith in press, Taylor and 
Taylor 1997, BC-MWLAP 2002). 

a) Sea-level rise 
Global sea level may rise by as much as 90cm by 2100 (IPCC 2001).  This is due 

largely to thermal expansion of warmer waters and increased glacial melt contributions. 
Seasonal variations in sea level and coastal erosion in the NE Pacific are also strongly 
influenced by ENSO and PDO climate variability events (e.g., Storlazzi et al. 2000, 
Dingler & Reiss 2001, Allan & Komar 2002, Abeysirigunawardena and Walker in 
review).  In Haida Gwaii, a current sea-level rise rate of 1.6 mm yr-1 suggests a possible 
rise of 11 to 22 cm by 2100 (with 95% confidence, see 2.6).  In the larger north coast 
region, relative sea level could rise by up to 30 cm by 2050 (BC-MWLAP 2002).  These 
estimates assume a steady rate of rise, and do not include possible future increases in 
this rate or changes in extreme water level events.   

                                            
30 Plus (+) signs indicate outliers in the boxplot data and in these cases whisker length is 1.5 × the inter-

quartile range. 
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b) Extreme events 
Extreme events such as storm surges, heavy rains, flooding, and landslides are 

pose more immediate threats than longer-term sea-level rise.  While single events are 
not evidence of climate change, the frequency and/or magnitude of some of these 
events is increasing and climate models predict a continuing rise in their frequency 
(IPCC 2001, Palmer & Rälsänen 2002, Milly et al. 2002, Easterling et al. 2000, 
Schumacher & Johnson 2005, Abeysirigunawardena and Walker, in review).   

BC’s Provincial Emergency Program (BC-PEP) records extreme weather events 
causing personal and economic losses due to infrastructure damage.  In 2003 to 2005, 
the frequency, severity, and costs of extreme events recorded by BC-PEP rose 
dramatically.  This resulted from a string of events such as wildfires, storm surges, 
heavy rains, flooding, droughts, landslides as well as ice jams, freezing rain, and rain-
on-snow events in response to warmer winter weather.  These events cost BC 
taxpayers $86 million per year in disaster financial assistance payouts versus $10 
million per year from 1999 to 2002 (Whyte 2006).  This increase is concurrent with 
increasing weather-related hazards as documented in the Canadian Disaster Database 
(PSEPC 2006, McBean and Henstra 2003).  

In Haida Gwaii, increasing high water levels, driven by coastal storms, are occurring 
at rates more than 2 times faster than regional sea-level rise (1.6 vs. 3.4 mm yr-1, see 
2.6)(Abeysirigunawardena and Walker, in review).  These events pose immediate and 
increasing hazards due to coastal erosion and flooding.  There is also evidence to show 
an increasing frequency of high magnitude winds during strong climatic variability 
seasons/periods (e.g., ENSO, PDO)25 that bring damaging waves and storm surges to 
Haida Gwaii.  

The frequency of landslides and debris flows in British Columbia also appears to be 
on the rise with increasing winter precipitation (as reviewed in Walker and Sydneysmith, 
in press).  Increasing extreme precipitation events are also projected by climate models 
(e.g., Kharin et. al 2005) and observed changes in heavy rains in BC provide evidence 
that it may already be occurring (e.g., Jakob et al 2004). 

c) Critical infrastructure 

Critical infrastructure includes various networks, facilities, systems, and services 
that are key to the well-being and operations of society (Public Safety & Emergency 
Preparedness Canada, PSEPC).  This includes energy and public utilities (water, 
electricity, oil, natural gas), health care, transportation (air, rail, marine, road), food 
supply, industry, communications and information technology, finance, safety and 
rescue, government, and national defense.  Impacts of recent extreme climate events in 
BC (e.g., wind storms during the winter of 2006-07) have exposed the vulnerability of 
these interconnected and interdependent systems.  BC’s Emergency Response 
Management System (BC-ERMS31) reports and aims to mitigate environmental hazards 
(floods, fires, earthquakes, tsunami), while critical infrastructure protection and planning 
resides with a host of public agencies from all levels of government. 

                                            
31 http://www.pep.gov.bc.ca/bcerms/bcerms.html 
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Climate change poses increasing risks of damages and increased maintenance 
costs to critical infrastructure.  Remote communities are particularly vulnerable as they 
often depend on limited essential services and exposed critical infrastructure for the 
distribution of food, medical supplies, and other essential goods and services.   

In Haida Gwaii, the changing frequency of extreme weather and storm surges, 
coastal erosion, flooding, and gradual sea-level rise will increase the exposure and 
damage potential of coastal and municipal infrastructure.  In turn, this will increase 
maintenance and insurance costs, and challenge existing design standards and 
regulations (e.g., freeboard on bridges, flood zone and erosion setbacks).  This will 
have direct impacts for: docks and port facilities, Highway 16 and other coastal roads, 
low-lying airports, coastal properties, sewer networks, and water supply systems.   
Changes in transportation services (ferry, air, road) may entail additional pressures and 
vulnerabilities on critical services (e.g., healthcare, food supplies) as well as increasing 
costs for maintenance, repair, and insurance.  Thus, the feasibility of municipalities and 
planning districts to handle these costs may decrease and require additional support 
from municipal/regional taxes and/or government funding.  

d) Hydrological systems and water resources 
Water resources are highly sensitive to climatic variability and change.  Research 

on watersheds throughout BC suggests that all scenarios of climate change will lead to 
changes in total annual flows, and seasonal aspects of water supply and demand.  
Challenges are expected for water managers as they seek to meet multiple, often 
competing objectives (energy, irrigation, navigation, flood control, in stream 
requirements, etc.).  Specific information and future trends for water resources, besides 
precipitation (see 2.2.5, 2.9.3), is limited for Haida Gwaii.  However, recent research 
(reviewed in Walker and Syndneysmith, in press) for coastal BC has direct relevance for 
future planning.  

In coastal BC, climate changes will affect precipitation, river flows, groundwater, 
drinking water, and sewage systems in response to rising sea-levels.  Warmer 
temperatures and changes in the amount, type, and timing of precipitation will have 
significant water resource impacts.  Reduced snow pack and earlier snowmelt peaks 
are anticipated, which will lead to increased river flows during winter months and an 
earlier flood season.  For instance, projections for the Pacific Northwest region32 
suggest that observed trends and changes in streamflow will continue, with many rivers 
running 30 to 40 days earlier by 2100 (Stewart et al., 2004).  Additionally, increased 
peak flow and more frequent high flows in both river and groundwater flow may occur 
(Stewart et al., 2004).   

Groundwater systems respond much more slowly to climate variability and change 
(Rivera et al., 2004).  The greatest impacts will occur in shallow coastal aquifer 
systems.  Even small changes in temperature and precipitation will alter groundwater 
recharge rates causing shifts in water table levels (e.g., Changnon et al., 1988; Zektser 
and Loaiciga, 1993).  In contrast, deep aquifers have an increased capacity to buffer 

                                            
32 which does not actually include Haida Gwaii in most of the studies cited here, but does include much of 

BC’s southern coastal watersheds. 
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climate variability effects and, therefore, preserve longer-term trends associated with 
climate change (Rivera et al., 2004).  

Groundwater aquifers are typically connected to surface water (e.g., rivers, 
wetlands), so shifts in surface water supplies in response to climate change can be 
anticipated to impact groundwater levels.  Forecasted reductions in annual stream flow 
will have negative effects on groundwater recharge (Scibek and Allen 2006).  In turn, 
this will alter groundwater contributions to river baseflow.  Interactions between 
groundwater and surface water, and changes in groundwater contributions to baseflow 
can impact aquatic ecosystems during the low flow period, due to changes in flow 
regime, and also stream temperature, which is moderated by groundwater.  In coastal 
aquifers, climate change may not only impact to groundwater levels, but also 
groundwater quality due to intrusion of sea water and increased salinity during sea level 
rise (Benavente et al., 2001; Lambrakis and Kallergis, 2001, Liteanu 2003, Allen 2004,).  
In addition, gravity fed sewer systems may experience decreased flow efficiency.  
Combined, these impacts could have adverse effects for human and coastal ecosystem 
health. 

It is also important to note that rapid glacier melt has significant water resource 
implications for coastal BC.  There have been widespread decreases in snow cover and 
glaciers in North America during the 21st century (IPCC 2001).  Compared to snowpack, 
glacier responses to climate change are more complicated and delayed in response to 
changing conditions.  For instance, many of BC’s glaciers are still responding to 
warming after the 1976 PDO phase shift (Fleming et al. 2006, Stahl & Moore 2006).  In 
2005, glaciers covered 10% of BC (110,000 km2) and were retreating rapidly due to 
rates of modern warming that are unprecedented in the last 8000 years (Lowell, 2000).  
It is expected that most alpine glaciers in BC will disappear by 210033. 

Glacial runoff maintains river discharge and regulates temperatures in many of BC’s 
rivers (Fleming & Clark 2005, Fleming 2005, Moore 2006), acting both as a flow 
regulator and a thermostat.  Glaciers also supplement surface runoff during the summer 
when aquatic ecosystems are most vulnerable and water resource demands are 
highest.  For instance in the Columbia River Basin, 10-20% of annual flows and 50% of 
summer flows are glacier fed (Brugman et al., 1996).  Similar impacts can be expected 
for smaller, glacial fed systems in the Haida Gwaii such as the Skeena and Nass Rivers 
and small catchments on Haida Gwaii.   

e) Fish populations and fisheries 

Fisheries employ ~16,000 people throughout BC, mostly in commercial fishing, 
sport fishing, aquaculture, and seafood processing (BC Ministry of Agriculture and 
Lands 2005a).  Sport fishing, with important links to tourism in Haida Gwaii (see 
2.9.4.g), is the largest component of the fisheries sector in BC accounting for ~8,900 
jobs and contributing $233 million a year to provincial GDP (BC Ministry of Agriculture 
and Lands, 2004a).   

Numerous variables associated with climate variability events (e.g., ENSO, PDO) 
affect BC’s marine fish populations (reviewed in King 2005, DFO 2006a) including: 

                                            
33 per Dr. Brian Menounous, UNBC, as in Walker and Sydneysmith (in press). 
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temperature (air and sea-surface), precipitation, river discharge (Leith and Whitfield 
1998, Whitfield et al. 2003), ocean salinity, winds, currents, water levels, ocean 
upwelling, ph, and oxygen levels (Whitney p.26 in DFO 2006).  GCM results suggest 
changes to these variables and the climatic variability events that drive them, at 
individual to ecosystem scales. Thus, climate change will induce a wide range of 
responses from BC fish and fisheries. For example, interactions among riverine 
discharge and coastal upwelling/downwelling processes control delivery of limiting 
nutrients and biological production at the base of continental shelf food webs through to 
yields of resident fish (Ware and Thomson 2005).  Although the net influence of climate 
change effects on these interactions is not fully understood (Behrenfeld et al. 2006), 
future fish populations and yields are very likely to change (Ware and Thomson 2005). 

Changes in salmon migration patterns and spawning success are anticipated with 
climate change for many south coast (e.g., Fraser River) salmon stocks.  Less is known 
regarding northern (e.g., Gulf of Alaska) stocks.  Climate change impacts in this region 
could profoundly influence salmon and fisheries production by displacement to the 
Bering Sea (Welch et al. 1998) or oceanographic changes such as thermal stratification, 
nutrient delivery, primary production (Behrenfeld et al. 2006) and ocean acidification 
(Raven et al. 2005).  Milder ocean temperatures may also lead to some increased 
salmon and herring productivity34 while cold water fish (e.g., whitefish, grayling) stocks 
may decline with warming water temperatures (BC-MWLAP 2002).  The ultimate 
consequences of such changes are unknown, but it is more likely that southern, vs. 
northern fisheries, are at greater risk35.  In part, this is due to a general inverse 
relationship between southern and northern production regimes (Hare et al. 1999), but 
also due to greater anticipated warming and oceanographic changes in south coast 
waters.   

In the Queen Charlotte Basin (QCB), the effects of warmer waters, altered 
production regimes (e.g., Ware and Thomson 2005, King 2005) and “southern exotic 
species” have not produced obvious declines of QCB herring and salmon.  Exotic 
species, such as mackerel, tuna, sharks, and Humboldt squid do occur during warm El 
Nino-like conditions (DFO 2006a) and thus, there is a possibility of some predatorial 
species (e.g., mackerel) posing more frequent threats to north coast salmons stocks.   

Changes to marine, intertidal and estuarine coastal habitats can also be expected 
with climate change and sea-level rise.  Resulting changes in coastal sedimentation, 
erosion, and organic material deposition may both create and destroy coastal habitat, 
respectively providing opportunities and/or limitations for coastal marine and terrestrial 
species (e.g., shellfish, waterfowl).  In terms of shellfish, unpublished information from 
the Haida Fisheries program shows no definitive trends in razor clam populations dating 
back to the 1920s, and comparable data on crab stocks were not available.   

Vulnerability of fisheries to climate change impacts varies greatly between fisheries 
for short-lived versus long-lived species. The former (e.g., shrimp, salmon, herring, 
sardines) respond quickly to climate change, so fisheries often collapse or recover 

                                            
34 Boldt et al. as in Appendix 3 of King (2005). 
35 per Dr. Kim Hyatt, DFO-Nanaimo, as in Walker and Sydneysmith (in press). 
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without warning36. Climate or fishery-induced production trajectories of longer-lived 
species (e.g., geoduck clams, ocean perch, halibut)(DFO 2001) change more slowly 
(decades or longer) allowing greater predictability of fisheries yield (e.g., halibut, Clarke 
and Hare 2002).  Thus, the socio-economic vulnerabilities of fast- vs. slow-response 
fisheries to climate changes vary greatly and require different adaptation strategies.  
Experience to date suggests that socioeconomic gains from harvest of larger quantities 
of migratory hake (Ware and McFarlane 1995), sardine (McFarlane and Beamish 1999), 
and tuna under warmer ocean regimes will not immediately offset losses from collapses 
of higher value salmon fisheries (Hyatt et al. 2003b, Robinson and Hyatt 1999, DFO 
2006a). 

f) Forests and forestry 
Forestry is BC’s most valuable economic sector and timber from Haida Gwaii has 

long been valued for its high quality.  The forests of Haida Gwaii also provide a wide 
range of social, cultural, economic, and biological values and services to local 
communities and the forestry industry. 

 Although a single year of extreme weather may not have a long lasting effect on 
forests and the services they provide, multiple years of such conditions or a shift in 
climate will do so (Carroll et al. 2004, Breshears et al. 2005, Woods et al. 2005).  
Climatic variability impacts are partly a function of forest age structure.  In BC at large, 
the current age distribution is skewed towards old trees, which means a build-up of fuel 
for fire and an increase in susceptibility of trees to diseases and pests, a situation that 
results in an increased sensitivity to disturbance (Dale et al. 2001, Cammell and Knight 
1992, Volney and Hirsh 2005).  BC may already have experienced a climate-induced 
increase in fire activity (Gillet et al. 2004).  Significant climate change-related responses 
have also been seen with the mountain pine beetle (Carroll et al. 2004), needle blight 
(Woods et al. 2005), and is anticipated for leader weevil (Seiben et al. 1997).  Coastal 
forests may also see an increase in the number and intensity of storms, thereby 
increasing windthrow and damage. 

Optimum growth conditions for local populations of trees can be relatively narrow 
(Refeldt et al. 1999, 2001, Parker et al. 2000, Wang et al. 2006b).  Consequently, 
although species may be able to survive and grow in their current location under a 
changed climate, growth rates will be affected and there will be increased competition 
from other species more suited to the climate.  In general, potential ranges of species 
will move northward and up in elevation (Cummings and Burton 1995, Hebda 1997, 
Hansen et al. 2001, Hamann and Wang 2006).  Species migrations may be inhibited or 
slowed, however, by geographic barriers (e.g., water bodies), unsuitable soils, or lack of 
habitat (Stewart et al. 1998, Gray 2005).  Consequently, new assemblages of species 
are likely to develop. 

The response of forest species and changing climate conditions will challenge our 
ability to use and manage forest resources.  Essentially, the wood supply for the next 
50+ years is already “in the ground” or will be planted in the next few years, likely with 

                                            
36 For sardines, see Hargreaves et al. (1994), herring (Schweigert 1993), salmon (Robinson and Hyatt 

1999, McKinnel et al. 2001, Hyatt et al. 2003b, Riddell 2004, DFO 2006b. 2006c). 
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minimal consideration about climate change. Losses in productivity of natural and 
planted stands are expected to occur in the drier and warmer regions of BC, while 
modest increases are anticipated in the north (Rehfeldt et al. 1999, 2001, Johnson and 
Williamson 2005, Spittlehouse 2003).  This will affect rotation ages, wood quality, wood 
volume, and size of logs.  An increase in disturbance by fire and insects, in some areas, 
will lead to greater salvage wood harvests (Spittlehouse and Stewart 2003, Volney and 
Hirsch 2005).   

Access to timber and harvest scheduling will change because warmer and/or wetter 
winters will limit site access for winter logging and warmer and drier summers may 
reduce access due to increased fire risk.  Expected higher rain intensities and a 
reduction in the return period of high intensity rainfall will also affect road design and 
maintenance (Bruce 2003, Spittlehouse and Stewart 2003).  More severe winter storm 
events in coastal BC will increase the probability of landslides and debris flows 
(Wieczorek and Glade 2005).  This will incur an increased expense in forest 
development, and management could put areas out of bounds for forest harvesting.  

Broader international and market forces will occur along with climate change 
including technological changes, trade disputes, changes in international exchange and 
interest rates, and shifts in consumer preferences.  Some countries are expected to see 
significant production benefits of a changing climate (e.g., South America and Oceania) 
and are already replacing BC products in the global market (Perez-Garcia et al. 2002, 
Sohngen and Sedjo 2005).   

Consideration of weather and climate is part of forest management, but current 
policies on utilization and preservation are based on how forests developed under past 
climatic conditions.  Furthermore, there are institutional and policy barriers to 
responding to climate change.  For instance, there are no requirements for climate 
change adaptation strategies in forest management plans, nor are there guidelines and 
sufficient experienced personnel to aid such activities (Spittlehouse and Stewart 2003, 
Spittlehouse 2005).  Even with the enhancement of adaptive capacity, actions will likely 
be restricted to commercial tree species at selected sites. 

g) Recreation, tourism, and culturally-significant sites 

Tourism is BC’s second most valuable economic sector, next to forestry, generating 
$9.5 billion in revenues and accounting for $5.8 billion of BC’s total GDP in 2004 
(Tourism BC 2005a, BC Stats 2005).  Scenic wilderness and wildlife viewing, as well as 
hunting and fishing opportunities, provide for a burgeoning adventure and nature-based 
tourism industry.  In 2001, nature-based tourism alone contributed $1.55 billion in 
revenues (including spin-off activities) and $783 million in provincial GDP (Tourism BC 
2005a, 2005b).  Most of this occurs at destination resorts and within BC’s many parks 
and protected areas. 

In Haida Gwaii, sport fishing is the main component of the tourism industry, followed 
by seasonal tourist accommodations and services (Conner 2005).  In terms of 
employment, the service sector is highly dependent on tourism (e.g., food services and 
accommodation) and provides 7% of employment, while wholesale and retail trade 
employ 13% (LUPPMT 2003).  Fluctuations in tourism have been high in Haida Gwaii 
over recent decades, causing instability in the tourism industry, which has had negative 
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effects on employment and income levels in local communities (LUPPMT 2003, Conner 
2005).  Despite this, many communities on islands have turned to tourism as a means 
of economic diversification and renewal.  As most of the tourism to Haida Gwaii is 
related to sport fishing, changes in fish stocks and adverse weather conditions, 
associated with climatic variability and change, pose important vulnerabilities that may 
have direct and long-lasting impacts on tourism and other local businesses (via trickle 
down effects) in Haida Gwaii.   

The impacts of sea-level rise, and increased coastal erosion and flooding hazards, 
will affect tourism and recreation activities in coastal communities (Craig-Smith et al. 
2006) by effects on coastal transportation infrastructure and marina maintenance, 
dredging activities, boating safety, floatplane travel, vacation housing and resort 
infrastructure.  In Haida Gwaii, these impacts will affect the access and enjoyment of 
recreationally and culturally valued sites including: beaches, estuaries, wetlands, 
coastal campgrounds and trails, Haida Heritage sites, coastal resorts, 
fishing/shellfishing grounds, and provincial and national parks.  For example, many 
highly valued beach-dune systems, Haida village sites, and Parks Canada infrastructure 
(e.g., warden’s cabins, refueling and water stations) in Gwaii Haanas National Park 
Reserve (NPR) and Haida Heritage site are threatened by coastal erosion and sea-level 
rise (Walker 2006).  Visits to Gwaii Haanas NPR and Naikoon Provincial Park account 
for a major proportion of tourist visits to Haida Gwaii each year. 
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3. Community-defined risks and attributes of adaptive capacity 
The second component of this research project builds on community perspectives 

and experiences with environmental and social changes in NE Haida Gwaii.  The 
approach used a multiple methods strategy involving a community-based, social 
science assessment of local perceptions of climate change related risks and community 
attributes of adaptive capacity using: focus groups, key informant interviews, community 
workshops, and a door-door survey.  Overall, the approach was designed to elicit locally 
relevant information on key vulnerabilities (both socioeconomic and environmental) and 
elements of adaptive capacity to the impacts of climate change and sea-level rise. 
Further details are provided in Conner (2005)37.  

Given the rather cursory interpretations made on the community information 
gathered in this research presented below, and the potential for misinterpretation and 
misuse of this information, we caution against any use of these findings beyond the 
intents, purposes and simple descriptions provided here.  More detailed datasets 
gathered during this research are available in accordance with contribution agreements 
with NRCan and CHN.  These data were obtained in accordance with a University of 
Victoria research ethics review and are protected by confidentiality and anonymity 
agreements with all participants. 

3.1. Focus group and key informant interviews 
Focus groups are an effective way of scoping and refining a social science research 

methodology.  Key informant interviews also provide a tool for gaining intensive, locally-
relevant information about social perceptions, demographics, and socio-economic and 
cultural issues (Hoggart et al. 2002).  The focus group for this survey was conducted in 
February 2004 via meetings with local community members to review a draft of the 
survey.  Seven island residents provided feedback on a draft of the questionnaire, 
giving advice on how to refine and best administer it.  The group included three 
members of the Council of the Haida Nation (from Old Massett and Skidegate), two 
Village of Masset employees, a community social worker, and a Masset resident who 
had conducted previous research surveys in Masset and Old Massett.  Their feedback 
confirmed that a door-to-door survey would be more effective than a mail-out as it would 
be more productive, personable, and effective in engaging community members (cf. 
Gubrium and Holstien 2002).  Although more costly and timely, this was strongly 
recommended by community members to accommodate potential literacy and 
education issues, as well as to increase personal contact, improve the response rate, 
and develop stronger relations with the research team (Conner 2005).   

The resulting revised survey questionnaire was reviewed again by two members of 
the focus group, both with similar surveying experience, and revised to its final form 
(see Appendix II).  For example, initial questions on gender and ethnicity were omitted 
as they may not be received well by community members and it was suggested that 
questions on education be restructured to include ‘informal’ educational skills (e.g., 
trades, hunting, food gathering, backcountry skills, etc.)(e.g., Appendix II, Q#29). 

                                            
37 MA Thesis, Department of Geography, University of Victoria, funded by this project. 
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Key informant interviews were conducted to enhance survey information, 
particularly on local perceptions of community strengths, weaknesses, and adaptive 
(coping) capacity to past, present, and future changes, both social and environmental 
(see Conner 2005 for full results).  Interviews were “semi-structured” (see Lofland and 
Lofland 1984, Walker 1985, Denzin and Lincoln 1998), whereby the interviewer (T. 
Conner) was guided by a set of objectives, and a list of questions (see Appendix I), but 
no set order or timeline.  This format allowed greater flexibility than a structured 
interview would, while maintaining a focus and ensuring a casual setting.  In total, 14 
key informants were interviewed during summer 2004 based on established contacts, 
recommendations of the focus group, and via snowball sampling (i.e., based on the 
recommendation of other informants)(Babbie and Benaquisto 2002).  The timing and 
location of these interviews depended on the comfort level and location of the 
interviewee.  When possible, interviews were audio-recorded (with the permission of 
key informants) and transcribed for interpretation.  Interview results are presented in 
detail in Conner (2005), and only select results pertaining to local perceptions of change 
and adaptive capacity are presented here to enhance survey results (see 3.3). 

The focus group also supported our suggestion to host a community workshop to 
engage and involve local residents directly in the research.  Advertised well, and 
supported with door-prizes, community workshops had been effective on islands and 
were more culturally appropriate. 

