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Abstract  

This work explores how vulnerable populations learn about, perceive, and incorporate natural 

hazards risks into their lives, and explores whether access to assistive online tools would result in 

an increased likelihood that at-risk residents would develop and maintain a set of household 

emergency preparedness and disaster response plans. I focus on a case study conducted on 

tsunami hazards risk in the community of Port Alberni, British Columbia, Canada. Located on 

the western coast of Vancouver Island, Port Alberni is the site of the most destructive tsunami 

disaster to have occurred in Canada during historic times, and remains a community vulnerable 

to tsunami hazards from sources located throughout the Pacific Ocean, including along the 

Cascadia Subjection Zone located just west of Vancouver Island.  

I first explore how various spatial data may be used to establish a community-wide 

tsunami evacuation map using a set of Geographic Information System (GIS) models, 

establishing the ease or difficulty associated with evacuating each household located within the 

official tsunami inundation zone. Next, I examine how household and personal factors can 

influence a household’s social vulnerability, potentially affecting their ability to recover 

following a tsunami disaster. Finally, I explore how these risk elements can be combined with 

household demographic information using a web-based application to assist study participants to 

develop a comprehensive set of household tsunami preparedness and response plans customized 

to the unique needs of participants’ household members and pets.  

Participant responses to a set of questionnaires and a short interview was used to assess 

the effectiveness of the online tool in encouraging the development of household emergency 

plans, and to provide guidance on how future versions of such a tool could be modified to better 

meet the needs of vulnerable households in other Canadian communities. 
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1 

Chapter One: Introduction 

Natural hazards are an ever-present, yet seldom-considered risk for most people living in 

Canada. Our nation’s large landmass, variable and sometimes extreme weather, extensive 

coastlines, and regional seismic activity can expose Canadians to hazards associated with nearly 

all forms of natural disasters, technological incidents, and large-scale meteorological events. Just 

in the period from January 1, 2000 through December 31, 2014, 247 ‘disaster’ events were added 

to the Canadian Disaster Database, spread across every province and territory, in large 

communities and small. Of these 247 events, 239 (~97%) were designated as ‘natural disasters’ 

(Public Safety Canada, 2013). The breakout by type can be seen in Figure 1. 

Research by academics, and experience gained first-hand by emergency managers and 

responders, has demonstrated that disaster preparedness actions can help make households more 

resilient to several types of natural disaster groups and also help households decrease post-

disaster recovery time. Public hazards education and preparedness planning by motivated 

households can help prepare household members so that they know what to do in an 

emergency—including how to get to safety and how to make contact with other household 

members if separated—which can improve reaction times during a disaster, and help save lives 

(Levac, Toal-Sullivan & O’Sullivan, 2012; Paton, 2003; Paton & Johnston, 2001). 

Governments, academics, and non-governmental organizations all have a role in 

communicating hazards risk information to the public, both in terms of public hazards education 

and in general emergency preparedness planning. Such information is most often posted to the 

organizations’ websites, available as printed brochures from public centres, and shared online 

through social media. Large risk education and preparedness initiatives may receive media 

coverage from local television, newspaper and online media sources, though such campaigns are 

infrequent, can be costly, and are often difficult to assess in terms of efficacy. 

Several scenarios can occur when such organizations attempt to communicate natural 

hazards-related risk information to the public. In one approach, communications are intentionally 

general and attempt to address the broadest population possible in order to be as applicable 

within the target population as possible. While this approach can result in relatively short 

communications (a positive) that address the highlights of concern to most households, they tend 

to lack the specifics certain sub-groups within the community require (a negative). In another  
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Figure 1: Natural Disasters in Canada by Category—2000 to 2014 

(Source: Public Safety Canada, 2013) 
 
 
 

 

Figure 2: The Natural Hazards Disaster Management Cycle 
(Adapted from Cova, 1999) 
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approach, communications attempt to address the needs of several sub-groups within the 

population. This approach results in a longer, more detailed communication that may address the 

needs of many such groups (a positive), but it is much more difficult to sift through large 

amounts of inapplicable information when an individual is attempting to compile information of 

relevance to their household (a negative). Both situations are problematic. A more ideal approach 

is to provide a simple set of general instructions for the population as a whole, and supplement 

this information with additional components with details for specific sub-groups, thus allowing 

for a relatively simple communication that allows the broadest population possible to benefit, 

and also information pertinent to special cases. Thankfully, this combined approach is starting to 

become more common. Regardless, none of these approaches is customizable at the level of a 

single household.  

Even where risk communication is present, clearly communicated, and completely 

addresses the needs of the community, most natural hazards provide little or no effective warning 

period in which informed and prepared residents could reasonably respond. Most such education 

and planning therefore addresses the disaster preparedness and disaster recovery phases of the 

hazards emergency management cycle (Figure 2). There are, however, a subset of hazards that 

may telegraph a potential disaster in advance (e.g., cyclonic storms), or where the impacts of the 

event take time to spread out to surrounding communities through space or time (e.g., drought, 

wildfires). These slow-onset hazards1 either provide those who will be affected with some form 

of advanced warning, or there is an onset period in which vulnerable residents could put 

emergency plans into place in order to reduce potential impacts to their households in the form of 

damage, injury, and potentially even death, following a disaster. Examples of slow-onset hazards 

in Canada include, but are not limited to: hurricanes, some types of floods, severe meteorological 

events, forest/wild fires, and tsunamis.2 It is these slow-onset types of disasters where detailed 

                                                 
1 ‘Slow onset’ disasters, as referenced in the literature, can include a wide variety of disasters with lead times that 
range along a scale from minutes (e.g., local tsunamis), to hours (e.g., distant tsunamis, landslides, tornadoes, some 
floods, and some volcanic eruptions), to months (e.g., droughts) (Moe & Pathranarakul, 2006). This term is used 
herein to differentiate tsunamis from hazards that have very little—or no—lead time between when the hazard event 
is triggered and when a community is impacted by the hazard event. 
2 Two plural form of tsunami are recognized: tsunami and tsunamis. I have elected to use tsunamis throughout this 
document as this form is how it most often appears in western academic literature. 
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preparedness planning and education can have the greatest positive impacts to vulnerable 

households. 

For vulnerable members of the public, determining exactly which preparedness actions to 

undertake for a given geography, hazard, or household situation can be a daunting and time-

consuming experience. A couple of minutes spent searching the World Wide Web using your 

favourite search engine will reveal dozens, or even hundreds, of pages of responses depending on 

the search terms used, each with advice and guidance—some excellent, some quite dubious—on 

both general disaster preparedness as well as actions which can be undertaken to prepare for 

specific hazards. 

Beyond the available public web resources, information seekers can find printed 

pamphlets, local public events and seminars, academic literature, and non-governmental 

whitepapers, available locally or through more targeted online searches. These sources of risk 

and preparedness information outline a number of different preparedness and response actions 

which vulnerable residents can adjust to fit their personal household situation. Providers of this 

information include various levels of government, non-governmental organizations, local support 

groups, service organizations, and self-motivated individuals, each targeting different segments 

of the population for different reasons. The total volume of disaster planning information that a 

motivated individual can access can be overwhelming—to the point of having a counter-

productive effect. 

Identifying trustworthy and authoritative sources for this type of information can be quite 

challenging. Once trustworthy sources are located it can still be difficult to tailor the information 

available to meet the needs of a given household and its residents. This can be especially true for 

those with special needs. Many information sources have taken a lowest-common-denominator 

approach, seeking to address the largest number of households by providing the most general 

information possible. It is not uncommon to find preparedness materials which assume a 

household consists of a 1950s-style ‘nuclear’ family: usually a young, middle-class, heterosexual 

couple with children, living in their own fully-detached home, where both adults are able-bodied, 

one or both of whom work relatively close to home in nine-to-five jobs with the weekends free, 

and can be expected to respond to a disaster at a moment’s notice. This household structure does 

not reflect the realities of Canadian society today, and often ignores issues of post-disaster social 
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vulnerability; the varied and unique needs of the disabled; the very young, and the elderly; as 

well as the variable nature of employment and modern familial structures, including LGBTQ+ 

households. 

Thankfully there are groups, including the Canadian Red Cross, PreparedBC, FEMA, the 

ASPCA, and many, many others that do provide more customized supplemental information to 

address the needs for those who do not necessarily fit the traditional household mould. These 

organizations either focus on specific sub-groups within the community (e.g., the elderly, 

individuals with specific disabilities, or people with pets) or supplement their general 

information with specific information that will be of use to such sub-groups. Resources exist for 

those with special physical and mental needs, those caring for elderly household members (who 

are either living within the household, in a care facility, or in their own homes), those with very 

young children, recent immigrants and visible minorities, members of the LGTBQ community, 

and those who have invited pets into their homes and consider them to be full-fledged members 

of the household. 

Locating all the information that may be relevant to a given household consists of 

combing through general and, in some cases, specific preparedness and response information, 

and tailoring that information to the needs of the household. This can represent a significant 

investment in both time and effort. It should not be surprising then that most North American 

households have made only the most basic of emergency plans and taken only the most basic of 

preparatory precautions against potential disaster related to local hazards (Bourque et al., 2012; 

Burby, Steinberg & Basolo, 2003; Falkiner, 2003; Kapucu, 2008; Kunreuther & Miller, 1985; 

Levac, Toal-Sullivan & O’Sullivan, 2012).3 

In a time when the entirety of the information on the Internet can be indexed several 

times a day, and where search companies like Google can process over 40,000 search queries 

every second (Internet Live Stats, n.d.), issues of finding relevant household preparedness 

information and adapting it to the needs of a given household should no longer be the time-

                                                 
3 Finding (non-terrorism-related) disaster preparedness rates specifically for Canadian households in the literature 
has been a challenge, so a variety of North American sources have been used to supplement the Canadian numbers. 
Most studies indicate that between 20% and 33% of North American households have undertaken even the most 
basic of disaster preparedness and response planning. In some studies, “preparedness actions” may be so limited that 
simply having a working smoke alarm, a fire extinguisher, candles and matches, or a personal first-aid kit would 
qualify as “prepared,” indicating actual preparedness rates are likely much lower than even these figures imply. 
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consuming issue it has become. One proposed solution to this situation is to automate much of 

the information seeking process, creating a pool of curated resources that can then be used to 

assist vulnerable members of the public to create, customize and communicate a set of 

emergency plans to members of their household, as well as loved ones outside of the community. 

By reducing barriers to accessing reliable emergency preparedness and response strategies, and 

taking a household’s unique geographical location and demographic circumstances into 

consideration, it should be possible to dramatically speed up the time and effort required to 

establish customized household emergency plans. Automating the planning process, and 

allowing for easy access to household emergency plans whenever and wherever a vulnerable 

resident happens to be when a slow-onset disaster is imminent should encourage such residents 

to develop and maintain a set of household emergency preparedness and response plans (Lindell 

& Whitney, 2000). 

My research explores this approach by developing and testing a prototype automated 

disaster preparedness tool that assists at-risk residents in the creation of customized household 

disaster preparedness and response plans. A pilot study approach is undertaken to create and test 

a web-based application—hereinafter simply referred to as the Web Application—that focuses 

specifically on a Canadian community at risk from tsunami hazards. A framework is established 

that combines Geographic Information Systems (GIS) tsunami evacuation modelling with social 

research into household vulnerability in order to establish a relative risk assessment for each 

household within the community. Local residents are able to access the Web Application where, 

after providing some personal information about the people and pets who live there, a 

comprehensive emergency plan is developed around the personalized needs of the residents and 

the geographic location of the household. These disaster preparedness and response plans 

account for the relative ages, health, physical abilities, and mobility of residents, and combines 

this with information about the household structure, ownership, and geography to determine 

which actions can be taken in advance to reduce the risk of household damage and injury to 

household members, as well as which actions should be taken in response to an actual tsunami 

threat. Household emergency plans can then be shared with other household members as printed 

copies, or accessed using any web-enabled device (e.g., a desktop computer, laptop, tablet, or 

mobile smartphone) from any location with Internet access. 
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I then undertook a case study to test the Web Application with residents living in a 

tsunami-prone community. The goal of this study is to assess the strengths and weakness of the 

assistive tool, to see if having access to such a tool does encourage households in the region to 

undertake basic preparedness actions, and to determine under which conditions they would feel 

most comfortable using the automated tool. 

There are one primary and three secondary research questions I addressed through this 

research: 

 

Primary Research Question: 

Are vulnerable households more likely to develop and maintain a set of household 

emergency plans if provided with access to an assistive disaster planning tool that 

helps them automatically generate plans customized to the unique needs of their 

households? 

 

The primary goal of this research is to test the hypothesis: participants given access to an 

assistive disaster planning tool would indicate that they were more likely to create and maintain a 

set of customized household disaster plans then if they had not had access to such a tool. 

Answering this question also required that I address three secondary research questions: 

 

Secondary Research Questions: 

1. What types of input data are required to algorithmically develop personalized 

household emergency preparedness and disaster response plans for households 

vulnerable to natural hazards risk? 

2. Which communication strategies can be employed to best communicate aspects of 

physical and social vulnerability to households vulnerable to natural hazards risk? 

3. Which features or other aspects of an assistive disaster planning tool are most 

important to members of vulnerable households when developing a set of emergency 

preparedness and disaster response plans? 
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1.1 Background 

1.1.1 Terminology: Hazard, Risk, Disaster, Vulnerability & Social Vulnerability 

It is important to define several hazards-related terms prior to continuing further. Certain 

terminology within the field of hazards research have come to have generally agreed upon 

meanings which may differ from our everyday use of the terms. Further, some terms have come 

to have several different definitions amongst the different disciplines within the field—most 

notably between the physical and social sciences—which may cause potential confusion to 

readers if such terms are not clearly defined. To avoid any such confusion within this 

dissertation, five relevant terms are defined below: hazard, risk, vulnerability, social 

vulnerability, and disaster. I will do my best to us these terms consistent with these definitions 

throughout this dissertation. 

I have elected to define these five terms based on the definitions created by Cova (1999) 

in describing physical hazards, and Cutter, Boruff & Shirley (2003) when describing social 

aspects surrounding hazards. These authors have, in turn, based their definitions on the works of 

others, including Alexander (1993); Burton et al. (1993); Cutter (1996); Cutter et al. (2000); 

Godschalk (1991); Palm (1990); and Smith (1992). These sources represent the most relevant 

definitions and conceptual models for use in community and household-level hazards research. 

For the purposes of this dissertation, a hazard is some threat—whether physical, 

technological, biological, or civil—to the people, property, or environment of a community. Risk 

is used to describe the potential (or probability) that a given hazard may occur in a given region 

over a given time period, resulting in loss or harm to a community. In general, the term 

vulnerability addresses the susceptibility of a given individual, group, or community to loss or 

harm from a given hazard. The term social vulnerability is used to specifically address the 

personal susceptibility of an individual member of the community (or group of such members) as 

seen through a social filter—thereby increasing or decreasing the vulnerability of these members 

based on some physical or social aspects of their person or household (e.g., age, race, gender, 

sexual expression, health, income level, type of dwelling structure, or employment) and social 

resilience is the opposite of that. A disaster is the actual occurrence of a given hazard impacting 

a community, resulting in significant loss or harm that overwhelms the community’s ability to 

cope without outside assistance and/or support, be it financial, material, or labour. 
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As an example, a tsunami is a natural hazard; tsunami risk is defined within a geographic 

area, called an inundation zone, as the heightened likelihood of a tsunami affecting that zone 

over a period of time; the people, buildings, and environment within the inundation zone are 

vulnerable to injury or damage from the tsunami hazard; certain members of the community will 

have an increased or decreased social vulnerability due to physical or social aspects of their 

person or household; and a tsunami disaster occurs when one (or more) tsunami waves impact 

the community resulting in loss or harm to the community that kills, injures, makes homeless, or 

otherwise affects a number of people, and/or causes significant damage to the community, such 

that outside assistance is sought or required in order to recover (Cova, 1999; Cutter, 2003; Public 

Safety Canada, 2011). 

To further complicate matters, major disaster databases have a specific set of criteria 

which must be met in order for a hazard event to qualify as a disaster in that database. These 

criteria vary from organization to organization and region to region. Two such databases are used 

throughout this dissertation—the Canadian Disaster Database,4 operated by Public Safety 

Canada, and the International Disaster Database,5 operated by the Centre for Research on the 

Epidemiology of Disasters. The specific criteria they use to define a disaster are found in Table 

1. 

 
Table 1: Disaster Database Inclusion Requirements 

The Canadian Disaster Database The International Disaster Database (EM-DAT) 

Criteria for inclusion includes one or more of the following: 

• 10 or more people killed, 

• 100 or more people affected, injured, infected, evacuated or 

made homeless, 

• An appeal for national or international assistance 

• Historical significance, and/or 

• Significant damage or interruption of normal processes such 

that the community affected cannot recover on its own. 

Criteria for inclusion includes one or more of the following: 

• 10 or more people dead, 

• 100 or more people affected, 

• The declaration of a state of emergency; and/or  

• A call for international assistance. 

Source: Public Safety Canada, 2011. Source: EM-DAT, n.d. 

 

                                                 
4 The Canadian Disaster Database can be found online at  
http://www.publicsafety.gc.ca/cnt/rsrcs/cndn-dsstr-dtbs/index-eng.aspx. 
5 The International Disaster Database can be found online at http://emdat.be/. 

http://www.publicsafety.gc.ca/cnt/rsrcs/cndn-dsstr-dtbs/index-eng.aspx
http://emdat.be/
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1.1.2 Focus on a Single Natural Hazard: Tsunamis 

When it comes to hazards research in Canada there are many options for hazards to study and 

prepare for. Our proximity to oceans, regional seismicity, relatively urbanized population, and 

potential for extreme weather mean that nearly every known natural hazard is possible 

somewhere across Canada's large landmass. According to Public Safety Canada (2013), the 

department of the federal government responsible for emergency management, floods, 

hurricanes, tornadoes, earthquakes, and wildfires can be expected to occur somewhere in Canada 

in almost any given year. 

I decided at the beginning of this research that it would be best to focus on a single, large-

scale hazard type, rather than attempt to address all possible hazards affecting Canadian 

communities. This choice provided both bounds on the research—limiting what might otherwise 

be an endless set of possible hazard conditions—and grounded the research within the context of 

a single, manageable set of conditions. The choice was made to focus on tsunami threat to 

Vancouver Island, as this was both a real and imminent threat and also one that provided the 

greatest opportunity for preparedness planning to have a potentially positive impact for local 

residents. 

The choice of tsunami might seem somewhat unusual, given that the last documented 

tsunami disaster in Canada was over four decades ago (1975) and is not on the list of common 

Canadian disasters, however tsunami hazards represent a fairly unique set of circumstances that 

are ideal for this type of research. Tsunamis are quite rare around the world, but have the 

potential to cause destruction on a significant scale, to widespread coastal communities. As is 

discussed below, Canada has experienced only a small number of tsunami disasters, and due to 

their rarity, there is not an inherited cultural awareness of the potential for tsunami disaster here 

as there is in other parts of the world. While it is virtually impossible to predict when a 

destructive tsunami will be triggered, the mechanisms and potential for impact are fairly well 

understood, and extensive modelling is possible well in advance of an actual tsunami event. 

Finally, depending on the origin of the tsunami trigger, tsunamis have the potential to have a 

very long onset period (the period between when a tsunami is triggered and when it begins to 

affect a given community), which may allow for prepared individuals to take actions to limit loss 

and harm to their households in a way few other disasters provide, if plans can be made and 
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certain preparedness actions are undertaken in advance. This makes it the ideal hazard type when 

studying preparedness and response planning, as small actions taken in advance could help 

vulnerable communities reduce hazards-related risk. 

1.2 Tsunamis and Tsunami Risk in Canada 

1.2.1 Characteristics of Tsunami Waves 

Tsunamis—historically called ‘tidal waves’6 and more accurately described as ‘seismic sea 

waves’—are caused by a sudden vertical displacement of a large volume of water. This 

displacement of water in turn results in the formation of one or more waves that travel outward 

from the point of displacement (Figure 3). Due to the large volume of water required in order to 

trigger a tsunami, most tsunamis are generated in an ocean or large lake, although localized 

tsunamis are possible in smaller bodies of water such as small lakes and large rivers. 

There are generally three classes of tsunamis which are considered for the purpose of 

hazards assessment in Canada: teletsunamis, local tsunamis, and hyper-localized tsunamis. 

Teletsunamis are those tsunamis generated beyond the Canadian continental shelf, which have a 

period of up to 1 hour, and may persist for several days. These tsunamis can affect a large section 

of the coastline, potentially devastating many coastal communities at the same time. Local 

tsunamis are usually located within the Canadian (or in nearby U.S. controlled) continental shelf. 

These tsunamis are generally more limited in scope and usually affect only a small 

number of nearby communities. Local tsunamis are usually smaller, have shorter periods, and do 

not last as long as teletsunamis. Finally, a third category, includes small, hyper-localized 

tsunamis in lakes and rivers, and are generally triggered by large landslides. These smaller 

tsunamis have an impact only on very nearby communities, though they can still be quite 

destructive within their limited bounds (Clague, Munro & Murty, 2003). 

                                                 
6 The term ‘tidal wave’ has generally fallen out of use, especially in academic literature. This term can be 
misleading, as tsunamis have nothing to do with tides (which are caused by the gravitational pull of the moon and/or 
sun) and do not behave like tidally-influenced waves. Instead, tsunamis are classified as ‘long-period gravity waves’ 
(Clague, Munro & Murty, 2003; Dunbar, LeBlond & Murty, 1991). The typical imagery of a large breaking wave to 
symbolize a tsunami as shown on many warning signs is also misleading, but still remains in heavy use. 
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Figure 3: Tsunami Generation 

This cross-section demonstrates the creation of a typical tsunami occurring along a subduction zone, such as is likely to occur in 
the Pacific Ocean. (Source: United States Geological Survey, 1999) 
 
 

 

 

 

 
Figure 4: Schematic Cross-Section of Tsunami Wave with Key 

Measurements 
The simplest form of a tsunami wave from deep ocean to run-up on shore, where 𝑳𝑳 is the wavelength, 𝑯𝑯 is the crest-to-trough 
wave height, 𝒉𝒉 is the total height of the wave above the seabed surface, 𝒅𝒅 is the water depth, and 𝜼𝜼 is the height of the wave 
above the free water surface. Hs represents the crest-to-trough wave height, and Ls represents the wavelength, as the wave 
approaches the shoreline. Hr represents the final run-up height, the highest point the wave reached above the shoreline.  
(Wave amplitudes not to scale, based on Bryant, 2008, p. 28) 
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These tsunamis are generally more limited in scope and usually affect only a small 

number of nearby communities. Local tsunamis are usually smaller, have shorter periods, and do 

not last as long as teletsunamis. Finally, a third category, includes small, hyper-localized 

tsunamis in lakes and rivers, and are generally triggered by large landslides. These smaller 

tsunamis have an impact only on very nearby communities, though they can still be quite 

destructive within their limited bounds (Clague, Munro & Murty, 2003). 

Tsunami waves behave differently from other forms of sea waves, which are most often 

caused by wind or tidal forces. Tsunamis are long-period gravity waves, characterized in deep 

water by wavelengths that may be up to 200 km in length, and amplitudes of less than 1 m 

(Figure 4). In the deep ocean these waves can move at velocities of up to 1,000 km/h, roughly 

equivalent to the cruising speeds of large commercial jet aircraft such as the Boeing 747. The 

great distances between wave crests, coupled with the relatively low crest height compared to 

surrounding waves, can make tsunamis extremely difficult to detect visually in deep water. 

As tsunami waves approach coastal shelves, where the water becomes more shallow, they 

are forced to slow down. To conserve energy, the waves respond by compressing, resulting in 

shorter wavelengths (𝐿𝐿𝑠𝑠) and increased trough-to-crest amplitudes (𝐻𝐻𝑠𝑠) in a process called ‘wave 

shoaling’ (Figure 4). As a result, tsunami waves along the coastal shelves are significantly slower 

and have greater wave amplitudes than those in the deep ocean. This may mean that buoys and 

smaller boats encountering tsunami waves along a coastal shelf could be damaged or even 

overturned by tsunami waves (Rogers, 1980). 

As the waves approach the shoreline they slow considerably in the shallower water to 

speeds as low as 50 km/h in 20 m of water, resulting in further wave compression. Wave heights 

near the shore can range from as little as a couple of centimetres for a minor event, to more than 

30 m for a large event, roughly equivalent to a ten-storey building (Bryant, 2008; Clague, Munro 

& Murty, 2003; Shibayama et al., 2013).7 Depending on the amplitude of the waves, even large 

ships may be damaged or capsized from tsunami waves near the shoreline, and small ships can 

be ripped free from moorings and become debris carried by the tsunami waves. 

                                                 
7 As a mental guide for just how big a tsunami wave can be, the Earth Sciences building on the University of 
Calgary campus currently measures in at ~40 m in height. It is approximately the same height as the trough-to-crest 
height of the biggest wave (40.4 m) recorded in the 2011 Japanese tsunami (Dunbar et al., 2011; Shibayama et al, 
2013). 
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Once tsunamis pass the shoreline they begin to ‘run up’ the shore (Figure 4, above), 

where they begin to lose energy from friction and turbulence. The highest point the waves reach 

along the shoreline is the maximum runup height (marked as 𝐻𝐻𝑟𝑟 in Figure 4). The area covered 

by the tsunami waves make up the inundation zone for that event, the maximum point to which 

tsunami waves reached, beyond which was safe from that particular tsunami. Portions of the 

inundation zone may be inundated (i.e., flooded) only once, repeatedly, or remain under water 

throughout the entire tsunami event. Waters in this zone may surge back and forth as additional 

waves come in, and can move at speeds that can be impossible for even extremely fit humans to 

outrun, and in some cases, faster than passenger vehicles can travel. Beyond the dangers 

presented from both ingoing and outgoing wave surges, this zone is also dangerous because of 

the debris being moved around by the water. Such debris often includes timber/logs, vehicles, 

soil, boats, and anything else that was either loose or ripped free by the tsunami waves. As with 

more traditional floods, it is often the debris which cause most injury and damage associated 

with a tsunami. 

Tsunamis rarely consist of a single wave. Most tsunamis are made up of several waves, 

collectively known as a ‘wave train,’ which may be separated by periods of a few minutes to 

over an hour in length. Although earlier waves in the train tend to have more energy, it is 

generally the second or third wave in a wave train that is the largest. These waves are most 

commonly turbulent, surging-style waves, and not the stereotypical breaking waves we tend to 

associate with the waves on a beach, although breaking waves are possible depending on local 

conditions. When one wave overtakes another the two waves can amplify each other to form an 

especially steep wall of turbulent water or a large bore with high horizontal and vertical 

turbulence (Clague, Munro & Murty, 2003). 