3.2. Community workshop: identifying areas and activities of local importance 

3.2.1. Workshop purpose and objectives 

The purpose of the workshop was to provide a forum that engages community 
members of all ages and experiences early in the research process so as to help us 
develop and refine our community-based research approach.  This was done to ensure 
that our approach is locally relevant and grounded in the experiences, knowledge and 
interests of the people of Haida Gwaii.  This involved several objectives: 

1. To provide a participatory setting for residents to contribute to the research 
process by sharing experiences and suggestions on community and climate-
related changes in Northern Haida Gwaii; 

2. To identify, via a community mapping exercise, areas and activities of local 
importance and change; 

3. To gather information on local perceptions, past experiences, and responses to 
climate- and community-related changes; 

4. To identify ways in which the community could strengthen its ability to adjust and 
adapt to future climate and community changes. 

3.2.2. Location 
The workshop was held in June 2004 at the Old Massett Village Council Hall, a 

location familiar to residents of both Old Massett and Masset.  With numerous civic 
events planned and at a busy time of the year, it was difficult to find a time for the 
workshop.  A Saturday was chosen and we provided locally prepared foods, free 
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transportation, children’s activities, and door prizes (purchased at local stores and 
restaurants) to increase the appeal of the workshop.  The workshop was advertised a 
month in advance using posters in public locations, on the community television scroll, 
in community newsletters, and via a float in the Masset Harbour Days Parade to raise 
awareness.  

3.2.3. Participation 

A diverse group of 22 participants, from both Masset and Old Massett, attended the 
workshop at Old Massett Village Hall.  The participants’ interests, experiences and 
backgrounds were broad and spanned: communities (Masset, Old Massett, Tow Hill), 
residency (newcomers vs. long-time residents), age (youth to elders), gender (women 
and men), education (elementary school to university-trained), and culture (Haida and 
non-Haida).  Members involved with local planning and politics (e.g., Masset Village 
Council, CHN, Haida Land Use Planning, Haida Fisheries), emergency services (e.g., 
Police, Emergency Planning), and local business and industry (e.g., small business, 
construction, fishing, biology research, forestry, clergy, military, chamber of commerce, 
art, etc.) were all represented.  This ensured full breadth and representation in our 
discussions. 

3.2.4. Workshop format and structure 

The workshop consisted of an introduction, four facilitated group sessions, and fifth 
full group idea sharing period (see Appendix III).  To best facilitate idea sharing and 
making connections over a common workspace, working groups were kept to no more 
than six people and a facilitator.  Four facilitators were from the research team while the 
other was a local resident experienced in community workshops.  Though there were no 
official ‘notetakers’, facilitators recorded observations and two local students were hired 
to participate and make observations.  

Upon arrival, participants registered, helped themselves to snacks and beverages, 
and were provided with background information on the study and workshop.  
Participants created their own groups in order to avoid discomfort and to feel at ease, 
despite the potential bias or influence this may have on group discussions.  Each group 
table was equipped with a large poster paper roll and easel, markers, a large simplified 
version of a local road map, and two small street maps of Masset and Old Massett 
produced by Haida Mapping. 

Prior to the start of each session, exercises were introduced and it was explained 
that each session provided a foundation for the next.  To support this, the work that 
each group produced was posted on the wall for reference and reflection at the end of 
each session.  

a) Session 1: Areas and activities of importance 
Session 1 was essentially a community mapping exercise, with 2 parts, designed to 

provide an opportunity for participants to share experiences and knowledge about their 
community.  Community mapping is an important tool used to engage people in thinking 
and describing their communities, and it creates an opportunity for less verbal people to 
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contribute (Lydon, 2004).  Mapping encourages spatial thinking and is useful in 
highlighting the connectivity of between natural and built environments.  

For the first part of this session, participants were asked to brainstorm on a large 
poster paper as to what areas and activities are important to their lives in Northern 
Haida Gwaii.  This “perceptual map” was essentially a giant circle about which 
participants were asked to record areas and activities of importance and show linkages 
(with no particular spatial scale).  The purpose was solely to map local interests, values 
and perceptions of areas and activities on and around NE Haida Gwaii (eg. Figure 58). 
Participants were asked to consider large themes (e.g., health or transportation) first, 
then to list more specific examples.  They were also asked to make connections 
between themes and ideas as lines.  It was anticipated that in the process of creating an 
inventory of important activities and areas, participants might also start to see common 
interests or concerns, with respect to their areas and activities of importance around 
their communities.  

For the next part of session 1, participants were asked to locate areas and activities 
of importance on a large, simplified regional map of Northern Haida Gwaii and two 
smaller maps of Old Massett and Masset.  The regional maps produced by groups at 
the workshop (e.g., Figure 59) provided  the foundation for an amalgamated Community 
Map of Northern Haida Gwaii (Figure 60), produced from an amalgamation of all group 
maps using the standard international Green Map convention and both international 
symbols and those locally derived.  In no way were groups asked to identify climate 
change impacts in these excercises, nor were they asked to identify ‘sensitive’ or 
‘vulnerable’ regions.  The purpose was solely to map local interests, values and 
perceptions of areas and activities on and around NE Haida Gwaii.  

b) Session 2: Changes experienced 
The purpose of the second session was to generate a list of changes that 

participants have noted in their communities and surroundings.  Changes could be 
ongoing or in the past, big (island-wide) or small (personal/household), positive or 
negative.  At the end of the session, facilitators asked participants to think about how (if 
at all) any of these changes relate to the environment.  By exploring changes in this 
way, we anticipated gaining insight into the range of forces and responses that 
communities and individuals in Northern Haida Gwaii have faced.  During this session, 
facilitators recorded participants’ ideas on a large poster board.  

c) Session 3: Responses to change 

In the third session, participants were asked to identify three or four changes from 
the previous session that were especially important to their group.  The group was then 
asked to discuss if, and how, the changes affected them (both as individuals and a 
community), and the ways in which they responded to these changes.  This discussion 
was framed by the following questions: 

• What important changes have affected you, your household, and/or your 
community? 

• How, and to what degree, were you, etc., affected by this change?  
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• Were you, etc., able to respond and/or absorb the effects of the change?  
• What were some strategies you, etc., used?  Were they individual or cooperative 

efforts?  
• What do these strategies say about the sources of resiliency or strengths in the 

community? 
By exploring the effects of, and responses to, change, it was anticipated that 

participants and researchers would gain a better understanding of the current 
approaches and abilities of communities and individuals to respond and/or cope with 
change.  This session was also intended to be an opportunity for residents to identify 
local assets and share strategies for dealing with certain pressures.   

d) Session 4: Improving responses to change 
In the fourth session, participants were first asked to consider what challenges exist 

that make it difficult to respond to changes effectively.  Then, participants were 
encouraged to reflect on how they could strengthen their ability to deal with, and plan 
for, change as individuals, families, and/or communities.  In particular, participants were 
tasked with identifying ways to improve their responses to change.  The consideration of 
these topics was crucial in identifying key vulnerabilities that limit coping capacities in 
the community, as well as ways to build adaptive capacity, based on community-defined 
aspects.   

e) Session 5: Idea sharing 

At the end of the workshop, participants and groups were given an opportunity to 
share ideas that they generated, through a 5-minute presentation per group, followed by 
a general discussion to gather feedback on any points and findings from the workshop. 

3.2.5. Session 1 Results:  Areas and activities of importance 

This session was well received and generated enthusiastic participation and 
extensive outcomes.  Though discussions varied greatly with the experiences and 
backgrounds of participants of each group, a number of common themes emerged, 
listed below (in alphabetical order) on both the perceptual and regional maps. 

a) Community and family relations 
All groups remarked on the importance of family, friends, and community support 

networks.  Several groups reflected on how close-knit the community is, and how 
people team up for strength to address certain issues and challenges.  Groups also 
highlighted the importance of celebrations, social customs, art, and love.  Other aspects 
such as independence, friendliness, adaptability, limited choices, isolation, and flexibility 
were listed as important and unique community attributes. 

On the regional maps, Pure Lake Provincial Park was indicated as a place valued 
for family picnics and swimming trips.  In addition, participants circled Old Massett 
Village Council Hall, a place where many community events are held.  



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   91 

b) Culture 
Haida culture has increased its prominence in Haida Gwaii over the past 20 years 

and this was clearly indicated in the perceptual mapping exercise.  Traditional education 
programs, including language, singing, and art, are highly valued.  Additionally, totem 
carving, canoe making, repatriation, potlatches, traditional foods, and respect for the 
land are also important.  Some groups expressed concern over losing traditional 
education, knowledge, and language, as well as the depletion of cedar used for totems, 
hats, and canoes.  Non-Haida culture is also very distinct in Haida Gwaii, indicated by 
some group members as having a “frontier mentality” and “pioneering ways” that are 
resilient and different from those on the mainland. 

Haida culture is closely tied to the natural environment as indicated on regional 
maps.  For instance, areas where cedar snags are collected for arts near the Yakoun 
River and around Masset were indicated.  Other sites that participants noted on the map 
with regards to culture included important art pieces and/or displays (e.g., museums) in 
Tlell, Skidegate, and Old Massett.  Repatriated remains of ancestors also exist in 
Skidegate and an old Haida village site (Yan) across Masset Inlet, where totems still 
stand.  A need for better erosion control of the Old Massett Cemetary was expressed, 
as they believed that the current rock barrier is only a temporary measure that could be 
eroded during future storms.  Other places of cultural significance noted on the regional 
community map included the Pseuta Shipwreck trail north of Tlell, Puu Gus Tribal Park, 
and the Haida Rediscovery Camp. 

c) Education 

As indicated on the perceptual maps, participants place a high value on both formal 
and informal education, for all members of the community.  Some groups expressed the 
need for improvements to education and educators.  In particular, participants want 
more qualified teachers, more opportunities for learning at all ages, more activities for 
youth, and more traditional education (Haida culture and language).  

On the regional maps, only two items specifically related to education, ‘pioneer 
education’, were marked in the area on the south end of the Tlell River and Rediscovery 
Camp, which is on the Northwest coast of the island.  Many other marks, such as those 
related to food gathering and recreation could be related to informal education.  On the 
smaller maps, groups highlighted GM Dawson Secondary and Tahaygen Elementary 
Schools in Masset.  

d) Food  

On all perceptual maps, participants emphasized the importance of having both the 
skills to gather and access local food sources including mushrooms, berries, fish, 
shellfish, plants, seaweed, and deer.  Food gathering and preparing and ceremonies 
such as potlucks demonstrate the strong link between culture and food for a number of 
participants.  Participants also emphasized the connection between a healthy 
environment, healthy food, and healthy people.  

Areas for food gathering activities, either for commerce, recreation, or sustenance 
were identified widely on the regional maps throughout Northern Haida Gwaii. 
Participants indicated general areas for food gathering vs. specific places, with most 
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locations in the mid-northern section of the island, mainly around the coast and rivers. In 
particular, the shoreline and waters off of Wiah Point, North Beach, Masset Harbour, 
and Masset Sound, as well as the Sangan, Hiellen, and Yakoun Rivers are very 
important for shellfish gathering and fishing.  These areas are also important for berries 
and sea asparagus.  For instance, Rose Spit is a popular spot for strawberries.  The 
area south and south west of Juskatla, including the Yakoun River, is a critical food 
gathering area for deer and mushrooms.  Food gathering locations were also marked in 
and around Masset and Old Massett.  Some groups noted CBI, a local fish processing 
plant, as important and most groups circled items related to transportation (ferry routes, 
docks, airports), citing their importance for receiving fresh food.   

e) Health & Medicine 
Most groups noted a close connection between healthy people, communities, and 

the environment, and access to local food as important on their perceptual maps.  
Participants discussed the effects of isolation and unreliable transportation on reliable 
and affordable access to healthy food.  Several Haida participants raised the issue of 
logging in traditional medicinal plant habitats and the effects that this may have on their 
health.  Other issues included the prevalence of diabetes in the community and the 
importance of shamans, sweat lodges, and insufficient access to provincial healthcare 
services.  

On the regional maps, clinics in Sandspit and Port Clements and hospitals in Queen 
Charlotte City and Masset (including the site of the future hospital between Masset and 
Old Massett) were circled as important.  The Yakoun River valley (at the head of Masset 
Inlet), though far from the coast and outside of the study region, was indicated as an 
important site for medicinal plant gathering.  Complementing the point on access to 
healthy food above, many locations for food gathering were indicated.  In addition to 
food access, transportation infrastructure (docks, highway, airports) were also identified 
as critical for health care service access (e.g., child births typically occur off islands) and 
emergency medical purposes.  

f) Natural Resources 
In addition to resources on the island being important for food, health and 

recreation, natural resources are critical to the local economy.  Most perceptual maps 
noted the importance of local control of, and access to, resources.  To improve 
employment, many groups noted a need for more local processing of natural resources.  
Groups also noted a local need for development of sustainable energy sources (instead 
of diesel generation).  They also expressed a desire for more community consultation 
around economic development, especially on issues relating to oil and gas and tourism.  
Participants expressed dissatisfaction with current logging practices (e.g., reforestation 
and restoration), particularly the attempts of companies to limit access to heavily 
impacted areas through gated logging roads.  

All regional maps indicated expansive areas that relate to natural resources and 
resource-based activities.  In addition to food gathering, processing, and sales (e.g., 
clamming, fishing, deer, plants, berries), natural resources are important for economic 
activities such as tourism (fishing, adventure, whale watching), forestry (particularly in 
the Juskatla area), and art (woven cedar hats, argillite carvings).  
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g) Recreation  
Outdoor recreation and play were very important to participants.  In particular, they 

enjoy beachcombing, hiking, boating, and using recreation facilities in Masset and Old 
Massett.  On both large and small regional maps, recreation activities and areas were 
indicated widely.  As above, there are numerous places where groups engage in food 
gathering activities (e.g., fishing, berry and mushroom collecting, hunting), often times 
for a combination of recreation and sustenance.  Most participants indicated 
beachcombing along the North and East Beaches, as well as low tide walks along the 
Masset waterfront and Delkatla Slough.  Many participants also value the many hiking 
trails and camping grounds around the island, including those in Naikoon Park and 
Agate Beach.   

Wildlife habitat is marked as being inherently important (where key species are 
marked in  Figure 60) as well as more specifically for wildlife viewing.  Key wildlife areas 
include: Delkatla Sanctuary (birds and deer), Masset Harbour - Sea plane spit (eagles), 
Yak Estuary, Kumdis Divide, and Mayer Lake, Hancock and Tlell Rivers for bears and 
the northern coast and Rose Spit for whales.  

h) Transportation 
Most participants highlighted the importance of transportation, namely for 

connecting residents of Northern Haida Gwaii with other communities and areas of 
importance on the rest of the islands and to the BC mainland.  Planes, ferries, and 
highways are key links for the transport of mail, food, people, and supplies.  Many 
participants voiced concern over the quality of roads and inconsistencies in frequency 
and costs of ferry and air service.  

Various critical transportation infrastructure is indicated on the regional maps 
including: docks and/or harbours in most of the communities (Masset, Aliford Bay, 
Skidegate, Sandspit), the Masset Inlet barge landing, Sandspit and Masset airports, the 
BC ferry terminal in Skidegate Inlet, and Highway 16 from Queen Charlotte City to 
Masset and Tow Hill road to North Beach.  Emergency transportation links by road, sea 
and air, including hospitals and clinics and secondary roads out of Masset-Old Massett 
across Delkatla Slough, were also indicated.  In addition, the main causeway 
connecting Masset-Old Massett to Hwy. 16, Masset Harbour and the seaplane dock 
were indicated as critical links for transportation services.  

i) Work and employment 
While creating perceptual maps, each group raised the importance of work and jobs 

to life in Northern Haida Gwaii.  A need to strengthen the local economy through 
diversification (e.g., tourism) was clearly expressed.  At the household to individual 
scale, it was suggested that income diversification (e.g., many small jobs) and 
supplementation (e.g., trading goods for services) would also help reduce economic 
vulnerability.  Some older participants noted a shift in the timing and nature of work from 
largely seasonal (e.g., spring and summer harvests) to more continuous (e.g., nine to 
five) jobs, which has changed the pace and focus of living.   
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On the regional maps, most groups indicated the entire island as important for 
employment.  Specific areas indicated include the main community centres (e.g., 
Masset, Skidegate, Port Clements) and key fishing and shell-fishing grounds. 

j) Additional Minor Themes 

Safety 
Some participants felt that safety was an important aspect of all themes.  For 

example, transportation safety for the north island was indicated as a key concern with 
regard to highway erosion and flooding that potentially limits access to the main airport 
at Sandspit and Ferry terminal in Skidegate.  One suggested response strategy was to 
take inventory and provide a list of people with emergency skills for times of need.  
Community and neighbourhood safety was also expressed as an important safety 
consideration. 

Respect 
Respect (for land, people and culture) was identified as a very important aspect of 

life in northern Haida that is integral to all other themes.  For instance, respect for each 
other, elders, and the land is important in Haida spiritual and cultural beliefs as well as 
other belief systems (e.g., Karma in Buddhism).   

Weather   

Though only expressed as a minor theme, aspects related to weather, including 
long-term changes and extreme events, was discussed in the context of growing food, 
shellfish populations, transportation safety, and provision of goods and services.  Most 
participants agreed that they are accustomed to dealing with weather extremes in day-
day living. 

3.2.6. Session 2 Results: Changes experienced 

Participants shared many examples of changes that they and their communities 
have experienced and coped with.  Changes were both positive and negative and 
included political, social, cultural, and environmental issues.  Most changes expressed 
were at the community or regional level, rather than personal.  Exploring these changes 
gave us a better understanding of the range of pressures that the community has faced.  
The dominant themes are summarized in Table 18. 

In addition to listing environmental changes specifically, participants were asked to 
think about which changes influenced, or were influenced by, the environment.  Most 
groups demonstrated a good knowledge of connections between the changes they 
listed and the environment.  For most, this made or demonstrated the conceptual link 
between environmental changes (perhaps linked to climate change) and socio-
economic and/or socio-cultural implications or actions. 

At the end of the session, groups were asked to narrow their list to 3 or 4 key 
changes for further discussion in the following sessions.  The changes and/or themes 
that groups selected were distinctly overlapped, particularly with regards to resource 
use/impacts, governance/leadership, communication, and health (Table 19).  The next 
section discusses the effects of, and responses to, these changes.  



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   95 

Table 18:  Examples of community changes experienced by workshop participants. 

Theme Aspects 
Social • Increase in gas and food prices 

• Increase in number of post-secondary education students 
• Increase in rates of depression 
• Increase in unemployment rates 
• Change in children’s activities: staying inside more, more TV 
• Electricity and plumbing upgrades in the 50s/60s 

Cultural • Haida traditional programs (e.g., carving, singing, dance) 
• Haida repatriation ceremonies 
• Movement away from traditional Haida culture 
• Increased interest in use of traditional medicine 

Political • Haida Governance (formation of CHN) 
• Haida women gaining voting status 
• Creation of the Gwaii Trust endowment funding program 
• Implementation of the Indian Act 
• Closure of CFB Masset base 
• GMDC formation to handle downloaded military infrastructure 
• Lyle Island logging protests 

Environmental • Weather/Climate changes (more storms, less snowfall) 
• El Niño (warmer weather and oceans, effects on fishing) 
• Seismic renovations to infrastructure 
• Less cedar for ceremonial purposes 
• Beach changes (North Beach growing, East Beach eroding) 
• Increased bear hunting and related tourism 
• Introduced species (e.g., deer) 
• More sport fishing and related tourism, with negative effects 

on commercial fisheries 

 

3.2.7. Session 3 Results: Responses to change 

Table 19 summarizes key changes and/or themes that emerged from session 3 
discussions on community responses to changes experienced.  Ideas have been 
synthesized into common responses on various change themes including:  Forestry, 
fishing (sport & commercial), Tourism, Social issues, Haida Governance & Land Claims, 
Technology, Military presence and withdrawal, Transportation, and Health care 
services.   

Table 19: A summary of key effects and responses to past socio-economic and 
environmental changes in Northern Haida Gwaii. 

Change Effect Response 
Forestry  • increased development/changing 

industry 
• lifestyle changes 
• environmental (e.g., river) damage or 

destruction 
• endangerment of wildlife species 
• loss/lack of large mammals 
• Forest Practices code  

• peaceful demonstrations and protests 
• lobby governments for more local control 

of resources 
• co-management agreements  
• Haida Land Title Case (includes offshore 

marine resources) has wide local support 
• CHN-Forest Guardians mapping and 

documenting sensitive areas (e.g., CMTs) 
• carving fewer totems and canoes 
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Table 19: continued. 
 

Change Effect Response 
Fishing 
(sport & 

commercial) 

• more competition between locals and 
outside groups/companies 

• limited local economic gains, except 
some local processing 

• loss of jobs, fewer boats 
• commercial fisheries ‘regulated out’ 
• increased desire for local control  
• increased sport fishing, rising tensions 

between locals and tourists 
• altered Haida diets - less seafood, 

more processed &/or junk foods 
• red tide outbreaks affect shellfish 

harvesting 

• EI or find/create new job 
• lobby governments for more local control 

of resources 
• Haida Land Title Case (includes offshore 

marine resources) has wide local support 
• restricted fishing rights 
• keep fishing spots a secret from tourists 
• increased diabetes, sick days 
• health newsletters / nutrition guides 
• increased dependence on processed 

foods and social & health services 

Tourism • limited community economic gains 
from fishing resorts  

• increased plane/helicopter traffic, noise 
pollution 

• increasing development as some 
fishing resorts move into Masset 

• expanded harbour facilities in Masset 

• economic diversification and some 
targeted government funding  

• tension and disappointment with tourists, 
maintain tolerance 

• less vacation time for locals in tourism 
 

Social 
issues 

• smoking, alcoholism, drug abuse 
• physical abuse  
• depression, apathy, suicide 
• less personal communication due to 

TV, phone, computers  
• less family contact time and knowledge 

exchange 

• targeted community health, education and 
support programs 

• youth programs (education, recreation, 
culture) 

• support programs and networks (e.g., for 
women, alcoholics, seniors, etc.) 

• community activities/events (e.g., 
Masset’s Harbour Days, Repatriation 
ceremonies) 

Haida 
Governanc
e & Land 
Claims 

• creation of the CHN 
• Lyle Island logging protests 
• formation of the Gwaii Trust 
• Haida more active, involved, and 

influential in government negotiations 
• increased awareness and pride  

• greater on islands-collaborations: eg. 
Skidegate & Old Massett joint response to 
outside influences (logging) 

• funding of island-based education and 
economic development programs 

• Gwaii Haanas NPR formed 
• support for Haida Land Title Case  
• increased media awareness of cultural 

and resource issues 
Technology • more technical/mechanized jobs 

• more jobs in hydraulics and 
communications 

• TV: kids less engaged in the 
environment and traditional ways 

• better water quality & health (eg. kids 
have better teeth) 

• more cars on the island: more fuel 
spills – pollution affects berry picking 

• welfare, social assistance 
• some job training, but it’s insufficient 

 



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   97 

Table 19: continued. 
 

Change Effect Response 
Military 
presence & 
withdrawal 

• enhanced Masset’s infrastructure 
(housing, roads, sewers, causeway, 
communications, stores) 

• enhanced social/health/recreation 
(pool, curling rink, hospital) 

• social and cultural tensions, impacts 
on Haida culture and language 

• increase, then decrease in population  
• subsequent increased volunteerism 
• withdrawal of some medical services 

• since withdrawal, community/private 
ownership of infrastructure (rec. centre, 
housing) 

• transfer of ownership/ maintenance of 
barracks and rec. centre to Masset/Old 
Massett through GMDC (Greater Masset 
Development Corporation) 

• increased gangs and violence 
• post-withdrawal, more cohesion, 

coherence, integration  
Transportati
on 

• more frequent ferry breakdowns, 
delays, inconvenience 

• limited supplies (e.g., fresh dairy, 
produce, building materials) 

• rising fuel costs 
• landslides/road washouts 
• increased transportation costs (air, 

ferry, vehicle) 

• lobby for more reliable/affordable service  
• food stockpiling, preserving 
• local growing, gathering, hunting and 

fishing 
• hold potlucks and share food supplies 
• car pool, walk and bike more 
• satellite phone purchase 

Health care 
services 

• doctors transient since military left 
• difficulty recruiting specialists, rare 

visits to islands 
• long waits for appointments 
• off-islands care for specialists, 

surgeries, birthing 

• people rely more on home health care 
(self treatment), workshops (e.g., birthing 
doula) 

• travel off island for specialists 
• Northern Health Authority exploring 

incentives for doctors to live in remote 
communities 

• locals leave islands to develop skills and 
return to serve community 

 

3.2.8. Session 4 Results: Improving responses to change 
In session four, participants identified challenges that affected responses to key 

changes and provided suggestions for improved response strategies.  Participants 
considered both highly feasible short-term projects, as well as more long-term goals that 
would improve their ability to respond and adapt to changes (summarized in  Table 20).  
It is evident in the nature and variety of responses that participants see means and 
empowerment to strengthen their community and plan for future changes.  The fact that 
most of the challenges listed had feasible improved responses, shows a positive outlook 
on their adaptive capacity to ongoing and future climate change impacts. 
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Table 20: Key challenges and means to improve responses to environmental and social 
changes based on session 4 workshop results. 