1.2.2 Primary Causes of Tsunamis 

As noted above, a tsunami can be triggered by any large displacement of water. There are several 

natural and technological events which can cause such a displacement, including landslides 

(near-shore and sub-marine); glacial calving and ice slumping; rare meteorological conditions, 

especially rapid changes in barometric pressure; meteorite impacts; and undersea or near-shore 

explosions (volcanic, bolide, or man-made explosions such as underwater nuclear tests).  
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However, the vast majority of tsunamis are generated by, and associated with, the shaking from 

sub-marine or near-shore earthquakes (Bryant, 2008; Clague, Munro & Murty, 2003). Given that 

their primary trigger is seismic in nature, tsunamis tend to be classified together with earthquakes 

(and sometimes volcanic eruptions) as seismic or geophysical disasters in most disaster databases 

and literature (Public Safety Canada, 2013; Guha-Sapir, Below & Hoyois, 2016). Earthquakes 

with the potential to cause tsunamis are generally referred to as ‘tsunamigenic’ earthquakes. 

These types of earthquakes occur most commonly along tectonic plate boundaries, particularly at 

subduction zones—where one lithospheric plate slides or is pushed under another plate (Figure 3, 

above; Petersen, Cramer & Frankel, 2002; Wessel, 2009). While subduction zones appear at the 

boundaries between tectonic plates around the globe, the greatest subduction activity today is 

experienced in a ring around the Pacific Ocean along the boundaries of the Pacific Plate  

 

 
Figure 5: Tectonic Plates 

Most of the world’s tsunamigenic earthquakes occur at subduction zones along tectonic plate boundaries in the Pacific Ocean, 
making this the area of greatest concern for North American tsunami studies. (Image Source: United States Geological Survey, 
2011b) 
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Figure 6: Location of Subduction zones in the Pacific Ocean  

Subduction zones, where one plate is thrust on top of another plate, can create the largest earthquakes. When these earthquakes 
occur along submarine or near-shore boundaries they have the potential to displace a large amount of water, causing a large-scale 
tsunami to be triggered. Here, the black bands indicate subduction zones responsible for previous tsunamis, and circles locate the 
sources of tsunamis larger than 10 cm in height that were recorded at the Tofino tide gauge on the west coast of Vancouver Island 
between 1905 and 1981. (Image Source: Clague, Munro & Murty, 2003, p. 440) 

 

(Figure 5). This area has been dubbed the ‘Pacific Ring of Fire’ due to its active earthquake and 

volcanic activity. According to the United States Geological Survey (2016b), 81% of the world’s 

largest earthquakes occur along this ring, which extends from Chile northward up the coasts of 

South and North America, through the Aleutian Islands and back southward along Japan, the 

Philippine Islands, and New Zealand (Figure 6). 
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1.2.3 Seismic Incidence Steady but Seismic Disaster Trend is Increasing 

According to long-term records kept by the United States Geological Survey (2016c), the 

incidence of seismic activity around the world has remained relatively steady over time, with 

temporary increases and decreases in seismicity occurring as part of a normal fluctuation around 

a mean. However, when the number of historic seismic disasters (Figure 7) and number of 

persons affected8 by those disasters is charted (Figure 8), it is clear that while the incidence of 

seismic activity may be steady, there is an increasing trend in the number of earthquake and 

tsunami disasters occurring worldwide. This trend started in the mid-1960s, and began to 

increase markedly around 1975 (Guha-Sapir, Below & Hoyois, 2016). 

While it is impossible to directly attribute this rise in seismic disasters to specific sources, 

the most commonly cited probable causes for the apparent increase in the literature are i) the 

overall increase in global population during this period; ii) increasing urbanization of Earth’s 

population, particularly in developing regions; iii) increasing population density in regions prone 

to seismic hazards, such as along major fault lines and near coastlines; and iv) poorly constructed 

buildings and aging infrastructure in regions prone to seismic and tsunami hazards (Dunbar, 

Stroker & McCullough, 2010; Guha-Sapir, Hargitt & Hoyois, 2004; Office of Critical 

Infrastructure Protection and Emergency Preparedness, 2003). This trend towards increasing 

settlement of the world’s coasts combined with the urbanization of coastal communities and the 

associated increases in industrial development along major waterbodies is of special concern 

where tsunami risk is elevated. A tsunami event can only become a disaster when human 

settlements are affected, and this becomes more likely as the number, size, and density of coastal 

communities rises. 

                                                 
8 The phrase ‘persons affected’ as it is used here and in related literature is an approximate count of the number of 
persons injured, made homeless, evacuated, or otherwise impacted by a given disaster, and may, or may not, include 
the number of persons killed. Exactly how the number of persons affected is counted varies by source, but is used as 
a general guide as to how much social impact a given disaster had on a community relative to other similar disasters. 
Both the Canadian Disaster Database and EM-DAT used for this research break fatalities into a separate category, 
but differ on how other impacts are categorized. 
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Figure 7: Occurrence of Seismic Disasters Worldwide—1900 to 2015  

(Source: Guha-Sapir, Below & Hoyois, 2016) 

 

 
Figure 8: Number of Persons Affected by Seismic Disasters Worldwide—1900 to 2015 

(Source: Guha-Sapir, Below & Hoyois, 2016) 
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1.2.4 Historic Canadian Tsunami Disasters 

Although the first written recording of a major earthquake along the west coast of Canada can be 

attributed to Captain George Vancouver in 1793 (Rogers, 1992), the first written recording of a 

tsunami in Canada would not occur until 1917 (Clague, Munro & Murty, 2003). However, new 

evidence of pre-historic tsunami events continues to arise from the oral histories of coastal First 

Nations peoples, recently rediscovered written records from Asia, and detailed examination of 

local sediment deposits by geoscientists. Together these sources are helping to expand our 

understanding of how tsunamis helped to shape Canadian geography and pre-historic society 

(P. Bobrowsky, Natural Resources Canada, personal communication, June 24, 2016; Clague, 

Bobrowsky, & Hutch, 2000; Clague, Munro & Murty, 2003). 

There have only been five natural tsunami disasters recorded in Canada since 

systematized record-keeping of natural disasters began around 1900 (Figure 9 & Table 2).9 Four 

of these five events have occurred along the Pacific Coast, affecting British Columbia, while the 

remaining event occurred in the Atlantic Ocean and affected Cape Breton, Nova Scotia and the 

Burin Peninsula, Newfoundland (Clague, Munro & Murty, 2003; Public Safety Canada, 2013). 

Injury and loss of life have been limited in these historic tsunamis, with the worst event—

the tsunami off Burin Peninsula in 1929—resulting in 28 deaths despite affecting over 40 coastal 

communities (Public Safety Canada, 2013). However, most of these tsunamis have still had a 

significant impact on affected communities, with the costliest tsunami disaster—the Good Friday 

Tsunami in Port Alberni in 1964—estimated to have caused in excess of $10 million in damages 

at the time10 (Clague, Munro & Murty, 2003). Thankfully the large-scale tsunami events 

triggered by large magnitude earthquakes that affected the Indian Ocean in 2004, Chile in 2010 

and 2015, and Japan in 2011 did not become Pacific-wide teletsunamis, and had no significant 

impact on North American communities. These events, however, did have the potential to impact 

our coasts, and such events should raise awareness of the potential dangers that tsunami hazards 

pose to coastal communities throughout Canada (Dawson & Stewart, 2007).  

                                                 
9 This excludes the Halifax Tsunami of December 6, 1917. That event was caused by the explosion of the Mont 
Blanc, a French munitions ship anchored outside Halifax Harbour during World War I. The explosion and 
subsequent tsunami killed over 1,900 people and injured another 9,000 (Anderson & Gow, 2004; Clague, Munro & 
Murty, 2003; Halifax Explosion, n.d.). 
10 Approximately $78 million in 2016 dollars. (http://www.bankofcanada.ca/rates/related/inflation-calculator/). 

http://www.bankofcanada.ca/rates/related/inflation-calculator/
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Figure 9: Historic Natural Tsunami Disasters in Canada—1900 to 2015 

Map showing the five historic tsunamis recorded in Canada since 1900. Three of these events were seismically generated (1946, 
1960, and 1964) while two were caused by landslides (1929, and 1975). (Sources: Clague, Munro & Murty, 2003; Public Safety 
Canada, 2013; and Murty, 2003) 

 

 

Table 2: List of Historic Natural Tsunami Disasters in Canada—1900 to 2015 
Date Locations Affected Cause of Tsunami Impacts to Canadians 

1929, November 18 Burin Peninsula, N.F. & Cape 
Breton, N.S. 

M7.2 offshore earthquake 
causing submarine landslide 

27 deaths on Burin Peninsula, 1 death on Cape 
Breton (Public Safety Canada, 2013) 

1960, May 22 Vancouver Island and Queen 
Charlotte Islands, B.C. 

M9.5 offshore earthquake 
near Concepción, Chile 

1.2 m wave heights at Tofino tide gauge, more than 
1880 deaths worldwide (Public Safety Canada, 
2013; USGS, 2011a) 

1946, June 23 Vancouver Island, B.C. M7.3 inland earthquake 
causing landslides & slumps 

1 death from overturned small boat in Strait of 
Georgia (Rogers, 1980) 

1964, March 27  
& 28 

Port Alberni, B.C. M9.2 offshore earthquake in 
Prince William Sound, 
Alaska 

3.6 m tsunami in Port Alberni causing $10M in 
damages; 122 deaths recorded in the U.S. 
(Sokolowski, n.d.) 

1975, April 27 Kitimat Inlet, B.C. Construction-caused 
submarine landslide 

Localized impacts with up to 8.2 m wave heights, 
$600k in damages (Clague, Munro & Murty, 2003) 
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1.2.5 Tsunami Risk in Canada Today 

Canada has the longest coastline of any nation in the world, estimated by Natural Resources 

Canada at over 243,000 km (Lemmen, Warren, James & Mercer, 2016).11 Eight provinces and 

all three territories share these coasts to at least some degree, with the noted landlocked 

exceptions of Alberta and Saskatchewan. Canada’s coasts touch upon three of the Earth’s major 

oceans: the Pacific Ocean in the west, the Atlantic Ocean in the east, and the Arctic Ocean in the 

north. In addition, Canada has several large lakes in Ontario, Manitoba and the Territories as 

well as the St. Lawrence River, all of which could be potential tsunami sources (Clague, Munro 

& Murty, 2003). 

The tsunami risk and potential triggers associated with each of these three coasts is 

different. Tsunamis in each region would have dramatically different impacts in terms of 

population size affected, infrastructure damaged or destroyed, ability to provide warning, and 

ability to recover following a tsunami event. This in turn has impacted what research is done, 

along which coast that research is being done, and how the research is funded in each region. 

1.2.5.1 Tsunami Risk along the Pacific Coast 

As noted above, Canada’s Pacific Coast is situated along the Pacific Ring of Fire. Of 

Canada’s three coasts, the Pacific Coast is the most vulnerable to future tsunami events. Large 

magnitude earthquakes occurring anywhere in the Pacific Ocean have the potential to reach the 

coasts of Vancouver Island and mainland B.C., and have done so several times in the past 

(Clague, 1997; Clague, Bobrowsky & Hutchinson, 2000; Clague, Munro & Murty, 2003; Clague, 

Yorath, Franklin & Turner, 2006). 

Tsunami risk along the West Coast varies from low through much of the Strait of Georgia 

between Vancouver Island and the Mainland, to very high for much of the western coast of 

Vancouver Island, which acts as a shield for much of the rest of the province’s coastline (Figure 

10). The single largest concern in tsunami hazards research for the Canadian Pacific Coast is 

                                                 
11 Due to a concept called the coastline paradox, measured lengths for coastlines can vary greatly depending on the 
spatial scale at which measurements were taken. The related Wikipedia article on this effect goes into specific 
details as to why this is the case and how this applies to practical measurements of coastlines today: 
https://en.wikipedia.org/wiki/List_of_countries_by_length_of_coastline. 

https://en.wikipedia.org/wiki/List_of_countries_by_length_of_coastline
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from a large magnitude (M9.0 or greater) earthquake occurring along the Cascadia Subduction 

Zone. This zone, discussed in more detail below, has the potential to strike Vancouver Island 

with a disaster that combines a large magnitude near-shore earthquake with a tsunami reaching 

shores minutes later. Depending on the epicentre of such an earthquake, communities along the 

western coast of Vancouver Island could have as little as 15 minutes to get to high ground 

following the earthquake, a little more than the 10 minutes it takes on average for an official 

warning to be issued to the public. The communities at greatest risk along Canada’s Pacific 

Coast include Bamfield, Haida Gwaii, Port Alberni, Tofino, and Ucluelet (Anderson & Gow, 

2004; Clague, Bobrowsky & Hutchinson, 2000; Clague, Munro & Murty, 2003). 

 

 
Figure 10: Tsunami Risk around Vancouver Island 

The shading indicates relative tsunami risk for communities around Vancouver Island. Stars indicate sites with geological 
evidence of past tsunamis. (Source: Clague, Bobrowsky & Hutchinson, 2000) 
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Tsunami research efforts are common along Canada’s Pacific Coast, with several 

prominent researchers focused on the region. Academic funding into this research is often tied to 

federal and provincial government grants and related programs. Both levels of government have 

departments with scientists looking at different aspects of tsunami and general hazards research 

applicable to the region. Efforts by U.S. academic and government researchers are also 

commonly applicable to the situation in B.C., due to the shared threat faced by Alaska, 

Washington, Oregon, California, and Hawaii. The United States National Tsunami Warning 

Center,12 operated by the United States National Oceanic and Atmospheric Administration 

(NOAA), provides tsunami monitoring for the Pacific coasts of both the U.S. and Canada.  

1.2.5.2 Tsunami Risk along the Atlantic Coast 

Canada’s Atlantic Coast includes the shores of Québec, Newfoundland and Labrador as 

well as the three Maritime provinces: New Brunswick, Nova Scotia, and Prince Edward Island. 

Unlike the Pacific Coast, subduction zones are not a prominent feature of the Atlantic Ocean, 

and do not pose an elevated threat to communities along these provinces’ shores.  

The predominant feature of the Atlantic Ocean is the divergent (i.e. spreading or 

separating) plate boundaries separating the Eurasian and North American tectonic plates in the 

north, and the South American and African tectonic plates in the south (see Figure 5, above). 

Divergent plate boundaries do not typically give rise to large seismic events, and thus are not 

likely to cause large, destructive tsunamigenic earthquakes. Without this primary trigger, large 

teletsunamis are extremely rare in the Atlantic Ocean.  

Tsunamis in the Atlantic Ocean instead tend to be much more local or hyper-local events 

in scope. The most likely cause of tsunamis affecting the Atlantic provinces is landslide-

triggered events along or near the continental shelf, such as the 1929 Grand Banks earthquake 

and tsunami centred south of the Burin Peninsula, which tend to be rare. While communities in 

this region are at risk from tsunami events, this risk is deemed to be quite low. One element of 

concern, however, is that should a tsunami occur in the area, the short travel times to nearby 

                                                 
12 Previously known as the West Coast/Alaska Tsunami Warning Center or WCATW, the center was renamed to the 
National Tsunami Warning Center (NTWC) following the Indian Ocean Tsunami in late 2004 to reflect the center’s 
expanded scope to include the Atlantic coasts of the U.S. and Canada. 
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shorelines provides little time for public warning (Clague, Munro & Murty, 2003; Murty et al., 

2005). 

Tsunami research in the Atlantic is not as active as work being undertaken along the 

Pacific Coast. There is less of a provincial focus on tsunami preparedness and risk education in 

the Atlantic provinces compared to the efforts in B.C. In 2004 the monitoring of the Atlantic 

coasts of Canada and the United States was transferred from the Pacific Tsunami Warning 

Center in Ewa Beach, Hawaii to the National Tsunami Warning Center in Palmer, Alaska. 

1.2.5.3 Tsunami Risk along the Arctic Coast 

The tsunami hazard risk level for the Arctic Coast is something of an unknown. A lack of 

historic tsunami records, very little in the way of local indigenous oral history related to 

tsunamis, and a paucity of geophysical research into potential tsunami deposits in the 

sedimentation record has left tsunami researchers with a very small pool of evidence from which 

to make risk-related inferences. Although earthquakes can and do occur in some parts of the 

Arctic, it is theorized that the presence of sea ice may help to reduce the potential for large 

tsunami events to occur in the region. As sea ice conditions in the Arctic continue to change due 

to global climate change this potential mitigating effect may be reduced or even eliminated in the 

future. Establishing a realistic tsunami risk level for our northern coastline will require additional 

research. Thankfully the population at risk along the Arctic Coast is much more limited than 

those of the Pacific and Atlantic coasts, and the research conducted in these more heavily 

populated areas should generally be applicable to the Arctic Coasts as well (Clague, Munro & 

Murty, 2003; Lemmen et al., 2016; Murty et al., 2005). There is currently no tsunami warning 

centre with responsibility for providing warning to Canadians for tsunamis originating in the 

Arctic Ocean. 

1.2.6 The Cascadia Subduction Zone 

The Cascadia Subduction Zone (CSZ) represents the most likely source for a large magnitude 

tsunami affecting Canadian shores. The CSZ is an area that stretches offshore from 

approximately Tofino, B.C. in the north, to south of Eureka, California in the south (Figure 11). 

Here, the Juan de Fuca and Gorda tectonic plates are subducting beneath the much larger North  
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Figure 11: Map of Cascadia Subduction Zone 

The Cascadia Subduction Zone is a region where smaller subducting plates have become ‘stuck’ under the larger North American 
plate. Movement along this boundary is likely to cause large magnitude earthquakes that have the potential to cause tsunamis, 
potentially affecting the west coast of Vancouver Island, Washington, Oregon and California. (Source: FEMA, 2016, used with 
permission) 

 

American Plate and have become stuck. As pressure builds on these plates they can suddenly 

shift several metres underground, releasing significant amounts of seismic energy in the form of 

earthquakes. The largest concern associated with the CSZ is its potential for a large magnitude 

(M9.0 or greater) offshore earthquake, which may in turn trigger a large tsunami affecting much 

of the Pacific coastlines of Alaska, British Columbia, Washington, Oregon, and California. The 

combined earthquake and tsunami event has the potential to be devastating to coastal 

communities on a scale that has not been seen in North America since the 1964 Good Friday 
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Earthquake and Tsunami event, but centred along a much larger, much more heavily populated 

region (Cherniawsky et al., 2007; González et al., 2009; Lindell & Prater, 2010; Wood, 2009). 

The high degree of seismic and tsunami risk associated with the CSZ led to the creation 

in the United States of the National Tsunami Hazard Mitigation Program (NTHMP) in 1997. 

This program established a partnership of the five Pacific States of Alaska, California, Hawaii, 

Oregon, and Washington with four Federal Agencies: The National Oceans and Atmospheric 

Administration (NOAA), the United States Geological Survey (USGS), the Federal Emergency 

Management Agency (FEMA), and the National Science Foundation (NSF). The goals of the 

NTHMP were to develop tsunami inundation risk maps and emergency products for every 

United States coastal community that was at risk from tsunamis associated with the CSZ; to 

advance the state of tsunami modelling and emergency management technologies; and to 

establish a program for systematic review and upgrading of scientific and emergency 

management products over time (Gonzalez et al, 2005). This program has resulted in extensive 

published research into tsunami detection, tsunami hazard mapping, evacuation mapping and 

procedures, public hazards education, and other emergency management tools, and an entire 

volume of the journal Natural Hazards was dedicated to a review of the program in 2005 (see 

volume 35 of the journal Natural Hazards (2005) for a full review of the major aspects of the 

program). While the NTHMP is a U.S.-centric research program, the researchers involved had 

published the processes, modelling, and outcomes from their research in whitepapers and in 

academic journals so that their work could be applied in other contexts. 

There has been no equivalent of the NTHMP so far in Canada, and potentially impacted 

provinces are responsible for working in cooperation with Public Safety Canada, Natural 

Resources Canada, and other federal departments to fund, execute, maintain, and manage 

tsunami hazard mitigation programs. Along the Canadian portion of the CSZ the focus has been 

on public education related to the large-magnitude earthquake which could occur along the plate 

boundaries, although increasing efforts have been made in communities along western 

Vancouver Island to include tsunami-related education. It has been estimated that in a worst-case 

scenario the interval between a local earthquake and inundation of coastal communities along 

Vancouver Island could be as little as 15 to 30 minutes depending on distance to the earthquake 

epicentre (Cherniawsky et al., 2007; Hedley, 2012; Kurowsky & Hedley, 2005). 
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1.3 Study Area: Port Alberni, British Columbia 

The study area for this research is the community of Port Alberni, B.C. Port Alberni is located in 

the Alberni Valley, approximately a two-and-a-half-hour drive northwest from Victoria (Figure 

12). The city itself hosts a population of over 17,700 people as of the 2011 Census of Population 

(Statistics Canada, 2012a), however the greater Port Alberni agglomeration area—including the 

adjacent First Nations communities of Hupacasath and Tseshaht—accommodates over 20,500 

residents (Figure 13; Statistics Canada, 2012b).  

 

 
Figure 12: Location of the Study Area, Port Alberni, on Vancouver Island, B.C. 
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Figure 13: City of Port Alberni and Surrounding First Nations Lands 

 

Port Alberni is the largest community in the Alberni-Clayoquot Regional District and is 

the centre for many of the District’s administrative services, including its head office. The 

modern-day community of Port Alberni was the result of the merging of the twin cities of 

Alberni (the north end) and Port Alberni (the south end and port) following a lengthy 24-year 

period of discussion that began in the summer of 1943 and ended with the amalgamation of the 

two separate cities into the combined Port Alberni on October 28, 1967 (Peterson, 1994). The 

racial make-up of Port Alberni is predominantly Caucasian (84%). Aboriginal groups make up 

about 11%, and visible minorities only around 4% (Table 3). 
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Table 3: Visible Minority Population for Port Alberni  

Visible Minority Group Visible Minority Total Percentage of Population (%) 

Visible Minorities 

Black 60 

4.49 

Chinese 190 

Filipino 40 

Japanese 15 

Latin American 30 

South Asian 385 

Southeast Asian 30 

Multiple visible minorities 30 

North American Aboriginal 

First nations 1,495 

11.36 Inuit 60 

Métis 420 

Not a visible minority All others 14,630 84.15 

Subtotals:  17,385 100.00 

(Source: Statistics Canada, 2013) 

 

Port Alberni is a deep port community with direct access to the Pacific Ocean via a very 

long, thin fjord called the Alberni Inlet, which outlets at Barkley Sound (historically known as 

Barclay Sound) along the southwestern side of Vancouver Island. This channel allows local mills 

to export raw and processed lumber products to customers around the world, allows local fishing 

operations to access ocean fisheries, and acts as a key transportation point for residents living in 

smaller communities along the Alberni Inlet which are only accessible by boat. Road access to 

the communities of Tofino and Ucluelet along the west coast requires passing through Port 

Alberni, and Bamfield can be accessed by a dirt roadway from the city as well. 

The physical geography of this area is predominated by steep-walled fjords and inlets. 

Coastal areas tend to be surrounded by hills and small mountains. Several sections of the nearby 

coast contain sand beaches, particularly between Ucluelet and Tofino, and are popular with 

surfers and other visitors from around the world.  
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Two phenomena exist which make the geography of this the Port Alberni Area important 

for tsunami studies. The first is the shape and orientation of Barkley Sound, and the second is a 

unique resonance present within the Alberni Inlet which affects incoming tsunami waves. 

Regardless of the direction that tsunami waves enter Barkley Sound, the shape of the Sound will 

redirect most large waves into the Alberni Inlet. This makes it likely for tsunami waves to 

continue up the inlet regardless of the wave’s direction of travel outward from its source (i.e. a 

tsunami travelling south from Alaska is about as likely to enter the inlet as one travelling north 

from Chile, or east from Japan or Hawaii). Once in the Alberni Inlet, the shape of the fjord, both 

above and below the waterline, acts to compress and amplify incoming long-wavelength waves 

like tsunamis. The width and shape of the inlet also creates a unique resonance effect on tsunami 

waves that further increases the already compressed waves, resulting in wave heights in Port 

Alberni that are up to three times greater than the wave heights would otherwise be. For this 

reason, what might be minor tsunamis in Tofino, Ucluelet, or Bamfield, can be of much greater 

concern for residents of Port Alberni (Clague, Bobrowsky & Hutchinson, 2000; Clague, Munro 

& Murty, 2003; Fine et al., 2009; Ng, Leblond & Murty, 1990).  

1.3.1 The 1964 Good Friday Earthquake and Tsunami 

The Good Friday earthquake and subsequent tsunami occurred at 5:36 PM (AST) on Good 

Friday, March 27 and was centred in Prince William Sound, Alaska, approximately 121 km 

(75 miles) southeast of Anchorage (Figure 14). The earthquake measured a 9.2 on the moment 

magnitude scale (Mw) at a depth of approximately 25 km. It was, and remains, the most powerful 

earthquake ever recorded within the United States (U.S. Geological Survey, 2015).13 

The tsunami that resulted from the Good Friday earthquake spread out from Prince 

William Sound and was detected in over 20 countries (Figure 15), including along British 

Columbia’s Pacific Coast. The largest wave associated with the tsunami was recorded in Shoup 

Bay, Alaska, with a height of approximately 67 m (220 ft.). A total of 123 deaths were attributed 

to the tsunami, with 106 in Alaska, four in Oregon, and 13 in California (Sokolowski, n.d.). 

                                                 
13 The largest ever recorded earthquake was a magnitude 9.5 quake that occurred at 19:11 UTC on May 22, 1960 
just south of Concepcion, Chile. See http://earthquake.usgs.gov/earthquakes/world/events/1960_05_22.php for 
specifics on this event. 

http://earthquake.usgs.gov/earthquakes/world/events/1960_05_22.php
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Figure 14: Epicentre for the 1964 Good Friday Tsunami 

 

 

 
Figure 15: Tsunami Travel Time Map for the Good Friday Tsunami 

(Source: NGDC Hazards, 2006; isolines denote wave travel time in hours) 
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While other communities on Vancouver Island saw wave heights approximately 1 m 

above the nominal sea level, wave heights in Port Alberni were measured retroactively at 

approximately 3.6 m (Public Safety Canada, 2013).14 While the earthquake occurred relatively 

early in the evening of March 27, the waves did not reach Port Alberni until just after midnight 

on March 28, after many in the community had gone to sleep. The first wave was estimated at 

8 ft. (2.4 m) above sea level and is said to have risen by about a foot each minute. The local civil 

defence force had been disbanded the previous year, but members of the RCMP and Alberni 

Valley Rescue Squad went door-to-door in the most vulnerable areas along the river to wake 

residents and help them evacuate to higher ground. Thankfully, due in part to their actions, no 

lives were lost in Port Alberni from the event (Anderson & Gow, 2004; Civil Defence Co-

Ordinator’s Office, 1964; Peterson, 1994). 