Challenges Improved Responses 
Haida culture and language • increase cultural teachings and classes 

• advertise, make a CD of music and language 
• canoe and totem pole making 

Social issues (e.g., drug and alcohol abuse) • improve communication,  
• improve education and youth programs 
• use other media (e.g., hip hop for youth) 
• strengthen family and friend networks 
• more community events, training, and jobs 

Government control of fishing licences • lobby for increased commercial fishing licenses on 
cultural/traditional grounds, involve CHN 

• Increase local education, media exposure, funding 
programs 

• protest aquaculture development 
Resource management and development 
policy and practice 

• ongoing Haida Land Use Vision (HLUV) 
• CHN alternative management plans and 

programs: Forest Guardians, Haida Fisheries 
• Building protocols among island communities 
• Encourage more value added work on the island  
• Gwaii Trust 

Tourism • develop community plan for tourism development 
• develop more locally-based businesses 
• seek development funding 

Food shortages • develop neighbourhood units to discuss issues 
and assist each other during shortages 

• create outreach and skill sharing programs for 
hunting, gathering and food perserving 

• build a community garden  
• encourage stores to stock local products 
• education on benefits of buying locally gathered 

& processed food  
Health care services and specialists • local control of resources: money to offer doctors 

and invest in infrastructure  
• new hospital  
• lobby government for incentives for doctors 
• UNBC northern medical school  
• Teach traditional medicine to youth (via elders) 

Reliance on outside experts for solving 
community problems 

• train locals: local expertise and solutions 
• increase local opportunities to increase 

community capacity (e.g., college facilities, 
programs) 

• turn volunteering into jobs 
Education and community programs  
 

• short term program funding to compensate 
declining education and social services as 
population declines 

• requirement for tourism and natural resource 
industries to invest in local programs/facilities  

Socio-economic restructuring (e.g., military 
withdrawal, resource declines) 
 

• start new businesses to fill the gaps 
• social programs must be community-driven and 

supported, not just volunteer-based 
• economic diversification (e.g., tourism) 
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3.2.9. Session 5 Results: Idea Sharing 
Group summary presentations during the idea sharing session yielded the following 

outcomes.  It was clearly evident that participants were united by a common desire to 
face the changes and challenges in their community on their own terms.  Certain needs 
that would have to be fulfilled in order for this to happen were identified.  Key messages, 
in no particular order, included:  

a) Improved community communication  
• A need exists to listen more amongst groups and individuals in the community, 

with less reliance on outside consultants to solve problems.  This can be 
achieved, in part, by creation of events, gatherings, workshops, and making 
opportunities to share knowledge, listen, and learn from one another. 

• A need exists to engage and involve youth.  Youth programs and arts (e.g., hip-
hop music) could be used as communication media. 

• A need exists to listen to elders to pass on traditional skills and knowledge.  
Haida hereditary chiefs and heads of clans could be communication leaders; 
passing down history and explaining what behaviours and responses are 
appropriate. 

b) Improved external communications 

• A need exists for a stronger voice to government and industry so outside 
decision makers hear and involve local input.  

• A need exists for a stronger lobby to protect Haida Gwaii’s resources and distinct 
culture(s).  

• Increased media involvement, continued protesting, and enhanced political 
lobbying could help with these needs. 

c) Healthcare  
• There is a strong need for local health professionals to offer consistent on-islands 

care (e.g., family doctors, specialists).  This would require recruitment incentives 
(e.g., a new hospital for the north island). 

• A need exists for on-islands training programs and facilities so that locals can 
enter the health fields in their communities. 

d) Local governance 
• A need exists to reclaim decision-making power and governance that was given 

away to outsiders (e.g., fishing rights).   
• A need exists to continue strengthening community stewardship of the land (as in 

pre-colonial times) and involvement in decision-making regarding natural 
resources and land use planning (e.g., co-management arrangements, such as 
Gwaii Haanas, CHN Forest Guardian and Fisheries Programs, ongoing LRMP 
process with the BC government). 
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• A need exists for continued strength building between communities on-islands 
with respect to political and land use issues (e.g., breaking down the north-south 
islands divide). 

• A need exists to continue increased communications and cohesion between 
Masset and Old Massett, as there is a common understanding of the benefits of 
thinking together and working collaboratively to solve problems. 

3.2.10. Summary discussion of workshop findings 

a) Key areas and activities of importance 

Session 1 yielded a wealth of insight into life in Haida Gwaii, about what residents 
perceive as valued activities, and where these occur.  It is evident that the natural 
environment is central to, and/or linked with, most activities that participants value, 
including arts, recreation, food gathering, and transportation.  Key themes of importance 
to local residents that emerged were: community and family relations, culture, 
education, food, health and medicine, natural resources, recreation, transportation, work 
and employment, and additional minor themes of safety, respect, and weather events. 

Many of these activities are directly or indirectly linked to environmental attributes or 
areas and, thus, are susceptible in some way to the impacts of climate change and sea-
level rise.  The resulting community map of Northern Haida Gwaii, produced from an 
amalgamation of the group maps and using the international Green Map format 
(www.greenmap.org), shows the spatial distribution of these areas and activities as 
expressed by the workshop groups.  Many of these are directly linked to the coast (e.g., 
recreation, beach combing, shellfish gathering, fishing, transportation, tourism) or to 
regional natural resources (e.g., fish, forests, wildlife).  This map is freely available to 
community groups for further work, perhaps including a web-based interface where 
details, historical accounts, photos, data, stories, etc. can be shared. 

For the purposes of identifying and reducing vulnerability to climate change, those 
areas and activities exposed to rapid environmental changes (e.g., beach erosion, 
flooding) and longer term climate changes, should serve as the focus for future work on 
developing adaptation strategies.  Anticipated impacts and areas of concern for erosion 
and flooding hazards, as assessed by the research team, are identified in sections 2.7 
and 2.8.  Adaptive strategy development, however, should be community-driven and 
defined, perhaps by local experts and/or community groups in consultation with 
research experts as needed.  It is also suggested that climate change and sea-level rise 
impacts to these areas and activities be exclusively considered in future land use and 
resurce planning and policy development.  

b) Locally-perceived changes and responses 

Sessions 2 and 3 were designed to illicit information on socio-economic and 
environmental stressors or impacts on the communities of Northern Haida Gwaii framed 
as changes and responses that have occurred.  This yielded much information on, not 
only changes and their context, but also response and adaptation strategies that might 
be useful to build upon to enhance adaptive capacity to climate change.   
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Numerous changes were identified, both positive and negative, including political, 
social, cultural, and environmental issues (see Table 18) and their effects and 
responses are summarized in Table 19.  Most changes and responses were described 
at the community to regional scale and centred on governance and leadership, local 
control over resources, education (traditional and formal), food resources and supply, 
transportation, communication (within and beyond communities), and health care 
services.  Many of these challenge essential services or provisions and, in such a 
remote, isolated geographic setting, are strongly influenced by environmental and 
climate conditions and changes (e.g., transportation delays and costs, food supply, 
natural resource changes, ability or interest of external healthcare and education 
professionals to locate to Haida Gwaii).  Despite this, few participants identified climate 
change as a major, long-term issue facing the communities of Haida Gwaii.  In part, this 
may relate to a limited perception or understanding of longer-term changes and 
impacts, but may also reflect a tendency to recognize and react to more immediate 
changes and hazards, such as coastal erosion and flooding.  

c) Improving responses and building adaptive capacity to changes 

Session 4 was critical for identifying vulnerabilities that limit the capacity for effective 
responses to community changes and stressors.  As such, participant responses helped 
identify community-relevant means to build adaptive capacity that would build on 
existing experiences.  Key community attributes and strengths important for capacity 
building that were synthesized from workshop results include: i) social cohesion 
(support networks, love, family and friends), ii) civic engagement (collaboration on 
issues, community celebrations), iii) education and traditional knowledge and skills, and 
iv) strong sense of place (attachment to Haida Gwaii and respect of the environment).   

Challenges or barriers to effective responses and adaptations to change that were 
identified (see Tables 19 and 20) include: i) education (limited funding and programs), ii) 
control and access to natural resources, iii) economic restructuring (post-military 
withdrawal and with natural resources industry declines), iv) transportation services 
(delays, increasing costs, poor quality of roads), and v) limited health care (programs, 
specialists, doctors).  Means to improve effective responses that would enhance 
adaptive capacity to community changes (see Table 20) include: i) economic 
diversification, ii) increased local involvement in natural resource decision-making and 
processing, iii) inventory of people with emergency skills and development of a more 
comprehensive natural hazards response plan, iv) enhanced funding for education and 
health care programs, v) increased community consultation in land use and resource 
development, and vi) continued support for Haida culture/language programs and other 
social assistance programs.  Despite specific mention of climate change, these 
attributes reveal much about broader community strengths and weaknesses that affect 
their ability to adapt to changes in general, including natural hazards that may change in 
frequency and/or magnitude with climate change and sea-level rise. 
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3.3. Community survey  

3.3.1. Survey purpose and objectives 

The purpose of the community survey was to gather information on community 
perspectives and experiences with climate and community changes from broad poll of 
community households.  From this survey, household to community level attributes of 
adaptive capacity and vulnerability could be examined for Old Massett, Masset, Tow 
Hill, and Tlell.  The objectives were as follows: 

1. To identify household and community attributes of adaptive capacity and 
vulnerability. 

2. To explore community perceptions of and responses to climate change-related 
risks. 

3. To gather information on locally-identified improvements in household and 
community responses to climate change-related risks and hazards. 

The following sections provide a summary of key findings from the survey 
questionnaire analysis.  In a few instances, responses and interpretations are drawn 
Conner (2005), which was based on the survey questionnaire results for Masset and 
Old Massett only.  Where possible, results for the entire survey sample of over 200 
homes in Northern Haida Gwaii are reported. 

3.3.2. Survey structure and rationale 
The thematic questions of the survey were designed to address the main objective 

of gathering information to improve our understanding of community perspectives on 
climate change risks and hazards as well as on inherent response strategies, adaptive 
capacity, resiliencies, and vulnerabilities to such changes.  The survey questions (full 
survey provided in Appendix II) were structured into seven thematic categories as 
follows: 

1. Community association (Questions 1-3): Designed to illicit information on 
duration and place of residency and demographics.  Respondents identified with 
one of four communities on Northern Graham Island. 

2. Community issues (Questions 6-11): Intended to provide insight into key 
community issues and concerns separate from any climate-related or 
environmental changes (e.g., social, economic, political, cultural). 

3. Household and community preparedness (Questions 12-18): Designed to yield 
information on emergency preparedness and awareness at the household and 
community levels.  

4. Perception of past environmental events (Questions 19-22): Arranged to 
address community perceptions, awareness and memory of major 
environmental risks and hazards (both natural and human induced). Responses 
to such events provide information on coping mechanisms and means of short-
term adjustment as well as future adaptation strategies to climate change 
impacts. 
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5. Perception of potential climate change impacts (Questions 23-26): Intended to 
gather respondent views of climate change and its potential impacts. Responses 
provide insight into perceptions of climate change risks and hazards that, in turn, 
provide insight into community awareness, adaptive capacity and vulnerabilities 
to these impacts. As well, information on perceived short-term adjustments and 
long-term adaptive strategies were gathered. 

6. Community demographics (Questions 27-35): Designed to gather basic 
demographic information to provide a representational cross section of the 
communities surveyed.  Though some of this information is already available, 
these questions were used for comparison with some of the statistics as a 
‘ground truth’ and to identify any inconsistencies. 

7. Feedback (Question 36): Intended to gather community input and suggestions 
on the questionnaire via specific questions and an open-ended response 

3.3.3. Survey methods 

A door-to-door survey of 204 (~20%) households in the communities of Old 
Massett, Masset, Tow Hill, and Tlell was conducted during the summer of 2004.  All 
survey questions are included in Appendix II.  

a) Community statistics 

Community statistics were provided by Statistics Canada, the BC Government (BC 
Stats, Skeena-QCI Planning District), local municipalities and governing bodies (e.g., 
CHN, Village of Masset, OMVC), and other community groups (e.g., Haida Gwaii 
Marine Resources Group Association, QCI Chamber of Commerce, CHN Fisheries, 
Skeena Native Development Society-SNDS).  Statistics were examined to gain a better 
understanding of community socio-economic structure and demographics and from this 
a community profile was developed.  Additional information was gathered from the focus 
group and key informants.   

b) Ethics review, permissions, and community support 
Permission to conduct this survey was obtained from all necessary authorities 

including the University of Victoria Human Research Ethics Committee, CHN, OMVC, 
Chief Reynold Russ (Old Massett), The Village of Masset, The Skeena-Queen Charlotte 
Regional District, and the Tlell Community Association.  Input from these groups, as 
well as the local focus group, helped revise and improve the survey approach and 
ensure confidentiality and ethical obligations in the research process. 

c) Survey team  

The survey team consisted of two researchers from UVic Geography (Teresa 
Conner and Leigh Cormier) and a local contracted research assistant from Tlell (Sarah 
Friesen).  A local Haida male research assistant was also hired, but for personal 
reasons, had to leave the position before the survey process.  All responses were 
combined into a master response coding sheet and data were entered into a 
spreadsheet on site.   
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d) Survey population 
While data on the number of households in Northern Haida Gwaii are available, it 

was apparent that these numbers were not based on occupied dwellings, especially in 
Old Massett.  In addition, the number of households in Tlell and Tow Hill were not 
documented.  More accurate numbers of occupied dwellings were obtained from 
OMVC’s housing department, The Village of Masset, and the Skeena-Queen Charlotte 
Islands Regional District.  The total sampling method was based on the following 
numbers of occupied dwellings: Old Massett (250), Masset (450), and 70 to 75 in both 
Tlell and Tow Hill. 

e) Sample size 

The target sample was a systematic random survey of 20% of households or a 
minimum sample size of 30 when the number of households was less than 100.  In 
communities with more than 100 homes (e.g., Masset, Old Massett) every third house 
was sampled and in communities with less than 100 homes (Tow Hill and Tlell) every 
other household was sampled.  If there was a decline to participate, surveyors went to 
the adjacent household.  When there was no answer, a note was left encouraging the 
resident to contact us and that we would return in evening hours. 

3.3.4. Survey results 

Results from a door-to-door survey of 204 households in Old Massett, Masset, Tow 
Hill, and Tlell were generated during the summer of 2004.  This survey followed the 
community workshop (see 3.2) and a series of 14 key informant interviews (see 3.1 and 
Conner 2005).   

The survey was designed to gain community input on issues more specifically 
related to potential climate change and sea level rise impacts (than topics covered at 
the workshop).  It generated information on community strengths and vulnerabilities, 
experiences and perceptions of risk, current means of responding to hazards, and 
potential indications of adaptive capacity.  The survey gathered both qualitative 
responses and quantitative data and included open-ended questions that allowed 
residents to express their views and ideas.  

For the analyses presented here, three community categories are used – Masset, 
Old Massett and Tow Hill/Tlell.  Masset and Old Massett are distinct communities, one 
an incorporated village and the other a designated reserve under Canada’s Indian Act 
respectively.  Tow Hill and Tlell are distinct and separate communities, but both are 
unincorporated municipalities.  Further background details on these communities are 
provided in section 1.4.2.  For the purposes of this research, data for Tlell and Tow Hill 
were aggregated.  It is recognized, however, that this does not reflect the distinct 
qualities and characteristics of each community.  Rather, this artificial union was done to 
improve statistical rigour for this smaller sample and to define a sub-set of the larger 
community population from unincorporated areas along the coastline.   

Most of the results are summarized by community, or place of residence, which is 
used as an independent variable to examine community similarities and differences.  In 
terms of survey participation, 45.3% of the respondents were located in Masset, 25.1% 
in Old Massett and 29.6% in the Tlell/Tow Hill communities.   
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a) Age 
Age was divided into 7 categories (see Figure 61, Q.35)38.  Based on all survey 

responses (N=195)39, the average respondent age (mean) was ~45 years old and the 
most frequent (mode) response (~25%) was from 25-34 year old age category.   

Over 50% of respondents from Old Massett were below 45 years of age, with 58.4% 
between the ages of 25 and 44 years.  For Masset, over half of the respondents were 
above the age of 45, and only 37.8% were between the ages 25 and 44 years.  In Tow 
Hill/Tlell, the distribution is more even where ~50% of the respondents were below 45 
and ~50% are above.  While respondents from Masset were generally older, there are 
no statistically significant differences between the three communities according to age 
using a chi-squared analysis (p = 0.299, chi-value = 11.793, df = 10).  

The age distribution of survey respondents is similar to that reported for the 
communities as a whole.  The Skeena Native Development Society (SNDS) (2001) 
reports a mean age of 31.5 in Old Massett, which is younger than the B.C. average at 
38.4 years.  The percent of the population age 15 and over (72.3%) according to SNDS 
in Old Massett is also lower than the B.C. average (81.9%).  In Masset, Statistics 
Canada (2001) reports a mean age of 36.6 years, with 78.4% of the population over 15 
years of age.  While the population of Masset is younger than the B.C. average, it is not 
as young as Old Massett’s population.  Thus, survey respondent age demographics 
were similar to those reported for the community for Masset and Old Massett. 
Community statistics were not available, however, for Tow Hill/Tlell to determine how 
representative the sample is of that population.  

b) Residency 
The length of residency of respondents in their communities is shown in  Figure 62. 

The modal distribution suggests that over 50% of respondents in Masset had lived there 
for 10 years or less.  Conversely, in Old Massett, over 50% indicated having lived there 
for 30 years or more.  Thus, respondents in Old Massett had generally lived in their 
community longer than those in Masset.  In Tow Hill/Tlell, there is a more even split with 
17 to 22% of respondents having lived in their communities from <5  to 40 years. 

c) Employment Status 

Based on the entire survey, 53% of respondents reported either full-time or self-
employment, while ~25% reported part-time or retired status (Figure 63).  Employment  
status (Q.30) was measured using a semi-structured question.  Respondents were 
asked to select a predetermined employment status category and then were 
encouraged to consider more broadly the ways they made their living.  Using this semi-
structured method, a list of answers was generated and distilled into 6 categories.  This 
approach generated several alternative employment statuses including maternity and 
medical leaves, lay-offs, seasonal work and Worker’s Compensation Board recipients.  

                                            
38 this refers to the number of the question in the survey questionnaire (see Appendix II). 
39 this number (N=) refers to the total number of respondents who answered this specific question. 
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Almost 6% of respondents reported unemployment, which is low compared to the 
2001 provincial average (8.5%) (BC Stats 2004).  Considering community level 
statistics, there is even greater variation.  For instance, as of June 2004, the 
Government of British Columbia (BC Stats) reports an 8.3% unemployment rate for 
Masset, while only 4.4% of our survey respondents reported unemployment.  The 
Skeena Native Development Society (SNDS 2004) reports a 60.4% unemployment rate 
for Old Massett, which is much higher than the 9.8% reported in this survey.  Again, 
there are no official statistics for Tow Hill/Tlell, but survey respondents report lower 
unemployment (5%) than the provincial average.  

Reported unemployment in this survey is below published statistics for the 
communities, especially in the case of Old Massett.  This may be attributable to the 
semi-structured nature of our employment status question, which allowed for 
elaboration and livelihood strategies that may not be captured in official statistics (e.g., 
cottage industry, sporadic self-employment, informal paid work).  In addition, the timing 
of the survey may have influenced the results, as it was conducted in the summer 
season when employment opportunities are more prevalent (e.g., part-time and 
occasional summer employment in recreation, tourism, fisheries, etc.), possibly 
reducing the number of people reporting unemployment. 

Considering the survey responses by community (Figure 63 lower), reported  
unemployment was highest in Old Massett (9.8%) followed by Tow Hill/Tlell (5%).  
Masset reported the highest proportion of retirees (21.1%), which is corroborated by the 
older average age and reflects many recent retirees and those who stayed following the 
closure of CFB Masset in 1996.  Tow Hill/Tlell reported the highest employment 
(78.3%), followed by Old Massett (68.6%) and Masset (64.4%).  While there appears to 
be noticeable differences between communities, especially for unemployment and 
retirement, these differences were not statistically significant (p = 0.152, chi-square= 
14.418, df = 10). 

Employment, economic stability, and a high level of economic development have 
been recognized as attributes that enhance adaptive capacity (King 2001, Tapsell et al. 
2002, Sidle et al. 2004).  The high dependency on seasonal employment (e.g., forestry, 
fisheries, tourism) shown in the responses from both Masset and Old Massett results in 
high levels of unemployment during the off-season, creating economic instability 
throughout the year.  

d) Household Income 

Household incomes ranged widely from less than $10,000 to greater than $100,000 
(Figure 64).  Only 146 of 204 households surveyed chose to reveal income, either 
because of uncertainty (e.g., seasonal/annual fluctuations) or for confidentiality/privacy.  
The modal annual income was $25,000 to 39,999 (excluding the ‘Don’t Know’ category).  
According to Statistics Canada data (2001), the average household income for Masset 
in 2001 was $26,162, which is slightly above the provincial average of $22,095.  

If we consider income across the communities (excluding the ‘Don’t know’ 
category), the modal distribution varies.  Masset respondents report the highest 
incomes with a modal (17.4%) annual income at $70,000 to $99,999. For Old Massett, 
the modal income (16.7%) is $40,000 to $55,999. Tow Hill/Tlell’s modal income (28.8%) 
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is the lowest at $25,000 to $39,999.  While there appear to be notable differences 
between the communities, these differences are not statistically significant (p = 0.089, 
chi-square value = 21.514, df = 14). 

e) Education and skills 

Question 29 was developed such that it empowered respondents to provide 
information on their knowledge base as it relates to how they make decisions in their 
day-to-day living.  Furthermore, the definition of ‘education’ used was more holistic and 
included not only formal schooling, but other informal or experiential skills and 
knowledge that would allow an individual to make informed decisions, earn a living, and 
thus, improve their resiliency and adaptive capacity to environmental and/or socio-
economic changes.  Thus in this survey questionnaire, education included both formal 
schooling and life skills (e.g., trades, traditional knowledge, cultural activities, crafts, 
food gathering, hunting, etc.).  Perhaps due to this more holistic approach, the response 
rate to this question was especially high (99%) and answers were not mutually 
exclusive (i.e., answer yes or no for any category).  Results are shown in Figure 65 and 
are ranked by least to most responses. 

Almost 70% of respondents indicated having a secondary school diploma, with over 
90% having some high school education.  High responses were also noted for practical 
life skills, including food gathering (91.1%) and fishing skills (85.1%).  Education and 
skill levels varied by community, as shown in Figure 66. 

In all three communities, high levels of informal skills were reported.  For example, 
respondents reported high levels of food gathering, fishing, and wilderness survival 
skills.  Significant differences were only identified for hunting, where Old Massett 
reported the highest participation (68%), followed by Masset (60.9%) and then Tow 
Hill/Tlell (45%).  These data suggest that respondents in all three communities have 
similar informal skills, except for hunting, where those in Old Massett and Masset report 
significantly higher participation. 

Upon consideration of formal education, a different pattern emerges; unlike informal 
skills, there are significant differences between the communities.  In general, Tow 
Hill/Tlell respondents reported higher education than both Masset and Old Massett.  For 
example, more Tow Hill/Tlell respondents indicated having a university degree (35%), 
community college (38.3%), trades (38.3%) and high school (98.3%) than the other two 
communities and these are statistically significant differences.  Thus, there are 
differences in reported formal education.  After Tow Hill/Tlell, Old Massett reports the 
most trades (32%) and Masset more university (25%) and community college (29.3%).  

f) Key vulnerabilities 

Community vulnerability to climate change is a function of the physical attributes of 
the climate-related event and the characteristics of the community impacted (Dolan and 
Walker, 2006).  Recent research emphasizes the role of adaptive capacity in reducing 
climate impacts and, therefore, community vulnerabilities to such events.  This research 
focused on identifying multiple community characteristics that contribute to building 
adaptive capacity and, therefore, reducing vulnerability to a broad set of “changes” (i.e., 
not just climate-related events).  This involved a mix of questions and approaches the 
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issue of adaptive capacity and vulnerability.  This section reports key community-
identified strengths, vulnerabilities, and aspects that tell of adaptive capacity.  Most of 
the focus for this analysis is largely on Masset and Old Massett, though the results are 
very applicable for Tlell/Tow Hill. 

Survey respondents were asked to identify key strengths (Q.25) and weaknesses 
(Q.26) in their community.  The premise in identifying weaknesses is that they may 
reveal broader vulnerabilities within the community that may make it susceptible to 
future changes.  There was a wide range of responses from biophysical to socio-
political issues that were difficult to group, resulting in 11 broad themes and 39 sub-
categories (Table 21).  

Table 21: Reported community vulnerabilities for Masset and Old Massett.  

Community  Masset (%) Old Massett (%) 
Negative attitudes within the community 35 37 
Limited resources 26 8 
Social problems (economic/education/health) 21 8 
Dependency (transportation/government/technology) 20 3 
Location 19 3 
Lack of emergency preparedness 9 33 
Poor Leadership 7 11 
Lack of control 5 6 
Divides in the Community 2 3 
Lack of government support 2 3 
Nothing/other/don’t know 11 19 

Negative community attitudes 
Survey respondents in both communities identified negative attitudes as 

contributing to increased local vulnerability.  Some of the more specific comments 
related to the ‘stubbornness’ of local people, their inability to work together and to agree 
on things (see also divides in the community, below), the apathetic nature of people 
(e.g., no one is willing to stand up for things, people lack ambition) and of children (e.g., 
the younger generation does not care), systemic racism, and general disrespect for the 
land and natural resources.  Over one third of the responses within this theme, in both 
Masset and Old Massett, was attributed to ongoing corruption allegations within the 
OMVC.  Remarks regarding nepotism within the council, as well as poor management 
attributing to job cuts, were common.  Poor leadership was kept as its own distinct 
category due to the frequency that it occurred: 7% and 11% of total responses in 
Masset and Old Massett, respectively.   

Though completely unrelated to climate change or environmental changes (as are 
many of the following themes), apathetic attitudes, political corruption, disrespect, and 
lack of cooperation serve to undermine inherent strengths in communities and weaken 
social cohesion.  In turn, this erodes social capital and the effectiveness of decision-
making and action within communities toward commonly shared goals and plans, such 
as preparing for and adapting to climate change impacts. 
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Limited resources 
Limited resources were a common theme believed to contribute to vulnerability, 

especially by those surveyed in Masset (26%).  Community members expressed that 
there is a general lack of knowledge, plans, and resources within the community to deal 
with emergency situations or changes (e.g., emergency facilities, lack of knowledge of 
risks).  Limited self-sufficiency of community members (e.g., do not know how to hunt 
and gather/preserve food) was also included as locals believe these skills enhance 
adaptive capacity.  A third attribute that was grouped into this category was a lack of 
spirituality and religion.  Respondents mentioned that the younger generation of children 
has a lower sense of spiritual connectedness with the environment, which is viewed as 
a valuable resource that strengthens the community and fosters a connection with the 
land and its changes. 

Social Problems 
Social problems relating to the local economy, education and health emerged in the 

survey responses.  Relating to health, those surveyed expressed a concern with the 
high consumption of alcohol and/or drugs and a high occurrence of fetal alcohol 
syndrome.  Additionally, community members feel that there are many problems within 
the medical system (e.g., difficulty retaining doctors, no specialists, insufficient 
services).  In terms of the local economy, community members believe there is a lack of 
employment, as well as a lack of money [incomes] in the community.  Low education 
levels (e.g., formal education) and a general lack of awareness (e.g., potential impacts 
of climate change) were also mentioned as a social problem within the community. 

Dependency 
Dependency on critical transportation links, outside funding sources, and 

technology were a common theme from the surveyed population in Masset, but not in 
Old Massett.  Survey respondents identified high dependency on ferry and air travel, 
and the exposed coastal Hwy. 16 as key vulnerabilities for northern communities to 
access southern communities, medical and food supplies, and the mainland.  For 
Masset and Old Massett, there is one bridge and one low-lying access road that provide 
access to the rest of the island.  Both of these routes are susceptible to coastal erosion 
and increased sea-level rise flooding (see section 2.8).  Other vulnerabilities on this 
theme included: the dependency of island communities on the government for 
continued funding, modern technologies (e.g., power generation, internet, telephone), 
and diminishing natural resources (e.g., declining salmon stocks).  These ideas were 
linked to the changing way of life on Haida Gwaii and were often associated with the 
dangers of over-dependency on modernization. 

Exposed geographic location 
Location was another common theme that community members believed 

contributes to local vulnerability.  The remote location of Haida Gwaii from the mainland 
has obvious vulnerabilities arising from long travel distances for goods and essential 
services (e.g., food supplies, medical care, fuel) and for relief and assistance during 
emergency situations.  For Masset and Old Massett, being located on the north end of 
the island was also believed to increase their vulnerability due to the distance from ferry 
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and main airport access.  The proximity of Masset and Old Massett to sea level also 
exposes them to sea-level rise and coastal erosion risks (see section 2.8).  This was 
more pronounced for Tlell.  Numerous culturally significant sites (e.g., Masset and Old 
Massett cemeteries and the museum) also are precariously close to sea level. 

Lack of Emergency Preparedness 
Lack of emergency preparedness was a common theme among survey 

respondents that poses certain vulnerabilities in Haida Gwaii communities.  Identified 
issues included: lack of knowledge of potential future environmental changes, lack of 
inventory in local stores (especially groceries), and lack of emergency services and 
coordination (including a backup communications).  All of these ideas relate to how 
locals perceive preparedness of their community for emergency situations, and are 
directly relevant for climate change-related extreme events (e.g., storm surges and 
coastal erosion).  Though an emergency evacuation plan (for tsunami) exists for the 
northern island, few respondents were aware of it and its protocols. 

Lack of Control 
Lack of control in local land use and resource decision-making (e.g., land claims, 

natural resource management), as well as population instability, were themes identified 
by a fairly small (~5%) number of respondents.  Given the uncertainty in the ongoing 
LRMP process and ongoing Haida Land Title case however, this is a very important 
issue.  High population fluxes have presented challenges to the communities, as the 
viability of the local economy and businesses tend to rise and fall with the population. 

Divides in the community 

Divides in the community refers to a lack of support and cohesion between 
community members.  Those surveyed expressed the view that there are many 
divisions in their community which stem from differences in local culture (e.g., long-term 
vs. short-term residents, Haida vs. non-Haida).  As Haida Gwaii is home to a diverse 
range of people, this diversity can both strengthen communities (e.g., via strong islands 
pride, or sense of place) and also make consensus decision making difficult.  Examples 
include differing local views on tourism and development and the longstanding LRMP 
development process.   

Lack of Government Support 
Similar to divides in the community, lack of government support was indicated by 

~2% of respondents as an important concern.  There was a common sentiment that the 
government does not listen to local opinion.  One cited example was the case of a 
general islands opposition to oil and gas exploration in Hecate Strait vs. a perceived 
provincial stance on lifting the longstanding moratorium.  Community members also 
stated that there needs to be greater support from the government when it comes to 
maintenance and reconstruction of local roads.  While survey data offers a glimpse of 
community-government relations and related vulnerabilities, this topic could benefit from 
further investigation. 
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g) Key strength-building attributes 
Respondents were asked to identifying specific community strengths (Q.25) in order 

to highlight community attributes that might enhance adaptive capacity.  The question 
was open-ended and most participants gave more than one answer (91% in Masset, 
80% in Old Massett).  While there were 24 general response categories, these were 
distilled into 9 general themes (Table 22).   

Table 22.  Reported community strengths in Masset and Old Massett. 

Community Attribute Masset % Old Massett% 
Adaptable people 72 20 
Supportive people 59 68 
Strength of People 17 1 
Past Experience 11 7 
Strength of Haida Culture 10 37 
None 7 5 
Local Environment 5 3 
Preparedness 4 3 
Local Infrastructure 0 3 

In general, respondents stated that ‘the people’ in their community are a main 
strength (e.g., adaptable, supportive, strong).  In Masset, there was a common 
sentiment that there are strong leaders within the community that contribute to 
community strength as they set a positive role model for local youth.  Eleven percent 
also noted that past experience with, and exposure to, change strengthens their 
community.  It was also noted that the number of boats and vehicles are an important 
asset for dealing with an emergency situation.  

In Old Massett, 63% of respondents mentioned that the greatest strength of their 
community was that ‘people stick together’.  Mutual respect and strong ties with each 
other and with the land were also cited as strengthening elements.  Strong leadership 
was often attributed to community elders and other informal leaders.  In addition, 
respondents identified that people on islands are environmentally aware and that there 
is a strong network of volunteers, which work to strengthen their community.  The 
strength of Haida culture was another attribute of local strength, as well as the 
availability of food reserves in times of need. 

In addition to this broad scoping qualitative assessment, a series of structured 
questions on community strengths were posed and respondents were asked to indicate 
their views using a scale from very unimportant (1), neither unimportant nor important 
(3) to very important (5).  Results were then reconfigured into an integer scale where 
response categories were coded on a range from -2 (very unimportant) to +2 (very 
important), where 0 represents neither unimportant nor important.  In this way, a mean 
response could be calculated that more clearly identifies what strengths were most/least 
important, and what kind of variability exists in the responses (i.e., standard deviation).  
While it is recognized that treating ordinal data as ‘quasi’ interval data violates some 
fundamental statistical rules, it is useful for descriptive purposes. 

The results of respondents’ perceptions of the importance of various community 
attributes (Q.7), educational attributes (Q.9), and health/environmental attributes (Q.10) 



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   112 

is presented in.  Each of the variables is ranked from most important to least important 
within each category according to average response.  While there is variability in 
responses, not surprisingly, very few of the attributes were seen as unimportant.  The 
standard deviation ranges from 0.49 to 1.28, and values greater than 1 show large 
variability in responses40.  When the mean response is ranked for each of the variables 
in Q.7, Q.9, and Q.10 (Figure 67), the importance of each community strength variable 
is clearly shown in Table 23.  

Respondents reported that the most important variables defining community 
strengths are environmental cleanliness (mean=1.85), followed by access to health care 
(mean=1.82), and attitudes / lifestyle (mean=1.65).  The least important variables 
reported were social assistance (mean=0.90) and personal/community gardens 
(mean=0.97).  

The quality of the environment is clearly strength-giving according to survey 
respondents.  Haida Gwaii is known for its remote and rugged natural environment.  It is 
a destination for outdoor enthusiasts such as fishers, kayakers, hikers, campers and 
even hunters (although this is somewhat controversial).  As well, it is the home of the 
Haida First Nations who afford their strength and sustainability to their inherent 
connection with the land, something many feel has been severed over the years.  Given 
this, it is no surprise that environmental quality/cleanliness was regarded as a 
community strength.  

Health care access is another issue of key importance to islanders.  Access to 
health care in rural, remote and northern communities is often limited and communities 
struggle with maintaining consistent and quality health care for their residents.  At the 
same time, these rural communities often have poorer health when compared to urban 
counterparts, and many communities struggle specifically with chronic illnesses such as 
Type II Diabetes Mellitus and obesity.  Access to health care is therefore important in 
terms of both treatment and prevention. At the time of conducting the survey, 
communities in the north island (Masset, Old Massett and Port Clements) in partnership 
with the Northern Health Authority were negotiating the development of a new hospital 
facility which was scheduled to be built in 2006 and operational in 2007.  Thus it is not 
surprising that health care access was indicated as one of the important variables in 
building community strength.  

In terms of social assistance, the communities of Haida Gwaii have struggled over 
the years, and especially in the past decade with socio-economic changes and 
restructuring that have forced significant outmigration (e.g., military withdrawal).  For 
those who stayed, there were limited employment options.  While social assistance is 
intended to provide a safety net to people in need, generally it is not regarded as a long-
term solution to community socio-economic hardship, and is therefore, not viewed as a 
strength-giving attribute by survey respondents.   

 

 

                                            
40 It should be noted that non-responses are not included in the mean calculation. 
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Table 23: Perceptions of Community Strengths: Importance of Selected Attributes in 
Community Strength (Q.7, Q.9, Q.10). 

 Response (%) (N=203)  
Very Un-
important 

Un-
important Neither Important Very 

important  
-2 -1 0 +1 +2 

No 
response 

Mean 
** SD 

Q.7 
Community          

Volunteering 
within 

community 
0.5 1.0 5.0 20.8 72.8 0.5 1.64 0.67 

Communities 
working 
together 

1.0 1.0 8.9 17.8 71.3 0.5 1.57 0.78 

Community 
events 0.5 2.0 11.9 25.4 60.2 1.0 1.43 0.82 

Q.9 Education         
Resources 
allocated to 

school district 
0.5 2.6 10.3 15.5 71.1 4.4 1.54 0.82 

On-Island 
training of 

formal skills 
2.0 3.5 9.5 16.0 69.0 1.5 1.47 0.95 

Traditional 
education 

levels 
3.5 3.5 8.0 18.4 66.7 1.0 1.41 1.02 

Elder 
involvement in 
school system 

3.5 2.0 12.9 22.4 59.2 1.0 1.32 1.01 

Formal 
education 

levels 
3.0 5.5 16.9 12.4 62.2 1.0 1.25 1.10 

Q.10 Environment & Human Health       
Environmental 

cleanliness 0.5 0.5 3.5 5.0 90.6 0.5 1.85 0.54 

Access to 
health care 0.5 0.0 1.5 12.9 85.1 0.5 1.82 0.49 

Attitudes / Life 
style 0.5 0.0 7.6 18.2 73.7 2.5 1.65 0.67 

Drug and 
alcohol 

addictions 
1.0 3.0 7.5 12.1 76.4 2.0 1.60 0.83 

Quality of 
doctors in the 

community 
2.0 1.0 8.2 17.3 71.4 3.4 1.55 0.85 

Changes in 
diets away from 
traditional foods 

2.5 3.5 15.2 16.2 62.6 2.5 1.33 1.02 

Personal / 
community 

gardens 
7.1 7.1 18.8 15.7 51.3 3.0 0.97 1.28 

Social 
assistance 6.8 6.8 21.9 19.3 45.3 5.4 0.90 1.24 

∗∗  Mean computed from Likert scale ranging from “Very Unimportant” = -2, “Unimportant” = -1, “Neither” = 0, 
“Important” = +1, to “Very Important” = +2.  Non response data are not included in the mean. 
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These results are further analyzed by community using chi-squared tests (Table 24) 
to identify community-specific distinctions (if any).  For scoping purposes, these tests 
were conducted on the descriptive results (e.g., frequency responses) and not on the 
mean calculations presented.  Variables with significant differences by community are 
indicated with an asterisk (*). 

Overall, there were community differences according to perceptions of important 
strength-building attributes.  In Old Massett, traditional education levels, environmental 
cleanliness, and access to health care were the most important community strength 
attributes.  In Masset, access to health care, environmental cleanliness, and addressing 
drug and alcohol addictions are the more important strength-building attributes for the 
community.  In Tow Hill/Tlell, environmental cleanliness, access to health care, and 
attitude/life styles are regarded as the most important strength-giving attributes.   

Figure 68 (upper) indicates the perceptions of educational attributes (resources, 
skills, formal and traditional education) as factors contributing to community strength.  
Four of the five variables are statistically significantly different by community, with 
respondents from Old Massett viewing them all as more important than those from the 
other communities.   

Perceptions of environment and human health as factors influencing community 
strength are shown in Figure 68 (lower).  Significant differences by community were 
only apparent for three of the eight variables, and no apparent pattern resulted.  In 
terms of social assistance, Tow Hill/Tlell responses were of significantly lower 
importance than Masset and Old Massett, perhaps due to a higher number of people on 
social assistance in Masset (given higher reported retirees) and Old Massett (given 
higher reported unemployment) who therefore value social assistance greater.  

With respect to the above results, both qualitative and quantitative (e.g., Figure 67), 
there  are several key attributes identified by respondents that either indicate strengths 
directly or could be enhanced to improve the strength (i.e., strength-building) of 
communities in Northern Haida Gwaii. 

People: cohesion and leadership 
In general, most respondents stated that ‘the people’ in their community were a 

main strength (e.g., adaptable, supportive, strong).  In Masset, there was a common 
view that there were strong leaders within the community that build community strength 
as they set a positive role model for local youth.  Eleven percent also noted that past 
experience with and exposure to changes strengthens their community, and the amount 
of boats and vehicles are an important asset for dealing with an emergency situation.  

In Old Massett, 63% of respondents mentioned that the greatest strength of their 
community was that ‘people stick together’.  Known as “social cohesion”, this is an 
attribute that enhances social capital within communities to deal with changes, crises, 
and socio-economic hardships.  Mutual respect and strong ties with each other and the 
land were also cited as strengthening elements.  Strong leadership was often attributed 
to community elders and other informal leaders.  In addition, respondents identified that 
people on-island are environmentally aware and that there is a strong network of 
volunteers, which work to strengthen their community.  The strength of Haida culture 
was another important attribute, as was the availability of food reserves. 
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Table 24. Importance of selected attributes in community strength. Asterisks (*) indicate 
a statistically significant difference. 

 Mean  

Variables of Importance: Masset Old 
Massett 

Tow 
Hill/Tlell Chi-Square 

Q.7 Community     

Community events 1.38* 1.72* 1.25* 
Value:  18.0; DF:  8 

2-tail Sig:  0.021 
Communities and councils working 

together 1.64 1.67 1.40 Value:  10.8; DF:  8 
2-tail Sig:  0.213 

Local people volunteering within 
community 1.68 1.61 1.62 Value:  12.8; DF:  8 

2-tail Sig:  0.120 
     

Q.9 Education     

Traditional education levels 1.20* 1.96* 1.27* Value:  30.4; DF:  8 
2-tail Sig:  0.000 

Elder involvement in school system 1.19* 1.82* 1.08* Value:  34.3; DF:  8 
2-tail Sig:  0.000 

Formal education levels 1.35* 1.76* 0.66* Value:  41.9; DF:  8 
2-tail Sig:  0.000 

On-Island training of formal skills 1.51* 1.69* 1.22* Value:  18.1; DF:  8 
2-tail Sig:  0.020 

Resources allocated to school district 1.56 1.69 1.39 Value:  8.7; DF:  8 
2-tail Sig:  0.366 

Access to health care  1.92 1.84 1.65 Value:  12.3; DF:  6 
2-tail Sig:  0.056 

     
Q.10 Environment and Health     

Environmental cleanliness 1.84 1.94 1.78 Value:  9.0; DF:  8 
2-tail Sig:  0.345 

Changes in diets away from traditional 
foods  1.52* 1.31* 1.05* Value:  15.6; DF:  8 

2-tail Sig:  .048 

Drug and alcohol addictions 1.83* 1.76* 1.10* Value:  32.3; DF:  8 
2-tail Sig:  0.000 

Quality of doctors in the community 1.66 1.69 1.26 Value:  13.1; DF:  8 
2-tail Sig:  0.107 

Attitudes / Life style 1.64 1.67 1.63 Value:  7.4; DF:  6 
2-tail Sig:  0.282 

Social assistance  0.99* 1.29* 0.39* Value:  21.7; DF:  8 
2-tail Sig:  0.005 

Personal / community gardens 0.92 1.19 0.86 Value:  11.4; DF:  8 
2-tail Sig:  0.182 

Mean calculated where -2 = Not Very Important / -1 = Unimportant / 0 = Neutral / +1 = Important  
+2 = Very important 
*Significant at p = < 0.05 (2-tailed chi-squared test) 

Environmental cleanliness/quality 

The quality and health of the environment is clearly an important strength-building 
attribute according to respondents, and was also significant across communities (Figure 
68, lower).  Haida Gwaii is known for its remote and rugged natural environment.  It is a 
destination for outdoor enthusiasts such as fishers, kayakers, hikers, campers and even 
hunters (although this is somewhat controversial).  Whether for subsistence 
(livelihoods), culture/spirituality, recreation, and/or aesthetics, residents perceive the 
quality of their environment to be important for community adaptation to future changes, 
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whether socio-economic or environmental.  For instance, environmental quality is also 
behind the high value of local attitudes/lifestyles in these communities (see  Figure 67). 
Connectedness to, and respect for, the land is an important part of Haida culture, and 
many respondants feel that this has been challenged in recent decades.  

Health care access 
Though not a broader “strength” in Haida Gwaii (given identified limitations in 

services and access), health care was identified as the second most significant issue 
that could be enhanced to promote strength of island communities (Figures 67, 68, 
lower).  Access to health care in rural, remote and northern communities is often limited 
and communities struggle with maintaining consistent and quality health care for their 
residents.  At the same time, rural communities often have poorer health compared to 
larger urban centres, and many communities struggle specifically with chronic illnesses 
such as Type II Diabetes and obesity.  Access to health care is therefore important in 
terms of both treatment and prevention.  

At the time of the survey, communities in the north island (Masset, Old Massett and 
Port Clements) in partnership with the Northern Health Authority had negotiated 
development of a new hospital facility, to be built in 2006-07, between Masset and Old 
Massett.  Given this timing, it is not surprising that health care access was indicated as 
one of the important variables in building community strength.  

Education and experience 

Education, trades, informal skills and traditional/cultural knowledge were identified 
as moderately to strongly important (i.e., scores>1) as a means to enhance community 
strength (Figures 67, 68 upper), across all 3 communities. In addition, we found a high 
regard for formal and cultural education in Old Massett as it was seen as an important 
aspect of self-determination, individual and cultural respect, economic independence, 
and a necessary component of improving community socio-economic conditions.  As 
identified in the results, there is strong perceived link between formal and cultural 
education as a means to improve the health and well-being of the Haida people.   

h) Key elements of adaptive capacity 

Community participation and “social capital” 

Recent research identifies the importance of “social capital” in mitigating short-term 
impacts and adapting to longer-term climate changes (Adger 2003).  Social capital 
refers to the social networks that operate between individuals, and also between 
individuals and communities, that facilitate the flow of information.  For instance, social 
capital can facilitate an individual’s access to knowledge about employment, social 
support, and other resources.  At the same time, these networks help to integrate 
individuals into the community which fosters networks of exchange and community 
social relations.  While there is some debate on the best way to measure social capital, 
a common approach is to use involvement in community collective activities as a proxy 
for social capital. Communities with many individuals who participate in community 
organizations, for instance, are seen as better able to deal with socio-economic 
changes and crises, such as natural hazards and climate change.  
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Figure 69 shows percentage involvement in several descriptive categories (upper) 
and an index for the number of activities participated in (lower) by respondents based 
on question 6 of the survey.  The results are mutually exclusive (i.e., not cumulative) as 
each respondent was allocated to one involvement category.  According to this, ~24% 
of respondents participate in 4 community activities (mode), with 18% indicating more 
than 5 activities.   

Table 25 shows the number of activities participated in by community.  A chi-
squared non-parametric test shows a significant difference between level of 
participation across the communities (p value = 0.008), which suggests that participation 
levels varies according to the community within which people reside. 

Table 25. Community Participation in reported Activities (%) (n=203). 

 Number of Activities Reported 
Community 0 1 2 3 4 5 6 

Masset 3.3% 6.5% 23.9% 15.2% 27.2% 18.5% 5.4% 
Old Massett 5.9% 17.6% 19.6% 19.6% 11.8% 7.8% 17.6% 

Tow Hill / Tlell 1.7% 6.7% 8.3% 13.3% 28.3% 26.7% 15.0% 
2 - Tailed Chi Squared text, sig p. = 0.008, value = 26.85, df = 12 

The overall results indicate that the majority of respondents (at least 55%) have 
been involved in 5/6 activities.  The most popular activity (66%) was attending 
community events, followed by signing a petition, speaking or writing to an official about 
a local issue (65.5%), and involvement in local teams, clubs or groups (62.6%). About 
56% of respondents have volunteered in the community and 42.4% have attended at 
least one local council or school board meeting.   

In Masset, over 50% of respondents participated in more than four activities, while 
in Old Massett, this was lower at 37.3%. Tow Hill/Tlell respondents had the greatest 
community involvement, with over 70% being involved in four or more activities.  This 
was statistically significantly higher than respondents in Masset and Old Massett (chi-sq 
significance = 0.002, value = 12.175, df = 2).  

While these findings suggest that community involvement is higher in Tow Hill/Tlell 
according to the number of activities people partake in, they do not reveal the quality of 
involvement (e.g., time spent on each activity, role played in the activity).  In addition, 
the activities listed may be considered ‘informal’ but they still reflect a bias towards 
‘organized’ activities.  Thus, other kinds of voluntary activities that are less obvious 
(e.g., child care, commuting, checking in on neighbours, etc.) are overlooked.  
Nonetheless, these are important forms of social capital not considered here.  

Community satisfaction 

Community satisfaction with essential and important social services and decision-
making processes is an indirect measure of “social cohesion” – a factor that contributes 
to social capital.  The survey also sampled levels of satisfaction with various community 
services and leadership (Figure 70). Results are coded from “very dissatisfied” (-2) to 
“very satisfied” (+2), where 0 is a neutral response (Table 26).  While mean values are a 
good indicator of the central tendency in this question, there are relatively high standard 
deviations for some, indicating that there is a high degree of variability in responses.  
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Table 26. Satisfaction with community services (Q.11) (n=203).  