Significant damage did occur in the two communities, however, with the worst occurring 

along the Somass River. Boats, docks, businesses, homes, and even the railway track were all 

heavily damaged, and there are stories of people waking up the next day to find their homes had 

lifted off their foundations and moved over a block without waking them. There was no tsunami 

warning system at the time, and most radio and television broadcasts had already stopped for the 

evening. The B.C. Provincial Civil Defence Co-ordinator would call in the Army for assistance. 

The official damage tally after the event was estimated at over $10 million (Anderson & Gow, 

2004 Civil Defence Co-Ordinator’s Office, 1964; Frank Holm, personal communication, June 

13, 2016; Peterson, 1994). 

1.3.2 Tsunami Awareness and Preparedness in Port Alberni 

Both Port Alberni’s geography and its history make it an ideal location for tsunami studies in 

many ways. It is the site of Canada’s most destructive tsunami disaster, and continues to be at 

elevated risk for another such in disaster in the future. It is the site of Canada’s only operating 

dedicated public tsunami warning system, which is tested monthly to ensure those living within 

                                                 
14 Wave heights varied by location within the twin communities of Alberni and Port Alberni. Given that the local 
tide gauge was destroyed during the event wave heights had to be estimated after the fact by examining debris, from 
eye-witness accounts of the event, and from computer modelling. Various heights ranging from 3 m to over 4 m can 
be found in journal articles, books, and web resources referencing the event. The official measurement recorded by 
Public Safety Canada is used herein. 
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the inundation zone are aware of what it sounds like. While the Good Friday Tsunami was over 

half a century ago, there are still residents in the area who experienced the disaster first hand, and 

many more who have heard the stories from friends, family, and neighbours who did.  

Overall the community is very aware of its tsunami history, and local museums and 

historic sites continue to educate both young and old about the 1964 event in their exhibits and 

through access to their historical archives. The City of Port Alberni, Alberni-Clayoquot Regional 

District, and B.C. Provincial governments have done remarkable work to ensure residents are 

aware of the risk, have access to tsunami preparedness materials, and can be quickly notified 

should a tsunami warning be announced. Schools located within and near to the inundation zone 

have begun to perform tsunami drills, which have students take different evacuation routes to 

designated safe points on higher ground. From these perspectives, Port Alberni should be an 

ideal location to study tsunami disaster preparedness in a Canadian context, and specifically to 

test the perceived value and usefulness of assistive planning tools by members of the community.  

1.3.3 Skewed Age Distribution 

While Port Alberni is ideal for tsunami-related hazards research in many ways, there is one 

important aspect of the community that differs from the Canadian norm: age distribution. Like 

many smaller communities in Canada, recent data collected by Statistics Canada (2012c) shows 

that the age distribution in Port Alberni differs from the Canadian average in several key age 

categories (Figure 16), including a lower-than-average number of adults in the younger working-

age brackets and a higher-than-average number of adults aged 65 and older (Figure 17). The 

skew towards older residents in the community is reflected in the statistics related to median age 

and percentage of the population aged 65 and over, which are above both the average for the 

province of British Columbia, and the nation as a whole (Table 4). 
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Figure 16: Age Characteristics Distribution for Port Alberni vs. Canada 

(Source: Statistics Canada, 2012c) 

 

 

 

 
Figure 17: Variance of Population Age from the Canadian Average in Port Alberni 

(Source: Statistics Canada, 2012c) 
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Table 4: Regional Age Characteristics for Port Alberni, British Columbia and Canada 

Region Median Age % of Population  
Aged 65 and Older 

Difference of Older Adults from  
Canadian Average (%) 

Port Alberni – City 46.6 20.6 +5.8 

Port Alberni – Census Agglomeration 47.3 20.1 +5.3 

British Columbia 41.9 15.7 +0.9 

Canada 40.6 14.8 — 

(Source: Statistics Canada, 2012c) 

 

This skew in age distribution in the community is both useful, and a potential concern for 

conducting hazards preparedness research. On one hand, it should be easier to make contact with 

older Canadians—a group which is often left out of preparedness research, and a key voice I 

want to access as part of my research. On the other hand, my research focuses on a technological 

aid for disaster preparedness, and there is a concern that many older Canadians are going to be 

less willing to participate in a tech-heavy research project. Another potential area of concern is 

that with fewer young adults there is likely to be fewer families with young children, another 

group of interest for this study.  
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Chapter Two: Review of the Literature 

2.1 GIS Approaches to Tsunami Evacuation Modelling 

GIS software has slowly become an important tool in tsunami evacuation modelling, assisting 

researchers, city planners, traffic engineers, emergency managers, and first responders to 

understand and incorporate an ever-wider array of factors associated with natural and 

technological hazards into evacuation management and planning efforts. The multi-dimensional 

nature and flexible data handling capabilities of most GIS software allow us to combine disparate 

data from the physical, social, economic, and political aspects of our communities to perform 

pre-disaster vulnerability assessments, model potential disaster impacts, and explore the 

efficiency of evacuations to locations of safety (Wilson & Cales, 2008; Wood & Schmidtlein, 

2013; Zerger, 2002). 

While various mathematical and early simulation modelling of hazards and evacuations 

can be found as far back as the late 1970s and early 1980s (e.g., Kunreuther & Miller, 1985; Van 

Wagner, 1976), it was not until the 1990s and early 2000s that multi-criteria geospatial analysis 

really began to come into its own in the literature (e.g., Coppock, 1995; Cova & Church, 1997; 

de Silva, Pidd & Eglese, 1993; Dunn, 1992; Rejeski, 1993; Wood & Schmidtlein, 2012; 

Zografos et al., 1994 in Zerger, 2002). Much of the early work into GIS evacuation modelling 

focused on the software’s ability to combine physical and social aspects of evacuation, and on 

the accuracy and precision with which such modelling could be conducted. Early systems were 

advertised as “decision support systems,” intended to help planners, engineers, and emergency 

managers to explore how evacuations might work, identify which areas were most vulnerable 

during an evacuation, and to establish standardized measures of evacuation preparedness 

(Mulilis, Duval & Lippa, 1990; Zerger, 2002).  

A distinct micro/macro division arose between modelling approaches in the 1990s and 

2000s (Cova, 1999) that continues, though with some new multi-scale modelling approaches 

coming to the fore. Micro-simulation evacuation models tend to be high-fidelity, focusing on the  
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movement and interaction of individual units,15 such as pedestrians or vehicles, which follow 

rules similar to how these units would behave in the communities being simulated (Cova & 

Johnson, 2002). Macro-simulation evacuation models, on the other hand, tend to be more 

regional, modelling overall or aggregate flows rather than the movement of individual units 

(Pourrahmani, Delavar & Mostafavi, 2015; Van Zuilekom et al., 2005). Given their nature, 

micro-simulation evacuation models tend to need more detailed information about the number 

and distribution of transit units or pedestrians as well as specifics about road capacity prior to 

and/or during an evacuation, while macro-simulations are more general, requiring less specific 

details to model regions as a single system of inflows and outflows. This micro/macro distinction 

has become more blurred with the development of mixed- and meso-scale models, which seek to 

either combine separately modelled scales, or combine the two at some intermediate scale (Cova 

& Johnson, 2002). 

GIS evacuation modelling has evolved since its early beginnings, and most evacuation 

modelling conducted today using GIS usually takes one of three basic approaches: least-cost-

distance models (Anguelova, Stow, Kaiser, Dennison & Cova, 2010; Upchurch, Kuby, Zoldak & 

Barranda, 2004; Wood & Schmidtlein, 2012 & 2013), network-based models (González-Riancho 

et al., 2013; Pourrahmani, Delavar & Mostafavi, 2015), and agent-based models (Jonkman et al., 

2008; Taubenböck et al., 2009; Yeh et al., in Wood, Schmidtlein & Peters, 2014). Each 

modelling approach has its own strengths and weakness, data input requirements, and limitations 

on what type of research questions they can address. Often there is a clear case to use one 

approach over another, but there is significant overlap in some areas. Cova and Johnson (2002) 

proposed combining these approaches to use the strengths of each to model different modes of 

evacuation transport, and some newer works, including my own, have attempted to do just that. 

                                                 
15 In evacuation models, units may represent individual pedestrians, cars, trucks, taxis, buses, boats, or light rail 
transport trains, depending on the specific needs of the study and the capabilities of the underlying modelling 
software. While earlier models usually focused on a single mode of evacuation transit (i.e., either pedestrian or 
vehicular), newer systems are capable of modelling multiple different modes of transit at the same time, allowing for 
studies of the interaction among and between these different forms of evacuation. The most advanced micro-
simulation systems tend to be built on transportation engineering software platforms (e.g., MatSim and 
QuadstoneParamics), rather than integrated into GIS software suites such as ArcGIS. 
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2.1.1 Least-Cost-Distance Evacuation Modelling 

Least-cost-distance (LCD) approaches to evacuation modelling tend to use a raster-based 

approach16 to GIS, where the study area is broken down into a grid of pixels or cells. Travel 

paths are calculated for all pixels located with the designated ‘hazard zone’ to all pixels within 

designated ‘safe zones,’ with the modelling analysis ultimately selecting the optimal evacuation 

path with the least overall cost-distance. 

Costs are typically assigned to an LCD evacuation model based on the ease or difficulty 

some aspect of the landscape presents to evacuation for the transit mode being considered. 

Individual pixels may have one or more of these costs associated with them, which are typically 

related to the type of terrain contained by the majority of the cell (e.g., sidewalk, heavy woods, 

swamp, barren land, or ice and snow), the steepness of any slope associated with traveling 

through the pixel, and may have different costs based on the direction of travel through that 

pixel. In a square pixel, most models calculate the cost to travel perpendicular to one of the sides 

of the pixel at 100%, and the cost to travel diagonally at around 141%.17 For example, the cost to 

travel horizontally through a pixel representing a flat, paved parking lot would be very low 

compared to travelling diagonally uphill through a pixel representing a steep, heavily wood slope 

(Wood & Schmidtlein, 2012). Determining exactly how much more difficult the second pixel 

would be to travel through compared to the first is very difficult to determine, given the lack of a 

body of validated empirical studies into the difficulty of travelling across different types of 

terrain. While most LCD approaches to evacuation modelling do not describe how costs were 

established for different ground cover and hillslopes, the most commonly cited sources are a 

study by Soule & Goldman (1972) for terrain-based energy cost coefficients, and Tobler’s (1993) 

exploration of anisotropic modelling for managing travel up, down, or across hill slopes (Jones, 

Ng & Wood, 2014; Wood & Schmidtlein, 2012 and 2013; Wood, Schmidtlein & Peters, 2014; 

Schmidtlein & Wood, 2015). 

                                                 
16 In raster-based GIS, the area of interest is divided into rows and columns, which form a grid-like structure. Each 
individual cell, or ‘pixel,’ is usually square or rectangular, and may have one or more attributes associated with it 
beyond its locational information. This is essentially an abstraction of the ‘real’ world into a matrix of attribute 
values, and unlike vector GIS, there are no ‘objects’ with their own topology such as polygons or circles. 
17 The actual straight line distance of the diagonal of a square is √2 times, or approximately 141.42%, the length of 
the square’s sides. 
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Modern LCD models are ideal for modelling pedestrian travel in cases where evacuees 

are not restricted to specific travel paths, where there is a great deal of variation in surface cover 

and ‘hilliness,’ or where there is a need to model pedestrian movements until they transition to 

another form of transportation, such as a car or bus (Wood et al., 2016). LCD models that 

account for direction of travel, called anisotropic models, have been shown to outperform basic 

linear, network-restricted, and isotropic LCD models, resulting in more realistic evacuation time 

surfaces, and less underestimation of evacuation times. As with most forms of LCD modelling, 

anisotropic least-cost-distance modelling is sensitive to the spatial resolution of data inputs, and a 

pair of sensitivity analyses conducted by Schmidtlein and Wood (2015; also Wood & 

Schmidtlein, 2012) show that anisotropic LCD models work best with high spatial resolution 

digital elevation models and high- to mid-resolution land cover data.  

A unique strength of LCD models is the ability to generate a single, universal cost surface 

which Wood & Schmidtlein (2012, p. 280) refer to as “speed conservation values.” Once 

generated, this layer can be used to calculate an unlimited number of travel cost surfaces for 

different maximum travel speeds, which is ideal when determining pedestrian travel speed 

estimates on a per-household basis, given basic member health and fitness information (Jones, 

Ng & Wood, 2014; Wood & Schmidtlein, 2012 and 2013). 

However, as a macro-simulation model with limited input data, the LCD approach to 

evacuation modelling is limited in which types of research questions it can address. For example, 

it is not possible to effectively model pedestrian bunching or vehicular traffic congestion using 

only an LCD-based model, making this approach much less effective for traffic modelling or 

building evacuation modelling than network- or agent-based approaches. Further, LCD 

modelling is vulnerable to issues of scale associated with the resolution of elevation and land 

cover data, and can face problems when dealing with objects on the landscape (e.g., creeks, 

ponds, fences) which may affect travel pathing and are smaller than the resolution of an 

individual pixel (Jones, Ng & Wood, 2014; Wood & Schmidtlein, 2012 and 2013). 

The work into LCD tsunami evacuation modelling conducted by Wood and Schmidtlein 

(2012, 2013) and colleagues (Jones, Ng & Wood, 2014; Wood, Schmidtlein & Peters, 2014) has 

created a (current) best-for-purpose tool for tsunami pedestrian evacuation modelling. This 

model has received extensive use along the Pacific coast to model tsunami-related pedestrian 
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evacuations in Alaska (Wood, Schmidtlein & Peters, 2014), Oregon (Priest, Stimely, Wood, 

Madin & Watzig, 2016), Washington (Wood, Jones, Schelling & Schmidtlein, 2014; Wood & 

Schmidtlein, 2012 and 2013), and New Zealand (Fraser, Wood, Johnston, Leonard, Greening & 

Rossetto, 2014). Their process has been integrated into an extension for the ArcGIS software 

suite by the USGS, called the Pedestrian Evacuation Analyst, to allow researchers examining 

pedestrian evacuation to model at-risk communities around the world with very simple data 

inputs. 

2.1.2 Network-Based Evacuation Modelling 

When evacuation travel is restricted to specific paths across roads, trails, paths, or rivers, a 

network-based modelling approach can often work more quickly and efficiently than traditional 

raster-based LCD approaches. Reduced data inputs and faster processing associated with early 

network-based approaches allowed these tools to see use in cases where the time or cost of such 

analyses is important. De Silva, Pidd & Eglese (1993) and Newsom & Mitrani (1993) show 

some promising early use of network analysis in emergency preparedness and evacuation 

modelling where computing cost and processing time were deemed to be important. 

Network-based approaches can be used for both meso- and macro-simulations for hazard 

evacuations, though most such studies are conducted at the individual town or city scale (Cova & 

Johnson, 2002). Network-based approaches often integrate well into broader multi-component 

analyses such as that conducted by González-Riancho et al. (2013), which combined tsunami 

scenario modelling with evacuation analysis and planning. Network-based approaches also work 

extremely well in cases where evacuation simulations are conducted in locations with tightly 

constrained travel networks in order to establish location-based evacuation time estimates 

(Pourrahman, Delevar & Mostafavi, 2015).  

Network analysis has long been integrated into most basic GIS software suites (including 

the popular ArcGIS and open source QGis tools), making it available at no additional cost 

beyond the price of the GIS software suite. It is quick and relatively easy to perform network-

based analyses, and network-based modelling does not have the detailed data requirements of an 

agent-based approach.  



 

41 

However, network-based approaches only work in situations where there are clearly 

definable travel networks, and are thus not commonly used for pedestrian evacuation except in 

locations where pedestrians are tightly-constrained in where they can travel, such as in building 

evacuation modelling. Further, as largely macro-simulations, they are not commonly used in 

situations where pedestrian milling or traffic congestion need to be taken into consideration. 

Network-based approaches are limited in what specific questions they can address, and 

the increasing push towards agent-based modelling has resulted in an overall decrease in 

network-based evacuation modelling. With modern computing power and software accessibility, 

anything that can be done with network-based approaches can usually be performed with similar 

agent-based simulations, which are also able to address a number of additional questions. 

Network-based modelling is still very useful in cases were the extensive, detailed data required 

by agent-based evacuation modelling is not available, or where extensive per-unit simulations 

are not appropriate or required. 

2.1.3 Agent-Based Evacuation Modelling  

Most agent-based modelling (ABM) is conducted at the micro-simulation level, allowing for the 

evacuation simulations to model individual pedestrians, cars, trucks, taxis, busses, or light rail 

trains. This can make this type of modelling very effective for traffic and building evacuation 

analysis. While pedestrian evacuation analysis is possible using an agent-based approach, this is 

usually only performed in cases where pedestrians are extremely limited in where they can 

travel, such as in roads-only evacuations (Jonkman, Vrijling & Vrouwenvelder, 2008; Yeh, Fiez 

& Karon, 2009 in Wood et al., 2016). 

ABM is most effective for determining ‘pinch points’ and other areas of congestion or 

interruptions in evacuation flow due to limited bandwidth or capacity, and can also be useful in 

establishing regional evacuation times where such congestion may be an issue, such as where 

evacuations must pass over a limited number of bridges, or using limited public transit routes 

(Fraser et al., 2014; Taubenböck et al., 2009). By modelling individual units, it is possible to 

distribute units stochastically throughout the study area to see how slight variations in starting 

conditions can impact overall evacuation times for a given area, or identify bottlenecks for 

different starting times (e.g., early morning vs. afternoon rush hour vs. holidays) (Fraser, et al., 
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2014). The ability to run thousands of simulations using slightly different conditions is useful 

when exploring different evacuation scenarios, examining the impacts of future infrastructure 

changes, or examine potential fixes for known pinch points on the network. 

While ABM is a useful approach to vehicular and multi-modal evacuation modelling, it 

does have its issues. ABM is not generally suited to modelling pedestrian evacuations in cases 

where pedestrians are not tightly restricted to a narrowly defined network or surface. In addition, 

ABM requires much more detailed information about population distribution as well as road and 

transit capacities than the other two approaches, which can be an issue in smaller towns and 

cities in Canada, where this information simply may not be available. As a micro-simulation, 

ABMs are usually simulating hundreds to thousands of objects at once, which requires much 

more computer processing than the other two approaches. Further, Agent-based evacuation 

modelling software tends to be stand-alone, and not integrated into generalized GIS software 

suites, making it difficult, and in some cases impossible, to use as part of an integrated GIS 

solution.  

Some agent-based modelling software available today that can be used for evacuation 

modelling includes: 

• MATSim (http://www.matsim.org/) – By far the most common traffic simulation 

software cited for use in evacuation modelling, MATSim is an open-source framework 

intended for use with “large-scale agent based transport simulations” (MATSim, n.d.). 

• Life Safety Model (http://www.lifesafetymodel.net/) – Produced by BC Hydro, the LSM 

has been in use since 2004, and is primarily used to model flooding from existing 2D 

hydrodynamic models, and can be used to estimate flood impact and for use in 

emergency response planning. 

• QuadstoneParamics (http://www.paramics-online.com/) – Produced by Portrait Software, 

Paramics is “microscopic traffic and pedestrian simulation software” intended for 

planners, traffic engineers and others exploring traffic- and pedestrian-friendly 

transportation infrastructure projects (Portrait Software International, n.d.). It is probably 

overkill for most evacuation simulation situations, and pricing is only available by 

contacting the company directly. 

http://www.matsim.org/
http://www.lifesafetymodel.net/
http://www.paramics-online.com/
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• AgentAnalyst (http://resources.arcgis.com/en/help/agent-analyst/) – An open-source 

extension for the ArcGIS Desktop 10.0 GIS software suite. 

• Many other, more specialized software packages also exist, in either open-source or 

commercial packages.  

2.2 Hazards Knowledge, Hazards Risk Perceptions, and Household Preparedness 

2.2.1 Hazards Knowledge 

There has been significant literature exploring the connections between public knowledge about 

natural hazards, their perceptions of the risks associated with these hazards, and the impacts 

these perceptions can have on individual and household disaster preparedness. Research into this 

area starts showing up in the literature in earnest starting in the late 1960s and early 1970s and 

has grown steadily since, remaining an active topic of discussion today. The links between 

hazards knowledge, risk perceptions, and household and community preparedness are of interest 

to a broad selection of the physical and social sciences. Associated literature can be found in 

anthropological, geographical, geological, hazards, health care, medical, psychological and 

sociological journals. Given the volume of available resources, I have tried to focus on those 

most directly related to tsunami hazards and the North American context, although the 

interconnected nature of studies has made this a difficult task at times. 

Many studies exploring how vulnerable individuals acquire knowledge about local 

natural hazards identify similar key information sources, regardless of location, culture, and 

hazards of interest. Foremost on these lists tends to be an individual’s social network, made up of 

friends, family, and neighbours, which is commonly cited as the primary source potentially 

vulnerable residents use to learn about local hazards risks (Becker, Paton, Johnston & Ronan, 

2012; Diekman, Kearney, O’Neil & Mack, 2007; King & MacGregor, 2000; Rooney & White, 

2007). Our social networks can inform us about local hazards, provide us with local historic 

information about these hazards, and can significantly influence our perceptions of these risks. 

Such interactions tend to be informal, but our opinions about hazards and household 

preparedness are strongly impacted by the information we receive from those whom we trust and 

respect, with friends, neighbours, and family often falling into this category. 

http://resources.arcgis.com/en/help/agent-analyst/
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Local school curriculums that include risk communication and education have also been 

shown to have close links to effective home-based preparedness (Bird & Dominey-Howes, 2007; 

Falkiner, 2003; Johnston et al., 2005; Said Ahmadun, Mahmud & Abas, 2011). Johnston et al. 

(2005) indicate that school programs were seen by residents they studied in Washington State, 

U.S.A. as an important method for improving awareness in the community, as cooperative 

lessons and surveys used in classrooms are, in effect, raising awareness in both students and their 

parents or caregivers. Specific lesson plans and supporting materials have been produced by 

several provincial, state, and federal governments in Canada, the United States, and Australia, 

however many of these programs and plans are no longer available at their original website 

URLs, or have disappeared completely. One of the best examples of such a program that is still 

available as of this writing was produced by FEMA (n.d.) in the United States (and has since 

been relocated to the Ready.gov website); the ‘Be a Hero’ program includes materials for 

children, parents, and teachers. In Canada, the ‘Expect the Unexpected’ program from the 

Canadian Red Cross (n.d.) is similar to the ‘Be a Hero’ program and provides content for both 

students and teachers.  

Media sources, including television, radio, newspapers, and internet campaigns have been 

shown to have some links to household preparedness, along with the distribution of leaflets, 

brochures, posters, online videos, and public information meetings (Bird & Dominey-Howes, 

2007; Clague, Munro & Murty, 2003; Levac, Toal-Sullivan & O’Sullivan, 2012; Murphy, 2007; 

Said et al., 2011; Wachinger, Renn, Begg & Kuhlicke, 2013). Clague, Munro, & Murty (2003) 

note that “although these measures are laudable, they, unfortunately, are difficult to implement 

… convincing people that they should inform themselves about a natural process that has a low 

probability, much less take any action to mitigate the hazard is a ‘hard sell’” (p. 456). Said et al. 

(2011) are of the opinion that television “is the most effective mean[s] of raising public tsunami 

awareness and knowledge” (p. 273), but still ascribe to an approach that uses multiple methods 

to raise public awareness and education of local hazards to ensure broad coverage. There is very 

little discussion of internet-based fora so far within most such literature, although social 

networking/social media sites are beginning to be explored as hazards knowledge sources in 

more recent literature (Basolo et al., 2008; Pennington-Gray, Thapa, Kaplanidou, Cahyanto & 

McLaughlin, 2011; Said et al., 2011; Taylor, Wells, Howell & Raphael, 2012; Wood et al., 
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2012). However, much of this literature is focused on the use of social media as a platform for 

post-disaster communication, and to exchange information during the recovery phase of a 

disaster, rather than to support information-seeking behaviours associated with home-based 

preparedness (Levac, Toal-Sullivan & O’Sullivan, 2012; Taylor et al, 2012). 

Regardless of how hazards risk information is provided to at-risk residents, the goal of 

providing such information is to educate these populations and to “persuade people, formally or 

informally, to adopt self-protect behaviours and practices” that inform individuals and 

households about the preparatory actions available to them to help mitigate associated hazards 

risks (Bird & Dominey-Howes, 2007, p. 102). Shutz and Wiedemann (2000, in Bird & Dominey-

Howes, 2007) found that providing basic risk information to the public had a positive influence 

on hazards knowledge, which in turn resulted in an increase in public trust of risk mitigation and 

preparedness planning. 

2.2.2 Risk Perception 

Our perceptions about hazards risks, and specifically how our risk perceptions influence what 

precautionary measures we may take (if any), have also been a matter of considerable study. 

While there do appear to be a small number of factors that appear to influence our perceptions of 

hazard risk, and these in turn can lead to the taking of preparedness actions, these connections 

are not strong, and are not always direct. 

In “An Examination of the Effect of Perceived Risk on Preparedness Behavior,” Bourque 

et al. (2012) identified and examined ten models18 that explore the impacts of risk perception on 

household preparedness in the context of terrorism in the United States. The authors identify two 

dominant models in the literature, the “psychometric model” coming from psychology, and the 

“motivational model” based largely in the social sciences. The foundational research into what 

would become the psychometric model was conducted chiefly by Slovic, Fishhoff, and their 

colleagues Combs, Lichtenstein, and Read in the late 1970s and through the 1980s and uses 

                                                 
18 For reference, these included the Health Belief Model (Becker & Janz, 1987), the Theory of Reasoned Action 
(Ajzen & Fishbein, 1980), Protection Motivation Theory (Rogers, 1975), Person-relative-to-event (PrE; Duval & 
Mulilis, 1999), Protective Action Decision Model (PADM; Lindell & Perry, 1992, 2000), stage theories (Glik, 2007; 
Martin et al., 2007; Prochashka & DiClemente, 1983), social-cognitive models (Lee & Lemyre, 2009; Paton, 2008, 
Paton, Bajek, Okada & McIvor, 2010; Paton, Smith & Johnson, 2005), as well as the Psychometric Model and 
Motivational Model, which I discuss above. (All sources in Bourque et al., 2012) 
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psychometric techniques to provide measures of risk perception and an attempt to bring 

standardization to the field. These efforts focus on “dread and the likelihood of fatalities 

(severity) associated with the risk” (Basolo et al., 2008). Studies continue to use the 

psychometric approach to understand and connect perceptions of risk with preparedness (Rivers, 

Arvai & Slovic, 2010; Terpstra, Lindell & Gutteling, 2009).  