 Response (%) Summary 
Very 

Dissatisfi
ed 

Dissatis
fied Neither Satisfied Very 

Satisfied Community 
Services: 

-2 -1 0 +1 +2 

No 
Response Mean+ SD 

Emergency 
services (police, 

fire) 
6.1 10.2 23 28.1 32.7 3.4 0.71 1.2 

Communication 
services (phone 

and internet) 
10 11.4 20.4 28.9 29.4 1 0.56 1.29 

Access to 
important 

community 
information 

8.5 16.4 31.8 24.4 18.9 1 0.29 1.2 

Opportunities to 
contribute to local 
decision-making 

16.3 15.3 20.9 31.1 16.3 3.4 0.16 1.33 

Representation of 
your needs by 

community 
leaders 

18.4 17.9 32.6 18.4 12.6 6.4 -0.11 1.27 

Access to health 
care 18.2 17.7 36.4 16.2 11.6 2.5 -0.15 1.23 

+  Calculation of mean considers that “no response” is missing data.  Mean computed from Likert scale ranging from 
“Very Dissatisfied” = -2, “Dissatisfied” = -1, “Neither” = 0, “Satisfied” = +1, to “Very Satisfied” = +2. 

Despite the high variability in responses, respondents were most satisfied with 
emergency services within the community (mean =- 0.71), followed by communication 
services (mean = 0.56), access to important community information (mean = 0.29), and 
opportunities to contribute to local decision making (mean = 0.16).  Highest 
dissatisfaction was observed for access to health care (mean = -0.15) and 
representation of needs by community leaders (mean = -0.11).   

Clearly, at the time of the survey, respondents were not pleased with their health 
care access and their local leaders.  Interestingly, access to health care was deemed as 
an especially important strength-building attribute for community adaptation to future 
challenges (as discussed in previous section), while the same respondents were 
especially dissatisfied with their current access to community health care (Figure 70).  

Table 27 shows these results compared by community using a chi-squared 
analysis.  Statistically significant differences between communities are indicated with an 
asterisk (*).  Generally, respondents from Old Massett were less satisfied with 
community services, except for emergency services.  Significant differences between 
communities are noted for access to important community information, opportunities to 
contribute to decision-making and representation of needs by community 
representatives.  For all three variables, more Old Massett respondents were 
dissatisfied with these services compared to both Masset and Tow Hill/Tlell.  
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Table 27. Satisfaction with Community Services (Q.11) (N=197).  Statistically significant 
differences between communities are indicated with an asterisk (*).  

 Percent (%) Responding Statistics 
Variable: Negative Neutral Positive Chi-Square 

 - 0 +  
Masset 13.3 17.8 68.9 

Old Massett 17.6 19.6 62.7 Emergency Services 
Tow Hill / Tlell 20.0 34.5 45.5 

Value:  8.655 
DF:  4 

2-tail Sig:  0.070 
      

Masset 19.8 22.0 58.2 
Old Massett 20.0 16.0 64.0 Communication 

Services 
Tow Hill / Tlell 25.0 21.7 53.3 

Value:  1.687 
DF:  4 

2-tail Sig:  0.793 
      

Masset 15.2 35.9 48.9 
Old Massett 38.0 26.0 36.0 Access to important 

information 
Tow Hill / Tlell 28.8 30.5 40.7 

Value:  9.696 
DF:  4 

*2-tail Sig:  0.046 
      

Masset 26.4 20.9 52.7 
Old Massett 47.9 22.9 29.2 

Opportunities to 
contribute to 

decision making Tow Hill / Tlell 26.3 19.3 54.4 

Value:  9.990 
DF:  4 

*2-tail Sig:  0.041 
      

Masset 30.3 29.2 40.4 
Old Massett 56.0 22.0 22.0 

Representation of 
needs by community 

reps Tow Hill / Tlell 27.5 49.0 23.5 

Value:  18.342 
DF:  4 

*2-tail Sig:  0.001 
      

Masset 32.6 41.3 26.1 
Old Massett 44.0 26.0 30.0 Access to health 

care 
Tow Hill / Tlell 33.9 37.5 28.6 

Value:  3.564 
DF:  4 

2-tail Sig:  0.468 
* indicates statistically significant differences. 

i) Natural hazards experience and response 

Awareness that a hazard exists may be indicative of adaptive capacity.  For 
example, research emphasizes that people who are aware that they live in a high-risk 
area are more likely to prepare for an event in the future.  In addition, research 
emphasizes that past experiences with hazardous events are likely to increase risk 
perception and more effective preparation.  It stands to reason that communities that 
are experienced with, and prepared for, hazardous events would have a greater 
adaptive capacity to climate change related risks. 

The survey considered individual perceptions of hazard risk, as well as hazard 
event experience and response (Q.19).  Of 200 respondents, on average 80% (83.7% 
from Masset, 81.7% from Tlell and 68.8% from Old Massett) answered, yes their 
community had experienced a major environmental event (Figure 70) including: major 
storms, earthquakes, mass wasting, temperature increases, drought/water shortages, 
ice storms, high tides/waves, tsunami/tidal waves, oil spills, fires, and over-extraction of 
resources.  Though there were very few uncertain responses to this question, results 
were not significantly different by community (chi square significance = 0.221, value = 
5.716, df = 4).  Future risk perceptions to such events by community are discussed in 
section 3.3.4.j). 

The kinds of impacts that respondents experienced as a result of major 
environmental events (Q.20) are summarized in Figure 71.  The top three impacts 
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experienced by more than 50% of respondents include: coastal changes (55.7%), 
power loss (54.7%), and transportation interruptions (52.2%).  The average number of 
impacts experienced was about 4 (analysis not shown) with nearly 12% of respondents 
reporting 6 hazard incidences.  According to this, many respondents are neither 
immune nor inexperienced when it comes to environmental hazards.   

The frequency of reported impact incidents is highest in Tow Hill/Tlell (51.6% 
reported 5-8 impacts), whereas Masset respondents report 34% and Old Massett 23.5% 
for the same range of impacts.  Only 15.7% of Old Massett residents indicate zero 
impacts compared to Tow Hill/Tlell (6.7%) and Masset (5.4%), which suggests that Old 
Massett residents either do not perceive, or experience, measurable impacts compared 
to the other communities.  It is possible that this relates both to geographic and cultural 
differences, as perceptions of such impacts are socially and culturally determined 
(Blaikie et al. 1994).  Therefore, our measures of ‘experience’, ‘risk perception’ and 
‘impact perception’ should be interpreted with some caution, given the diverse nature of 
the participants involved in our survey.  

Respondents were also asked for their view on how they, or their community, have 
coped with past environmental impacts (Q.21).  A variety of scales in responses were 
provided (Table 28) ranging from individual scale responses to provincial level planning 
strategies.  While some of the answers appear vague, others provide some insight as to 
mechanisms employed to cope with hazards that may potentially better prepare them 
for future changes. 

Table 28. Community emergency responses (N=109).  

 Masset Old Massett Tow Hill/Tlell 

Do Nothing 37.5% 44.4% 44.2% 
Household Emergency Preparedness 
(self sufficiency; stockpile household 

items available incl. gas, candles, food, 
etc.) 

18.8% 5.6% 14.0% 

Respond by Fixing Damages 16.7% 16.7% 4.7% 
Upgraded Structures/Adapted (better 

roofs, upgrades) 
12.5% 11.1% 2.3% 

Individual Social Capital (share 
resources with neighbours/friends; 

check in with each other) 

10.4% 22.2% 20.9% 

Community Coordination (form 
committees Tlell association formed, 

meetings, share info/resources) 

2.1% 0.0% 14.0% 

Provincial Emergency Preparedness 2.1% 0.0% 0.0% 

 
Surprisingly, the most common response across all three communities was ‘do 

nothing’, suggesting that respondents believe there is little capacity to improve response 
to environmental changes.  In Masset, household emergency preparedness (18.8%), 
followed by fixing damages (16.7%) were the next most popular responses.  In Old 
Massett, individual social capital (22.2%) and fixing damages (16.7%) were the next 
most common responses.  In Tow Hill/Tlell, individual social capital (20.9%) was the 
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second most popular response, followed by both household emergency preparedness 
(14%) and community coordination (14%).  It seems that in Old Massett and Tow 
Hill/Tlell, sharing between individual and households and looking out for each other 
were more important, while household emergency planning including stockpiling of 
items was seen as most important in Masset. 

j) Risk perceptions  

Past experiences with major environmental events (hazards) are also an important 
factor in perceptions of future risks.  For instance, respondents with hazard experience 
also report perceptions of higher risk, while those that have not experienced an 
environmental event report more moderate or low risk (analyses not shown)41.  
Furthermore, while those identified as perceiving high risk take more preparedness 
measures at home, statistically they were no more likely to be prepared than those who 
perceived little risk (analyses not shown).  That is, those that perceive a high risk of a 
future environmental hazard are not necessarily more prepared for a hazard according 
to their stock of household items (Figure 71, lower).   

 Many residents perceive there to be moderate to very high risk exposure to future 
environmental events or changes (mean response for this question was 2.5/4 with a 
standard deviation of 1.38).  There is a high degree of variability in risk perception by 
community as more respondents in Old Massett perceive very high risk of future hazard 
experience (35.3%) compared to the other communities (31.5% in Masset, 30% in Tow 
Hill/Tlell).  This is somewhat contradictory as Old Massett residents also report the 
highest proportion (19.6%) of perceptions of no risk of future hazards (vs. Tow Hill/Tlell 
at 10% and Masset with 6.5%).  While each community perceives very high risk, results 
varied across response categories and significant differences were apparent (chi square 
significance = 0.003, value = 23.301, df = 8).  Clearly, there is high variability in risk 
perception both within and across the communities and emergency planners should 
consider this and focus on those with lower risk awareness.  

In addition to natural hazard risks, respondents’ perceptions of climate change-
related risks were explored specifically via the following open-ended question (Q.24), 
“As a result of climate change in the next 100 years we will experience warming of air 
and ocean temperatures, sea level rise, and changes in the amount and timing of 
precipitation.  What might these impacts mean for your community?” 

The responses received were mixed and varied as some repeated environmental 
changes explicitly mentioned in the question, while others identified more specific local 
impacts.  Answers were aggregated into 13 response categories in order to record 
general frequency of responses.  Aggregated categories and responses are shown in 
Table 29.  Categories are arranged as mutually exclusive, although some responses 
could be arranged in more than one category.  A more detailed description of these 
responses is provided in Appendix IV, Box 2-1. 

The most commonly perceived climate change impact for Tow Hill/Tlell was flooding 
(26.7%).  In Masset, it was a tie between flooding and damage to culturally significant 

                                            
41 a chi-squared analysis did not indicate that this was a statistically significant finding (analyses not 

shown). 
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environments (26.7%), while the most popular response in Old Massett was damage to 
culturally significant environments (36.4%).  Several respondents from Old Massett 
identified the potential for environmental damages to clam beds, culturally modified 
trees (CMTs), berry gathering sites, and other areas for food subsistence.  Similarly, 
Masset respondents identified the possible loss of fish, food and other significant 
environmental areas.  

Table 29. Potential climate change impact response categories (n = 194).  

 Masset Old Massett Tow Hill/Tlell 
Flooding 26.7% 13.6% 26.7% 

Damage to Culturally Significant 
Environments 

26.7% 36.4% 13.3% 

Longer and  Warmer Summer 
(growing/tourism) Season  

16.7% 11.4% 16.7% 

No Impacts Anticipated 5.6% 0.0% 6.7% 
Increase Forest Fires 5.6% 2.3% 5.0% 

Don't Know/Can't Predict 4.4% 18.2% 8.3% 
Increase in Severe Storms 3.3% 2.3% 1.7% 

Infrastructure Damages 3.3% 0.0% 6.7% 
Changes in Property Values 3.3% 4.5% 8.3% 

Shoreline Erosion 2.2% 4.5% 1.7% 
Increase earthquakes and  

tsunamis 
1.1% 2.3% 0.0% 

Negative Human Health Impacts 1.1% 2.3% 0.0% 
Water shortages 0.0% 2.3% 5.0% 

 
Generally, the threat of climate change meant a potential threat to environmental 

resources that respondents relied on.  Other popular responses in all three communities 
included longer and warmer summer seasons, which in some cases, was referred to as 
a positive impact.  Others suggested tourism might increase and therefore bring more 
people to the island.  Interestingly, 18.2% of Old Massett respondents indicated that 
they didn’t know what the impacts would be, which was the second most common 
response.  This suggests that climate change awareness (as defined for this study) in 
Old Massett is not high. 

k) Emergency preparedness 
Adaptive capacity to climate change partly depends on being prepared for 

environmental hazards, such as floods, storms, fires, landslides, etc.  Research on 
climate change adaptation emphasizes the role of emergency preparedness and argues 
that communities cannot ‘lose’ by preparing for future climate change conditions now.  
Thus, in the survey both community and household preparedness were explored in 
order to get a sense of how prepared households are at present, which gives some 
indication of climate change preparation and of people’s ‘awareness’ to the urgency of 
current and future environmental change conditions.  

Following the inquiry into past responses to environmental changes, it was the 
purpose of Q.22 to determine what respondents thought would be preparations that the 
community could enact to better cope with future environmental events.  Again, a wide 
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variety of responses were received and were aggregated into 7 distinct categories 
(Table 30).  It is recognized that there may be some overlap between categories as they 
are not necessarily mutually exclusive.  A more detailed description of these categories 
is provided in Appendix V, Box 2-2.  In addition, only the first responses to the question 
were summarized, though multiple answers by individual respondents were recorded. 

Table 30. Community emergency preparedness responses (n=196). 

 Masset Old Massett Tow Hill/Tlell 
Community Information Sharing and  Cooperation 40.4% 29.8% 25.0% 

Nothing 20.2% 23.4% 11.7% 
Community Emergency Planning 18.0% 27.7% 31.7% 

Don't Know 9.0% 10.6% 11.7% 
Household Emergency Planning 6.7% 6.4% 6.7% 

Structural Adaptations 5.6% 2.1% 10.0% 
Provincial Emergency Planning 0.0% 0.0% 3.3% 

 
Notably, respondents in Masset and Old Massett identified community information 

sharing and cooperation (40.4% and 29.8% respectively) as a way to prepare for 
environmental changes.  Working together, and the sharing of resources and 
information were popular ways to better prepare communities.  This suggests high 
social capital and cohesion.  Community emergency planning (27.7%) was identified 
many times by respondents. Although closely related to information sharing and 
cooperation, community emergency planning responses were more directed at the 
development of explicit tools and mechanisms for community emergency planning.  In 
Tow Hill/Tlell, community emergency planning was also a popular response (31.7%), 
followed by community information sharing and cooperation (25%). 

In terms of household preparedness, a question was asked to determine how 
respondents prepare for emergencies in their home via identification of items or means 
of coping.  Average results are presented in Figure 73(upper), and are ranked from the 
most popular preparedness item/means to the least popular.   

The most prevalent household item/means identified by respondents were simple 
household articles such as candles, oil lamps and flashlights (98%), followed by food 
storage for at least 3 days (90.6%).  These items may or may not be a reflection of 
preparedness for emergencies as they are items that many people have around the 
house for day-to-day activities.  In addition, many rural people preserve and store food.  
Whether a cultural tradition, and/or a response to living in a remote area where food 
availability can be unreliable, it is an effective coping mechanism for emergencies.  
Surprisingly, only 61.6% indicated that they have water for at least 3 days and only 
21.2% indicated a generator.  In addition, only 69% of respondents have property 
insurance. 

Distinct differences in preparedness items/means are evident by community (Figure 
73, lower).  For most household items (except candles, oil lamps and flashlights, and 
water supply for at least 3 days), there were significant differences between 
communities.  The most notable difference is for property, homeowners, and apartment 
insurance.  Respondents in Masset report significantly higher use of property insurance 
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(87.8%) (vs. Tow Hill/Tlell at 70% and Old Massett with 42.2%), which suggests that 
Masset residents may be more financially prepared for damages directly or indirectly 
caused by environmental hazards.  Tow Hill/Tlell respondents reported the highest use 
(and greatest number used) for most all other household items.  In Old Massett, ~56% 
of respondents had four or fewer emergency preparedness items/means of coping for 
their households.  In comparison, less than 12% of Tow Hill/Tlell respondents have four 
or fewer emergency preparedness items.  Given these survey results, residents of Old 
Massett appear to be the least prepared..   

Statistically, using the non-parametric Kruskal-Wallis test Tow Hill/Tlell respondents  
could be considered to be more prepared for an emergency as significant differences in 
preparedness (number of items/means) by community (asymptotic significance = 0.000, 
chi-square value = 35.167, df = 2) were found.  It should be noted however, that data for 
items/means were not weighted (i.e., each household item is given equal value).  For 
instance, candles, etc. in the home were given an equal value as having a generator.  
Clearly, these are not of equal importance and/or effectiveness in coping with 
hazardous events.  As such, these results are only exploratory and do not fully explore 
household efforts and financial investments made.  That said, Tow Hill/Tlell 
communities appear more prepared, and although speculative, this may result from their 
more isolated locations (i.e., distant from Masset and Old Massett) which can result in 
longer delays and/or recovery from impactful events (e.g., coastal flooding, power 
outages).  Some preparedness may also result from their unincorporated community 
status, which may mean less coordinated emergency response and recovery plans and, 
for zoning reasons, may entail different zoning qualifications for property insurance.  
Therefore, responsibility for emergency preparedness and response may fall more 
explicitly into the hands of households themselves.  It follows then that residents in Tow 
Hill/Tlell may be more prepared out of necessity.  

l) Emergency planning, awareness, and support 
In terms of concerted plans for emergency response (despite the focus, e.g., fire vs. 

tsunami evacuation), over half (53.2%) of the respondents indicated that their 
household does not have an emergency plan.  At the community level, 18.7% of 
respondents believe that the community does not have an emergency evacuation plan 
(while 54.7% believe it does and 26.6% are either “not sure” or did not respond).  In 
addition, 78.3% have experienced an impactful environmental event in their community 
and 95.6% believe that in an emergency situation, community members would help out.   

As above, Tow Hill/Tlell respondents seem more prepared in terms of the number of 
household items/means for preparedness.  However, more people in Masset (59.8%) 
have a household emergency plan (vs. Tow Hill/Tlell at 38.3%) and Old Massett with 
32%).  These community differences are statistically significant (chi square significance 
= 0.002, value = 12.357, df = 2).   

Similarly, 72.8% of respondents in Masset are aware of an emergency evacuation 
plan for their community (vs. 54.9% in Old Massett and 41.7% in Tow Hill/Tlell).  
Uncertainty about the existence of a community-level emergency plan is apparent in 
each of the communities, ranging from 22.8% in Masset, 27.5% in Old Massett, to 
31.7% in Tow Hill/Tlell.  These differences by community are significant (chi square 
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significance = 0.000, value = 42.298, df = 4).  This, despite an established community 
emergency evacuation plan for the north island designed for tsunamis with siren testing 
weekly in Masset.  According to residents, the plan is not widely known (by those 
surveyed) and this information was not easily located via the internet. 

A total of 96% of survey respondents identified that there would be good community 
support in response to an emergency (Q.13).  Since there was such high consensus to 
this query, there were no significant differences by community (chi square significance = 
0.400, value = 4.045, df = 4).  Thus, in general, there was a high degree of confidence 
that community members will pitch in and help each other out in response to hazardous 
events.  This suggests that respondents feel a strong sense of informal social support 
and responsibility towards one another.  This is telling of social cohesion and capital 
and is important in the event of an emergency, especially for rural and remote 
communities where official assistance is often delayed. 

m) Community differences 

Table 31 summarizes significant differences noted by community reponses and 
shows key community-level (place-based) attributes that may affect community adaptive 
capacity.  Such distinctions may reflect issues that need to be considered for community 
adaptive planning for land use planning and/or climate change impacts and adaptations.  

Table 31. Summary of survey response differences by community. 

Response (to Q.#) Significant Differences 

Participation in Community 
Activities (Q.6) 

• People from Old Massett generally participate in fewer 
community activities. 

• People from Tow Hill / Tlell participate in the most 
community activities. 

Importance of Community 
Attributes (Q.7) 

• People from Old Massett place more importance on 
community events 

Importance of Educational 
Attributes (Q.9) 

• People from Old Massett place significantly more 
importance on four of five educational variables. 

Importance of Components of 
Human and Environmental 
Health (Q.10) 

• People from Masset and Old Massett generally place the 
most and people from Tow Hill / Tlell generally place the 
least importance on these variables. 

Satisfaction with Community 
Services (Q.11) 

• People from Old Massett are significantly less satisfied 
with three of six community services variables. 

Household Emergency Plan 
(Q.18). 

• People from Masset are the most likely to have a 
household emergency plan. 

• People from Old Massett are the least likely to have a 
household emergency plan. 

Community Emergency Plan 
(Q.14) 

• People from Masset are most aware of emergency plan 
for their community. 

• People from Tow Hill / Tlell are least aware of an 
emergency plan for their community. 

Experienced big environmental 
event (Q.19) 

• No significant differences, though people from Old 
Massett are less likely to have experience. 
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Community members help 
(Q.13) 

• No significant differences and the majority from each 
community agreed that community members would help. 

Having and Practicing 
Emergency Plan (Q.15,Q.16) 

• No significant differences for Q.15, but people from 
Masset place higher importance on practice. 

Household preparedness 
(Q.17) 

• People from Tow Hill / Tlell are significantly more 
prepared. 

• People from Old Massett are the least prepared for 
emergencies. 

Experience with Impacts as a 
result of big environmental 
events (Q.20) 

• People from Tow Hill / Tlell reported most experience with 
impacts of major environmental events; people from Old 
Massett the least. 

Perception of future risk (Q.23) • People from Masset perceive the highest risk, people from 
Old Massett the lowest. 

 

3.3.5. Summary discussion of survey findings 

a) Key strengths  
Survey respondents clearly see the strengths of their community as lying within their 

people and their natural environments.  Responses speak strongly to the importance of 
social relationships and networks in building strong and adaptable communities.  
Lifestyle and a strong sense of culture were identified as key to the strength of Haida 
Gwaii communities.  This was especially evident in Old Massett where respondents 
emphasized the importance of community events in building community strength.   

In general, respondents see themselves and their relations with others as important 
in building community capacity.  Whether this is a “frontier mentality” (as suggested by 
some) common amongst people living in remote locations, a reaction to “outsider” 
inquiry, and/or a socio-cultural attribute of the case-study communities, social and 
community relations were clearly identified as means to build community strength.  This 
essentially expresses a high importance on building on existing “social capital”, though 
not to suggest that the case study communities are homogeneous in terms of 
perspectives, beliefs, and agreement on common.  Instead, on average, all three 
communities see their people as an important investment in adapting to any change, 
whether economic or environmental. 

In addition, environmental quality and health surfaced as another important theme 
regarding community strength in all three communities.  Respondents generally have a 
high regard and respect for the natural environment and perceive its quality to be 
essential in promoting the health, well-being, and adaptive capacity of their 
communities.  Changes in environmental health and hazard awareness could be 
beneficial in terms of motivating individuals and communities to adapt to future climate 
changes, given the changes and potential impacts described in section 2.  
Environmental awareness is also important in building adaptive capacity to shorter term 
hazards and risks.  

Critical services such as health and education were also reported as important 
attributes needed for strengthening community adaptive capacity.  People in Old 
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Massett and Masset clearly expressed that reliable, accessible and improved health 
services were needed to build strong communities.  Education, trades and traditional 
skills were also found to be important, especially for respondents in Old Massett.   

These responses together underscore that community strength encompasses a 
breadth of attributes, some of which are inherently strong in Haida Gwaii.  Adaptive 
capacity building requires strengthening some of these attributes and depends strongly 
on: i) existing social and community relations (i.e., social capital), ii) the quality of the 
natural environment, iii) the nature of human-environment relationships and awareness, 
and iv) the quality of essential social services such as health care and education.  While 
emergency preparedness is clearly important for coping with changes and hazards, 
community adaptive capacity is also dependent on longer-term sustainable and healthy 
relations within, and between, communities, as well as with the natural environment.  

b) Key vulnerabilities 
While survey respondents noted many positive attributes about their communities, 

they also identified many vulnerabilities including issues surrounding environmental 
exposure (i.e., geographic location), social and community relations (e.g., community 
divides, negative attitudes, social problems), limited of emergency preparedness, limited 
resources (dependency, lack of government support), and lack of control and/or 
involvement in decision-making and governance (see Table 21). 

Some of these attributes (e.g., people/social relations) were also identified as 
strengths by respondents.  However, in this case, issues or attitudes that separate 
people, rather than bring them together, were identified as negative qualities that limit 
consensus building and increase community vulnerability to dealing with change.  In 
addition, respondents noted a decline in (or lack of) resources, both natural and social, 
and enduring social problems as attributes leading to increased vulnerability.  

Many inherent, positive attributes that contribute to the strength of Haida Gwaii 
communities can, when deficient or lacking, also contribute to increased vulnerability.  
For instance, while some work together and strive to lead the community toward 
positive and collective outcomes, apathetic and opposing attitudes on community and 
cultural interests make some aspects of decision making, consensus building, and 
planning difficult.  On some issues, this generates social divides in or between 
communities and, thereby, increases some vulnerabilities.  The longstanding 
development of a locally-relevant and culturally respectful LRMP is one example of a 
far-reaching vulnerability resulting, in part, from lack of consensus between 
communities and groups on islands and with the regional planning district.  This is an 
especially pertinent example, in that the near completed plan does not directly address 
key vulnerabilities associated with ongoing or future climate change and sea-level rise 
impacts. 

c) Perceptions of environmental hazards, risks, and responses 
Environmental changes in Haida Gwaii are frequent and can be extreme.  As 

documented in section 2, ongoing impacts of such changes are significant in some 
aspects (e.g., coastal erosion and flooding), and future scenarios suggest changes in 
the frequency and/or magnitude of hazardous events and increasing sea-level rise 
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inundation.  Most respondents have much experience dealing with various kinds of 
environmental change and/or hazards and are somewhat prepared for short-term 
inconveniences (i.e., household preparedness is high based on the number of 
emergency items or means for coping with impacts).  However, much fewer 
respondents reported investing in more advanced or critical items such as generators, 
storages of water, and property insurance.  While community emergency planning was 
reported as important, relatively few respondents were aware of such plans (e.g., 
tsumami evacuation) and many felt that practicing such plans was not necessarily 
important.  At the household level, few respondents indicated that they had a household 
plan to deal with emergencies such as fire, earthquake, or tsunami.  This suggests there 
is much room for the improvement of emergency preparedness and response plans at 
both the household and community levels.  

Respondents from all communities also identified a strong likelihood for future risks 
due to environmental hazards.  While statistical relationships between risk experience 
and future perception or preparedness were not explored, some salient issues emerged 
regarding community perceptions.  Essentially, these differences result from varying 
geographic locations, political/decision-making processes, social relations, and culture.  
For instance, Old Massett respondents report less experience with ‘extreme’ impacts, 
lower perceptions of future risks, and less household preparedness (both number of 
items and emergency plan) compared to Masset and Tow Hill/Tlell.  If representative of 
the larger population, this suggests increased vulnerability to future plausible climate 
change impacts (e.g., erosion and flooding) as Old Massett residents may be less 
prepared, have a lower perception, and may have limited means to respond, plan and 
adapt.   

Many residents across communities also voiced concern over property losses or 
changes that might affect property values.  This was clearly the case in Tlell, where 
significant coastal erosion and flooding have occurred, and could pose imminent threat 
to properties, businesses, and Hwy. 16.  In part, this may explain the greater experience 
and household preparedness noted by respondents from Tow Hill/Tlell.  Economic 
issues that control accessibility to resources and/or means of coping with change and 
hazards may also affect household preparedness.  That said, however, Tow Hill/Tlell 
respondents reported the lowest incomes, but the highest levels of household 
preparedness.  Thus, household incomes are likely not a critical barrier to increased 
household preparedness.  

It should be noted that two major events, the 2003 Christmas Eve storm in Haida 
Gwaii and the 2004 Asian tsunami, increased community awareness and government 
concern for earthquake and tsunami risks.  Given the moderate to high earthquake and 
tsunami vulnerability of many of BC’s coastal communities, the federal government in 
cooperation with the BC government recently committed funds to support a tsunami risk 
assessment and identification plan to improve communications, planning, education, 
and warning systems for higher-risk coastal communities.  Although at the time of this 
survey, emergency preparedness varied, and many respondents reported some lack of 
awareness about community-level planning, it is very likely that these recent events and 
program initiatives will increase awareness and emergency planning within the 
communities.  However, these initiatives may not improve awareness of, and planning 
for, longer-term climate change and natural hazard related risks. 
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d) Next steps for planning and implementation 
Combined, these results underscore the importance of considering community 

attributes, locality (or place), and human relations (social and environmental) in defining 
risks and vulnerability.  There are distinct social, cultural, political, and geographic 
characteristics that influence place-based experiences, perceptions, and vulnerabilities 
within and between communities of northern Haida Gwaii.  Thus, it is imperative that 
future steps for climate change impacts and adaptation planning consider local 
characteristics and differences in identifying vulnerabilities and adaptive capacity in the 
development of locally-relevant adaptation strategies.  This does not mean, however, 
that one coordinated approach (e.g., a north island emergency response plan, an 
islands-wide LRMP) is not appropriate, provided that distinct characteristics 
(environmental and social) of different communities are considered, and if consultation 
and decision-making includes a range of representatives including (but not limited to): 
elected officials, municipal representatives, hereditary chiefs, elders, business owners, 
service (health, education) providers, regional planners, local residents, and special 
interest groups.  As demonstrated in the LRMP process however, this is no mean feat 
and requires much planning, local involvement and dedication, and consideration of 
diverse viewpoints and practicalities.  

In terms of implementation of such plans, the effectiveness of information and 
resource dissemination and uptake will vary depending on community-level and 
household-level socio-cultural characteristics.  Not all communities and households 
have the same access to information, resources and social supports.  In addition, not 
everyone understands information and/or interprets risk in the same way.  Thus, it is 
imperative that risk communication be culturally appropriate (community-based) and 
prepared in collaboration with those who will be disseminating the information and with 
those who will ultimately be using the information. 

e) Research survey limitations 
While these survey results are highly informative, there are certain limitations that 

should be highlighted.  First, the survey sample is relatively small (n=203 residents) and 
therefore, the sample is not entirely representative of the full breadth of views and 
experiences in Haida Gwaii.  Second, the research is largely exploratory in nature and 
detailed explanations are limited.  Possible explanations are generally speculative, 
based on respondent views.  Third, as with all social science research, many questions 
in the survey are open-ended and are susceptible to various interpretations.  Attempts 
were made to standardize and clarify the questionnaire to ensure that consistency and 
standard statistical techniques (with limitations or assumptions recognized) were used. 
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4. Steps toward adaptation to climate change 
The results gathered in this study provide insight on various physical impacts and 

risks associated with past, present, and future climate change and sea-level rise 
(section 2) as well as community experiences with, perceptions of, and preparedness 
for these hazards.  Though some aspects (e.g., perceptions and preparedness for 
future risks) are limited in detail, this formation reveals much on existing community 
adaptive capacity.  Some existing strengths and vulnerabilities were identified and, to a 
certain degree, means to improve or build upon these to reduce ongoing and future 
socio-economic and/or environmental changes were identified (see section 0). 

This section begins with a discussion of adaptive capacity building as a means to 
reduce vulnerabilities (discussed in more detail in section 1.3).  Following this, several 
short-term responses to guide adaptive capacity building over the next few years can be 
made.  Complementing this, several longer term (i.e., decadal scale) considerations for 
adaptation strategy development to reduce key community vulnerabilities to climate 
change and sea-level rise related risks are also provided.  

The recommendations provided here are not intended as specific guidelines (i.e., a 
how-to guide).  Rather, they are more general suggestions and themes based solely 
from research results documented in this report.  Proper planning and strategy 
development will require further community consultations to explore and refine the local 
relevance and practicality of such guidelines.  Development of such specific response 
and adaptation strategies fell beyond the scope of this research. 

The complexity, needs for, and local realities of such an effort is highlighted below 
in an excerpt provided by Carol Kulesha, Mayor of Queen Charlotte City, Municipal 
Director of the Skeena Queen Charlotte Regional District, and past co-Chair of HG/QCI 
LUP Team. 

 “… as an Island community, [we] are beginning to understand the ways climate change 
could impact [us].  Our varied topography lends itself to different vulnerabilities. The southern 
end of the Islands [has] a rocky coast line and erosion has not been much of an issue in the 
past. The storm surge of Dec 24 2003 demonstrated that though we were less vulnerable, we 
were not immune. We experienced loss of land… exposure of one sewer lift station… and past 
Skidegate Reserve we were cut off from highway access to the rest of the Islands. 

One of our challenges is the fact that the communities are all funded differently and receive 
different kinds of “help”... The municipalities and band councils are each involved in individual 
emergency preparedness plans which include transportation, power and tsunami. The Skeena 
Queen Charlotte Regional District (SQCRD) is working with the unincorporated areas [e.g., 
Tlell]. We must put our plans and resources together and towards that Queen Charlotte is 
meeting with Skidegate Reserve to see how their plans interact as I am sure the same is 
happening at the north end [of Graham Island]. The province is encouraging these efforts with 
funding for joint planning.  Our last phase will be the development of an integrated all Island 
HG/QCI plan.  

Technological advances would help us.  We await telehealth capability for patient 
counselling, diagnosis and specialists consultations.  [Newly arrived] Cell phone service [is] 
limited [and] would keep us in touch with the mainland and with one another.  As I write this, 
increased internet capability is being constructed – a painfully slow process.  

Planning would help us.  The Haida Gwaii/Queen Charlotte Island Land Use Plan does not 
speak to what is within municipalities and did not discuss development issues in any depth.  Its 
emphasis was strategic level planning for working forests and protection of resources. 
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Municipalities have Official Community Plans (OCP) which need updating and the 
unincorporated areas need to develop the same.  One attempt at an OCP for the 
unincorporated areas was rejected as too broad and now must be developed as area specific. 

We are isolated as an Island and we are also [interdependent with] nature. We need to 
address how we will work together and there are some exciting opportunities.  Right now we 
have 2 venues: Protocol meetings and the Community Viability Strategy group.  The Protocol 
meetings are 3 to 4 times a year and are open public meetings where the Council of the Haida 
Nation (CHN) and local governments bring each other up to date on government to government 
negotiations and issues of Island concern.  The Community Viability Strategy is the Elected 
Officials Forum of the Land Use Plan where local government and the CHN all have 
representation.  The strategy is part of the Land Use Plan and studies with [a] consultant 
group… are underway.  How we may develop economically and the means to organize and 
continue the recommendations are on the table.  

These venues are a great step forward but there is more to do.  The next phase of the 
Land Use Plan requires an Implementation Table and… all community representation is needed 
for the execution of an economic development plan.  I would like to see this later committee, 
which appears to be a continuation of the Community Viability Strategy, to tackle other 
important items such as transportation and joint planning ventures.  It would be here that we 
discuss issues such as planning for climate change, secondary road development (keeping a 
main logging road serviceable from Queen Charlotte to Port Clements), public education and 
consultation, and development of organized warning systems and evacuation plans.” 

4.1. Adaptive capacity building to reduce vulnerability to climate change 
Adaptive capacity describes the capability of communities and individual 

households to deal with exposure to climate change related risks and hazards (e.g., 
coastal erosion, flooding, storms, landslides, etc.).  As such, adaptive capacity reflects 
“resiliency”, or the capacity to prepare for, avoid, moderate, and recover from such risks 
and/or changes.  Thus, communities that are organized to minimize hazard effects, 
while decreasing recovery times and costs that result (e.g., restoring socio-economic 
vitality, rebuilding damaged infrastructure) are therefore, resistant and resilient.  As 
such, building adaptive capacity helps reduce vulnerabilities to climate changes and 
related natural hazards.  This is especially important for isolated communities with high 
dependence on exposed critical infrastructure and limited essential services.  

It is also important to recognize that human activities and communities are 
interdependent with environmental systems.  This is particularly so for isolated, natural 
resource-dependent communities.  As such, adaptive capacity to climate change is 
determined jointly by environmental exposures and changes as well as socio-economic 
factors and local experiences.  For example, sustainable resource management 
practices, decision-making processes, and infrastructure can be impacted by climate 
change and sea-level rise hazards (e.g., increased damage to critical infrastructure, 
declines in resource yield).  This increased physical exposure increases the vulnerability 
and of the community, depending on the nature of exposure and the level of 
planning/preparedness, may decrease overall adaptive capacity to future changes.  In 
turn, decreased community adaptive capacity (via reduced social capital, declines in 
funding to maintain infrastructure and/or programs, poorly implemented or lacking 
resource management plans, etc.) increases their socio-economic exposure and overall 
vulnerability.  Thus, a feedback exists between physical and socio-economic exposures 
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that create vulnerabilities, decrease community resilience, and thereby reduce adaptive 
capacity to climatic variability and longer-term change.  

Common indicators of community resilience and adaptive capacity (discussed in 
more detail in section 1.3.2) include: efficient transmission of knowledge and 
information, economic diversification, sustainable resource use and planning, high 
social capital and cohesion, high accessibility to economic resources and essential 
services, community perceptions of and preparedness for risks, and decentralized 
decision-making.  Some of these same properties emerged in community workshop and 
survey results (see sections 3.2 and 3.3) and form the basis for the following short-term 
and longer-term strategies.  

The goal of enhancing adaptive capacity to climate change is to reduce the longer-
term vulnerability(ies) of communities via development of short- and long-term 
adaptation options and strategies to moderate negative consequences.  Thus, 
vulnerability is essentially a danger or exposure for potential loss.  Recognizing a need 
for community-based approaches, an ‘integrated’ approach (see section 1.3.2, Figure 3) 
was taken in this study (Dolan and Walker 2006).  This approach considers both the 
physical hazards as well as important community attributes that, combined, lead to risk 
exposure and limited capacity to respond.  As such, vulnerabilities arise from physical 
and/or socio-economic exposures that challenge community responses and recovery.  
This approach is therefore highly geographically defined and locally-relevant.  

4.2. Short-term responses and adaptive capacity building 
Research on climate change adaptation emphasizes the role of preparedness and 

improving short-term responses.  It is also argued that communities cannot ‘lose’ by 
preparing and planning for future climate change conditions now.  Recognizing this, 
over the next few years, there are several possible responses that build on existing 
strengths of the communities of Haida Gwaii that could improve the adaptive capacity to 
climate change related risks and hazards.  These are followed by more involved, longer 
term considerations discussed in the next section.   

4.2.1. Identify natural hazard exposures and vulnerabilities 
Exposure to environmental change contributes to community vulnerability as it 

increases the chance of damages caused by hazardous events and longer-term 
changes.  Identification of exposed and/or hazardous areas or activities is important and 
could occur on a relatively short time frame.  Key physical/environmental hazards would 
include:  
i) rates of gradual sea-level rise (1.6 mm yr-1) and extreme annual water levels (3.4 

mm yr-1) (see 2.6.4).  Specific rates for Masset Inlet are not known, given very 
limited water level monitoring in the area, and are complicated by strong tidal 
currents. 

ii) coastal erosion rates and hotspots (see sections 2.7 and 2.8), including 
identification of critical infrastructure that is, or could be, impacted (e.g., 
highways/roads, airports, buildings, properties, sewer networks, communications 
and power lines, etc.).  Given the high energy of wave and storm systems in Haida 



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   133 

Gwaii, such areas are not necessarily limited to areas of sandy substrate but also 
may include areas with exposed coarse materials or weathered bedrock (e.g., 
Wiggins Road and Hwy. 16). 

iii) coastal and estuarine flooding hazard extent and probabilities due to extreme 
events (e.g., storm surges and wave runup) and future sea-level rise inundation 
(see sections 2.6 and 2.8) including identification of critical infrastructure that is or 
could be impacted (e.g., highways/roads, airports, buildings, properties, sewer 
networks, communications and power lines, etc.).  Though flood hazards are 
typically limited to low-lying areas, high storm surges of 0.5 to 1.0 m above 
predicted tides are possible (see 2.6.4) as are higher tsunami waves. Tsunami zone 
mapping could be coupled with this.  It should also be noted that flood events may 
increase in frequency and are superimposed on a gradually rising sea-level. 

iv) other geomorphic risks and hazards affecting coastal regions and community 
services/infrastructure including:  earthquake amplification and liquefaction, mass 
wasting and slope failure, wind storms, etc. 

v) other climate variability related risks (e.g., drought occurrence and potential, fire 
hazard risks, pest outbreaks, ocean current and nutrient changes) that may change 
with future climate changes. 

4.2.2. Increase public awareness of hazards, risks, and future impacts 
Community survey results suggest that provision of information and resources for 

communities and households on current and future risks of environmental changes, 
risks, and hazards would improve adaptive capacity to climate chagne.  This could 
include municipal/community websites, newsletters, mailouts, community 
seminars/workshops, displays at community events, and programs in schools curricula.  
Combined with other international and national environmental awareness initiatives 
(e.g., Earth Day), dissemination of such information could improve understanding of 
climate change and related risks.  The template community green map produced at the 
community workshop (see 3.2.5, Figure 60) could also serve as a means for 
communicating hazards and risks, perhaps in an easily accessible and updatable web-
based form.   

Development of an integrated islands-wide emergency preparedness plan with 
involvement from all communities and stakeholder groups would also assist in preparing 
for various environmental hazards.  In doing so, it must be recognized that public 
information and practicing of this plan are important as many local residents seem not to 
be aware of existing community plans and protocols.  Access to information, technology 
and resources (e.g., finances) also varies across and within communities and could be 
considered.  

Future impacts, trends, and uncertainties (i.e., range of possible future settings) 
also need to be conveyed to the general public and planners.  Section 2 of this report 
presents a wide range of observed climate change trends (see section 2.2) and impacts 
(section 2.9.4), each expressed with future uncertainties, as well as a range of possible 
future scenarios (see section 2.9).   
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Additional information on climate variability and change forecasts, useful for 
decision-making and planning, are available from Environment Canada’s seasonal 
forecasts website (for up to 12 months in advance at:  
weatheroffice.gc.ca/saisons/index_e.html).  Longer-term forecasts and regional 
scenarios are available from the Canadian Centre for Climate Modelling and Analysis 
(www.cccma.bc.ec.gc.ca) and the Pacific Climate Impacts Consortium 
(pacificclimate.org) at the University of Victoria.  The recent global summary of current 
climate change trends, impacts, plausible future scenarios and adaptation strategies 
was recently released by the IPCC (2007, see www.ipcc.ch). 

4.2.3. Improving household-level preparedness 

Household preparedness varies greatly among and within communities surveyed.  
Survey results suggest that increased information and/or incentives are needed to 
enhance awareness of having sufficient emergency supplies for extended periods (e.g., 
food and water supplies, fuel, heating/lighting, etc.).  Communications and emergency 
plans at household to community levels in the event of hazards are also important and 
additional household insurance may be another consideration.  

Preparedness programs could also consider incentives and/or assistance for 
encouraging households to participate.  This could include community preparedness 
donations/banking (similar to food banks), discounts/vouchers/rebates for purchase of 
emergency supplies.  These measures are particularly important for households that 
may not have the resources to obtain such supplies otherwise.  Community workshops 
could also be offered, similar to first aid or earthquake preparedness workshops, to 
engage and assist homeowners in improving their preparedness.   

4.2.4. Improving community-level responses and planning 

It is at the community level that effective, broad-reaching programs can be 
developed and implemented.  Households need support, whether financial, logistical, or 
informational, to better prepare for future changes.  Community emergency planning is 
extremely important in terms of raising awareness, providing people with the information 
and tools to help themselves, and providing a coordinated approach and response to 
coping with emergencies and natural hazards.  

The need for information sharing, coordination and planning were underscored in 
each of the surveyed communities.  In particular, there was an overwhelming response 
for the development of a broad, community-wide emergency plan.  This plan would 
apply to a broad suite of emergency and/or hazard situations and it’s information would 
be broadly disseminated.  It was surprising that a large number of respondents were 
unaware of the existing emergency plan in Masset-Old Massett, which indicates a clear 
need for more effective communication and practicing of such plans. 

Increased information on the linkages between such hazards and climate change 
(e.g., coastal flooding, erosion, and increased storminess) is required to build an 
appreciation for increasing exposure to extreme events over the longer term.  This 
emerges from a surprisingly limited awareness of the linkages between climate change 
and the likely potential for increasing frequency and magnitude of extreme events.   
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It is also important that plans recognize geographically and culturally distinct 
responses and barriers within and between communities.  These differences are distinct 
in Northern Haida Gwaii and create very place-specific vulnerabilities that need to be 
considered when planning.  For example, how information is disseminated within 
communities (e.g., messages, protocols, technology, networks) should be carefully 
considered and coordinated.  

Another timely consideration relevant for community planning and preparedness for 
climate change would be to incorporate climate change and natural hazard risks into the 
developing land resource management use plan (LRMP) for Haida Gwaii.  Climate 
change related considerations such as coastal setbacks for erosion and flooding, and 
limited development in hazardous areas could be incorporated (as has been done 
recently in coastal New Brunswick, for example).  The current recommendation report 
(HG/QCI LUP Process Team 2006) mentions nothing about climate change or related 
hazards.   

Immediate adaptive planning is needed to reduce the vulnerability of exposed 
critical infrastructure and essential services in Haida Gwaii.  Possible initial actions 
include continued protection of vulnerable coastal stretches of Hwy. 16 and upgrades to 
existing logging roads for an alternate inland route as well as enhanced protection of 
other exposed critical services (e.g., power, sewers, water supply, transportation). 

4.2.5. Promoting comprehensive capacity building 

As climate change is only one of many stressors that affect remote communities 
(e.g., social problems, cultural challenges, socio-economic restructuring in the wake of 
natural resource declines) it is important to consider not only physical, but also socio-
economic and cultural aspects in building community adaptive capacity to climate 
change.  Furthermore, while the technical aspects of emergency preparedness (e.g., 
household and community plans, infrastructure protection, etc.) are an important focus 
in adaptation to climate change, the investment in social and cultural activities and 
networks, as well as the protection and preservation of natural environments is also 
crucial.   

Survey results show that Haida Gwaii residents view their people, their culture, and 
their natural environment as key strength-giving attributes.  Thus, investments in 
emergency preparedness and climate change adaptation alone are only part of the 
solution and miss important local values and strengths.  Investing in formal and informal 
education, improving access to sustainable employment, quality social services, and 
important community and cultural events will go a long way in building social capital and 
adaptive capacity in Haida Gwaii.  Further to this, investments in sustainable resource 
development and management (e.g., community forests) will help sustain resource-
based livelihoods and local stewardship of resources toward maintaining a healthy 
natural environment.  
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4.3. Long-term adaptation strategies 
Following these short-term options, several longer-term (i.e., decadal scale) 

considerations for improving community adaptive capacity to climate change and sea-
level rise related risks emerge.  

4.3.1. Economic development and diversification  
Economic development and renewal initiatives in tourism, arts, culture, and 

resource stewardship could continue to diversify the local economy and enhancing 
community resilience to socio-economic impacts associated with climate changes. 
Recent research in BC (summarized in Walker and Sydneysmith 2007) shows that 
resource-based communities are particularly vulnerable to climate change related risks 
(e.g., forest fires, storm damage, pest infestations, shifts in resource abundance and 
quality).   

Forest-based communities, in particular, have been identified as particularly 
vulnerable (Davidson et al. 2003).  Though Masset and Old Massett are not strictly 
forest-based, as fishing and agriculture also contribute to the natural resources 
sector, these natural resources are vulnerable to climate change impacts due to 
changes in fish species and abundance, as well as changes in the growing season and 
pest infestations (BC-MWLAP 2002, see also section 2.9.4).  

Many resource-based communities now view tourism as a means of economic 
restructuring after declines in the forestry and fishery sectors (Reed and Gill, 1997).  
However, in Haida Gwaii, a large proportion of tourism is directly related to the sports 
fishing industry.  Therefore changes in fish stocks, caused by both natural and human 
impacts, may not only directly impact fisheries industries, but may have trickle down 
effects on the tourism sector and local businesses.  Sea level rise, increased coastal 
erosion and/or sedimentation, and flooding hazards will also affect the maintenance 
costs of transportation infrastructure, marinas, dredging, boating safety, floatplane 
travel, vacation housing and resort infrastructure.  Diversification of the tourism industry 
could involve expanding and promoting the cultural and wilderness aspects of Haida 
Gwaii, as well as other recreational opportunities (e.g., hiking, kayaking, surfing, 
backcountry camping, mountain biking, etc.). 

4.3.2. Reduce vulnerability of critical infrastructure  
As islanders, the communities of Haida Gwaii are geographically isolated and rely 

on costly critical transportation links (ferries, airplanes, coastal highways) that must 
withstand some of the most extreme coastal waters and stormy conditions in Canada.  
At times, this geographic remoteness limits a resident’s access to critical services (e.g., 
advanced health care) and results in occasional supply shortages.  This limited access 
to resources, critical infrastructure, and services poses a vulnerability to climate change 
related risks, such as increasing frequency of extreme storm events. 