In contrast, the motivational model comes largely from the social sciences, and focuses 

on examining the “effect of risk perception on a range of preparedness actions for a variety of 

different … hazards” (Bourque et al., 2012, p. 620). These studies tend to focus on one or two 

specific hazards or geographies, where psychometric approaches often seek to be more 

generalized. Key proponents of the motivational model include Basolo, Bourque, Grothmann, 

Lindell, Paton, Perry, and Reusswig. Foundational research began in the 1990s and continues to 

be conducted today. In the motivational model, “risk perception has been conceptualized as the 

dependent variable, an independent variable, and as a mediating or moderating variable, and it 

has been used to predict a range of behaviour including protective action responses to warnings, 

actual hazard events, and preparedness and mitigation actions” (Bourque et al., 2012, p. 620). 

Rather than focus on psychometric techniques and indicators of risk perception, the motivational 

model seeks to determine how risk perceptions and other intrinsic and extrinsic factors may 

influence or motivate individuals to undertake preparedness and other mitigative actions 

(Egbelakin, Wilkinson, Potangaroa & Ingham, 2011). While aspects of both the psychometric 

and motivational models help to inform my research, I have tended to rely more heavily on 

sources associated with the motivational model as it tends to align better with the other aspects of 

my research than the more psychology-focused works associated with the psychometric model. 

A wide variety of different factors has been proposed and tested to link risk perceptions 

and personal preparedness behaviours. One of the most commonly cited factors is direct, 

personal experience of a natural disaster. Direct experience has been shown in some older studies 

to have a positive effect on risk perception (from the standpoint of risk management), which is 

believed to reinforce precautionary behaviours leading to increased household or personal 

preparedness (Grothmann & Reusswig, 2006; Plapp & Werner, 2006; Siegrist & Gutscher, 2006; 

Wachinger et al., 2013). Basolo et al. (2008) note, however, that “decades of empirical studies 

have produced mixed results for this experience-behaviour hypothesis” (p. 342), and more recent 
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research has shown that personal experience may in fact have a negative effect on risk 

perception. These studies appear to show cases where experience of low-severity or rare hazards 

can produce a false sense of safety, or a misjudgement of an individual’s ability to cope in future 

hazard events, based on personal experience. This in turn can result in reduced precautionary 

behaviours related to potential future events as a heightened perception of risk must, logically, 

precede any self-protective behaviour (Basolo et al., 2008; Lee & Lemyre, 2009; Wachinger et 

al., 2013). I think it is clear that personal disaster experience may have an influence on 

preparedness, but that the direction and magnitude of any such link is no longer as clear as was 

once thought. 

Many studies have shown a connection between heightened risk perceptions and 

increased individual or household preparedness, however more recent literature is calling this 

connection into question. While heightened risk perceptions may be a necessary predictor of 

preparedness behaviour, this alone is not a sufficient predictor and can be moderated by other 

factors, including demographic characteristics, personal experience of a disaster, one’s sense of 

self-efficacy, the perceived effectiveness of preparedness actions to mitigate hazard impacts, 

gender, and many other personal and household characteristics (Basolo et al., 2009; Bourque et 

al., 2012; Lee & Lemyre, 2009; Martin, Martin & Kent, 2009; Perry & Lindell, 2008). 

Further, there is some evidence that this relationship can also be reversed, where one’s 

perceptions of risk may be heightened directly in relation to the degree to which one has already 

undertaken precautionary actions, perhaps as a method of retroactively justifying the time and 

resources spent on such actions (Lee & Lemyre, 2009). Wachinger et al. (2013) identified what 

they believe to be a potential “paradox” in risk perception, where assumptions that high risk 

perceptions lead to greater personal preparedness may not be correct, but may in fact have the 

opposite effect. They identified three possible explanations for why this paradox may exist: i) 

individuals understand the risk, but believe perceived benefits of the location outweigh the 

potential negative aspects, ii) individuals understand the risk, but do not realize any agency in 

mitigative action, instead seeing that as someone else’s responsibility (e.g., government, building 

owners or managers, etc.), and iii) individuals understand the risk, but do not have the means or 

resources necessary to affect the situation. They cite results from Haynes, Barclay & Pidgeon. 

(2008) in supporting their conclusions: “it is now understood that there is not necessarily a direct 
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link between awareness, perceived risk, and desired (by risk managers) preparations or 

behavioural responses” (p. 260). 

2.3 Social Vulnerability and the Social Vulnerability Index (SoVI) 

The concept of social vulnerability has been a focus of study in many of the social sciences, but 

is of greatest interest in sociology, psychology, hazards studies, and geography. While GIS has 

been used to analyse and map physical risk, socioeconomic, and demographic factors in the past, 

the mapping of social vulnerability did not really begin to take place until the late 1990s 

(Morrow, 1999) and began to take off in the early 2000s (Cutter, 2003a). 

Social vulnerability is not a simple, and agreed upon concept across all of the social 

sciences, with different perspectives, approaches, conceptualizations and measures put forward 

in different disciplines. For some, the focus was on the risk side of the equation; for others the 

underlying conditions; and for still others the question was how to define, measure, and 

ultimately map social vulnerability. A discussion of this process, along with many of the key 

players and their approaches to the study of social vulnerability, is nicely summed up in 

“Vulnerability: A View from Different Disciplines” (Alwang, Siegel & Jørgensen, 2001) which 

was produced for the World Bank.  

In geography, the year 2003 marks a critical point for the study of social vulnerability 

from a natural hazards standpoint. This year saw the release of “Social Vulnerability to 

Environmental Hazards” in Social Science Quarterly, by Cutter, Boruff and Shirley (2003), as 

well as a presidential address, entitled “The Vulnerability of Science and the Science of 

Vulnerability” also by Dr. Cutter (2003b), to the Association of American Geographers.19 

Coming just two years after the events of September 11th, 2001, this pair of articles brought the 

idea of social vulnerability into the spotlight for many geographers. As of this writing, the Cutter 

et al. (2003) paper has been cited 2,425 times according to Google Scholar, and their follow-up 

book chapter, “Vulnerability to Environmental Hazards” (Cutter, Boruff, Shirley, 2006) in 

Hazards, Vulnerability and Environmental Justice has received 1,593 citations. 

                                                 
19 http://www.aag.org/  

http://www.aag.org/
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While there was certainly literature on social vulnerability from natural hazards in 

geographic literature prior to 2003, the Cutter et al. paper firmly established how social 

vulnerability would be studied in geography, using county-level socioeconomic and 

demographic data from the United States census to establish a “Social Vulnerability Index” that 

came to be commonly known as ‘SoVI.’ The initial study used 1990 United States census data, 

and considered 42 variables (this was reduced to 11 independent factors) which accounted for 

76% of variance in their factor analysis. The study identified the several distinct spatial patterns 

in the SoVI results when mapped, with the most vulnerable communities clustered in 

metropolitan areas in the East, south Texas, and along the Mississippi Delta regions. A 

sensitivity analysis of SoVI was conducted by Schmidtlein, Deutsch, Piegorsch and Cutter in 

2008 and tested 54 unique variations of the SoVI using principal components analysis. They 

found that while decreases in the scale of aggregation were found to result in decreases in the 

variance explained, the “subjective interpretations yielded from the SoVI remained fairly stable” 

(p. 1099). 

SoVI is not the only social vulnerability index now in the geographic literature, with 

direct variations on SoVI (e.g., Wood, Burton & Cutter, 2010) and completely new approaches 

(e.g., Andrey & Jones, 2008; Chakraborty Tobin & Montz, 2005; Islam, Swapan & Haque, 2013; 

King & MacGregor, 2000; Orencio & Fujii, 2013; and Oulahen et al., 2015) to be found. Most of 

these were built specifically to fit local conditions, at a specific scale, or were adjusted to meet 

the needs of a given hazard type. I have discovered social vulnerability indices, or the beginnings 

of work into new indices, in the literature for Australia (King & MacGregor, 2000), Bangladesh 

(Islam, Swapan & Haque, 2013), Canada (Oulahen et al., 2015), the Philippines (Orencio & 

Fujii, 2013), and the United States. While many of these have had little in the way of validation, 

repeat studies, or sensitivity analyses, I would like to point out Oulahen et al. (2015) as an effort 

that has given considerable thought to methodology, establishing factors that are more relevant at 

finer scales, which, along with Andrey & Jones (2008), is better suited for a Canadian context 

than any others that I have seen. While race is a key factor in the SoVI in the United States, 

Canada does not appear to have quite the racial correlations with social vulnerability that is seen 

for our southern neighbours, though we do have a great amount of ethnocultural diversity in 

some regions of the country. 
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When addressing how community size impacts social vulnerability, I would like to 

identify “Megacities and small towns: different perspectives on hazard vulnerability” by John 

Cross (2001) as an important source. While an early effort, his work explores why there cannot 

be a single ‘cookie cutter’ social vulnerability index that applies equally well in both urban and 

rural communities, and cites examples from both the U.S. and Canada.  

When it comes to the integration of GIS with the mapping and analysis of social 

vulnerability, several early papers stand out (Chakraborty, Tobin & Montz, 2005; Cutter, 2003; 

Morrow, 1999) along with a few more recent approaches (Armenakis & Nirupama, 2012; 

Montgomery & Chakraborty, 2013). 

2.3.1 Establishing Factors Contributing to Social Vulnerability 

While I have come to rely heavily on the initial work by Cutter et al. (2003), it was obvious early 

on that their regional approach could not simply be scaled down to meet the needs of a single 

household, nor did it necessarily work in a Canadian context unmodified. To account for this I 

have relied on many other sources to identify, and confirm, potential factors that are more 

suitable to social vulnerability analysis at the household scale in Canadian communities. I list 

each source I have used later in the methodology section of this document, but would specifically 

like to call on the work of Oulahen et al. (2015) as a key source of social vulnerability 

information. Their study was conducted in Metro Vancouver in B.C. and identified many factor 

weightings along with a general framework in which to conduct a social vulnerability analysis 

using GIS.  
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Chapter Three: Methodology 

There are four major components which I discuss in this section. Each sub-section builds upon 

the foundations established in prior components. Section 3.1 starts this process by exploring the 

pedestrian and vehicular tsunami evacuation modelling used to establish household-level 

evacuation information, and to create a Household Ease of Evacuation Index for each household 

and business located with Port Alberni’s official tsunami inundation hazard zone. 

Section 3.2 examines the creation of a Household Social Vulnerability Index for each 

participant’s household, which takes basic household and personal demographic information to 

gauge how socially vulnerable (or socially resilient) their household may be during the response 

and recovery phases of a tsunami disaster event. A total of twenty variables contribute to this 

vulnerability index, and the results are used both to inform participants about their household’s 

potential social vulnerability, and to provide information to the Web Application that allow it to 

automatically generate disaster preparedness and response plans customized to the needs and 

abilities of household members. 

Section 3.3 explores the creation and execution of a custom-built Web Application 

designed to aid in the automated delivery of personalized tsunami preparedness and response 

plans. This Web Application uses the evacuation information from 3.1, basic household and 

personal information provided by study participants to establish tsunami disaster response plans 

customized to their needs and location for several different time horizons, from twenty minutes 

to six hours or more. 

In Section 3.4 the Web Application tool was used by participants who live in and around 

Port Alberni to generate personalized household tsunami preparedness and response plans. 

Participants’ responses were collected using both a set of browser-based questionnaires and a 

very brief, loosely-structured interview process to solicit feedback and guidance about the 

effectiveness and usefulness of the application. 

All GIS modelling described herein was undertaken using ESRI’s ArcGIS software suite, 

version 10.2, or an extension for that software suite. The prototype Web Application was created 

using ASP.Net as the development framework and web platform, Microsoft’s SQL Server 
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database 2008 R2 as the backend database, and HTML5, jQuery (2.1.4) JavaScript library,20 

“Circliful” graphing library,21 and custom-developed JavaScript to provide user interface and 

interactive components. Limited online mapping was performed using map APIs from Google’s 

mapping service.22 

3.1 Tsunami Evacuation Modelling 

There were two goals for the tsunami evacuation modelling: first to estimate evacuation times for 

each property located within the tsunami hazard zone, and second to establish an index to rate 

the overall ease (or difficulty) associated with evacuating each property in the zone. Both 

pedestrian and vehicular evacuation modes were modelled as a part of this research, as both are 

valid methods for household evacuation out of the Port Alberni tsunami inundation zone.  

Unfortunately, there is no single GIS software suite, extension, or tool that allows for the 

modelling of both pedestrian and vehicular evacuation at the same time. Therefore, the approach 

taken in this research was to model both pedestrian and vehicular evacuation separately using 

mode-appropriate methods, and later combine the results from the two different approaches to 

establish a single, overall household-level Ease of Evacuation Index (EEI). This index averages 

the results from the two evacuation modes to establish a single rating of the overall ease or 

difficulty associated with evacuating each property located within the official tsunami hazard 

zone.  

Pedestrian evacuation modelling was performed using an anisotropic least-cost-distance 

raster-based approach developed by Wood and Schmidtlein, and described in their 2012 and 

2013 articles in the journal Natural Hazards. This GIS-based modelling approach has been 

adopted by the United States government to model tsunami evacuation in communities along the 

Pacific coast in Alaska, Washington, Oregon, and California. A toolkit based on this approach 

was developed and publicly released by the U.S. Geological Survey to facilitate such modelling 

globally (Jones, Ng & Wood, 2014). Testing and a sensitivity analysis of this approach by Wood 

and Schmidtlein (2012, 2013) and Schmidtlein and Wood (2015) has shown that an anisotropic 

                                                 
20 The jQuery Javascript library is freely available from https://jquery.com/. 
21 The Circliful JavaScript library is freely available from https://github.com/pguso/jquery-plugin-circliful.  
22 Google Maps APIs are available from https://developers.google.com/maps/documentation/javascript/.  

https://jquery.com/
https://github.com/pguso/jquery-plugin-circliful
https://developers.google.com/maps/documentation/javascript/
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least-cost-path method reduces the underestimation of evacuation times significantly compared 

with previous distance-only, network-constrained, and simple isotropic modelling approaches. 

Further, their approach allows for multiple pedestrian travel speeds to be modelled, mapped, and 

evaluated, allowing for easier estimation of evacuation times for a wide variety of groups based 

on their ability and mobility, rather than assume everyone travels at the same speed. This process 

allows for evacuation time estimates to be customized to the individuals living within a 

household, and helps in personalizing household preparedness and response planning. It is hoped 

that by providing more personalized evacuation information, households can tailor their tsunami 

response plans to fit better within the potential time available, and where appropriate to prefer 

pedestrian evacuation over vehicular. 

Vehicular evacuation modelling was performed using a custom nearest facilities network-

based approach to identify the fastest evacuation routes along the road network from each 

property within the tsunami hazard zone to the nearest safe point on the network that is located 

outside of the zone. Two different scenarios were modelled: first where all roads and bridges 

were available for evacuation, and second where three bridges were deemed impassable, 

reflecting potential damage from a large-magnitude Cascadia earthquake and tsunami event. Due 

to data limitations, a full-scale agent-based approach to account for traffic congestion was not 

possible for the Port Alberni area, so a crude simulation of traffic congestion was estimated by 

reducing the maximum possible travel speeds through the network at four different levels. 

Each property located within the tsunami hazard zone was then evaluated to establish an 

ease of evacuation rating (or sub-index) for each mode of transit, where lower ratings indicate 

easier evacuation for that transit mode, while higher ratings indicate more difficulty in 

evacuating. These ratings were then combined to create a Household Ease of Evacuation Index 

(EEI). The minimum time estimated for a tsunami wave to travel from a point along the Cascadia 

Subduction Zone to the Alberni Valley is 20 minutes (Hedley, 2012; McKay, 2016), so this 

threshold was established as the maximum period in which participants could safely evacuate to 

higher ground for a given form of evacuation. All properties located outside of the tsunami 

hazard zone received a value of zero (0.0) for both modes of evacuation. All properties where 

evacuation times were equal to or exceeded this threshold received the maximum rating value 

(5.0) for that mode of transit. All other properties within the hazard zone had values that scaled 
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between these two points based on time to evacuate. The complete process, from simple 

evacuation time modelling of the entire community through to establishing final household EEI 

values for each property within the tsunami hazard zone is summarized in Figure 18. 

 

 
Figure 18: Establishing an Overall Household Ease of Evacuation Index 

 

GIS modelling is a simplified representation of reality that rests upon a series of base 

assumptions and idealized conditions, which may or may not be true in the ‘real’ world. It is 

important when using GIS modelling, to assert and acknowledge the foundational assumptions 

that were made as part of the modelling process. For this research, I have compiled a simplified 

list of the most important assumptions that I am aware of making, and these are listed in Table 5. 

The most critical assumption made throughout this entire study is that households will 

self-initiate evacuations from wherever they are to a known safe location immediately upon 

either experiencing the end of ground shaking associated with an earthquake (in the event of a 

near-field tsunami), or upon the issuing of an official tsunami advisory or warning (in the event 

of a distant tsunami). There are regions within Port Alberni where delays in evacuating, 

especially in the case of slower moving pedestrians or unanticipated traffic issues, could impact 

the ability of evacuees to evacuate to safety before the first tsunami waves arrive. In these 
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regions, seconds may make the difference between a safe evacuation and a direct and personal 

encounter with the first tsunami waves. 

 

Table 5: GIS Evacuation Modelling Assumptions 

Pedestrian Evacuation Assumptions Vehicular Evacuation Assumptions 

• Households self-initiate evacuation immediately 
upon ground shaking stopping 

• All water areas (creeks, streams, rivers, and ocean 
inlet) are deemed impassable to evacuees; all other 
land cover is passable 

• Land-cover/land-use data used accurately 
describes the land surface pedestrians will be 
crossing and average travel speeds can be fairly 
estimated by land cover 

• Pedestrian fatigue is minimal and pedestrians 
assumed to always travel at their maximum 
possible speed given land-cover conditions 

• Earthquake damage is limited and does not affect 
pedestrian travel routing or speed 

• Pedestrians are familiar with the evacuation route 
and always follow the fastest route 

• Evacuation routes ignore land ownership 
• Pedestrians do not need to stop for vehicle traffic 

or trains 
• Fences are not considered (no data available) 
• Evacuation routes are well lit and passable 
• Weather does not impact pedestrian evacuation 

• Households self-initiate evacuation immediately 
upon ground shaking stopping 

• Vehicles are constrained to the road network (no 
off-road travel) 

• Road network accurately describes the actual road 
conditions, capacity, and connectivity 

• Designated one-way routes may only be travelled 
in the direction of legal travel; U-turns allowed 
only at intersections and dead-ends 

• Vehicles can travel at the maximum speed 
designated by the model for all road segments 

• There are no traffic accidents, detours, 
construction, damage, or road closures that affect 
evacuation routing, except as noted by the model 
(i.e., bridge closures); no traffic congestion 
affecting evacuation 

• There will be a global delay at each intersection 
based on the direction of travel through the 
intersection (straight through, turn, or U-turn) 

• Preferred routes will be used over non-preferred 
routes 

• Weather does not impact vehicular evacuation 

 

3.1.1 Pedestrian Evacuation Modelling 

Pedestrian evacuation modelling was performed using the Pedestrian Evacuation Analyst Tool 

(PEAT) extension for ArcGIS. This tool was created by the United States Geological Survey to 

assist researchers studying self-initiated pedestrian evacuations from sudden-onset hazards such 

as local tsunamis (Jones, NG & Wood, 2014). The PEAT follows the anisotropic least-cost-

distance approach to raster modelling developed and tested by Wood and Schmidtlein (2012, 

2013) to model on-foot evacuations for tsunami-prone communities. This approach has been 

shown by the authors to provide more accurate evacuation cost-distance surfaces than previous 
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approaches by taking land cover, hill slope, and direction of travel into account. As an ArcGIS 

extension, the PEAT automates much of the layer management necessary to perform the 

modelling while leaving key decision making elements available for researchers to manage. This 

extension is available for download at no cost from the U.S.G.S. website for version 10.3.1 of 

ArcGIS as of the writing of this document.23 

A complete tsunami evacuation analysis using the PEAT follows a six-step process from 

setting up a ‘portfolio,’ through generation of evacuation time maps, and ending with detailed 

population evacuation analysis in the form of charts and graphs (Jones, Ng & Wood, 2014). The 

first three steps in the PEAT workflow walk the researcher through initial portfolio set up, data 

pre-processing, calculation of least-cost-distance paths for each location in the tsunami hazard 

zone, and establishes evacuation travel-time maps for each selected travel speed. The fourth step 

allows for the processing and evaluation of potential vertical evacuation sites.24 This step was 

not performed as part of my research as vertical evacuation was not relevant to the situation in 

Port Alberni. The final two steps allow for detailed population data to be used to provide 

additional evacuation details and graphs for each of five different population types: residents, 

employees, public venues, community services, and dependent-care facilities. While access to 

this type of information would have been useful, the detailed population data required to execute 

these steps in the analysis was not readily available for the Port Alberni area. As a result, these 

steps were also skipped. A complete summary of the six-step process, along with data inputs and 

actions performed is found in Table 6. 

A generalized description of the data requirements for the PEAT extension can be found 

in Table 7. Information about the specific data inputs used in this research to model pedestrian 

evacuations for Port Alberni are described in the following sections.  

 

  

                                                 
23 Pedestrian Evacuation Analyst tool for ArcGIS 10.3.1 and associated documentation is available from the USGS 
at http://geography.wr.usgs.gov/science/vulnerability/tools.html 
24 Vertical evacuation structures, such as buildings, parking garages, berms, or specially constructed vertical 
evacuation shelters, can be used as substitutes for natural high ground where distances to safety are too great (Jones, 
Ng & Wood, 2014). 

http://geography.wr.usgs.gov/science/vulnerability/tools.html
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Table 6: Pedestrian Evacuation Analyst Tool Workflow 

Step Title Inputs Actions 

1 Create a portfolio for the study area   

2 Pre-process input data • Digital elevation model 
• Study area boundaries (optional) 
• Land use/land cover 
• Hazard zone 
• Safe zone (optional) 

• Data pre-processing: 
o Hazard-zone pre-processing 
o Safe-zone validation 

3 Create evacuation surfaces and maps  • Calculate path distance 
• Create evacuation surface 
• Determine maximum time value 
• Create time map 

4 † Model potential vertical-evacuation sites • Potential vertical-evacuation site locations • Process vertical-evacuation sites 
• Merge safe zones 

5 † Incorporate population data • Population data  

6 † Develop charts and graphs  • Create charts and graphs 

(† indicates steps not performed as part of this study) 

 

Table 7: Data Requirements for the Pedestrian Evacuation Analyst Tool 

Input Data Type Required Description 

Digital 
elevation model 

Raster Yes A digital elevation model (DEM) covering the entire study area. 

Study area 
boundaries 

Vector — An optional study area polygon layer describing which area is to be considered in the 
analysis. If not provided, the entire region covered by the DEM will be considered the 
study area. 

Land use/land 
cover 

Raster or 
vector 

Yes A base land use/land cover (LULC) layer is required, and additional layers can optionally 
be included. Where multiple land-cover types are represented in a single layer numeric 
attribute values describing each type are required to indicate the ease of passing through 
that land cover type. 

Hazard zone Vector Yes One or more polygons representing the likely hazard zone. Each point within the hazard 
zone will be evaluated. 

Safe zone Vector — An optional layer representing areas that are deemed ‘safe’ from the hazard. If not 
provided, a safe zone will be created by erasing the hazard zone(s) from the study area. 
Zones created in this manner should be manually validated. 

Vertical 
evacuation site 
locations † 

Vector — An optional layer representing the locations of potential vertical evacuation sites. 

Population data 
† 

Vector Yes If creating population charts and graphs at least one population is required. There are five 
default population types—residents, employees, public venues, community services, and 
dependent-care facilities—as well as an optional ‘other’ category. 

(Source: Jones, Ng & Wood, 2014; † indicates steps that were not performed as part of this study) 
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3.1.1.1 Digital Elevation Model Acquisition 

As part of their initial sensitivity analysis for the anisotropic least-cost-distance model 

underlying the PEAT, Wood and Schmidtlein (2012) determined that the model was especially 

sensitive to the spatial resolution of the input DEM. Their analysis clearly indicated that lower 

resolution data tends to result in increasingly significant underestimation of pedestrian 

evacuation times as resolution lowers, and strongly suggest that 1 m data is preferred over 10 m 

and 30 m resolutions. Such underestimation is a concern when estimating evacuation times as it 

often leads emergency officials to believe that a larger number of individuals can evacuate to 

safety than is actually possible. 

The highest resolution elevation data publicly available for the Port Alberni region is the 

Canadian Digital Elevation Model (CDEM) dataset available from Natural Resources Canada via 

the GeoGratis website. Unfortunately, this data has a base spatial resolution of 0.75 arc seconds, 

which is approximately 20 m at Port Alberni’s latitude (Natural Resources Canada, GeoGratis 

Client Services, 2013). Attempts to locate higher resolution elevation data for this region through 

other academic and government institutions were unsuccessful. 

The Alberni Valley region is located at the intersection of four CDEM data products: 

092F02 West, 092F02 East, 092F07 West, and 092F07 East (Figure 19). The PEAT only allows 

for a single input DEM to be imported, so a mosaic of the four necessary DEM products was 

generated and used as the elevation input for the PEAT. This extended area was clipped to match 

the provided study area boundaries as part of the data pre-processing step of the PEAT workflow 

to reduce computational load associated with the modelling process (Jones, Ng & Wood, 2014). 

3.1.1.2 Study Area Boundaries 

A square study area boundary was manually created to cover an area significantly larger 

than the official tsunami inundation zone for the Alberni Valley. This ensured that evacuation 

paths through areas outside of the official city boundaries could be modelled by the GIS 

extension and not limit evacuation paths to just the area within the city boundaries (Figure 19). 

This study area covers an area of 314 km2, and includes the entire city of Port Alberni, some of 

the lands belonging to the Tseshaht and Hupacasath First Nations, as well as portions of the 

districts of Cherry Creek and Beaver Creek adjacent to Port Alberni. 
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Figure 19: Digital Elevation Model and Study Area Boundaries for the Pedestrian 

Evacuation Analyst Tool 
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3.1.1.3 Land Use / Land Cover Data Acquisition 

The most recent publicly available high resolution land use/land cover (LULC) data 

available for the Port Alberni area is the ‘Land Cover, circa 2000-Vector’ (LCC2000-V) dataset 

from Natural Resources Canada, available via the GeoGratis web portal. These data were 

produced from a variety of available satellite imagery of Canada, covering a period from 1996 to 

2005, although 80% of the data was acquired between 1999 and 2001. The resolution of the data 

varies by region and latitude, but the coverage for the Port Alberni area (092F – Port Alberni, 

British Columbia) is at an estimated 30 m spatial resolution (Natural Resources Canada, 2008). 