The northern communities of Tlell, Port Clements, Masset, Old Massett, and Tow 
Hill are as far as 130 km by road to Queen Charlotte City.  These communities are 
linked by the main regional Highway 16, which from Queen Charlotte City to Tlell, is 
situated very close to the coast and portions of this highway have experienced 
increased flooding and erosion damage in recent years.  In some locations, the highway 
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is within metres of erosional bluffs or is very near high tide elevation.  With erosion rates 
averaged at 1 to 3 m yr-1 along East Beach, and rising sea-levels and extreme water 
levels, this stretch of highway is highly vulnerable and requires immediate attention and 
serious planning for future climate change.  Upgrades to existing logging roads for an 
alternate inland route are one consideration. 

Adaptive planning is also needed to reduce the current vulnerability of other coastal 
roads within and around Masset-Old Massett, exposed critical infrastructure, low-lying 
buildings, airports, power and communication transmission lines, as well as other 
essential services (e.g., sewer and water systems, hospitals).  Consideration of coastal 
setbacks and land use rezoning along eroding and flood-prone coastal areas is needed.  
Future scenarios of both sea-level rise and extreme events (e.g., storm surges) are 
likely to entail increased erosion and flooding damage to exposed and low lying areas.  
As alternate routes out of both Masset and Old Massett are currently exposed to 
erosion and flooding, there is a clear need for immediate planning of alternate routes, 
especially for emergency evacuation purposes, but also in consideration of of sea-level 
rise. 

Most air cargo and passenger travel to/from Haida Gwaii come via ferry and air 
travel to Queen Charlotte City and Sandspit, respectively.  While flights and ferries are 
scheduled regularly, disruptions and cancellations are common due to severe weather 
and high volume.  Following the sinking of M/V Queen of the North in March 2006, BC 
Ferry service to the islands was disrupted for several weeks.  Contracted cargo barge 
service to/from the mainland, available to Masset and Queen Charlotte City, was used 
to deliver cargo and vehicles (not passengers) during this time.  Costs and scheduling 
of air and ferry travel have also changed notably over the past decade.  Reliable, 
regular and affordable service is needed to support the 6000+ residents, businesses 
and valuable natural resource industries of Haida Gwaii. 

4.3.3. Enhanced coastal flooding and erosion planning and protection 

Due to a relatively low elevation (i.e., within 5-10 meters above mean sea level) 
areas within and around Masset, Old Massett, Tlell and Tow Hill are highly vulnerable to 
flooding and erosion caused by storm surges and unusually high tides.  Areas of 
concern within Masset and Old Massett are mapped and discussed in section 2.8.  It is 
very likely that by 2020, some areas in Masset Harbour, Old Massett, Tow Hill Road 
near the river crossings, and the Tlell to Skidegate coast will require extensive 
engineering efforts to control flooding and erosion and it is also likely that, stretches of 
the coastal Hwy. 16 at and south of Tlell will not be serviceable and will require 
decommissioning.  High resolution LIDAR data now exist for most of the coast from 
Masset to Tlell and are available on request for further risk assessments and planning.  
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5. Summary and conclusions 

5.1. Study goals 
Climate change is one of many stressors affecting Canada’s isolated, coastal 

communities.  In light of ongoing sea-level rise impacts on Canada’s coast and 
communities, the CCIAD sponsored a program to fund climate change impacts and 
adaptations research, from which this study was funded.  Partnership agreements and 
in kind support were also provided by Natural Resources Canada - Geological Survey of 
Canada, the Council of the Haida Nation, BC Parks, Old Masset Village Council, and 
the Village of Masset.    

The purpose of the study was to investigate the environmental and social impacts, 
vulnerabilities and adaptation options to climate change, notably changes in extreme 
events and sea-level rise, on areas and activities of importance within the communities 
of NE Graham Island, Haida Gwaii, notably Tlell, Tow Hill, Masset and Old Masset.  The 
report provides scientific findings on past, present and future climatic and environmental 
changes and a community-based assessment of adaptive capacity to climate change.  
In many ways, the findings of this study are relevant for enhancing the adaptive capacity 
of remote coastal communities elsewhere in Canada to climate change related risks. 

Section 1 of this report defines the research context of coastal vulnerability 
assessments and describes our approach, rationale, and methods.  Much of this is 
firmly situated in existing scholarship on climate change and natural hazards.  A 
broader, integrated approach to defining vulnerability and adaptive capacity, whereby 
both social and environmental changes and risks were considered, the former defined in 
a large part by the community and the latter determined by more traditional earth 
science research methods (e.g., erosion and flooding assessments). This is followed by 
a detailed description of the study area, including both its physical attributes and its 
community settings.  The provided literature review and background information on the 
study region were current to 2006. 

5.2. Climate change trends and impacts 
Section 2 provides an extensive scientific report that documents various climatic 

changes and environmental impacts from the global to regional scale.  Key hazards and 
responses associated with past, present, and future climate change and sea-level rise 
are also presented.  Global trends and impacts (see 2.1.3) are provided form the IPCC 
Third Assessment Report (2001) and limited information available from the recent IPCC 
Fourth Assessment Report – Working Group 1 Report for Policy Makers (released in 
March 2007).   

National to regional trends were derived or reported from various data sources 
listed in the text (see 2.2), and include:  

• National average temperature rise of +1.3°C since 1948, with 2006 the 2nd 
warmest year on record, next to 1998 (+2.5°C) which was a strong El Niño year. 

• In BC, the coast region has warmed +1.2°C and the northern BC-Yukon region 
+2.0°C since 1950. These are among the fastest rates of warming in Canada.   



CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, BC. 

Walker, I.J. and the CCIAP A580 Team (2007)   139 

• Temperatures in Haida Gwaii show warming of +0.5 to 1.1°C since 1950.  Both 
daily minimum and maximum temperatures have also risen by 0.9°C and 1.1°C 
respectively.  These increases are most pronounced in winter and summer.  
Additionally, the number of ‘frost free’ and ‘growing degree’ days has increased, 
which has implications for agriculture and forestry. 

• Future scenarios for the BC coast region (see 2.9.3) show possible temperature 
increases of 0-2°C for 2020-2050s to as much as 5.5° C by 2080.  In Haida 
Gwaii, this may be more pronounced in winter.  

• Precipitation has increased by ~20% on the BC coast over the 20th century (see 
2.2.3). In Haida Gwaii, distinct increases since 1950 range from ~+13% at Cape 
St. James and Sandspit to +36.5% at Langara.  The general trend since 1950 
has been for wetter springs for the Northern BC-Yukon region and wetter 
summers for the Pacific coast region.  Precipitation may increase by 10-20% 
with more occurring in the fall and early winter as rain. 

• Sea surface temperatures have increased in Queen Charlotte Sound by +1.6ºC 
over the 20th century, which is 2-4 times greater than the global average (+0.4 to 
0.8ºC). 

• Warmer and stormier waters around Haida Gwaii have caused annual sea levels 
to rise at 1.6 cm century-1, while superimposed on this are extreme annual water 
levels rising at 3.4 cm century-1.  Future sea levels could be up to 30 cm higher 
by 2050, with more storm surges superimposed on this.  These events pose 
immediate and increasing risks of coastal erosion and flooding.  

5.2.1. Climate variability signals  

Climatic variability, though natural, is also linked to climate change.  For instance, 
most of the longer term trends and shorter term extremes described above are closely 
linked to known climatic variability patterns such as the global El Niño-Southern 
Oscillation (ENSO) and the regional Pacific Decadal Oscillation (PDO) (see 2.3).  El 
Niño events occur every 2-7 years and bring warmer, wetter conditions to the BC coast.  
By enhancing the intensity of regional weather systems and the path of the jet stream, 
El Niños often increase winter storminess.  The PDO is a longer-lived (20-30 yr) cycle 
with a warm phase similar in effect to El Niño.  The effects of ENSO and PDO are 
additive and may be increasing with climate change.  Notable effects of climatic 
variability events include: 

• During major El Niños (1982-83, 1997-98) sea levels from California to Alaska 
rose as high as 100 cm above average.  During the winter of 1997-98, Hecate 
Strait rose by ~40 cm.  These events caused 10s of metres of coastal erosion on 
NE Graham Island. Warm (El Niño-like) PDO phases have a similar effect. 

• Extreme climate variability related hazards (e.g., windstorms, forest fires, storm 
surges, landslides, floods) and their economic impacts are on the rise in BC. An 
increase in the frequency and/or magnitude of such events is documented 
worldwide and climate models predict a continuing rise in their frequency. 

• Marine ecosystem productivity is enhanced in most north coast waters in BC 
during El Niños and warm PDO phases, while inhibited productivity occurs in 
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southern BC and western North American coastal zones due to warmer coastal 
waters and reduced upwelling.  Cold PDO phases entail the opposite pattern. 

• Some Pacific salmon migrations, particularly in the south coast, are influenced 
by warmer waters during El Niños.  Exotic species (e.g., mackerel) who prey on 
juvenile salmon also migrate north in warmer waters.   

5.2.2. Coastal erosion trends and hazards 

Assessment of coastal erosion trends and hazards related to climate change (see 
2.7 and 2.8) shows: 

• Erosion along East Beach at 1 to 3 m yr-1 that is highly localized and can exceed 
10 m yr-1 in some areas, especially in response to extreme coastal storms. 

• From Tlell south erosion is pronounced due to limited nearshore sand supply. At 
current rates, the coastal highway and many neighbouring properties in this area 
will experience continued flood and erosion damage in the near future.  
Considerations of relocation or abandonment may be required in the next 10-15 
years. 

• North Beach continues to prograde seaward at ~0.3 to 0.5 m yr-1, but not without 
notable localized erosion, particularly around river estuaries.  This situation may 
not be maintained in the face of future sea-level rise and extreme events. 

5.2.3. Flooding and sea-level rise hazards 
Flood maps for possible extreme water levels and future sea-level rise (see 2.8.2) 

show: 
• Gradual sea-level rise and extreme water levels pose increasing risks and 

hazards for the Masset-Old Massett region.  Within 15-20 years, there is high 
certainty that sea-level will rise to current highest tide levels, which will 
compromise secondary roadways in the area.   

• Tidal encroachment, erosion and/or sedimentation will affect Hwy. 16 near 
Masset, Delkatla village and other low-lying properties along Masset Harbour, 
the new marina, and existing retaining walls, dock pilings, and erosion control 
structures.  These infrastructure vulnerabilities will require engineering attention 
in the next 10-20 years. 

• By 2050, the frequency and/or extent of flooding and erosion hazards could 
pose extensive property damage and/or loss in low-lying and coastal areas of 
Masset and Old Massett, increased navigation hazards and costs in Masset 
Harbour, and serious re-engineering issues for coastal infrastructure.  Increased 
erosion along Masset Inlet will also require attention and may compromise 
transportation between Masset, Old Massett, and the new Hospital site. 

• These maps and scenarios can inform future planning and management for 
climate change adaptation.  Coastal setback (re)zoning considering probable 
flood elevations and erosion rates is strongly advised for the regional LRMP.   

• High-resolution LIDAR data for the entire coast from Masset to Tlell are available 
for further risk assessments and planning. 
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5.2.4. Prehistoric climate and coastal landscape changes 
Prehistoric climate records from natural archives (e.g., tree rings, sediment cores, 

landforms) document climate variability and environmental responses in coastal BC for 
hundreds to thousands of years before the instrumental record (see 2.4). Combined, 
these records show the dynamic nature of BC’s climate and the likelihood for climate 
“surprises” to occur in the future, in some cases irrespective of climate change.  Notable 
observations for Haida Gwaii include: 
• Abrupt climate and ocean regime shifts and variations in PDO and ENSO.  Thus, the 

modern instrumental record probably does not show the full range of natural climate 
variability, which may respond unpredictably to climate change forcing in the future. 

• Dendroclimatological (tree ring) records from Juskatla confirm major prehistoric 
climatic variability events (notably several cold intervals)  

• Periods of extensive drought, more intense and persistent than seen in historical 
times.  Thus, such droughts should be expected to occur in the future, irrespective of 
climate change. 
Prehistorical sea level changes in Haida Gwaii have been significant (from -150 to 

+16 m aSL) (see 2.5).  Sea-level regression since the highstand ~6500 years ago has 
left evidence of coastal landscape changes that, using LIDAR mapping and OSL dating, 
has allowed for reconstruction of a sea-level curve specific to NE Graham Island.  This 
curve and corresponding landscape maps (see 2.5.4) show a slightly higher highstand 
at +18 m aSL and suggest that regression occurred in stages (i.e., not at a uniform rate) 
in Northern Haida Gwaii.  These coastal environmental reconstructions are useful for 
further geoarchaeological study of areas that are vulnerable to sea-level inundation 
and/or coastal erosion. 

5.3. Community-defined risks and adaptive measures 
Section 3 findings reveal community perceptions on risks and attributes of adaptive 

capacity that exist or are in need of improvement to cope with ongoing and future socio-
economic and/or environmental changes.  Community workshop results (see 3.2) 
identified locally-relevant areas and activities of importance to the residents of Haida 
Gwaii that could be impacted by climatic changes.  A door-door community survey 
revealed that there are many issues, both social and environmental, that constrain or 
enhance community adaptive capacity in Haida Gwaii.   

Perhaps the most novel finding of this study is that there are many inherent 
attributes within the study communities that, although seemingly unrelated to climate 
change and/or hazards perceptions, enhance their adaptive capacity to deal with a 
variety of social and environmental stressors.  If typical “indicators” of adaptive capacity 
(e.g., wealth, formal education, employment rates) were applied only at the community 
level, results would suggest a high overall vulnerability.  For instance, a historically high 
dependence on natural resources, low and unstable household incomes, and high 
unemployment rates suggest a high vulnerability and low adaptive capacity.  However, 
at the household level, socio-economic resilience is enhanced by income diversification 
and food gathering/stockpiling, while at the community level, a high social capital (e.g., 
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social networks, knowledge, and support), combined, suggest a much higher adaptive 
capacity than would be interpreted from income and employment statistics alone. 

That said, the geography of such isolated coastal communities poses inevitable 
vulnerabilities including: high exposure to natural hazards and climate change risks 
(e.g., coastal flooding, erosion, sea-level rise), exposed critical infrastructure, limited 
essential services and programs, and high transportation costs.  These pose distinct 
and immediate risks and longer-term challenges for coastal communities.   

Key vulnerabilities and attributes of adaptive capacity identified in this research, 
largely via community survey results, are listed below in Table 32. 

Table 32: Local attributes of vulnerability and adaptive capacity to climate change 
impacts on NE Graham Island, Haida Gwaii (distilled from community survey results 
and Conner, 2005). 

Attributes of vulnerability1  Attributes of adaptive capacity2  
 Geographic isolation 
 High exposure to climate variability 

hazards & sea-level rise 

 Strong attachment to Haida Gwaii 
 Connectedness with nature 
 Frontier mentality 
 Experience with environmental changes & hazards   

 Low formal education levels (cf. 
Holman and Nicol 2000) 

 High informal education, local knowledge, TEK 
 Haida culture & rediscovery 
 Diverse skills (hunting, gathering, etc.) 

 Limited essential service provision 
(health care, social services, 
education) 

 Generational health impacts 
(alcoholism, abuse, apathy) 

 Strong community cohesion and support networks 
(family ties, volunteer groups, etc.) 

 Increasing volunteerism and local involvement in 
essential services (women’s shelters, community 
health programs, etc.) 

 Poor dissemination and awareness of 
emergency plans 

 Established evacuation protocols and tests 
 Increased communication between communities 

 Frequent power outages 
 Short-term food shortages 

 High coping capacity with power shortages 
 Local food gathering & hunting 
 Food stockpiling & preserving 

 High unemployment 
 Dependence on unstable natural 

resource sector 
 Low, long-term economic stability 

 Household income diversification/subsidization 
(multiple jobs, arts, food gathering, tourism) 

 Seasonal jobs (fisheries/crabbing, mushrooms, 
tourism/charters) 

 Increased resilience to economic hardships 
 Lacking official land resource and/or 

land use management plans 
(LRMP/LUP)3 

 Ongoing development of integrated LRMP 
incorporating HLUV and resident values  

 Local, regional and federal political 
tensions 

 Increasing local involvement and Haida governance in 
decision-making process 

1some as defined in existing scholarship (see references); 2as found in this study; 3in January 2006 a 
recommendation plan was forwarded to the BC Integrated Land Management Bureau 
(http://ilmbwww.gov.bc.ca/ilmb/lup/lrmp/coast/qci/).  As of November 2006, no formal LUP exists. 
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Other key issues relevant for adaptive capacity building resulting from community 
research include (see sections 3.2.10 and 0 for further details): 
• Residents view their social relations and networks, their lifestyle and culture, and 

their natural environment as key strength-building factors.  Related weaknesses 
include poor social and community relations (e.g., community divides, negative 
attitudes, social problems) that limit consensus building and non-sustainable natural 
resource use.  Thus, adaptive capacity building for future climate change impacts 
could focus on enhancing social capital and cohesion and on promoting and 
protecting natural environments. 

• Access to technology, information, skills, critical infrastructure and essential services 
are community-level factors of adaptive capacity.  Most critical infrastructure and 
transportation services in Haida Gwaii are highly vulnerable to coastal storms.  
Frequent power outages, interrupted ferry and flight service, short-term grocery and 
supply shortages, occasional highway closures, and limited communication services 
are key vulnerabilities to be addressed to enhance adaptive capacity. 

• Despite clear experience with natural hazards, many residents do not perceive a 
change in these risks due to future climate changes.  Household and community 
emergency preparedness plans are limited and inconsistent.  Adaptive capacity 
building will require increased awareness of natural hazards and emergency 
preparedness as well as improved knowledge on the links between such hazards 
and changing climate conditions. 

• Control in decision-making and governance was also identified as an issue 
influencing adaptive capacity.  Historical conflicts between community groups and 
orders of government on forestry, fishing, service provision and local control makes 
for a complex socio-political environment in Haida Gwaii.  Longstanding negotiations 
between community groups, CHN, and the BC government have yet to establish a 
land resource management use plan (LRMP).  This plan will be critical in 
determining future planning in Haida Gwaii and consideration for coastal setbacks to 
accommodate flooding and erosion impacts is strongly recommended. 

5.4. Steps toward Adaptation 
The goal of enhancing adaptive capacity to climate change is to reduce longer-term 

vulnerabilities of communities to climate change.  As adaptive capacity building can 
improve community resilience to a wide range of changes, it is argued that communities 
cannot lose by planning for climate change impacts now.   

Section 4 discusses means to enhance adaptive capacity (see 4.2) and issues 
important for the development of longer-term adaptation strategies (see 4.3).  Most 
notably, adaptive planning is needed to reduce the vulnerability of exposed critical 
infrastructure and services including coastal roads, low-lying buildings and properties, 
transportation and health care, power/communication transmission, and socio-economic 
vitality.  Short-term means to build adaptive capacity (detailed in 4.2) include: 

• Identifying natural hazard exposures and vulnerabilities, many of which are 
identified in section 2 of this report.  
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• Increasing public awareness of climate change hazards, risks, and future 
impacts, through the use of municipal/community websites, newsletters, mail-
outs, community seminars/workshops/displays, education programs, etc., would 
improve public understanding of climate change and help enhance adaptive 
capacity.  Future impacts, trends, and uncertainties also need to be conveyed to 
regional and municipal planners. 

• Improving household-level preparedness requires improved knowledge, 
assistance, and incentives to enhance awareness and participation.  Limited 
emergency supplies (e.g., food and water supplies, fuel, heating/lighting) pose 
key vulnerabilities for day-day living, let alone future climate changes and 
extreme events.  Communications and emergency plans at household to 
community levels, as well as increased household insurance, are other options.  

• Improving community-level responses and planning with increased information 
sharing, enhanced local involvement in decision-making, and improved 
coordination between communities.  A distinct need was expressed for the 
development of a community-wide emergency plan that recognizes geographic 
and cultural distinctions and barriers within and between communities. 

• Promoting comprehensive capacity building.  Identified community strengths and 
vulnerabilities suggest strongly that adaptive capacity building must consider not 
only physical and technical factors, but also socio-economic and cultural 
considerations.  Thus, investments in emergency preparedness and climate 
change adaptations alone are only part of the solution.  Further investments are 
also needed in formal education, skills training, quality social and health 
services, and sustainable employment for residents on islands.  These 
investments are arguably as important in creating resilient, adaptable 
communities, as are investments in transportation infrastructure.   

Longer-term adaptation strategy considerations (see 4.3) include: 
• Economic development and diversification initiatives in tourism, arts, culture, and 

resource stewardship could enhance local economies and community resilience 
to socio-economic impacts associated with climate changes. 

• Reduced vulnerability of critical infrastructure, notably exposed coastal 
transportation links (ferries, airports, highways, docks, marinas) which limits 
access to critical services (e.g., advanced health care) and results in supply 
shortages. 

• Enhanced coastal flooding and erosion planning and protection of low-lying and 
exposed coastal, harbour and estuarine areas.  It is very likely that by 2020, 
many of these areas will experience increased hazards, damages and costs due 
to climate change and sea-level rise impacts. 

These recommendations are not definitive.  Rather, they are intended as general 
suggestions and themes, based on community responses, for future community-based 
planning and strategy development.  This will require further community initiatives to 
explore and refine the relevance and practicality of the findings and recommendations 
provided by this study report. 
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7. Figures 
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Figure 1: Map of coastal sensitivity to sea-level rise for Canada from Shaw et al.
(1998: Fig. 3) showing regions of high sensitivity in red along the east coast in
PEI, NB, NFLD-LAB, and Quebec shores of the St. Lawrence River, the
McKenzie River Delta region of the Beaufort Sea, and the NE shores of Haida
Gwaii (Queen Charlotte Islands).  Not visible at this scale is the shores of the
Roberts Bank region of the Fraser River in Richmond, BC.
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Figure 2: Map of coastal sensitivity to sea-level rise for British Columbia derived
using the methods of Shaw et al. (1998) as presented by the Atlas of Canada
(http://atlas.nrcan.gc.ca).
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Figure 3: Integrated vulnerability research framework of Dolan and Walker (2006) as
modified from (Smit and Pilifosova, 2003; Yohe and Tol, 2002; Kelly and Adger,
2000; Blaikie et al., 1994; Wu et al., 2002).

 

CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, B C .  



      Walker, I.J. and the CCIAP A580 Team (2007) 165

Figure 4. Study region on northeastern Graham Island, Haida Gwaii (Queen Charlotte
Islands), British Columbia, Canada.  Areas of focus include the stretch of coast from
Tlell to Masset and the communities of Tlell, Tow Hill, Old Masset and Masset (source:
www.pc.gc.ca/pn-np/bc/gwaiihaanas/visit/visit2d_E.asp, © Parks Canada / Edley
Imagineering Inc.)
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Figure 5:  Coastal landscapes on NE Graham island. See section1.4.1a for
description.
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Figure 6: Comparison of 1980 a) and 1997 b) airphotos showing shore-attached
intertidal bars on East Beach near Cape Fife.  This bar complex has migrated 5 km
northward and likely initiated erosion and breaching of Kumara Lake over this period.
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Figure 7: Wind rose for NE Graham Island derived from 1995-1999 observations from
the Environment Canada meteorological station at Rose Spit (source: Pearce, 2005).
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Figure 8: Global atmospheric concentrations of three main greenhouse gases for the
past 1000 years showing the recent influence of anthropogenic emissions since 1750
(modified from IPCC 2001, Summary for policymakers, Fig. 2).
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Figure 9: Changes in Earth’s surface temperature over the past a) 140 years (global)
and b) 1000 years (northern hemisphere) expressed as departures from the 1961-
1990 mean (IPCC 2001, Summary for policymakers, Fig. 1).
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Figure 10: Observed and sea surface temperature trends for the global ocean,
northern and southern hemispheres (source: IPCC 2001, Fig. 2-11).
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Figure 11:  Annual national temperature (upper) and precipitation (lower) departures
from 1951-1980 average and long-term trends (source: Environment Canada -
Meteorological Service of Canada at www.msc-smc.ec.gc.ca).
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Figure 12: Temperature trends for BC since 1950 (source:
www.ecoinfo.ec.gc.ca/env_ind/region/climate/climate_e.cfm)
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Figure 13: Trends in frost-free days in BC since 1950 (source:
www.ecoinfo.ec.gc.ca/env_ind/region/climate/climate_e.cfm)
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Figure 14: Annual precipitation trends for BC since 1950 (source:
www.ecoinfo.ec.gc.ca/env_ind/region/climate/climate_e.cfm)
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Figure 15: Sea-surface temperature (° C) distribution and surface wind vectors during
positive and negative ENSO and PDO phenomena (source: N. Mantua, U.
Washington).
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Figure 16: Climate variability index values for ENSO and PDO since 1950.
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Figure 17:  Pearson correlations between annual radial growth and mean maximum
temperature (red) and total precipitation (blue) calculated over various intervals:
monthly, seasonal (DJF, MAM, JJA, SON), half year (October-March, April -
September), and for the water year (October-September).  Correlations greater than
0.288 (indicated by the dashed line) are statistically significant at the 95 % confidence
level.
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Figure 18:  Time series of radial growth index at Juskatla, Haida Gwaii.  The
chronology is strongly correlated to summer temperatures (see text for details), and
provides a useful proxy record since ca. 1675.  Prior to1675 the sample depth is
unreliable.  Data were collected and processed by Jeffrey Anderson (MSc candidate,
UVic Geography) with Dan Smith (UVic Tree Ring Lab).
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Figure 19: Pearson correlations between annual radial growth at Juskatla and the
mean PDO index, calculated over various time intervals.
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Figure 20:  Pearson correlations between annual radial growth at Juskatla and the
mean Niño 3.4 SST index, calculated over the same intervals as above.  Correlations
greater than 0.288 (indicated by the dashed line) are statistically significant at the 95%
confidence level
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Figure 21:  Generalised sea-level curves for the Queen Charlotte Islands and for
Northern Hecate Strait modified from Clague et al. (1982), Fedje and Josenhans
(2000), Barrie and Conway (1999, 2002) and Hetherington et al. (2003)(as in Walker
and Barrie 2006).

CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, B C .  



      Walker, I.J. and the CCIAP A580 Team (2007) 183

Figure 22:  Photo mosaic draped on high-resolution DEM of the Naikoon Peninsula
region, NE Graham Island, Haida Gwaii.  Digital elevation information collected from
LIDAR mapping (relative to MSL) enabled detailed mapping of former shorelines and
reconstruction of coastal evolution using flooded terrain GIS maps.
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Figure 23:  Geomorphic map of Naikoon peninsula derived from airphotos and LIDAR
imagery showing locations of dated materials collected in this study and others.
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Figure 24:  Sea level curve for northern Haida Gwaii over the Holocene showing
transgression to ~8000 y BP, then regression to present.  The curve is derived from
radiocarbon (14C) and optically stimulated luminescence (OSL) dated materials
collected for this study (circles) and from previous research (squares, triangles).  An
expanded curve for the sea level regression post-8000 y BP is shown in Figure 25.
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Figure 25: Sea level curve for the past 8000 years derived from radiocarbon (14C) and
optically stimulated luminescence (OSL) dated materials collected for this study
(circles) and from previous research (squares, triangles).
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Figure 26: Reconstruction of the Naikoon Peninsula shoreline and landscape
approximately 10,000 years ago at the time of the sea-level highstand (see legend in
Figure 23).
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Figure 27:  Reconstruction of the Naikoon Peninsula landscape approximately 5000 to
8000 years ago (see legend in Figure 23).
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Figure 28: Reconstruction of the Naikoon Peninsula landscape approximately 2500 to
5000 years ago (see legend in Figure 23).
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Figure 29: Reconstruction of the Naikoon Peninsula landscape approximately 1200 to
2500 years ago (see legend in Figure 23).
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Figure 30: Reconstruction of the Naikoon Peninsula landscape approximately 1200 to
300 years ago (see legend in Figure 23).  The modern period is reflected in regional
geomorphic map (Figure 23).
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Figure 31:  Simple linear regression models for annual MSL from 1909-2003 and 1945
to 2003 derived from Prince Rupert tidal station (from Abeysirigunawardena and
Walker, in review). 95% confidence range is shown as a dashed line.
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Figure 32: Simple linear regression model for annual MAXSL from 1945-2003 derived
from Prince Rupert tidal station (from Abeysirigunawardena and Walker, in review).
95% confidence range is shown as a dashed line.
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Figure 33:  Surge and tide components for annual MAXSL events (diamonds) and
annual maximum surges (squares), showing the consistent occurrence of extreme
surges at low to mid tides and MAXSL events dominated by extreme tides (from
Abeysirigunawardena and Walker, in review).
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Figure 34: Annual extreme sea level (MAXSL) recurrence curve based on Prince
Rupert record produced using the NCAR Extreme Value Toolkit (Gilleland et al. 2000)
program (from Abeysirigunawardena and Walker, in review).
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Figure 35: Observed total water level (triangles), predicted tidal water level (circle-
dashed), and residual (predicted - observed, squares) surge-generated water level at
Queen Charlotte City gauging station during the 24 December 2003 storm event.  Note
that the peak surge (0.73 m) occurred at low tide and the maximum total water level
(8.06 m) occurred approximately 6 hrs later (from Abeysirigunawardena and Walker, in
review).
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Figure 36:  Impacts of the 24 December 2003 storm surge event, eastern Graham
Island, British Columbia.  a) About 2.5 m of shoreline was eroded at this location along
Highway 16, compromising the road shoulder and bed.  b) Extensive coastal flooding
also occurred, closing the highway and sending tonnes of drift logs onto nearby roads
and properties (photo courtesy of Michael Brown) (from Abeysirigunawardena and
Walker, in review).

a)

b)
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Figure 37: Residual MSL compared with (A) PDO and (B) MEI (ENSO) climate
variability indices (from Abeysirigunawardena and Walker, in review).
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a)

c)

b)

Figure 38: Monthly MSL response to monthly positive and negative (a) MEI , (b) PDO
and (c) NOI climate variability index averages (from Abeysirigunawardena and
Walker, in review).
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 (b) Low MSL events (Winter)    (a) High  MSL events (Winter)   

Figure 39: Winter SEA results showing departure of CV signals (MEI, PDO, NOI) from
their corresponding seasonal means (by +/- 1 STDV) during (a) higher and (b)
lower than average MSL events (lag = 0).  The strength of CV influence is
constrained to two seasons prior (lag -2 and -1) and following (lag 1 and 2) the
event season. Horizontal solid and dashed lines are the 99% and 95% confidence
intervals respectively derived from 1000 Monte Carlo simulations performed on
the entire series (from Abeysirigunawardena and Walker, in review).
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Figure 40: Summer SEA results showing departure of CV signals (MEI, PDO, NOI)
from their corresponding seasonal means (by +/- 1 STDV) during (a) higher and
(b) lower than average MSL events (lag = 0).  The strength of CV influence is
constrained to two seasons prior (lag -2 and -1) and following (lag 1 and 2) the
event season. Horizontal solid and dashed lines are the 99% and 95% confidence
intervals respectively derived from 1000 Monte Carlo simulations performed on
the entire series (from Abeysirigunawardena and Walker, in review).
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Figure 41: CumSum graphs for the four climate indices (MEI, PDO, (-)NOI, ALPI) and
MSL showing the distinct pre- and post-1976 regime shift trends (from
Abeysirigunawardena and Walker, in review).
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Figure 42: LandSat image showing northeastern Graham Island and locations of
nearshore bathymetric profiles.
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Figure 43:  Topographic beach profiles at a) Elephant Cage and b) White Creek from
1993-2005 and, c) Agate Beach from 2003-2005.
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Figure 44: Topographic beach profiles at a) Rose Spit East (2004-2005), b) Naikoon
(1993-2005) and, c) Cape Fife (2003-2005).
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Figure 45:  Bathymetric profiles from Masset Inlet east to Rose Spit, then south to Tlell
(a-u).

 

a)

c)

b)
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Figure 45: continued.

d)

f)

e)
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Figure 45: continued.

g)

i)

h)
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Figure 45: continued.

j)

l)

k)
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Figure 45: continued.

m)

o)

n)
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Figure 45: continued.

p)

r)

q)
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Figure 45: continued.

s)

u)

t)
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Figure 46: Combined plot of North Beach bathymetric profiles showing steepening
slope with increasing westerly exposure (toward Rose Spit). Profiles change from
gently sloping at Elephant Cage to steeply sloping at Rose Spit.  South Beach and
White Creek are somewhat anomalous as they show relatively steep slopes close to
shore but assume slopes similar to Agate and North Beach 1 offshore.  A change from
concave to convex profiles occurs between North Beach 1 and 2.  Symbols are shown
at every 20th depth sounding.
.
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Figure 47:  Modern mean sea-level base map (MSL=2.0 m aCD) for Old Massett
(upper) and Masset (lower) for the year 2000 derived using high-resolution LIDAR data
and BC TRIM base map information.  Relative water depth legend shown (bottom
right), scale 1:20000.  Map produced by Marguerite Forest, Haida Mapping, Council of
the Haida Nation Forest Guardians, Masset, BC.
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Figure 48:  Projected sea-level rise flood map for 2020 based on scenario 1 (1.6 mm
yr-1 SLR trend, WL=2.23 m aSL) Old Massett (upper) and Masset (lower).  This level is
very close to the current HHWLT range (2.2 m aSL). Relative water depth legend
shown (bottom right), original scale 1:20000.  Map produced by Marguerite Forest,
Haida Mapping, Council of the Haida Nation Forest Guardians, Masset, BC.
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Figure 49:  Projected sea-level rise flood map for 2050 based on scenario 2 (3.4 mm
yr-1 MAXSL trend, WL=2.37 m aSL) Old Massett (upper) and Masset (lower). Relative
water depth legend shown (bottom right), original scale 1:20000.  Map produced by
Marguerite Forest, Haida Mapping, Council of the Haida Nation Forest Guardians,
Masset, BC.
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Figure 50: Projected sea-level rise flood map for 2100 based on scenario 2 (3.4 mm
yr -1 MAXSL trend, WL=2.54 m aSL) Old Massett (upper) and Masset (lower).
Relative water depth legend shown (bottom right), original scale 1:20000.  Map
produced by Marguerite Forest, Haida Mapping, Council of the Haida Nation Forest
Guardians, Masset, BC.
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Figure 51: Projected sea-level rise flood map for 2050 based scenario 3 (8.8 mm yr-1,
WL=2.64 m aSL) Old Massett (upper) and Masset (lower). Relative water depth legend
shown (bottom right), original scale 1:20000.  Map produced by Marguerite Forest,
Haida Mapping, Council of the Haida Nation Forest Guardians, Masset, BC.
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Figure 52: Projected sea-level rise flood map for 2100 based scenario 3 (8.8 mm yr-1,
WL=3.08 m aSL) Old Massett (upper) and Masset (lower). Relative water depth legend
shown (bottom right), original scale 1:20000.  Map produced by Marguerite Forest,
Haida Mapping, Council of the Haida Nation Forest Guardians, Masset, BC.
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Figure 53: Inundation map for the historical high water event (24 December 2003, WL=
4.72 m aSL) were this event to occur in Old Massett (upper) and Masset (lower).
Relative water depth legend shown (bottom right), original scale 1:20000.  Map
produced by Marguerite Forest, Haida Mapping, Council of the Haida Nation Forest
Guardians, Masset, BC.

N

This zone
was not
mapped

by LIDAR

CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, B C .  



      Walker, I.J. and the CCIAP A580 Team (2007) 221

Figure 54: Observed (grey) and future (coloured) global surface air temperature trends
from IPCC (2007: Fig. SPM-5) relative to 1980-99 period based on multiple model
scenarios.  A2, A1B, and B1 are continuations of 20th century simulations.  Coloured
shading ranges indicate +/- one standard deviation of annual averages.  The orange
line shows an experiment with GHG concentrations held at year 2000 values.  Gray
bars (right) indicate the likely range for each model, with a best estimate shown as a
solid line.

CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, B C .  



      Walker, I.J. and the CCIAP A580 Team (2007) 222

Figure 55: Projected relative changes in global precipitation (as %) for the period
2090–2099 relative to 1980–1999 (modified from IPCC 2007: Fig. SPM-7).  Values are
multi-model averages of the SRES A1B scenario for December to February (top) and
June to August (bottom).  White areas are where < 66% of the models agree in the
sign of the change.  Stippled areas are where > 90% of the models agree in the sign of
the change.
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Figure 56:  Projected ranges in global sea-level for the 21st century to various
scenarios of greenhouse gas emissions (coloured lines) (modified from IPCC 2001:
Fig. SPM 5e). Sea level rise from these emissions would continue well beyond 2100
and the ranges shown do not allow for uncertainty relating to changes in the dynamics
of the Antarctic ice sheet.

Note: The “several models all SRES envelope” shows sea-level rise responses for a number of
models, whereas “all SRES envelopes” refers to the full range of 35 IPCC (2001) SRES scenarios.
The “model average all SRES envelope” shows the average from these models for the range of
scenarios.
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Figure 57:  Box and whisker plots showing possible future ranges in: a) annual mean
air temperatures (in °C) and b) precipitation (in %) as departures from the 1961-1990
historical climate to the 2020s, 2050s, and 2080s for Northern and Coastal BC regions
(produced by Elaine Barrow - Environment Canada, as presented in Walker and
Sydneysmith, in press).

a) air temperature projections for Northern (left) and Coastal BC (right)

b) precipitation projections for Northern (left) and Coastal BC (right)
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Figure 58: Example of a perceptual map produced during the community workshop to
identify areas and activities of importance.
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Figure 59: Example of a regional community map produced during the workshop to
spatially allocate areas and activities of importance.
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Figure 60: Resulting community map of Northern Haida Gwaii, produced from an
amalgamation of maps created by the groups, produced using the international Green
Map convention (www.greenmap.org) (by Ken Josephson, UVic Geography).
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Figure 61: Age distribution of all respondents (N=195) (upper) and by community
(lower).
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Figure 62: Length of residency by community (n=203).
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Figure 63: Employment status: full range of responses (upper, n=203) and categorized
by community (lower).

photo courtesy of Michael Brown
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Figure 64: Total annual household income (n=203, upper) and separated by
community (n=186, lower).
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Figure 65: Level of education and/or training responses (n=203).
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Figure 66: Formal education (upper) and informal skills (lower) by community (n=202).
Statistical test parameters are shown and asterisks (*) indicate a statistically
significant difference between community results.
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Figure 67: Importance of selected community-strengthening attributes (mean values).
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Figure 68: Importance of educational (upper) and environment/human health (lower)
attributes by community.  Asterisks (*) indicate a statistically significant difference
between community results.  See text for further explanation.
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Figure 69: Participation in community activities (upper) and reported levels of
involvement (lower) as indications of social capital in the communities of Northern
Haida Gwaii.

42.4

55.0

56.2

62.6

65.5

66.0

0 10 20 30 40 50 60 70

Attended local council or
school board meetings 

Volunteered with a

cultural and/or spiritual
organization

Volunteered at a

sporting, civic or other
local event

Involved in any local
teams, clubs or groups 

Signed a petition, spoke

or wrote to an official
about a local issue

Attended community
events 

Percent

3.4

9.4

18.2

15.8

23.6

18.2

11.3

0 5 10 15 20 25

No Activities

One Activity

Two Activities

Three Activities

Four Activities

Five Activities

Six Activities

Percent (%) Reporting Participation

CCIAP A580: Coastal vulnerability to climate change and sea-level rise, NE Graham Island, Haida Gwaii, B C .  



      Walker, I.J. and the CCIAP A580 Team (2007) 237

Figure 70: Mean satisfaction with key community services (emergency,
communications, information, decision making, health care) and leadership
(n=203).
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Figure 71: Natural hazard experience (upper) and perception of future hazard risks
(lower) separated by community (n=200).
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Figure 72: Experienced impacts due to natural hazards/environmental events.
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Figure 73: Household emergency preparedness responses for the entire sample
(upper) and by community (lower). Asterisks (*) indicate a statistically significant
difference between community results.
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8. Appendices  

8.1. Appendix I: Interview Template 
 

What community are you a part of? 
  
How long have you lived in ________? 
 
What do you do within your community? (for how long) 
 
What major social changes have you seen in your village/town? (health, occupational, 
cultural, social support, education). 
 
Have you noticed any environmental changes where you live? 
 
What makes this community strong in the face of changes? (both individuals and the 
community as a whole) 
 
What do you feel makes people healthy or unhealthy? 
 
What are some of the strengths and problems with education in this area? 
 
How would you assess the status of employment in this community? 
 
How would you assess the level of community support in this area? (why) 
 
Are there things you could recommend that would make your community stronger in the 
face of potential future changes? 
 
Do you feel the location of your community makes you more or less vulnerable to 
potential environmental changes or emergencies? 
 
Given that with climate change, storms may become more frequent and stronger, and 
sea levels are predicted to rise.  
 
How do you feel climate change could affect 
this community? 
 
Are you concerned about potential environmental changes? 
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8.2. Appendix II: Door-to-Door Survey 
 
Door-to-door survey: Summer 2004 
Survey # ______ 
Location__________________ 
Home Type__________________ 
 
1. Do you currently live on Haida Gwaii? 
 a. Yes (Is this your home? Do you own or rent it?) 
 b. No (How often do you come, for how long, and, is this your home? Do you 
own  or rent it?) Do you feel comfortable participating in this survey on community 
and 
 household preparedness for emergencies and environmental change? 
 _____________________________________________________________ 
 
2. How long have you lived on Haida Gwaii? 
 __________________ 
 
3. Which community are you a part of? 
 ______________________ 
4. What do you like most about your community? 
 
5. What do you like least about your community? 
 
6. We are interested in your participation in community activities and organizations. Of 
the following, which have you been involved with? 

  
 
7. On a scale of 1-5 (1 being not very important and 5 being very important), how 
important are the following items to making your community strong: 
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8. In your opinion, what are the most important issues or concerns facing your 
community? __________________________________________________ 
 
9. How important are the following educational attributes to strengthening your 
community for future changes? 

 
 

10. How important are the following components of health to strengthening your 
community for future changes? 

 
11. On a scale of 1 to 5 (1 being very dissatisfied, 5 being very satisfied), please 
express your satisfaction with the following on Haida Gwaii: 

 
 

12. Who’s responsibility do you feel it should it be to prepare your community for 
emergency situations? 
   a. Yours     b. Neighbours/friends 
   c. Community elders d. Hereditary Chief 
   e. RCMP   f. Municipal government 
   g. Provincial government h. Federal government 
   i. Other 
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13. If an emergency were to occur, do you think that members of your community would 
pitch in to help? 
   a. Yes 
   b. No 
   c. I don’t know 
 
14. Does your community have an emergency evacuation plan? 
  a. Yes, please explain 

___________________________________________________________
__________________________________________ 

  b. No 
  c. I don’t know 
15. How important do you feel it is to have an emergency preparedness/evacuation 
plan? 

 
 
16. How important do you feel it is for the community to practice the emergency plan 
(e.g. drills)? 

 
 
17. We are interested in how you prepare for emergencies in your home. Which of the 
following do you have? 

 
 
18. Do you have an emergency plan for your home? 
  a. Yes, please explain 
 ___________________________________________________________

___________________________________________________________ 
  b. No 
  c. I don’t know 
 
19. Has your community ever experienced a big environmental event? By this we mean 
an event that is more intense than normal, and occurs rarely (e.g. a large storm, or 
earthquake). 
 a. Yes, please specify: __________________________________________ 
 b. No 
 c. I don’t know 
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20. Which of the following impacts have you or your community experienced as a result 
of big environmental events? Think about impacts that have affected both you 
personally and also your community. 

 
 
21. How have you and your community dealt with these impacts? 
_____________________________________________________________________ 
_____________________________________________________________________ 
 
22. Is there anything your community could do to be better prepared for big 
environmental events in the future? 
_____________________________________________________________________ 
_____________________________________________________________________ 
 
23. On a scale of 1 to 5 (1 being no risk at all, 5 being very high risk), what is your 
community’s level of risk of being impacted by a big environmental event in the next ten 
years? 

 
 
24. As a result of climate change in the next 100 years we will experience warming of 
air and ocean temperatures, sea level rise, and changes in the amount and timing of 
precipitation.What might these impacts mean for your community? 
 ________________________________________________________________
 ________________________________________________________________ 
 
25. What are some strengths of your community that may help it deal with future climate 
change impacts? 
 ________________________________________________________________
 ________________________________________________________________ 
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26. What are some, if any, weaknesses of your community that may make it susceptible 
to future climate change impacts? 
 ________________________________________________________________
 ________________________________________________________________ 
 
Demographic Information 
This information will be combined with other survey results for statistical purposes. No 
individuals will be identified in publications or presentations, nor will results be 
presented in such a way that individuals could be identified. 
 
27. Including yourself, how many people live in your household? _____ 
 
28. Do you have any dependent children or seniors living in the household? (if yes 
please specify) 
 1. Yes, dependent child(ren) 
 2. Yes, dependent senior(s) 
 3. Yes, both child(ren) and senior(s) 
 4. Yes, other (i.e., dependent sibling, dependent adult):___________________ 
 5. No dependents living in household 
 
29. What education, skills or training do you possess? 
 1. Hunting 
 2. Fishing 
 3. Gathering 
 4. Wilderness survival 
 5. Cultural or language training 
 6. Grade school (K to grade 8) 
 7. Some high school 
 8. High school diploma/GED 
 9. Trades or skills tickets (ie. carpentry, first aid) 
 10. Community college/technical institute 
 11. University Degree 
 12. Other education or training, please specify_______________________  
 13. No education or training 
 
Do you mind us asking you a few questions regarding your employment status and 
household income? 
 
30. What is your present employment status (for main job)? 
 1. Unemployed 
 2. Full-time work 
 3. Part-time work 
 4. Self employed 
 5. Homemaker (at home caring for children/adults, unpaid domestic duties) 
 6. Retired 
 7. Seasonal work 
 8. Student 
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31. What is your main occupation/source of income? (e.g., fishing vessel captain, 
grocery store clerk, librarian, artist, teacher, logger, public administration). 
__________________________________________________________________ 
 
32. Where is your workplace located (area/community)? 
__________________________________________________________________ 
 
33. What is your total annual household income before taxes, including income from all 
members of your household? 
 1. Up to $10,000 
 2. $10,000 to $24,999 
 3. $25,000 to $39,999 
 4. $40,000 to $55,999 
 5. $56,000 to $69,999 
 6. $70,000 to $99,999 
 7. $100,000 or more 
 8. Don’t know 
 
34. Are you the primary earner of this household income? 
 1. Yes 
 2. No (What is the occupation of the other primary income earner(s) in your 
 home?)__________________________________________________________ 
 
35. Do you mind us asking what age you are? Or if you are more comfortable we could 
provide some age categories? 
  1. Under 19 
  2. 19-24 
  3. 25-34 
  4. 35-44 
  5. 45-54 
  6. 55-64 
  7. 65 or over 
 
36. Can you give us some feedback on this questionnaire? 
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8.3.  Appendix III (Box 2-1 from Conner 2005): Detailed Responses to Q.24 

 
 
• Don’t Know 

a. Can’t predict 
b. People will have to change/adapt 

• No Impacts Anticipated 
• Flooding 

a. Community will be under water 
b. Increase in moisture and rotting gardens 
c. Salt water intrusion 

• Longer and Warmer Summer Season 
a. Improved (longer) growing season 
b. Some seasonal variation 
c. Increase in BC population and increase in tourism on island 

• Water Shortages 
• Damage to Significant Environments 

a. Loss of gathering sites (clam beds, berries) 
b. Food shortages 
c. Changes in fish 
d. Changes in flora/fauna and  abundance 
e. Cultural losses (CMTs and  berry gathering sites) 
f. Environmental damages 

• Erosion 
• Increase in Severe Storms 

a. Increase in winds 
• Increase Forest Firest 
• Increase Earthquakes and Tsunamis 
• Human Health Impacts 

a. Medical (emergency services) 
b. Disease 

• Infrastructure Damages 
a. Transportation problems (ferry/highways) 
b. Further isolation 

• Changes in Property Values 
a. Changes to value of properties/resettlement 
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8.4. Appendix IV (Box 2-2 from Conner 2005): Detailed Responses to Q.22 
 
 
• Community Information Sharing and Cooperation 

a. All communities on island should work together 
b. Better sharing of information/plan awareness/community meetings 
c. Better island self-sufficiency 

• Nothing 
a. Because community is fine 

• Community Emergency Planning 
a. Develop community emergency/evacuation plans 
b. Better emergency evacuation system 
c. Better land use planning 
d. Better planning for vulnerable groups (such as those that cannot 

drive) 
e. Better emergency transportation and other services such as health 

care 
f. Better event backcasting (look at historical events) and forecasting 

for planning and adapting to natural environment 
• Don’t know 
• Household Emergency Preparedness and Education 

a. Keep gas, water and other supplies on hand 
b. Have first aid kit available 
c. Have an emergency plan in the home 

• Community Structural Adaptations 
a. Concentrate on highways 
b. Build another evacuation route (other than highway) 
c. Better homes/reinforce homes 
d. Reinforce beach 

• Provincial Emergency Preparedness 
a. Lobby provincial government for money and plan development 

 
 