While the underlying anisotropic model is less sensitive to spatial resolution for land cover data 

than it is for elevation data, higher resolution data (e.g., 10 m spatial resolution) would still be 

preferred over the broader 30 m resolution of the LCC2000-V dataset. 

Additional land cover and land use data layers were acquired to supplement the 

LCC2000-V dataset. This data includes higher resolution information on the location of 

waterbodies, the road network, and local railway lines located in the Alberni Valley. The order in 

which these layers are processed within the PEAT is important to ensuring local terrain is 

represented as accurately and precisely as possible (e.g., so that bridges go over water, railway 

lines cross over local terrain). Table 8 describes the exact land cover layering order used in this 

research, the sources for this data, as well as when these sources were last updated. 

The National Road Network data set for British Columbia provided the necessary road 

centreline information, including road classification, number of lanes, surface type, maximum 

legal travel speed, and address locating information. This dataset is updated on a regular basis 

using closest-to-the-source representations of road phenomena (Natural Resources Canada, 

2015). 

The National Railway Network dataset for British Columbia provided the necessary 

railway network locations in and around Port Alberni. This dataset is updated regularly from data 

provided by partner organisations selected for “their specific interests or for their ease in offering 

adequate, up-to-date representations of rail phenomena” (Natural Resources Canada, 2013). 
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Table 8: Land Use / Land Cover (LULC) Order and Data Sources for Pedestrian 
Evacuation Analyst Tool 

Layer 
Order 

LULC Layer Data Source Specific File(s) Last 
Updated 

1 (top) Road network National road network (NRN) 
†  

NRN_BC_11_0_ROADSEG.shp Aug. 8, 
2015 

2 Rail network National railway network 
(NRWN) † 

NRWN_BC_1_0_TRACK.shp Dec. 11, 
2013 

3 

Hydro 
network 

National hydro network 
(NHN) for B.C. † 

NHN_08HB001_2_0_HD_SLWATER_1.shp Sept. 20, 
2011 

4 NHN_08HB001_2_0_WATERBODY_2.shp Sept. 20, 
2011 

5 The author PA_AlberniInlet.shp Oct. 31, 
2014 

6 (bottom) Base LULC 
layer 

LCC2000-V for 092F † LCC2000-V_092F_2_0.shp Nov. 19, 
2008 

(† indicates data acquired from GeoGratis web portal) 

 

The National Hydro Network for South-Central Vancouver Island (08HB001) provided 

the necessary spatial information about rivers, creeks, streams, and other waterbodies in the 

Alberni Valley area, apart from the Alberni Inlet. This dataset was created from existing data at a 

1:50,000 scale or better using the “best federal and provincial data … for its production”, and 

locational accuracy and precision varies by original source (Natural Resources Canada, 2011). 

A custom layer was created to represent the Alberni Inlet, as only land-based waterbodies 

are included in the National Hydro Network datasets. This layer was established by inverting the 

polygon representing Vancouver Island’s landmass, and manually removing the pier and dock 

outlines that remained. This layer includes much of the Alberni Inlet in the Port Alberni area, 

along with the lowest portion of the Somass River as it passes through Port Alberni. 

3.1.1.4 Tsunami Hazard Zone Acquisition 

The Alberni-Clayoquot Regional District (ACRD) is responsible for the establishment of 

the official tsunami inundation (hazard) zone boundaries within the Alberni Valley, and roughly 

follows a 20 m runup elevation—the maximum expected height for tsunami waves in the 

community. Unfortunately, at the time this information was requested, no digital version of the 
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hazard zone boundaries was available for the ACRD to share with me. Instead I was directed to a 

PDF version of the Alberni Valley Tsunami Map25 which was available on the ACRD website, 

and as a printed brochure map (Alberni-Clayoquot Regional District, n.d.). The PDF version of 

the tsunami inundation zone was used to manually digitize a copy of the tsunami hazard zone 

within ArcMap as a best-possible digital representation. The tsunami inundation zone extends 

south along the Alberni Inlet, and northwest along the Somass River beyond the city boundaries 

for Port Alberni. Accounting for the entire ACRD tsunami inundation zone ensures that any 

evacuation routing from properties near the city’s legal boundaries will be to a place of safety, 

and not to another location within the inundation zone. 

3.1.1.5 Safe Zone Creation 

While it is possible to import a safe zone layer into the PEAT, this is intended for cases 

where tsunami inundation mapping has already occurred and a clear set of hazard and safe zone 

polygons are already available for use. When such data is not available, such as in the case of 

this research project, the PEAT automatically establishes a safe zone by erasing the provided 

hazard zone from the study area during the data pre-processing stage. A manual review of the 

zone is then recommended. This review involves a visual inspection and manual validation of 

each safe zone polygon created by the tool to ensure polygon slivers and other potentially unsafe 

areas are removed from the final safe zone layer. In this case the generated layer was manually 

validated and deemed appropriate for use without any further modification. 

3.1.1.6 Pedestrian Evacuation Time Surface Creation 

Pedestrian evacuation time surface rasters are generated in the third step of the PEAT 

workflow by first establishing a unit-less ‘speed conservation value’ (SCV) surface to “represent 

the percentage of maximum travel speed that would occur on a given land cover or slope.” 

(Wood & Schmidtlein, 2012, p. 280). Specific travel time surfaces can then be generated by 

multiplying the base SCV layer by a researcher-provided set of maximum travel speeds. For this 

study the SCV values described in Table 9 were used to limit pedestrian travel speeds by land  

                                                 
25 This ACRD tsunami inundation zone and evacuation route map can be found on the ACRD website at 
http://www.acrd.bc.ca/cms/wpattachments/wpID93atID1587.pdf.  

http://www.acrd.bc.ca/cms/wpattachments/wpID93atID1587.pdf
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Table 9: Speed Conservation Values for LCC-2000-V Land Cover Types 

LCC-2000-V COVTYPE Land Cover Description SCV Category SCV 

0 No data Dirt road 0.9091 

10 Unclassified Dirt road 0.9091 

11 Cloud Dirt road 0.9091 

12 Shadow Dirt road 0.9091 

20 Water Water 0.0000 

30 Barren/non-vegetated Dirt road 0.9091 

31 Snow/ice Swampy bog 0.5556 

32 Rock/rubble Hard sand 0.5556 

33 Exposed land Dirt road 0.9091 

34 Developed Dirt road 0.9091 

35 Sparsely vegetated bedrock Light brush 0.8333 

36 Sparsely vegetated till-colluvium  Light brush 0.8333 

37 Bare soil with cryptogam crust – frost boils Dirt road 0.9091 

40 Bryoids Heavy brush 0.6667 

50 Shrubland Heavy brush 0.6667 

51 Shrub tall Heavy brush 0.6667 

52 Shrub low Light brush 0.8333 

53 Prostrate dwarf shrub Light brush 0.8333 

80 Wetland Swampy bog 0.5556 

81 Wetland – treed Swampy bog 0.5556 

82 Wetland – shrub  Swampy bog 0.5556 

83 Wetland – herb  Swampy bog 0.5556 

100 Herb Heavy brush 0.6667 

101 Tussock graminoid tundra Light brush 0.8333 

102 Wet sedge Swampy bog 0.5556 

103 Moist to dry non-tussock graminoid/dwarf shrub tundra Light brush 0.8333 

104 Dry graminoid/prostrate dwarf shrub tundra Light brush 0.8333 

110 Grassland Light brush 0.8333 
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LCC-2000-V COVTYPE Land Cover Description SCV Category SCV 

120 Cultivated agricultural land Light brush 0.8333 

121 Annual cropland Light brush 0.8333 

122 Perennial cropland and pasture Light brush 0.8333 

200 Forest/trees Light brush 0.8333 

210 Coniferous forest Light brush 0.8333 

211 Coniferous dense Heavy brush 0.6667 

212 Coniferous open Light brush 0.8333 

213 Coniferous sparse Light brush 0.8333 

220 Deciduous forest Light brush 0.8333 

221 Broadleaf – dense  Heavy brush 0.6667 

222 Broadleaf – open  Light brush 0.8333 

223 Broadleaf – sparse Light brush 0.8333 

230 Mixed forest Light brush 0.8333 

231 Mixedwood – dense Heavy brush 0.6667 

232 Mixedwood – open  Light brush 0.8333 

233 Mixedwood - sparse Light brush 0.8333 

 

cover type. This process allows for multiple travel speed evacuation time surfaces to be 

generated at one time, and allows for new travel speeds to be modelled on-the-fly after the fact as 

needed, without having to repeat earlier computational steps. Three travel speeds were selected 

each for walking and running based on the guidance from Wood & Schmidtlein (2012, 2013). 

This resulted in the modelling of a total of six maximum pedestrian travel speeds, as shown in 

Table 10. 

The outputs for this step of the PEAT workflow is a series of pedestrian evacuation time 

surfaces (i.e., raster images) where the value for each surface cell represents the time to evacuate 

to safety from that point along the fastest route. There is one raster surface for each maximum 

travel speed modelled, resulting in a total of six raster surfaces. It is therefore possible to query 

each location within the tsunami hazard zone and return the estimated evacuation time for that 

location for each of the six maximum pedestrian travel speeds described in Table 10. 
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Table 10: Maximum Pedestrian Travel Speeds Modelled using the Pedestrian Evacuation 
Analyst Tool 

Travel Type Description Maximum Travel 
Speed (m/s) 

Walking 

Slow walk 0.91 

Average walk 1.22 

Fast walk 1.52 

Running 

Slow run 1.79 

Average run 2.68 

Fast run 3.85 

(Source: Wood & Schmidtlein, 2012) 

 

3.1.2 Vehicular Evacuation Modelling 

Ideally vehicular evacuation modelling would be performed using a detailed network- or agent-

based process with recent and comprehensive population and road capacity data. Unfortunately, 

as with most smaller Canadian communities, this information simply does not exist or was not 

readily available for Port Alberni at the time of this research.26 Given this situation, I opted to 

make use of a modified Nearest Facilities approach to Network Analysis available in the ArcGIS 

software suite, rather than attempt to make naïve guesses as to what population numbers and 

road capacity volumes might be for the entire community and associated road network.  

While this approach eliminates the need for population and road capacity data, it also 

impacts my ability to model traffic congestion directly, and does not allow me to explore total 

evacuation times for the entire hazard zone. I am, however, still able to calculate the least-cost-

distance (LCD) times to evacuate every given property, and to roughly simulate how difficult it 

would be to evacuate each given location based on a pre-defined set of conditions. While traffic 

congestion cannot directly be simulated in this manner, it is possible to create a first-order 

                                                 
26 Efforts were underway by the Alberni Valley Emergency Program from 2010 to 2013 to have members of the Fire 
Department collect basic household residency numbers and information about basic tsunami awareness and 
preparedness from households located within the official tsunami inundation zone, however this program seems to 
have ended when the responsible staff member transferred from the Regional District to another department within 
the City (L. L’Heureux, personal communication, June 20, 2016; L’Heureux, 2013). 
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approximation of such congestion for such a small network by reducing the maximum vehicle 

travel speeds along evacuation routes by a reasonable percentage to stand in for the slowdowns 

associated with traffic congestion. 

In a Nearest Facilities style network analysis, the 𝑛𝑛 least-cost-distance paths are 

identified between a set of provided ‘incidents’ and a set of independent ‘facilities’ by 

calculating the cost-distance between every possible incident-facility pairs and selecting the 𝑛𝑛 

least costly routes. For our purposes, ‘facilities’ represent exit nodes located in ‘safe zones,’ and 

‘incidents’ represent property locations. An example of a least-cost-distance evacuation route 

from a property inside the hazard zone to an exit node in the safe zone is shown in Figure 20. 

 

 
Figure 20: Nearest Facility Approach to Network Analysis 

For each property in the hazard zone the route to all possible nodes in the safe zone are calculated and the route with the shortest 
driving time is selected as the evacuation route for that property. Selected nodes might not always be the shortest in straight-line 
distance, as driving speed, delays for turns at intersections, and other factors are potentially considered in the cost-distance 
calculations. It is possible a for property to have no valid evacuation routes, a single route, or multiple routes, depending on its 
location on the extended road network. This figure shows the single least-cost-distance path for the indicated property (the cyan 
line), which crosses a river over a bridge that might not be passible following an earthquake. Alternate scenarios could take this 
into account and reroute around such potential issues. 



 

67 

For the purposes of this research, I used the estimated driving time between points as the 

cost, and only located the single closest evacuation safe exit node by time (i.e., 𝑛𝑛 = 1). If this 

modelling were being used in an application open to the public, additional alternate evacuation 

points could be modelled to ensure a wider variety of evacuation scenarios are considered. This 

would ensure that potential road closures, construction, damage resulting from earthquakes, and 

traffic congestion could be better accounted for, and the best evacuation destination (or 

destinations) selected based on all available criteria. 

3.1.2.1 Road Network Acquisition  

Before network analysis modelling could be performed, a relatively up-to-date road 

network was required. The most up-to-date and detailed road network that was available to me 

was the National Road Network (NRN) for British Columbia, last updated August 4, 2015. This 

dataset was acquired from Natural Resources Canada via the GeoGratis web portal (Natural 

Resources Canada, 2015), and provides basic information about the road network in the province 

of British Columbia, including road class, number of lanes, and paved status, which are useful 

for both pedestrian and vehicular evacuation modelling. A copy of this road network was clipped 

to the study area, manually inspected, and updated to ensure all one-way routes and speed limits 

for major roadways were correct and properly coded as of the time the research was conducted. 

3.1.2.2 Establishing Evacuation Routing Preference 

Not all road segments in the dataset are equally suited for evacuation purposes. 

Evacuation routing preference is often determined by surface condition (i.e., paved vs. unpaved 

surface), traffic capacity, and evacuees’ preference for larger roadways they are familiar with 

over smaller service roads they are less familiar with. To accommodate these conditions, a cost 

weighting was applied to all road segments based on their designated road classification 

(ROADCLASS), which is a descriptive variable that roughly describes a road’s level of 

importance in the road network, and from which inferences about surface condition, traffic 

capacity, and prominence can be made. A weighting value was established for each road 

classification value, ranging from 1.0 (most preferred) to 0.5 (least preferred), as shown in Table 

11. These weights were then used to represent the proportion of the maximum travel speed which 
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could be used to travel along any given road segment when determining evacuation routing along 

the network, as shown in Figure 21. It is important to note that while these weighted values are 

used to select the preferred evacuation routes, only the actual non-weighted evacuation time 

estimates are used when determining actual evacuation times along the given route. 

 

Table 11: Evacuation Routing Preference Weighting Scheme 

Road Class Preference Weighting Reduced Maximum  
Travel Speed By (%) 

Expressway/Highway 1.0 0 

Arterial 1.0 0 

Collector 1.0 0 

Ramp 0.9 10 

Local/Street 0.9 10 

Local/Strata 0.8 20 

Resource/Recreation 0.8 20 

Service Lane 0.8 20 

Local/Unknown 0.7 30 

Alleyway/Lane 0.5 50 
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Figure 21: Routing Preference for All Road Segments in and Around Port Alberni, B.C. 



 

70 

3.1.2.3 Establishing Safe Network Exit Nodes 

Safe exit nodes represent the location(s) along the network where, having passed that 

point, evacuating vehicles will be deemed to be safe from the tsunami hazard. While any 

intersecting point along the boundary of the tsunami hazard zone could be deemed a naïve safe 

exit node, additional considerations must be made to ensure that all exit nodes used are safe. For 

this research a two-step approach was taken: first an automated script identified all points where 

the road network crossed the tsunami hazard zone boundaries, and second a manual inspection 

process was used to remove duplicate or nearby points, remove clearly unsafe points, and to re-

position points further outside the zone to better ensure a safe exit from the hazard zone. 

Establishing a set of naïve exit nodes was initially performed using an intersect function 

that identified all points on the road network that touch the polygon boundaries of the official 

tsunami hazard zone for the Port Alberni area, resulting in 109 naïve exit nodes (Figure 22). In 

many cases these nodes were exact duplicates, or were located less than one metre from each 

other. These duplicate and near-duplicate points were automatically removed using a custom 

Python script, reducing the total number of naïve exit nodes to consider down to 50. 

Each of these 50 automatically discovered points were then subjected to a manual 

inspection process, and were either removed as redundant or ‘unsafe,’ or manually moved to 

represent a known ‘safe’ exit point along the road network. Potential nodes would be removed or 

relocated if they met any of the following four criteria: i) they were located in an ‘island’ or 

‘peninsula’ of safe zone where completely exiting the danger area required vehicles to pass 

through the hazard zone again; ii) they were located within 10 m of another potential exit node—

except in the case of one-way routing, where one node was created for each direction of travel; 

iii) the roadway they were located on travelled very close to the inundation zone and there were 

not multiple routes away from that point; and iv) it was determined through knowledge of the 

area or inspection of the local road network that the node was otherwise not located in a 

reasonably safe location. 

All remaining nodes were then manually shifted to either the nearest major intersection, 

or a similarly reasonable distance away from the hazard zone, to ensure a sensible safety margin 

existed between the exit node and the tsunami zone. This process resulted in a final set of 42 safe 

exit nodes (Figure 23), most of which have direct or indirect access to the city’s two officially  
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Figure 22: Locations of Naïve Network Exit Nodes 
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Figure 23: Locations of Safe Exit Nodes Relative to Naïve Exit Nodes 
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designated muster points (referred to locally as ‘reception centres’) at the Echo Centre—located 

at 4255 Wallace Street—and the Alberni Valley Multiplex—located at 3737 Roger Street  

(L. L’Heureux, personal communication, June 20, 2016; L’Heureux, 2013). 

3.1.2.4 Establishing Property Locations 

With the safe exit nodes identified as the destinations in the network analysis, the next 

step was to establish the origin points for the evacuation routes. These points will represent the 

properties (and thus households) located wholly or partially within the tsunami hazards zone.  

With the assistance of the City of Port Alberni I acquired a Computer Aided Drafting 

(CAD) version of the Cadastral data for all properties located within the City’s boundaries. After 

several failed attempts to convert the CAD version of the cadastral data to the shapefile format 

necessary for additional processing, I manually digitized every property within the city 

boundaries into a shapefile based on the CAD file and copied the necessary attribute data to the 

new format. Copied attribute data included land-use zoning designations and street addresses. I 

also visually inspected each property using Google Street View to add additional attributes such 

as whether a property was related to education (i.e., local schools and post-secondary facilities), 

health care (i.e., hospitals, walk-in clinics), or was an assisted care facility. Each property that 

was located at least partially within the tsunami inundation hazard zone was also flagged as 

being located within the tsunami hazard zone to make additional processing easier in the future. 

This resulted in a dataset of polygon lot boundaries for all private, commercial, and 

governmental properties located within the Port Alberni city boundaries. 

To use this data as the origin for the Nearest Facilities analysis, each polygon needed to 

be converted to a single point, representing the most-likely point on the property where people 

would evacuate from. To do this, a new layer representing lot centroids was created for each 

property located within the inundation zone. Each of these 2,052 points were manually inspected 

and adjusted to match the most likely exit point for each property (both residential and non-

residential). There were a small number of properties (e.g., areas zoned for future residential as 

well as large industrial areas) that were very large, had multiple vehicle entrances, or were not 

yet developed, where the associated centroids were left in their original location and the network 

analyst tool allowed to locate them along the nearest roadway. 
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Portions of the tsunami hazard zone follow the creeks and streams that pass through the 

city to the Somass River or Alberni Inlet directly. Some properties along these ‘spurs’ indicated 

that they were located within the tsunami zone, when in reality there was extremely low or no 

direct threat to human life on those properties from tsunami waves. Ten parkland and 

institutional properties were thus removed as possible origin points where the risk was minimal 

and where all exits from the properties were located outside of the hazard zone itself.  

This resulted in a total of 2,042 properties for which evacuation routes would be 

modelled (Table 12), with approximately 75% of these zoned for residential (i.e., residential, 

multi-family residential, and urban agriculture). These points represent the origin points for the 

network-based evacuation routing analysis. 

 

 

Table 12: Property Counts for Lots Located Within the Tsunami Hazard Zone, by Land-
Use Designation 

Category Land-Use Designation Number % of Total 
Properties 

Combined % 
of Total 

Properties 

Undefined Undefined 56 2.74 2.74 

Residential 

Multi-family residential 101 4.95 

75.07 Residential 1,427 69.88 

Urban agriculture 5 0.24 

Commercial 

General commercial 344 16.84 

18.07 Neighbourhood 
commercial 

2 0.10 

Institutional 23 1.13 

Industrial Industrial 30 1.47 1.47 

Open space 
Parks & open space 51 2.50 

2.65 
Future residential 3 0.15 

Total  2,042   
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3.1.2.5 Establishing Shortest Evacuation Time Routes 

With both origin and destination points, the nearest facilities network analysis tool can 

calculate the least-cost-distance evacuation times for each unique origin-destination pair, and 

establish the fastest evacuation route for each property located within the official tsunami hazard 

zone. Three factors contribute to the time-cost associated with each travel along each road 

segment and at each intersection: restricted travel along one-way road segments, delays 

associated with waits at intersections for other traffic and pedestrians, and the time it takes to 

travel each road segment between the origin and destination points. Each of these is discussed 

briefly below. 

One-way roads: One-way roads were accounted for by restricting travel along these 

segments to only the direction indicated as legally allowed. This made it impossible for an 

evacuation route to traverse a one-way road segment in the opposite direction of legal travel. 

There are very few one-way designated roads in the Port Alberni portion of the road network, 

and in most cases these represent large, undivided boulevards of two-way traffic. 

Intersection Delays: There is a slight cost in time when a vehicle passes through or 

makes a turn at an intersection. This accounts for the potential need to slow down prior to 

entering the intersection, waiting for other vehicles to clear the intersection, waiting for traffic 

controls (i.e., stop and yield signs as well as traffic lights), and allowing pedestrians with right-

of-way to cross the roadway. While I attempted to find an empirical study to establish average 

intersection wait times during an evacuation, I could find no guidance in the literature on this 

topic. Instead, I opted to use the default global turn delays within the ArcGIS network analyst as 

an approximation for how long a vehicle would be delayed at an intersection under different 

conditions. This is deemed to be justified in this case as there are relatively few controlled 

intersections within the tsunami inundation zone, with most intersections already, or are likely to 

devolve into, four-way stops during an evacuation situation. Thus, a default delay of two seconds 

was added when passing straight through an intersection or when turning at an intersection, and 

three seconds was added when a U-turn was performed at an intersection. U-turns were only 

permitted to occur at dead ends and intersections in the model. 
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Calculation of Travel Speed: While maximum speed limit data was provided for each 

road segment, travel time along the segments was absent. Travel time data was calculated for 

each road segment using Equation 1: 

𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 =
𝑑𝑑𝑡𝑡𝑑𝑑𝑡𝑡𝑑𝑑𝑛𝑛𝑑𝑑𝑡𝑡
𝑟𝑟𝑑𝑑𝑡𝑡𝑡𝑡

 (1) 

where 𝑡𝑡𝑡𝑡𝑡𝑡𝑡𝑡 is the time it takes to travel a given road segment in seconds, 𝑑𝑑𝑡𝑡𝑑𝑑𝑡𝑡𝑑𝑑𝑛𝑛𝑑𝑑𝑡𝑡 is the length 

of the road segment measured in metres, and 𝑟𝑟𝑑𝑑𝑡𝑡𝑡𝑡 is the maximum travel speed for that segment 

converted from km/h to m/s. Normally travel time would be calculated using the maximum 

allowed travel speed for that segment (i.e., the speed limit), however in order to simulate 

different degrees of traffic congestion four different maximum travel speeds were used: 50 km/h 

(normal traffic), 40 km/h (minor congestion), 30 km/h (moderate congestion), and 25 km/h 

(heavy congestion). This resulted in four travel times for each road segment (one for each 

maximum speed), which could be used to estimate travel times for different degrees of traffic 

congestion along the network. 

With these three factors in place, the fastest evacuation routes were established for each 

of the 2,042 properties located within the tsunami hazard zone by calculating the shortest travel 

time to each of the 42 potential safe exit nodes. The algorithm then selects the evacuation route 

with the least accumulated travel time as the best route for each given property.  

Given the tightly connected nature of tsunami and earthquake risk in the region, it was 

deemed important to also consider a worst-case-scenario in which the three bridges along River 

Road were deemed to be damaged, and therefore impassable for the purposes of tsunami 

evacuation modelling. For this reason, two different scenarios were tested for each of the four 

maximum travel speeds, resulting in a total of eight model runs: four where all routes were 

available for evacuation routing, and four where the River Road bridges were closed to traffic to 

simulate earthquake damage. This resulted in a total of eight vehicular evacuation model datasets 

from which the vehicular ease of evacuation rating could be generated. 

3.1.3 Creation of Pedestrian and Vehicular Ease of Evacuation Ratings 

A household ease of evacuation rating was generated for each property within the tsunami 

inundation zone for both pedestrian and vehicular modes of evacuation. These rating values were 
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based on the estimated time needed to evacuate each property within a maximum threshold. 

Rating values act as a unit-less measure of the ease or difficulty associated with evacuating a 

household, either on foot or by car, in a worst-case scenario. For the purposes of this study, the 

worst-case scenario for Port Alberni is a near-field Cascadia-related earthquake and tsunami 

event, providing residents with approximately 20 minutes between earth shaking and the first 

tsunami waves encountering the city after travelling up the Alberni Inlet (Hedley, 2012; McKay, 

2016). 

With this 20-minute threshold considered the cut-off for safe and successful evacuation, a 

five-point scale was established where each one-point increase on the scale represents a four-

minute increase in the evacuation time for a given location. All properties located outside of the 

official hazard zone receive a value of zero for this rating, as no evacuation is required for safety 

(although these locations may still officially be evacuated as a precaution). All properties where 

evacuation times equal or exceed the 20-minute threshold receive a value of five for this rating, 

indicating that safe evacuation will be extremely difficult and may not be possible for the given 

mode of transit in the time available. All other properties receive a value along the scale 

indicative of the degree of ease or difficulty associated with evacuating to safety using the given 

mode of transit. 

These rating values can be used by the automated Web Application to assist in 

establishing appropriate evacuation protocols and (in subsequent versions of the tool) routing 

information to assist households to improve their ability to evacuate to safety as quickly as 

possible. 

3.1.3.1 Creation of Household Pedestrian Ease of Evacuation Rating 

For pedestrian evacuation, six travel speed surfaces were generated, corresponding to 

three walking and three running speeds as noted above. The results from these layers were 

weighted to establish the pedestrian ease of evacuation rating values, as shown in Table 13. 

Lacking empirical guidance in the form of academic studies, weightings were chosen to 

correspond roughly to the age demographics for the community of Port Alberni and average 

Canadian fitness conditions, emphasising speeds associated with average walking through slow 

running speeds. Given that Port Alberni has a higher proportion of older adults than the Canadian 
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population, slower walking speeds were more heavily weighted than faster running speeds to 

better represent the evacuation abilities of the majority of community residents. 

 

Table 13: Travel Speed Evacuation Time Weighting Scheme 

Travel Speed Speed (m/s) Index Weighting (%) 

Slow walk 0.91 15 

Average walk 0.22 25 

Fast walk 1.52 25 

Slow run 1.79 20 

Average run 2.68 10 

Fast run 3.85 5 

 

It is important to note that while these values are weighted to generate the household 

pedestrian ease of evacuation rating values, the actual evacuation times associated with each 

maximum travel speed are maintained and available to the Web Application’s automated disaster 

preparedness and response planning algorithms to customize the information it presents based on 

the age, health, disabilities, and fitness levels for the individuals living in each household. Thus, 

information provided to participants can be customized for the residents of their home. 

3.1.3.2 Creation of Household Vehicular Ease of Evacuation Ratings 

For vehicular evacuation, eight different datasets were generated, corresponding to four 

simulated degrees of traffic congestion for each of the two scenarios (i.e., with no travel 

restrictions, and with the three bridges deemed impassable). The initial research plan was vague 

about how best to handle these layers towards the creation of the vehicular ease of evacuation 

rating. Following the modelling of all eight datasets, the decision was made to simplify matters 

and use only the evacuation times for the worst-case scenario—heavy traffic congestion where 

the three bridges along River Road were restricted from use—as the best base from which to 

establish rating values.  
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3.1.3.3 Differing Ease of Evacuation Rating Values 

It is possible, and in fact likely, that several properties located within the tsunami hazard 

zone will have situations where the ease of evacuation rating value for one mode of transit is 

significantly different than that for the other mode. Given the shape and size of the tsunami zone, 

coupled with the physical relief within the Alberni Valley, it is anticipated that pedestrian 

evacuation—while the preferred method of evacuating in most natural disaster situations—may 

be much slower than that of vehicular evacuations for areas located near the Somass River in the 

northern portion of the city. Where one rating is significantly different than that of the other (e.g., 

±2 or more points), the Web Application may adjust the evacuation information and instructions 

provided to study participants accordingly. 

3.1.4 Creation of the Overall Household Ease of Evacuation Index 

A final overall household Ease of Evacuation Index (EEI) was established on a per-property 

basis for each property located within the official tsunami hazard zone. This combined the 

pedestrian ease of evacuation rating and the vehicular ease of evacuation rating by taking the 

mean of the two values. This results in a value ranging between zero and five and tending 

towards central values, where lower values represent easier overall evacuation and higher values 

represent a more difficult overall evacuation from the property.  

Households with low values for both ratings will have a low overall EEI value, while 

higher ratings values will result in correspondingly higher overall EEI values. Where the rating 

of one value is high and the other low, a middle value will result, providing a balance between 

the two extremes. This situation can be detected, and an emphasis placed on the faster evacuation 

method by the Web Application’s algorithm. 

3.2 Household Social Vulnerability 

For this research, social vulnerability addresses the personal susceptibility of an individual 

member of the community (or group of similar members) as seen through a social lens, resulting 

in an increased or decreased vulnerability of these members in the aftermath of a disaster event. 

Factors which may impact social vulnerability may be specific to the individuals living in the 

household, or to the household more broadly. Some of the most common attributes cited as 
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contributing to an increased or decreased social vulnerability are age, race, gender, sexual 

expression, health, disability, income level, type of dwelling, and employment status. Aspects 

which increase social vulnerability can make it more difficult for households to recover 

following a disaster, while aspects which increase social resilience can make it easier to recover 

and reduce the negative aspects of social vulnerability. 

Much of the social vulnerability research in Geography has been aimed at 

neighbourhood, community, or regional scales, with very little exploration at the household or 

personal levels (Cutter, Boruff & Shirley, 2003; EmergeX, 2006; Lindell & Prater, 2010; 

Morrow, 1999; Oulahen et al., 2015; Wood, Burton & Cutter, 2009). Further, much of the related 

research comes from the United States, where race plays a significantly larger role in social 

disparities than seems to be supported in Canada. I have used these sources as a guide to 

establish a first approximation of how this may work at a household level in a Canadian context, 

but fully acknowledge that this is an area that needs considerably more research at this scale, and 

with Canadian communities.  

Being able to identify if a household may experience increased post-disaster social 

vulnerability prior to such a disaster occurring can potentially allow members of the household to 

take actions or put plans in place to counter or reduce potential impacts. I have established 

twenty factors, drawn from the literature, which may contribute towards an increased or 

decreased social vulnerability for the household. Each individual factor was tied to one or more 

pieces of information provided by participants while setting up household and personal data in 

the automated web application. Factors may contribute to an increase in a household’s social 

vulnerability, increase its social resilience, or both. The weighting value associated with each 

factor was based primarily on studies from Cutter, Boruff & Shirley (2003) and Oulahen et al. 

(2015), with contributions from others as noted. Where there was only a single source, or strong 

agreement between several sources, actual weightings from these studies were used directly. 

Where no weighting information was available, or there were considerable differences between 

study weightings for a given factor, a reasonable weighting was decided upon based on the 

perceived importance it might play in the context of Port Alberni households. 

Most studies of social vulnerability coming from the United States identify racial makeup 

as a key element in determining a geographic region’s social vulnerability (e.g., Basolo et al., 
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2008; Cutter, Boruff & Shirley, 2003; Gorman-Murray et al., 2014; Tierney et al., 2003; Vincent, 

2007; Wisner et al., 2004). Most Canadian studies have not emphasized race, in and of itself, as a 

significant factor to determining post-disaster social vulnerability (Andrey & Jones, 2008). 

Instead, potentially related factors such as geographic location, educational attainment, and 

household income tend to be favoured in the Canadian context (e.g., Andrew & Rockwood, 

2010; Andrey & Jones, 2008; Oulahen et al., 2015). Per the results of the 2011 census, 10% of 

Port Alberni’s population are aboriginal, 4% are a visible minority, and 86% are classified as 

“not a visible minority” (Statistics Canada, 2012a).  

Each of these twenty factors was tied directly to responses collected from participants as 

they interacted with the Web Application. Several of the questions in the application were 

optional or included “I’d rather not say” responses indicating a non-response. Where participants 

skipped a question or selected to opt-out from the question there was no data available to the 

Web Application’s algorithm to include related factors. In these cases, these factors were simply 

removed from consideration, and the total sum of weightings reduced by the weighting value 

associated with these factors. Thus, if a factor had a weighting of 3.81 and the corresponding 

question was skipped by the participant, the household vulnerability score would be calculated 

out of 96.19 instead of 100. 

Most factors have a binary or dichotomous nature—they either apply (contributing 100% 

of their weight) or do not apply to the household (contributing 0% of their weight). However, 

several factors make use of algorithms to establish a variable range of possible values, or 

contribute to social vulnerability at pre-set thresholds (e.g., 33% or 50%). Each of these cases is 

specifically identified and described as appropriate. The complete list of factors used to assess 

household social vulnerability can be found in Table 14. 
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Table 14: Factors Assessed for Contribution to Social Vulnerability and Resilience 

Level of Applicability Contributing Factor Description 

Personal Age – 18 or under Individual is aged 18 years or younger 

Personal Age – 65 or over Individual is aged 65 years or older 

Household Construction period Household structure was constructed prior to 1970 

Personal Disability Individual has a physical or cognitive disability 

Household Dwelling tenure Household structure is rented or leased 

Household Dwelling type Household structure is multi-family or mobile home 

Household Earthquake insurance Household has an earthquake insurance endorsement 

Personal Education – High School Individual has a high school diploma or lower 

Personal Education – University Individual has a bachelor’s degree or higher 

Personal Employment status Individual is not currently working, but seeking work 

Personal Gender – Female Individual is female 

Household Household income Household income is low (vulnerability) or high (resilience) 

Household Household repair Household structure requires major repairs 

Personal Immigration year Individual immigrated to Canada within the past five years 

Personal Language comprehension Individual has poor comprehension of official language(s) 

Personal LGBTQ+ Individual is a member of the LGBTQ+ community 

Household Living alone Household has a single adult living alone with no children 

Personal Relies on government transfers Individual is reliant on one or more government transfers 

Personal Relies on transit Individual is reliant on public transit (or has no vehicle) 

Household Single parent Household has a single adult with one or more children 

 

3.2.1 Establishing Household Social Vulnerability Factors 

Eight factors were deemed to contribute to social vulnerability and/or social resilience at the 

household level (Table 15). These factors relate directly to the household as a whole, and are 

generally not related to any aspects of the individuals living within the household. All factors 

contribute to household vulnerability, except for the presence of earthquake insurance  
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Table 15: Factors Contributing to Household Social Vulnerability and Resilience 

Weighting Factor Description Weighting Value Optional Vulnerability  
Range (%) 

Resilience  
Range (%) 

Household income Varies by income 11.98 Yes 0 → 100 0 – 50 

Household repair Requires major repairs 5.48 Yes 0 or 100 — 

Construction period Built prior to 1970 3.81 Yes 0 or 100 — 

Dwelling type Multi-family or mobile home 3.81 Yes 0 or 100 — 

Dwelling tenure Renter 1.67 Yes 0 or 100 — 

Living alone 1 person in household 3.81 — 0 or 100 — 

Single parent 1 adult + 1 or more children 7.62 — 0 or 100 — 

Earthquake insurance Has insurance endorsement 2.00 — — 0 or 100 

 

(contributes to resilience) and household income (may contribute to both vulnerability and 

resilience). Each of these eight factors is described in more detail below. 

3.2.1.1 Household Income 

Household income is the single largest factor contributing to a household’s social 

vulnerability score. Household income levels can contribute to a household’s social vulnerability 

(e.g., low income makes a household less able to recover following a disaster) as well as its 

social resilience (e.g., high income can help overcome many issues encountered following a 

disaster), making it the most complex factor to establish, as equations must be made for both 

household vulnerability and household resilience (Andrey & Jones, 2008; Oulahen et al., 2015; 

Raphael, 2011). 

I have drawn on data publicly available from Statistics Canada to establish where 

appropriate high- and low-income cut-off points should be for Port Alberni. Low-income cut-

offs were determined based on household size using the ‘Low Income Cut-offs (1992 base) After 

Tax’ table (Statistics Canada, 2015a) for 2013—the most current data at the time this work was 

performed. As these data are separated by community size, the census agglomeration column for 

communities with less than 30,000 inhabitants was chosen to represent Port Alberni. There was 

not a corresponding high income cut-off table available from Statistics Canada, so the high-
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income threshold was established by taking three times the median after tax income for the 

province of British Columbia (Statistics Canada, 2015b) for 2013—$84,300. All income cut-offs 

used to establish household social vulnerability and resilience values are shown in Table 16. 

 

Table 16: Household Income Cut-offs by Size of Family Unit 

Size of Family Unit Low Income Cut-Off (2013 High Income Cut-Off (2013) 

1 person $14,803 $84,300 

2 persons $18,018 $84,300 

3 persons $22,434 $84,300 

4 persons $27,990 $84,300 

5 persons $31,872 $84,300 

6 persons $35,347 $84,300 

7 or more persons $38,822 $84,300 

 

 Household income was collected within the Web Application by having participants 

select an income range using a drop-down list (i.e., a <select> element in HTML5) with a total 

of 15 income choices derived from census categories, ranging from “Under $5,000” to 

“$250,000 and over” (Table 17), and a “I’d rather not say” option. When establishing household 

social vulnerability and resilience scores for household income these ranges were converted to an 

average value by taking the mean of the minimum and maximum values in the range. Thus, a 

participant selecting the “$20,000 to $24,999” option would have a household income value of 

$22,500 provided to the algorithm. The proportion of the total weighting for social vulnerability 

and social resilience was determined using Equations 2 and 3, respectively: 

 

𝑣𝑣𝑣𝑣𝑣𝑣𝑛𝑛𝑡𝑡𝑟𝑟𝑑𝑑𝑣𝑣𝑡𝑡𝑣𝑣𝑡𝑡𝑡𝑡𝑣𝑣𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =
𝑑𝑑𝑣𝑣𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐ℎ𝑖𝑖𝑖𝑖ℎ − 𝑡𝑡𝑛𝑛𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡ℎ𝑖𝑖𝑜𝑜𝑠𝑠𝑖𝑖ℎ𝑖𝑖𝑜𝑜𝑜𝑜

𝑑𝑑𝑣𝑣𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐ℎ𝑖𝑖𝑖𝑖ℎ
 ×  11.98 (2) 

𝑟𝑟𝑡𝑡𝑑𝑑𝑡𝑡𝑣𝑣𝑡𝑡𝑡𝑡𝑛𝑛𝑑𝑑𝑡𝑡𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 =
𝑡𝑡𝑛𝑛𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡ℎ𝑖𝑖𝑜𝑜𝑠𝑠𝑖𝑖ℎ𝑖𝑖𝑜𝑜𝑜𝑜 − 𝑑𝑑𝑣𝑣𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑜𝑜𝑖𝑖𝑙𝑙
𝑑𝑑𝑣𝑣𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐ℎ𝑖𝑖𝑖𝑖ℎ − 𝑑𝑑𝑣𝑣𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑜𝑜𝑖𝑖𝑙𝑙

 ×  6.65 (3) 
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where 𝑡𝑡𝑛𝑛𝑑𝑑𝑐𝑐𝑡𝑡𝑡𝑡ℎ𝑖𝑖𝑜𝑜𝑠𝑠𝑖𝑖ℎ𝑖𝑖𝑜𝑜𝑜𝑜 is the mean of the household income value selected by the participant, 

𝑑𝑑𝑣𝑣𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐ℎ𝑖𝑖𝑖𝑖ℎ is the high-income cut-off value for Port Alberni ($84,300), and 𝑑𝑑𝑣𝑣𝑡𝑡𝑐𝑐𝑐𝑐𝑐𝑐𝑜𝑜𝑖𝑖𝑙𝑙 is the 

low-income cut-off value for Port Alberni for the indicated size of family unit. The results for the 

contribution of household income on household social vulnerability and social resilience for each 

of the 15 possible choices are shown in Table 17. 

 

Table 17: Contribution of Household Income to Social Vulnerability and Social Resilience 

Income 
Category 

Household After-Tax 
Income Range 

Income Value Used by 
Algorithm 

Social Vulnerability 
Contribution 

Social Resilience 
Contribution 

Low income 

Under $5,000 $2,500 11.98 0.00 

$5,000 to $9,999 $7,500 11.98 0.00 

$10,000 to $14,999 $12,500 11.98 0.00 

$15,000 to $19,999 $17,500 11.98 0.00 

Middle income 

$20,000 to $24,999 $22,500 8.78 0.45 

$25,000 to $29,999 $27,500 8.07 0.95 

$30,000 to $39,999 $35,000 7.01 1.70 

$40,000 to $49,999 $45,000 5.58 2.71 

$50,000 to $59,999 $55,000 4.16 3.71 

$60,000 to $74,999 $67,500 2.39 4.96 

High income 

$75,000 to $99,999 $87,500 0.00 6.65 

$100,000 to $149,999 $125,000 0.00 6.65 

$150,000 to $199,999 $175,000 0.00 6.65 

$200,000 to $249,999 $225,000 0.00 6.65 

$250,000 and over $250,000 0.00 6.65 

 

3.2.1.2 Household Repair 

Households where the physical housing structure requires major repairs have been shown 

to be more likely to suffer disaster damage, more difficult to repair following a disaster, and 

more likely to contribute to social vulnerability both before and following a disaster event 
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(Armenakis & Nirupama, 2012; Oulahen et al., 2015). In their work, Oulahen et al. (2015) 

determined the weight of this impact to be 5.48%, and this value was also adopted for use in this 

study. Households where participants identified that major repairs were required received the full 

5.48 contribution, while all others received a zero for this factor. 

3.2.1.3 Construction Period 

Dwellings constructed prior to 1970 might not meet modern construction standards due to 

changes in building codes and zoning, and may also have aging infrastructure which could 

impact a household’s vulnerability following a disaster (Armenakis & Nirupama, 2012; 

Friedman, 1984; Oulahen et al., 2015). Oulahen et al. (2015) established a weighting for this 

factor of 3.81%, and this value was adopted for this research as the most relevant and 

geographically similar source. Households where participants identified their homes were 

constructed prior to 1970 received the full 3.81 contribution, while all others received a zero for 

this factor. 

3.2.1.4 Dwelling Type 

Some dwelling types are more susceptible to damage during a disaster (Friedman, 1984; 

Onur, Ventura & Finn, 2005), and may also act, to some degree, as a surrogate for personal 

wealth (Cutter, Boruff & Shirley, 2003; Wood, Burton & Cutter, 2009). Most studies exploring 

social vulnerability identify the percentage of mobile homes as a key measure of neighbourhood 

social vulnerability, but the weight associated with this relationship varies from study to study. 

Some studies also include ‘multi-family housing’ as a contributing factor. I have chosen to 

combine these items, and reduced the impact associated with dwelling type, as most studies that 

include dwelling type are considering wind damage from hurricanes or tornadoes as factors 

which greatly increase for certain housing types, and wind damage is not a major consideration 

for earthquake and tsunami threat. I have chosen to settle on 3.81% as the weight for this factor, 

placing it at the same level as construction period. Of the 9,095 dwellings27 identified by 

                                                 
27 The dwelling count used by Statistics Canada includes each unit of a semi-detached house, row house, or 
apartment as an individual element, whereas my evacuation planning explored each individual property, which may 
include multiple dwellings. Thus, the difference between the total properties established for the evacuation 
modelling (7,316 properties) and the dwelling count from Statistics Canada (9,095 dwellings). 
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Statistics Canada (2012) in Port Alberni, 235 were movable dwellings (i.e., ‘mobile homes’), and 

another 1,710 were multi-family housing (i.e., apartments or row housing). Households where 

participants identified living in moveable or multi-family households received the full 3.81 

contribution, while all others received a zero for this factor. 

3.2.1.5 Dwelling Tenure 

Many studies have shown that renters experience higher social vulnerability following a 

disaster than home owners (Burby, Steinberg & Basolo, 2003; Levac & Toal-Sullivan, 2012; 

Morrow, 1999). Renters often lack control over the structure in which they live, including 

whether they are structurally sound, are properly insured, and whether they are properly repaired. 

Renting is often (though certainly not always) associated with lower income, minority status, and 

a reduced exposure to information about disaster preparedness and mitigation. Insurance options 

for renters can also be more restrictive than for home owners. Following a disaster, landlords 

may be less incentivized or financially unable to make prompt repairs to their rental properties, 

may sell or abandon the property, or may terminate tenants’ rental agreements with cause, 

leaving renters homeless. Weightings associated with dwelling tenure are often included as part 

of larger ‘housing’ categories which may range from 7% to 24%. When rentals are considered 

separately, an ‘expert opinion’ from Oulahen et al. (2015) indicated a weighting factor of 1.67%, 

which is the value used herein. Andrey and Jones (2008) and Morrow (1999) identified rental 

tenure as an issue, but did not provide a specific weighting value for it, and Cutter, Boruff and 

Shirley (2003) included it as part of ‘all housing factors’ at 7.0%. Households where participants 

identified they were renters received the full 1.67 contribution, while all others received a zero 

for this factor. 

3.2.1.6 Living Alone 

Living alone, particularly for seniors, has been shown to be a factor increasing social 

vulnerability following a disaster (Andrew, Mitnitski & Rockwood, 2008; Andrey & Jones, 

2008; EmergeX, 2006; Morrow, 1999). This is because all responsibilities for household 

management and repair fall to one person, single-person households may have fewer options 

available to them for employment following a disaster, and “having an adult household member 
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available during the day to meet with insurance adjusters, caseworkers, contractors, construction 

workers and building inspectors” can be a tremendous asset during the post-disaster recovery 

phase (Morrow, 1999, p. 6). Exact weighting values were not established in many of these 

studies, but Oulahen et al. used a weighting of 3.81%, which I have adopted as well. This was 

established in the Web Application by counting the total number of residents registered in the 

household. Households with only a single resident received the full 3.81 contribution, while all 

others received a zero for this factor.  

The Web Application, as it was tested with participants, adjusts social vulnerability 

ratings on-the-fly as new information is provided by the participants. To avoid potential 

confusion during interviews, discussion around social vulnerability and resilience was not begun 

until the participants had finished adding all the household residents they wished to add, and thus 

social vulnerability ratings reflected the final state of the household and all of the included 

members. 

3.2.1.7 Single Parent 

Single parenting has been identified in many studies as contributing to social 

vulnerability (Andrey & Jones, 2008; Armenakis & Nirupama, 2012; Morrow, 1999; Oulahen et 

al., 2015; Wood, Burton & Cutter, 2009). Other studies do not explicitly identify single-parent 

households as a factor, but do identify households where there is only one adult as contributing 

to social vulnerability (somewhat combining lone-resident and single-parent households). It is 

generally stated that single-parent households (particularly those headed by a female) may be 

under greater financial and support constraints, may have additional child-care responsibilities 

and are more likely to live on the economic margins post-disaster.  Cutter, Boruff and Shirley 

(2003) established a weight of 8.6%, while Oulahen et al. (2015) used a weight of 7.62% in a 

Canadian context (Metro Vancouver, in their case). I opted to follow Oulahen et al. and use 

7.62% as the weighting for this study. Households with a single adult and one or more children 

(aged 18 or under) received the full 7.62 contribution, while all others received a zero for this 

factor. 
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3.2.1.8 Earthquake Insurance Endorsement 

There are several issues associated with seismic disasters and insurance in British 

Columbia, including access (especially for renters), cost, and actual coverage. That said, the fact 

that a household has gone through the difficulty of acquiring and paying for an earthquake 

insurance endorsement can have a positive impact on that household’s social resilience. As 

Katherine Vincent (2007) points out in her article in Global Environmental Change, “the choice 

to protect assets from … risks is an alternative mechanism which signifies adaptive capacity, and 

would likely have a similar outcome in reducing vulnerability” (p. 13). While many studies make 

mention of insurance and access to insurance, none I could find assigned a specific weighting for 

contributing to social resilience or reducing social vulnerability. Without this guidance, I have 

elected to assign a low weighting value, roughly equivalent to dwelling tenure, of 2.00%. 

Households indicating that they have a seismic insurance rider or endorsement receive the full 

2.00 contribution to social resilience, while all others have this factor removed from 

consideration so that it does not impact households where such insurance was either unavailable, 

too expensive, or not reasonable given coverage received. Thus, a lack of insurance endorsement 

does not contribute to social vulnerability, while the presence of one does contribute to social 

resilience. 

3.2.2 Establishing Personal Social Vulnerability Factors 

Twelve factors were deemed to contribute towards household vulnerability or household 

resilience at the personal level (Table 18). These are all aspects of the individuals living within 

the household, rather than aspects of the household itself. Each factor is considered to exist if one 

or more household members has one of the associated traits, except for gender. All factors 

contribute to the household vulnerability score, except for the completion of a university 

bachelor’s degree (or higher), which contributes to household resilience. Each of these twenty 

factors is described in greater detail below. 

There are seven personal factors affecting the household social vulnerability score where 

participants could choose to opt-out of providing a response. In these cases, the algorithm used in 

the web application will remove a factor with no response from inclusion in the weighting 

scheme, and the equation will be adjusted so that the score is calculated using only the remaining  



 

90 

Table 18: Factors Contributing to Personal Social Vulnerability and Resilience 

Weighting Factor Description Weighting 
Value 

Optional Vulnerability  
Range (%) 

Resilience  
Range 

(%) 

Age – 65 or over 1 or more aged 65 or older 9.52 — 0 or 100 — 

Age – 18 or under 1 or more aged 18 or younger 6.19 — 0 or 100 — 

Language 
comprehension 

Rated “poorly” or “not at all” 9.05 Yes 0 or 100 — 

Immigration year Within past 5 years 8.10 Yes 0 or 100 — 

Employment status Rated “not currently employed but 
seeking work” 

5.48 Yes 0 or 100 — 

Education – High 
School 

High school diploma or lower 2.38 Yes 0 or 100 — 

Education – University Bachelor’s degree or higher 0.95 Yes — 0 or 100 

Gender – Female 1 or more adult females 1.00 Yes 0 or 100 — 

LGBTQ+ 1 or more LGBTQ+ adults 1.00 — 0 or 100 — 

Relies on transit Relies on transit (or no vehicles) 6.90 — 0 or 100 — 

Relies on government 
transfers 

Rated as zero, one, or more than 
one items selected 

6.90 — 0, 50, or 100 — 

Disability Calculated as low, moderate, or 
high impact 

2.35 — 0, 33, 67, or 
100 

— 

 

factors. For example, if “I’d rather not say” was selected for the employment status for all adult 

members of the household, that factor would be removed (worth 5.48), and the algorithm would 

divide the overall results by 94.52 instead of 100. 

3.2.2.1 Seniors – Aged 65 or Older 

Nearly all studies of social vulnerability include a factor for seniors, though the exact cut-

offs tend to vary by region. In Canada, a person is generally considered a ‘senior’ upon reaching 

65 years of age. Seniors are deemed to have an increased social vulnerability as they tend to have 

decreased mobility even when healthy; often have a limited, fixed income; are more likely to be 

reliant on government transfers (although I take this into account directly, below); may be more 

reluctant to evacuate, and may require additional assistance in evacuation; may suffer from lower 
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overall health; and are more likely to live in sub-standard housing (EmergeX Planning Inc., 

2006; Oulahen et al., 2015; Wood, Burton & Cutter, 2009). Although the introduction of 

pensions and other government transfers have made older community members less vulnerable 

today compared to past generations, they remain more vulnerable in the aftermath of disasters 

than non-senior adults. 

 Studies generally agree that older age affects social vulnerability, with the degree of 

impact in the 9–12% range (depending on how age was used). Cutter, Boruff and Shirley (2003) 

set the weighting at 11.9% (using median age per census unit); Wood, Burton and Cutter (2009) 

used a weighting of 9.39% for age (several categories were used, including percent of census 

tract over 65 years of age), while Oulahen et al. (2015) used a weight of 9.52% for those aged 65 

and older. Given Oulahen et al. is focused on nearby Metro Vancouver, and has specific 

breakouts for seniors and youth, I have elected to use their weighting value in this study. 

Households with one or more members identified as 65 years of age or older received the full 

9.52 contribution, while all others received a zero for this factor. As age data was optional in the 

Web Application, household members without explicit age information, and who were not 

specifically designated as children, were deemed to be a non-senior adult. Thus, it is possible that 

some seniors may be missed using this approach. 

3.2.2.2 Children and Youth – Aged 18 or Younger 

Most studies identify children and youth as increasing social vulnerability, though the 

exact age cut-offs vary by region and purpose for the study. In Canada, a person is generally 

deemed to be an adult upon reaching the ages of 18 or 19, depending on the province or territory 

in which they live, and deemed to be a child below these ages. For British Columbia, the cut-off 

for adulthood is 19 years of age, and thus this age was selected as the cut-off to be considered a 

child or youth. As (generally) non-contributing dependents, children and youth are deemed by 

most studies to increase a household’s social vulnerability because they are less mobile 

(especially when younger); require care when not in school, resulting in lost time and/or money 

for parents; and may require additional assistance to evacuate (EmergeX Planning Inc., 2006; 

Oulahen et al., 2015; Wood, Burton & Cutter, 2009). To be consistent with the Seniors factor, I 

have opted to use the weighting identified by Oulahen et al., 6.19%, for this study. Households 
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with one or more members identified as 18 or younger received the full 6.19 contribution, while 

all others received a zero for this factor. As age data was optional in the Web Application, a 

household member was considered to be a child only if appropriate birthdate information was 

provided, or the member was specifically identified as a child when added to the application. 

3.2.2.3 Language Comprehension 

Not being able to understand the official language (or languages) that will be spoken by 

officials issuing hazard warnings prior to a disaster event, or official instructions following a 

disaster, can have a big impact on an individual’s ability to respond to such warnings and aid in 

household recovery following a disaster. Individuals who have poor understanding of the official 

language, whether written or spoken, may not be able to obtain relief or recovery information, 

may have difficulty completing necessary forms, and are thus at a disadvantage that could 

increase social vulnerability (Cutter, Boruff & Shirley, 2003; Oulahen et al., 2015; Wood, Burton 

& Cutter, 2009). I have again relied upon Oulahen et al. (2015) as the source for my weighting 

values, as the source that is most geographically similar and most recent, for this study. 

Households with one or more members identified as understanding spoken or written English as 

“poorly or not at all” receive the full 9.05 contribution, while all others will receive a zero for 

this factor. 

3.2.2.4 Year of Immigration 

Recent immigrants to Canada may have limited opportunity to receive financial aid, 

limited employment opportunities following a disaster, and may lack strong connections to the 

larger community which often help to mitigate or reduce social vulnerability post-disaster 

(Andrey & Jones, 2008; Armenakis & Nirupama, 2012; Oulahen et al., 2015). Recent 

immigration is treated very differently between studies, in some cases tied into factors such as 

geographic location, language comprehension, or tenure period in a given 

state/province/community, while in others it is a factor entirely on its own. I have followed the 

guidance of Oulahen et al. as the most relevant and recent source, and have assigned a weighting 

of 8.10% to immigration within the last five years (immigrants usually become eligible for 

assistance programs after living five years in Canada). Thus, in this study households with one or 
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more adult members identified as having immigrated to Canada within the past five years (2010 

through 2016) receive the full 8.10 contribution, while all others receive a zero for this factor.  

3.2.2.5 Employment Status 

Large, regional studies (e.g., Cutter, Boruff & Shirley, 2003) are able to make use of 

census data to determine the rates of employment in broad fields (e.g., sales, education) or by 

category (e.g., full-time, part-time). While this may work at these broader scales, it is unclear 

how much these employment categories simply act as surrogate variables for household income 

or social status at the household level. The one aspect of employment that stood out as both 

relevant and collectable at the household level was employment status. This basically falls into 

three broad categories: employed, unemployed and able to work, and unemployed and unable to 

work. There tends to be a loss of employment immediately following a disaster as businesses and 

industry struggle to recover and rebuild, or are forced to (or decide to) move away or close. The 

additional influx of workers looking for employment can have a disproportionately strong effect 

on those who were already out of work prior to the disaster event, and who are now competing 

with the additional workers seeking jobs. 

It is somewhat difficult to connect this information from the local level to the regional 

studies that have most closely explored the issue, as the variables are different and the magnitude 

of the associated effect of employment status varies by geography. Further complicating matters 

is the strong correlation between employment status and race coming out of studies from the 

United States The best source I have for the situation in Canada is, once again, Oulahen et al. 

(2015), where unemployment was used, rather than a complicated structure of variables for the 

proportion of the population employed in different fields. This approach is simpler and reduces 

potential correlation with household income values as well. Their study established a weighting 

of 5.48% for their unemployment variable, and I have opted to use this value also. 

The prototype web application has six employment status types: employed (either full-

time or part-time), not currently employed but seeking work, not currently employed and not 

seeking work, full-time student, retired, and unable to work. There is also a ‘I’d rather not say’ 

option to allow participants to opt out of answering this question. Households with one or more 
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adult members identified as “not currently employed but seeking work” receive the full 5.48 

contribution, while all others will receive a zero for this factor. 

3.2.2.6 Educational Attainment – High School or Less 

Most studies I have examined rate lower educational attainment as a key factor impacting 

social vulnerability (Levac & Toal-Sullivan, 2012; Morrow, 1999; Oulahen el al., 2015; 

Wachinger et al., 2013; Wood, Burton & Cutter, 2009). Those with less than 12 years of formal 

education are often less well able to respond to disaster events, more dependent on government 

support, and have less overall adaptive capacity than those with 12 years or more of education. 

Educational attainment is usually approached as either a count of total years of education, or as 

the completion of major educational milestones, such as the receiving of diplomas, certificates, 

or degrees. In some studies, educational attainment has been shown to have a strong correlation 

with household income, field of employment, gender, and race, while in others they are treated 

as separate and independent factors, with general weightings in the range of 2.0 to 3.5% for those 

who have received a high school diploma, or have 12 or fewer years of education. Once again, I 

have opted to follow the guidance from Oulahen et al. (2015) and use a weighting of 2.38%, for 

this study. Households with one or more adult members identified as having “some high 

(secondary) school or less,” “high (secondary) school diploma,” or “high (secondary) school 

equivalency certificate” receive the full 2.38 contribution, while all others receive a zero for this 

factor. 

3.2.2.7 Educational Attainment – Bachelor’s Degree or Higher 

Higher educational attainment has also been positively associated with increased levels of 

household preparedness and increased social resilience (Cutter, Boruff & Shirley, 2003; 

Donahue, Eckel & Wilson, 2014; Morrow, 1999; Oulahen, 2015; Wachinger et al., 2013). In this 

case, higher education levels can lead to better employment opportunities, “even in depressed 

post-disaster economies, as well as greater proficiency in dealing with bureaucracies and gaining 

access to assistance programmes” (Morrow, 1999, p. 6). To be consistent with the previous 

factor, I have opted to use the weighting identified by Oulahen et al., 0.95%, for this study. 

Households with one or more members identified as having a university bachelor’s degree, 
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master’s degree, or doctorate degree receive the full 0.95 contribution towards social resilience, 

while all others receive a zero for this factor. 

3.2.2.8 Gender – Female 

Nearly every study I referenced looking at social vulnerability identified being female 

and/or female-headed households as factors contributing to social vulnerability (Andrey & Jones, 

2008; Cutter, Boruff & Shirley, 2003; Donahue, Eckel & Wilson, 2014; Levac & Toal-Sullivan, 

2012; Oulahen et al., 2015; Phillips, Metz & Nieves, 2005; Schmidtlein et al., 2008; Wood, 

Burton & Cutter, 2009). Potential reasons cited included decreased earning potential compared to 

males and increased family care responsibilities. I think Oulahen et al. (2015) summed up my 

thinking on this quite clearly—“Intuitively, it does not seem that a female living in a Canadian 

city should be more vulnerable to … hazards than a male”—and yet the statistics do show 

correlations between being female and increased social vulnerability following a disaster. There 

is a wide range of values associated with this factor, and I have opted to assign a weighting of 

1.00% to it as a compromise between higher values from the bulk of studies in the United States 

and the low value (0.48%) from Oulahen et al. in British Columbia. Households with one or 

more adult females received the full 1.00 contribution, while all others received a zero for this 

factor. 

3.2.2.9 Member of the LGBTQ+ community28 

There is very little scholarly discussion and a sore lack of funded academic studies 

looking at social vulnerability and resilience of members of the LGBTQ+ community following 

natural disasters. What little I could find was predominantly in the context of developing nations, 

where LGBTQ+ members rights, if they have any at all, are often ignored, and LGBTQ+ 

members tend to be shunned, assaulted, and in some cases even killed in the days and weeks 

following disasters. The only significant academic resource I could locate that explored the 

LGBTQ+ community post-disaster in the context of developed nations was “Queer Domicide: 

                                                 
28 “LGBT” is an initialism that has come to broadly represent the lesbian, gay, bi-sexual and transgendered 
communities, but there are many sub-communities and related communities which should also be included herein. I 
have opted to use “LGBTQ+” to be as inclusive as possible, without making the initialism overly long and 
potentially confusing. 
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LGBT Displacement and Home Loss in Natural Disaster Impact, Response, and Recovery” by 

Gorman-Murray et al. (2014), which focused primarily on disasters in Australia and New 

Zealand, in addition to those from several developing countries. 

While this document is not the right platform to explore the inequalities associated with 

LGBTQ+ rights or treatment within the broader Canadian community, I did feel it was important 

to include what has been a largely overlooked group in post-disaster studies, and attempt to 

provide what little academic disaster preparedness and response guidance I could find in the 

associated Web Application. LGBTQ+ rights are still nascent, untested, and often contradictory 

even in the best cases (e.g., Canada, Belgium), and remain non-existent, or even openly hostile, 

in much of the world. 

Without strong sources on which to base a weighting for this study, I have opted to assign 

the same value for LGBTQ+ individuals as I have for females (see above), 1.00%. Households 

with one or more adult members who were identified with “Trans*” as their gender, or for whom 

the checkbox for LGBTQ+ was explicitly checked, received the full 1.00 contribution, while all 

others received a value of zero for this factor. 

3.2.2.10 Reliance on Public Transit 

This factor is as much an attempt to capture those who may be dependent on assistance 

from neighbours, family, or friends as it is to find those who strictly rely on public transit to get 

around. A reliance on public transit can make individuals more vulnerable during and following 

a disaster because: i) they do not have the same ability to escape from an area of danger to an 

area of safety that someone with a vehicle might have, and ii) because they may need to rely 

more heavily on others during the recovery and restoration phases following a disaster, where 

vehicles can be helpful for moving goods and repair supplies (Lindell & Prater, 2010; Oulahen et 

al., 2015). It may also be that reliance on public transit is yet another variable that is correlated 

with household income, and may act as a surrogate for wealth or social status. Once again, I have 

relied on the guidance of Oulahen et al., and have opted to assign the same weighting that they 

determined in their study, 6.90%, to this study. Households where one or more adult members 

indicated they were reliant on public transit received the full contribution, while all others 

received a zero for this factor. 
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3.2.2.11 Reliance on Government Transfers 

A reliance on government funding or credits can be an indicator of increased social 

vulnerability. This is a little more complicated in the Canadian context than those seen in studies 

predominantly coming out of the United States, as Canada’s various social programs tend to be 

available to more people, and are not as heavily weighted to welfare and social support in the 

same way as may be seen in the American contexts. I have therefore elected to use guidance 

from Oulahen et al. (2015) on weightings (6.90%), but to apply the weighting in a staged 

manner. Households where all members combined indicated one form of government transfer 

contributed 50% of this weighting (i.e., 3.45), those that indicated two or more forms of transfer 

contributed the full 6.90 weighting. Households with no reliance on government transfers 

received a value of zero for this rating. 

3.2.2.12 Physical or Cognitive Disabilities 

Physical and cognitive disabilities are a well-recognized factor that may contribute to 

social vulnerability, particularly for older adults (Chakraborty, Tobin & Montz, 2005; Levac & 

Toal-Sullivan, 2012; Morrow, 1999; Oulahen et al., 2015; Phillips, Metz & Nieves, 2005). 

Physical and cognitive disabilities are not an all or nothing phenomena, however, particularly as 

it relates to social vulnerability. I have therefore adopted a graduated approach to handling 

disabilities in this study. Four areas of disability were addressed in the web application: physical 

mobility, vision, hearing, and cognition. Individuals with a given disability may have the severity 

of their disability rated as either “slight to moderate,” which would have a minor impact on a 

person’s ability to respond during an emergency, or “high to severe,” which would make reacting 

during an emergency very challenging. Despite considerable literature addressing disasters and 

the disabled, there was very little guidance for how best to weight disabilities into the social 

vulnerability equation. I opted to weight disabilities at 2.35%, and used a staged manner when 

applying this value to the social vulnerability algorithm. Households where all members 

combined indicated one “slight to moderate” disability received 33% of this weighting 

(i.e. 0.78), those with two “slight to moderate” disabilities received 66% of this weighting 

(i.e., 1.57), and those where there were three or more “slight to moderate” disabilities, or one or 
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more “high to severe” disabilities, received the full 2.35 contribution. Households where no 

disabilities were recorded received a zero for this factor. 

3.2.3 Creation of the Household Social Vulnerability Index 

The overall household Social Vulnerability Index (SoVI) brings together all household and 

personal factors into a single weighted index value, ranging from zero (very low vulnerability) to 

five (extreme vulnerability). This was accomplished in the Web Application by processing all 

twenty factors discussed above from their associated input variables each time information 

provided by participants was added or changed as to produce a weighted average of all relevant 

factors.29 Vastly simplified, this algorithm takes the form shown in Equation 4: 

 

𝑆𝑆𝑐𝑐𝑆𝑆𝑆𝑆 = 𝑡𝑡𝑑𝑑𝑚𝑚𝑡𝑡𝑡𝑡𝑣𝑣𝑡𝑡 �
∑𝑐𝑐𝑣𝑣 − ∑𝑐𝑐𝑟𝑟

∑𝑐𝑐𝑙𝑙
, 0�  ×  5 (4) 

 

where 𝑐𝑐𝑣𝑣 is the calculated social vulnerability value for a given relevant factor 𝑐𝑐, 𝑐𝑐𝑟𝑟 is the 

calculated social resilience for that factor, and 𝑐𝑐𝑙𝑙 is the maximum weighting value assigned to 

that factor. A maximum function is used to avoid negative numbers and assign a zero in cases 

where a household’s social resilience is greater than their social vulnerability—a condition only 

likely to occur for the community’s most wealthy and prepared households.  

3.3 Web Application 

There were two primary goals for the Web Application developed during this study: i) to explore 

how relevant household and personal information could best be collected to assess household 

hazards risk effectively; and ii) to provide a tool that participants could use to quickly and easily 

assess their household tsunami risk, and to make preparedness and response plans customized 

around the needs of their household to address that risk. It is acknowledged that the application, 

                                                 
29 A relevant factor was one where data was present to support its inclusion by the algorithm. Where such data was 
absent due to participants skipping related questions, or selecting “I’d rather not say” options, these factors were 
removed from the weighting, and final results were determined based on the sum of the items remaining. 
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as it was used by participants, was not a feature-complete product ready for public launch, but an 

early test version designed as a first-step on which future versions could iterate. An idealized 

version of such an application would need to better address usability and accessibility, provide 

more streamlined information collecting, and provide additional features that there was not time 

to include in this study.  

Information collection within the Web Application was split into three basic streams: 

household details, personal details, and pet details. Each area addressed specific aspects of the 

household which would be relevant to establishing ease of evacuation, social vulnerability, and 

overall household tsunami risk ratings, as well as the creation of customized household 

emergency plans. 

3.3.1 Household Details 

General household information was collected immediately after participants registered with the 

Web Application. Household information was collected across three sub-forms, each of which is 

described in greater detail below, along with a screenshot from the application. The only data 

that participants were required to provide was their home address and postal code, as the 

evacuation information was directly tied to this information. All other details were optional. 

Each participant’s location was determined using a simplified geolocation script created 

specifically for this application (Figure 24). As participants began entering their address, the 

script would query the associated database to identify potential matches, and show these matches 

to participants as a drop-down menu. This helped to ensured early in the process that: i) 

information for the participants’ household was present in the database (only entries where data 

existed would show in the drop-down menu); and ii) that participants would enter an address in a 

way the system could match. Future versions of the application can (and should) subscribe to a 

more extensive geocoding system that provides more flexibility, but this system worked well for 

the purposes of this study. 

3.3.1.1 Household Location 

For this study household location information was used to associate pre-determined 

evacuation details from the previously performed evacuation modelling. With some additional  
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Figure 24: Automated Web Application Screenshot – Household Location 
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work to incorporate variables from census tables, cadastre datasets, and more detailed risk 

modelling, household location could be used to automate the collection of several factors that the 

prototype version is forced to collect manually (e.g., construction period, dwelling type). The 

more data available to the system, the more detailed and automated this aspect of the process can 

be. 

3.3.1.2 Dwelling Information 

The second sub-form collects information about the physical dwelling structure itself 

(Figure 25). This information is then used to help customize the automated emergency plan 

outputs, and contribute to the social vulnerability assessment for the participants’ households. 

Specific details include the type of household structure, when it was built, if it has a basement, as 

well as the general state of repair and home ownership status.  

3.3.1.3 Household Details 

The final sub-form collects additional general details about the household (Figure 26). 

Household income and home insurance fields provide the tool with information it needs to help 

establish the social vulnerability ratings. If home insurance is not checked an item will appear in 

the participants’ preparedness checklists to consider checking if an earthquake damage 

endorsement is appropriate with their insurance provider, if they also indicated they were home 

owners on the previous sub-form. 

The number of vehicles field provides information that is used to customize household 

disaster response plans. In the case of long evacuation times, multiple vehicles can be loaded 

(assuming there are also enough licensed drivers in the household), as the tool adjusts disaster 

response plans for multi-vehicle households when it is deemed safe to do so.  

When participants indicate that they have a wired home phone line, the phone number is 

collected (not shown here), and added to the household’s disaster communication plan. This 

ensures that every household member, friends, and external family can have a detailed copy of 

the household’s emergency communication plan with appropriate contact information. 
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Figure 25: Automated Web Application Screenshot – Dwelling Information 
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Figure 26: Automated Web Application Screenshot – Household Details 
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3.3.2 Household Member Details 

Specific information was collected for each member of the participants’ households, starting 

with the participant themselves. The forms adapted to the information provided by the 

participants, changing the questions asked depending on age (i.e., adults vs. youth and children). 

While only information for adult members is shown below, a separate page was included to 

collect school information for each child entered. This information is included, along with 

contact information for schools, in the automated disaster response and communication plans for 

the household. It was hoped additional information about school evacuation information could be 

included, but schools were understandably reluctant to share this information with me. 

3.3.2.1 Household Member Information: Basic Details 

The first household member sub-form collects basic personal information, including a 

nickname, gender, LGBTQ+ status, birth month, and immigration status (Figure 27).  

There was no compelling reason for me to collect the names of each member of every 

participants’ household and store this in a database, but there needed to be a way to allow 

participants to differentiate between household members while using the Web Application. This 

was accomplished using nicknames instead of real names, and the nicknames were also 

encrypted using a key that could only be decrypted by participants for added safety. 

Member gender was used exclusively for assessing social vulnerability. As was noted 

above, females have been deemed to have increased social vulnerability compared to males. 

Also, members for whom the “Trans*” gender was selected were also included as LGBTQ+ 

members, even if the specific checkbox for LGBTQ+ was not checked. Members of the 

LGBTQ+ community are also deemed to have slightly elevated social vulnerability compared to 

non-LGBTQ+ individuals. 

Specific date of birth seemed overly invasive, so birth month was collected instead. This 

allowed the system to roughly estimate member age for the age-related aspects of social 

vulnerability, and allows the form to address questions specifically for children or adults in later 

sub-forms. This was an optional field, and a working-age adult was assumed if the information 

was not available. 
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Figure 27: Automated Web Application Screenshot – Household Member Information: 

Basic Details 
 

Household membership information was used by the Web Application to assess how to 

include a given household member when it came to assessing social vulnerability, ease of 

evacuation, and creating customized household emergency plans. Only members who lived in 

the household full-time and part-time were included in social vulnerability assessments. The 
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customized emergency plans also adjusted to incorporate specific information for cases where an 

external household member lived in another home within the community, was away at school, or 

lived in a managed care facility.  

Immigration status was collected by asking which year the member officially immigrated, 

and then providing a drop-down menu from which the participant could select a given year. 

Since this was only relevant to those who had immigrated in the past five years, a choice for six 

years and more was included (in this case listed as “2010 or earlier”) to indicate a non-relevant 

status. 

3.3.2.2 Household Member Information: Educational Background 

This sub-form collected information on educational attainment, and official languages 

comprehension (Figure 28). Educational attainment was an important factor for assessing social 

vulnerability and social resilience. As noted above, members with a high school diploma or less 

contribute to an increased social vulnerability rating, while those with a bachelor’s degree or 

greater contribute, to a lesser degree, towards social resilience. 

Household members who were rated as understanding instructions spoken or written in 

English (the language for official instructions in Port Alberni) “poorly or not at all” contributed 

to the household’s social vulnerability rating. 

3.3.2.3 Household Member Information: Employment Status 

This sub-form collects information on the household member’s employment status as 

well as any government funding or assistance they receive (Figure 29). These items both 

contribute towards the household’s social vulnerability assessment. As noted above, members 

with employment statuses of “not currently employed, but seeking work” were considered 

unemployed, and contribute to an increase in the household’s social vulnerability. Those 

members collecting one or more forms of government transfers also contribute to the 

household’s overall social vulnerability rating.  
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Figure 28: Automated Web Application – Household Member Information: Educational 

Background 
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Figure 29: Automated Web Application – Household Member Information: Employment 

Status 
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3.3.2.4 Household Member Information: Disabilities 

This sub-form collects information about any physical and cognitive disabilities 

household member may have (Figure 30). This information was used both to perform a 

household social vulnerability assessment and to customize the household’s automated 

preparedness and response plans. Participants were asked to assess the severity of each disability 

into three broad categories, each customized to the specific disability: no disability, mild to 

moderate disability, and high to severe disability. 

As noted previously, the disability factor for social vulnerability was staged, with mild to 

moderate disabilities contributing in stages and cumulative amongst all members of the 

household. High to severe disabilities contributed the full factor weighting to the household 

social vulnerability rating. 

A checkbox was also provided for whether the member requires the use of a service 

animal. When checked, the Web Application includes additional information relevant to service 

animals in the system’s automated disaster preparedness and response plans. 

3.3.2.5 Household Member Information: Ability to Respond 

The last sub-form for Household Member information addresses aspects of the individual 

which may impact their ability to respond in an emergency, including physical fitness level, 

driver license status, reliance on public transit, and personal mobile phone number (Figure 31). 

Physical activity level was collected to assess the member’s ability to evacuate on foot in 

the event of an emergency. Possible ratings were “not very active,” “reasonably active,” and 

“very active.” This information was combined with the members’ ages to approximate their 

pedestrian travel speed for evacuation purposes. Household evacuation information could then be 

assessed on a member-by-member basis on the Household Dashboard, and customized 

preparedness and response plans could adjust to suit the worst-case scenario of the slowest 

household member. 

Where there were an equal number of vehicles and valid drivers in a household, the Web 

Application adjusted preparedness and response plans to include these vehicles in the evacuation 

plans for longer warning periods. While vehicular evacuation is generally discouraged for short  
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Figure 30: Automated Web Application – Household Member Information: Disabilities 
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Figure 31: Automated Web Application – Household Member Information: Ability to 

Respond 
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time frames due to issues of road damage, traffic congestion, and traffic accidents; vehicles can 

be better for evacuation on time frames of three hours or more, and can be loaded with important 

supplies such as food and water to help the family during and immediately following a tsunami 

event. 

As noted above, those who are reliant on transit may have difficulty evacuating during an 

emergency, may be more reliant on others for help, and generally contribute to the overall 

household’s social vulnerability.  

Finally, personal mobile phone numbers were collected, where relevant, for inclusion on 

the household’s emergency communication plan, and to customize the automated household 

response plans to include items related to mobile phones in moderate and long-term (i.e., one 

hour or more) evacuation periods. 

3.3.2.6 Household Pet Information 

Participants who owned pets could include some basic information about each of their 

pets in the same manner as they added household family members (Figure 32). Information was 

collected for each pet on a single form that specifically requested information about the type of 

pet, how mobile the pet was, if it required medication, and what form of identification it had. 

There was also a checkbox to indicate if a pet was a service animal, which would result in 

additional elements appearing in the household’s automated disaster preparedness and response 

plans. Future versions of the application could also allow users to add photos of their pets, which 

could facilitate the production of lost pet information and posters to help relocate missing pets 

after a disaster. 

3.3.2.7 Household Dashboard 

Once the participant has completed data entry for each member of their household, the 

interview switched to a short walkthrough of their Household Dashboard. The dashboard is 

where all aspects of the research come together for participants, presenting household risk 

information and details about evacuation times, as well as providing access to the customized 

preparedness and response plans developed by the Web Application in response to the 

participants’ inputs (Figure 33 and Figure 34). 
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Figure 32: Automated Web Application – Household Pet Information 
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Figure 33: Automated Web Application – Household Dashboard (Part 1) 
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Figure 34: Automated Web Application – Household Dashboard (Part 2) 

 

The very top of the dashboard (Figure 33) includes a map centred on the participants’ 

households and a circle graph showing the overall household risk value for their household. 

Although not explained on the dashboard, the colour of participants’ homes changes based on its 

EEI value, and future versions of the application could include coloured polygons for nearby 

neighbours as well (although issues with Google Maps prevented this for the version of the 

application used in the study).  

The top left quadrant of the dashboard (Figure 33) provides basic information about 

household social vulnerability, including the independent social vulnerability and social 

resilience scores. I have tried different ways to make these values more meaningful to 



 

116 

participants, including providing a simple circle graph, a text description, and a numerical value. 

Factors influencing each metric are also provided to give some idea how these values were 

calculated. 

The top right quadrant of the dashboard (Figure 33) provides information on the 

household members who have been added so far (including pets) and provides links to add new 

adults, children, and pets. There are also links to the customized preparedness and response 

plans. 

The bottom left of the dashboard (Figure 34) provides an assessment of the ease of 

evacuation for pedestrian and vehicular evacuations. Again, information has been provided as a 

circle graph, text description, and numeric value. The colour of the graphs changes based on the 

ease of evacuation, going from blue (easy) through green, yellow, orange, and red (difficult).30 

The bottom right of the dashboard (Figure 34) provides information on how the 

participants’ household’s geographic location impacts their tsunami risk. This includes indicating 

whether a household is located within the tsunami inundation zone, estimated evacuation times at 

each of the six modelled pedestrian speeds, and three driving speeds. Ideally this section would 

adjust based on the information provided by participants, but limited development time restricted 

what was possible before taking the tool into the field for interviews. 

3.3.2.8 Customized Tsunami Disaster Preparedness and Response Plans 

The customized emergency planning section of the Web Application use the information 

provided by participants to help establish three sets of emergency plans. Preparedness plans 

provide information that the participants can use before a disaster to prepare their home to 

mitigate some of the destructive aspects of a tsunami, prepare personal, household, and (if 

applicable) car emergency kits and “Go bags” so that they are ready should the need arise. 

Response plans provide step-by-step instructions on what actions should be taken to get 

to safety in the time available. Custom instructions are created for time periods of 20 minutes or 

less, one hour, three hours, six hours, and more than six hours. The “20 minutes” response plans 

                                                 
30 The actual colours used for these graphs need to comprehensible and distinctive for most members of the public. 
A colour scheme that works better for individuals with colour-blindness and related vision problems should also be 
accounted for in a final version of the software. 
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include only those steps deemed to be absolutely critical to getting members of the household to 

safety as quickly and directly as possible. On the other end of the spectrum, the “More than six 

hours” response plan breaks instructions down by headings, and provides detailed instructions on 

how to prepare the household for evacuation, what to bring along, how to handle pets (whether 

they are evacuating with the household or remaining in the home), and what to do once they 

reach safety. This plan includes all possible actions that can be taken to minimize the impacts of 

a tsunami event to the household, and still get all members of the household to safety in time. An 

example of an extended plan can be seen in Figure 35 and Figure 36. 

An emergency communication plan was planned for inclusion in the Web Application, 

however there was insufficient time to include this feature prior to field work. Ideally this would 

provide contact information for each member of the household at home, work, and/or school. 

Such plans usually include information on who to contact if household members become 

separated and/or a plan on how to safely meet once it is safe to do so. Usually a family member 

or friend living outside of the community (and preferably outside of the province/state) is used as 

a primary contact that all members of the household can contact (if possible) to let extended 

friends and family know the status of all household members. Future versions of this Web 

Application will focus on establishing solid communication plans, and possibly sharing this 

information with others in users’ social networks. 

3.4 Research Participant Interviews 

Interviews were conducted with participants from Port Alberni and the surrounding districts in 

the front lobby of the Port Alberni branch of the Vancouver Island Regional Library. An 

interview was expected to take between 40 and 60 minutes, and involved participants completing 

a pre-questionnaire, a guided hands-on experience with the Web Application, and a short post-

questionnaire. This was then followed-up with a very brief, loosely-structured interview to gauge 

interest, usability, and to discuss the likelihood that participants would make use of a similar 

application if it was provided to them. This was also a time where participants were asked to 

provide feedback to help make the application better focused on the needs of the people of Port 

Alberni. All interview sessions were recorded with the permission of the participants. A  
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Figure 35: Automated Web Application – Customized Tsunami Response Plan (Part 1) 
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Figure 36: Automated Web Application – Customized Tsunami Response Plan (Part 2) 
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description of the different aspects of the interview process are described in the next sections, 

and the complete questionnaire form can be found in Appendix C. 

3.4.1 Pre-Questionnaire 

The questionnaire forms were constructed as a multi-part web form that was custom-developed 

for this use by myself using HTML5 and JavaScript. The user-provided responses to each part of 

the form are saved in the browser whenever the participant clicks on a ‘Continue’ button. This 

helps ensure that participant responses are retained should there be an issue where the browser 

software or the laptop operating system crashes part-way through the questionnaire portions of 

the interview process. When the participant clicks the final ‘Save & Finish’ button all responses 

are processed within the browser and then submitted to a web server running on the laptop. The 

web server saves the data to a SQL Server database, which was also located on the laptop so that 

no personal data from the questionnaire forms ever leave the laptop. All data provided by 

participants was tied to a unique, five-character, randomly generated identifier—called a Study 

ID—which was invisible to the participant when they first accessed the informed consent form 

prior to accessing the questionnaire. Upon returning to Calgary the database was exported for 

analysis without the participants’ personal information, except for their unique Study ID, which 

was used for de-personalized data analysis going forward. 

The pre-questionnaire portion of the web form was split into nine sub-forms, each of 

which was presented to the participants prior to their use of the web application. Each sub-form 

was made up of a combination of free-form text entry responses and five-point Likert-style 

scales, where participants could provide a single response to each question or statement. In some 

cases, a sixth option was provided for participants to indicate they did not know an answer or did 

not wish to provide one.  

For some sub-forms, it was important to be able to compare responses between questions 

for all participants or to gauge responses from a single participant as a single group. To facilitate 

this, a weighted average or index value was calculated on a scale ranging from zero to four using 

Equation 5:  
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�
(𝑛𝑛𝑣𝑣𝑜𝑜 ∗ 0) + (𝑛𝑛𝑠𝑠𝑜𝑜 ∗ 1) + (𝑛𝑛𝑖𝑖 ∗ 2) + (𝑛𝑛𝑠𝑠ℎ ∗ 3) + (𝑛𝑛𝑣𝑣ℎ ∗ 4)

(𝑛𝑛𝑡𝑡 − 𝑛𝑛𝑜𝑜𝑑𝑑) ∗ 4
� ∗ 4 (5) 

 

where 𝑛𝑛𝑡𝑡 is the total number of responses, 𝑛𝑛𝑣𝑣𝑜𝑜 is the number of very low responses, 𝑛𝑛𝑠𝑠𝑜𝑜 is the 

number of  somewhat low responses, 𝑛𝑛𝑖𝑖 is the number of moderate responses, 𝑛𝑛𝑠𝑠ℎ is the number 

of somewhat high responses, 𝑛𝑛𝑣𝑣ℎ is the number of very high responses, and 𝑛𝑛𝑜𝑜𝑑𝑑 is the total 

number of don’t know or rather not say responses for a given question or statement. Low values 

for an average or index would indicate a higher proportion of negative responses (i.e., very low 

and somewhat low), while high values would indicate a corresponding higher proportion of 

positive responses (i.e., very high and somewhat high). 

The contents, goals, and expected outcomes of each sub-form for the pre-questionnaire 

are described in the following sections along with a screen shot of the actual sub-form as it was 

shown to participants. 

3.4.1.1 Contact Information 

The ‘Contact Information’ sub-form, shown in Figure 37, was the only component of the 

questionnaire form where information was required from participants—all other sub-forms, and 

individual questions on those forms were optional. 

This section specifically requested contact information from each participant, including 

their name and household address. This information was primarily collected to allow me to 

contact participants at the end of the research project for follow-up for those who opted-in, 

should that be required or desired; to provide a participants’ copy of the research outcomes 

report for those who opted-in; and to notify participants prior to taking down the prototype web 

application so that they can collect any final preparedness and response plans that were generated 

for their household before the conclusion of the research project (and thus the end of the 

prototype’s hosting through the University of Calgary). 
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Figure 37: Pre-Questionnaire Form – Contact Information Screen 

 

It was also believed that household location information might be helpful to explore 

spatial trends in the data should enough interviews be conducted. A spatial analysis of the 

participants’ response data could reveal trends that were potentially influenced by geography in 

addition to other factors, though this aspect would be dependent on both the total number of 

interviews conducted and relative locations of participants’ households to be useful. 

3.4.1.2 About Your Household 

The first section of the ‘About Your Household’ sub-form (Figure 38) collects basic 

demographic information about the residents who regularly live within the participants’ 

households, by age category. Age categories were grouped to match the categories used by 

Statistics Canada for the 2011 census to ensure compatibility with that larger dataset. It is 

important to note, however, that specific age-related information was also requested for each 

household member as part of the hands-on activity with the Web Application, though 

participants could choose not to provide that information on a person-by-person basis. 
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Figure 38: Pre-Questionnaire Form – About Your Household Screen 
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The second section of the sub-form seeks to identify early in the interview process cases 

where special attention might be required. I wanted to ensure in advance that I was aware of any 

individuals in the household with special access or functional needs—such as those with physical 

or mental disabilities—as well as those with difficulty understanding written and/or spoken 

English. I also wanted to be aware of the presence of household pets, as emergency pet 

preparedness and response planning is an important aspect of household preparedness, and the 

Web Application incorporates information about pets into customized preparedness and 

evacuation plans. 

3.4.1.3 External Household Members 

The ‘External Household Members’ section of the pre-questionnaire (Figure 39) seeks to 

identify potential external household members—family or other loved ones for whom the 

household is responsible, but do not currently live within the household on a regular basis. Four 

specific groups were identified, and participants were asked to answer “Yes,” “No,” or “Rather 

not say” to each of these groups. 

The first group of interest was youth who were currently away at school (i.e. college or 

university) but would otherwise live in the residence. Being aware that there were youth away at 

school would help make it easier for me to guide members through the process of adding 

household members to the Web Application, as the application specifically accounts for 

household members who are living away from the household for preparedness and response 

planning purposes. 

The second group of interest was family members (or other loved ones) for whom the 

household was responsible, but who live in their own residence in the same community as the 

participants (i.e., within Port Alberni). This might include older family or friends, special needs 

individuals, or other loved ones who are living in their own residence, but should still be 

included in participants’ emergency planning process as the web application allows for the 

inclusion of such external household members for the purposes of disaster preparedness and 

response planning. 
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Figure 39: Pre-Questionnaire Form – External Household Members 

 

The third and fourth groups of interest were family or loved ones living in assisted care 

facilities for whom the household was responsible, whether within Port Alberni or elsewhere. As 

with external household members living in their own home, the Web Application used this 

information to adjust household preparedness and response planning by including information 

for those living in care. In cases where such members live within the community, plans should 

include direct care for these individuals in the case where the assisted care facility is no longer 

able to perform this function following the disaster. In cases where such members are in another 

community, plans should be made by participants to ensure that contact is made with these 

facilities following a disaster to ensure the facility is still operational and to notify the facility of 
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the participants’ status following the disaster, and potentially modify contact information or 

visitation schedules or otherwise make adjustments. 

3.4.1.4 Natural Hazards Risk Perception – Likelihood 

The ‘Natural Hazards Risk Perception – Likelihood’ sub-form (Figure 40) seeks to 

explore participants’ perceptions of risk in terms of how likely they believe a large-magnitude 

earthquake or tsunami is to occur during the next five years.31 Four different spatial scales were 

considered for each hazard, each becoming more personal than the previous: any community in 

B.C., any community on Vancouver Island, Port Alberni specifically, and the participants’ 

households directly. Each new spatial scale becomes increasingly narrow to explore how hazard 

risk perceptions changed as the spatial scale become more personal, and more direct for 

participants. Expectations were that participants would perceive earthquake and tsunami risk as 

being less likely as the scale became increasingly personal. 

3.4.1.5 Natural Hazards Risk Perception – Household Impact 

The ‘Natural Hazards Risk Perception – Household Impact’ sub-form (Figure 41) seeks 

information about participants’ perceptions about earthquake and tsunami risk in terms of the 

potential impact that it might have to their household over the next five years. Six additional 

natural and technological hazards were included for context, all of which are at least somewhat 

likely to occur in Port Alberni. These included: an earthquake of magnitude 5.0 or higher; an 

earthquake of magnitude 7.0 or higher; an extreme heat event; a flood; a landslide; a lengthy 

power outage (i.e., lasting days); a tsunami; a violent storm (e.g., tropical storm, ice storm, 

typhoon); and a wildfire/forest fire. 

A final question asked participants to indicate what impact they felt existed when all 

potential natural hazards were combined. In retrospect, this question should have been written to  

 

                                                 
31 The five-year time frame was selected as a period which most participants could reasonably conceive, potentially 
make predictions about, and remained a relevant amount of time in which such an event could potentially occur. 
(Continued from previous page.) Psychological and sociological studies have shown that humans have difficulty 
processing risk over long periods of time. It has been postulated that the impact of time delay on the valuing of 
rewards and punishments was not a key element in our early evolutionary history, and it is only later in our 
evolution that complex and time-delayed risk are becoming relevant in the period of a single lifetime (Weber, 2006). 
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Figure 40: Pre-Questionnaire Form – Natural Hazards Risk Perception – Likelihood 

 

more explicitly have participants rank the impact from any and all forms of natural hazards 

combined. It was hoped that this question would provide context as to how much impact 

participants felt natural hazards might present to their households in general, regardless of the 

specific hazard source. 

A weighted average was created for each hazard type listed in Figure 41 to allow for 

comparison, as described previously.  

 



 

128 

 
Figure 41: Pre-Questionnaire Form – Natural Hazards Risk Perception – Household 

Impact 
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3.4.1.6 Feelings about Tsunami Risk 

The ‘Feelings about Tsunami Risk’ sub-form (Figure 42) seeks to explore participants’ 

feelings surrounding tsunami hazards and tsunami-related risk, both personally and for the 

community. Participants were specifically asked how strongly they agreed or disagreed with the 

following seven statements: 

1. I feel citizens in my community have been reasonably well informed about our 

household tsunami risk (community-related, risk communication); 

2. I feel that I am reasonably well informed about our household tsunami risk 

(household-related, risk communication); 

3. I feel my household is reasonably prepared to respond during a tsunami warning 

(household-related, ability to respond); 

4. I feel a sense of control over my household’s ability to respond during a tsunami 

warning (household-related, sense of control); 

5. I feel taking actions to prepare for a tsunami will help protect myself, members of my 

household, and my property (household-related, sense of control); 

6. I feel a sense of worry or fear over my household’s ability to respond during a 

tsunami warning (household-related, sense of worry); and  

7. I feel a sense of worry or concern that a tsunami might injure myself or household 

members, or cause damage to property (household-related, sense of worry). 

 

These questions specifically address risk perception on a more emotional level, 

addressing concepts of risk communication, feelings of fear and/or worry, and the ability to 

respond during a time of emergency. These questions should help to place participants’ existing 

preparedness actions in the context of their beliefs and feelings about earthquake and tsunami 

risk, and to gauge whether a sense of control and/or fear was a guide in interpreting their 

responses later in the interview. 

To allow for comparisons between statements, a weighted index value was calculated for 

each statement, as described above. 
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Figure 42: Pre-Questionnaire Form – Feelings about Tsunami Risk 

 

3.4.1.7 Sources of Earthquake and Tsunami Risk Information 

The ‘Sources of Earthquake and Tsunami Risk Information’ sub-form (Figure 43) seeks 

to explore which informational sources participants have used—intentionally or passively—to 

learn more about earthquake and tsunami hazards and the risk associated with them. A list of  
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Figure 43: Pre-Questionnaire Form – Source of Earthquake and Tsunami Information 
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twenty-two possible information sources were included, which participants could select by 

clicking a checkbox, and a free-form text area was included to allow participants to include any 

additional sources I may have missed. 

Given the age distribution of Port Alberni, it was not clear prior to conducting interviews 

whether participants might prefer more traditional media—such as newspapers and television 

reports—or newer forms of media—such as online video, social media, and smartphone 

applications—to discover more about such hazard risks. It was also unclear whether participatory 

events such as the ShakeOut B.C. program, High Ground Hike, or even visiting a local museum 

might be sources that local residents have used to learn about earthquake and/or tsunami risk. 

There were three programs/sources that I specifically want to check on to see if participants were 

aware of them and/or had participated in any of them: the blue tsunami evacuation signage 

program common to many communities on Vancouver Island (and, in fact, worldwide), the 

ShakeOut B.C. program, and the High Ground Hike program. 

The blue tsunami evacuation signs are common along major evacuation routes 

throughout southern Vancouver Island, and were something I noticed immediately the first time I 

was in Port Alberni several years ago. I wondered if people used these as a guide for how to 

evacuate the tsunami hazard zone, or perhaps as a gauge for where it would be safe when 

evacuating. 

The Great British Columbia ShakeOut program, commonly called ShakeOut B.C. is part 

of a larger ShakeOut program that today covers many U.S. states and territories, Italy, Japan, 

New Zealand, and three Canadian provinces/territories: British Columbia, Québec, and Yukon. 

Originally started in California, the program coordinates emergency management agencies, 

media, and the public to conduct annual earthquake (and sometimes tsunami) drills to learn what 

to do should an earthquake occur, and generally improve preparedness. I was curious if 

knowledge of this program, which is very active on social media such as Facebook and Twitter, 

would be common in Port Alberni. 

Finally, the idea of High Ground Hikes is a relatively new concept in British Columbia, 

and is being championed by Emergency Management BC and the Minister for Emergency 

Preparedness to educate residents about getting to high ground following an earthquake. These 

hikes follow routes from specific locations, such as schools, to nearby safe points (B.C. Ministry 
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of Transportation and Infrastructure, 2016). While these hikes are treated as special outings or 

field trips at some schools, an expansion of the program to the general public is hoped to 

generate awareness about tsunami risk and when to get to safety. It also encourages potential 

evacuees to use their feet instead of cars to avoid traffic congestion and make room for those 

who need their vehicles. Events such as High Ground Hikes may also act as a motivator, 

encouraging participants to learn more about local (tsunami) hazards and prompting them to 

develop or update their household emergency plans. Given this was a relatively new idea for 

Vancouver Island, I was curious if the program had been picked up as a potential information 

source by residents in Port Alberni yet. 

3.4.1.8 Disaster Response Knowledge 

The ‘Disaster Response Knowledge’ sub-form (Figure 44) asks participants to rate their 

knowledge of seven disaster response concepts, where applicable. These questions specifically 

explore participants’ knowledge of the community’s evacuation plans, school evacuation plans 

for their childrens’ schools (where appropriate), as well as evacuation route and muster point 

locations for both home and work locations.  

To allow for comparisons between statements, a weighted index value was calculated for 

each statement, as described above. 

3.4.1.9 Household Preparedness Actions 

The ‘Household Preparedness Actions’ sub-form (Figure 45) is the final section of the 

pre-questionnaire. This sub-form is broken into two sections. The first section is an open-answer 

space that asks the participant to describe any actions that they (or other members of their 

household) had undertaken to prepare for an earthquake or tsunami disaster in their community. 

The goal of this section was to see, prior to using the automated web tool, what preparatory 

actions they may have taken based on the knowledge they had prior to using the application. 

The second section included a series of five statements and asked participants to rate how 

strongly they agree or disagree with those statements. These statements specifically address 

whether the current household emergency plan (assuming there is one) meets the needs of the 

members of the household, that members of the household are familiar with the plan, that the 
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Figure 44: Pre-Questionnaire Form – Disaster Response Knowledge 

 

plan is updated when the household’s needs change, and that it is tested frequently enough to 

meet the household’s needs.  

A weighted index value was calculated for each statement, to allow for comparisons 

between statements. 
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Figure 45: Pre-Questionnaire Form – Household Preparedness Actions 
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3.4.1.10 Switch to Web Application 

At this point the participants were prompted to launch the Web Application and move to 

the hands-on portion of the interview, as shown in Figure 46.  

 

 
Figure 46: Pre-Questionnaire Form – Prompt to Launch Web Application 

 

3.4.2 Hands-On with the Automated Web Application 

The guided hands-on component of the interview had participants perform seven tasks using the 

Web Application:  

1. Register to use the application;  

2. Provide basic household information;  
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3. Provide personal information about themselves;  

4. Provide personal information for any additional residents of the household;  

5. Provide information about any pets in the household;  

6. Review their risk profile on the Dashboard; and  

7. Review (and optionally print) the personalized emergency response plans generated 

for their household. 

 

Verbal instructions were used to guide participants through each task and prompts were 

provided in the rare cases where participants appeared to get stuck. The first several tasks are 

self-explanatory, with participants entering household and personal information into the forms as 

noted previously in this chapter.  

I engaged directly with participants when it came to reviewing their household risk 

profiles and related information on the Web Application’s Household Dashboard screen, both to 

provide additional background and information into where the different values came from and 

see if the way that the data was presented made sense to the participants, as well as to solicit 

feedback on any changes or improvements they felt would make the dashboard better. 

Finally, I explained how the automated disaster response planning system worked, and 

walked participants through several of the different time horizons to demonstrate how it changed 

to account for different amounts of time available to the household to evacuate. The review 

would explore some of the items that were most likely to be relevant to the participants, and then 

participants were offered the option to print a copy of the entire list (i.e., for all time periods) 

before we returned to the questionnaire form. 

3.4.3 Post-Questionnaire 

The post-questionnaire forms continue from where the pre-questionnaire items left off. As 

before, each sub-form was made up of a combination of free-form text entry responses and five-

point Likert-style scales. These questions focused on the value and usefulness of the application 

to the participants, the importance of different aspects or features of the online tool to the 

participants, which hardware devices participants would be most likely to access the application 
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with, and how likely participants would be to use such a tool given several different 

pricing/advertising models to cover the cost of the service. 

Most sections asked participants to visualize an “idealized” version of the application 

based on our discussions throughout the interview, rather than on the initial version presented to 

them. 

3.4.3.1 Application Value and Usefulness 

The first section of the post-questionnaire seeks to determine the general value and 

usefulness that participants associated with an idealized version of the application (Figure 47). 

Questions focus on how strongly participants agree or disagree with the following statements: 

 

1. Access to such a tool would be useful to me; 

2. Access to such a tool would make it more likely that my household would create a 

disaster response plan; 

3. Access to such a tool would make it more likely that my household would update our 

disaster response plan on a more frequent basis; 

4. Access to such a tool would make it more likely that I would establish a household 

disaster communication plan for my extended family and friends; 

5. Access to such a tool would make me more likely to encourage others to develop 

their own household disaster preparedness plans; 

6. I would prefer to use an automated tool rather than try to develop my own household 

disaster preparation plan; 

7. I consider sharing some of my personal information (e.g., email address, home 

address) in order to receive access to such a tool as a good compromise 

8. I would see value in receiving email reminders to update my response plan and 

emergency kit every 12 months as part of such a tool; 

9. I would see value in receiving email reminders to update my response plan and 

emergency kit every 6 months as part of such a tool; 

10. Being able to put a number on my estimated household risk (e.g., 2 out of 5) is 

important to me; 
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Figure 47: Post-Questionnaire Form – Application Value and Usefulness 
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11. Being able to visualize my household risk on a map is important to me; and 

12. Being able to visualize my household evacuation routes on a map is important to me. 

 

The purpose of this sub-form was to explore whether an automated application would be 

something participants, and by extension hopefully other members of the community, would 

consider using to create, update, and share their household disaster planning information. It was 

also important to learn how participants felt about how risk information in the application was 

presented to them (e.g., as numbers or maps). 

3.4.3.2 Automated Disaster Preparedness Application Priorities 

The ‘Application Priorities’ section of the post-questionnaire seeks to explore 

participants’ feelings about which features or aspects of the Web Application were important to 

them (Figure 48). Questions focused on how important participants felt the following features of 

the application were to them:  

1. Ease of use; 

2. Rapid creation of disaster response plans; 

3. Privacy protection; 

4. Price; 

5. Maps showing evacuation routes and official muster points; 

6. Maps showing hazard risk levels 

7. An index value or graphic explaining your estimating household risk level; 

8. Supported by your favourite device/web browser; 

9. Storage of your data in the cloud; 

10. Syncing of your data between multiple devices/browsers 

11. Ability to share disaster response plans with your household on their device/web 

browser; 

12. Ability to create a printed response plan your household members can easily access; 

and  

13. Ability to notify your extended family and friends of your status during a disaster. 
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Figure 48: Post-Questionnaire Form – Application Priorities 
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The goal for this section was to establish what elements were most important to the 

participants, explore how important privacy protection and pricing were to them, and explore if 

different storage and sharing features were important. 

3.4.3.3 Device Accessibility 

The ‘Device Accessibility’ section of the post-questionnaire seeks to explore participant 

preferences for which devices or platforms they would prefer to access an idealized version of 

the Web Application (Figure 49). There is also some question whether the devices participants 

would prefer to use will vary by age category, given the age distribution skew present in Port 

Alberni and more generally on Vancouver Island. Questions specifically addressed the device 

types participants would prefer to use, including desktop computers, laptops, tablets, and mobile 

phones, as well as the platforms they would prefer on those devices—either as native 

applications or via a web browser: 

1. A desktop computer using a downloaded application;  

2. A desktop computer using a web browser; 

3. A laptop computer using a downloaded application; 

4. A laptop computer using a web browser;  

5. A tablet using a downloaded application; 

6. A tablet using a web browser; 

7. A mobile smartphone using a downloaded application; and 

8. A mobile smartphone using a web browser. 

 

The purpose of this section was to determine which devices and platforms were more 

accessible to average users in Port Alberni specifically, and potentially to Vancouver Island more 

generally. 

3.4.3.4 Application Pricing 

The final section of the post-questionnaire focused on how likely participants’ felt they 

were to make use of an idealized version of the Web Application given different pricing models  
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Figure 49: Post-Questionnaire Form – Device Accessibility 

 

(Figure 50). This is an important question to address if this type of tool is to be introduced, as 

there are day-to-day costs which must be handled, and each model has costs and benefits 

associated with them. My pre-field-work expectations were that free models, either government 

or advertising supported, would resonate most strongly with participants, but it was very much 

an open question how much value participants saw in such an application in terms of whether  
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Figure 50: Post-Questionnaire Form – Application Pricing 

 

they would be willing to pay for it directly or not. Eight different pricing models were proposed 

to participants: 

 

1. Free to users, supported by advertisements; 

2. A one-time fee, no ads; 

3. A one-time fee, plus ads; 
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4. A small monthly subscription fee, no ads; 

5. A small monthly subscription fee, plus ads; 

6. Free to users, operated by the provincial government; 

7. Free to users, operated by the federal government; and 

8. Free to users, supported by donations from users. 

3.5 Follow-Up Interviews 

A short, semi-structured interview was conducted with participants following the completion of 

the questionnaires. These interviews had participants discuss their interaction with the Web 

Application, the implications of such a tool on their own preparedness activities, and the 

likelihood of such a tool being introduced for their community. Feedback was specifically sought 

to identify areas of weakness or otherwise in need of improvement, and participants asked what 

could be done to better address the needs of the residents of Port Alberni. Most follow-up 

interviews lasted five minutes or less, although some of the more verbal participants were happy 

to discuss the tool and related matters for fifteen or twenty minutes, if there was time. 
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Chapter Four: Results and Analysis 

4.1 Evacuation Modelling Results 

The City of Port Alberni provided cadastral data that was used to manually digitize 7,316 

properties within the city boundaries. This data included lot boundaries, land use designations, 

and addresses for all properties located within the official city boundaries, as well as those for 

the Hupacasath First Nations community.32 2,042 (28%) of these properties are located within 

the official tsunami hazard zone. 1,532 (75%) of the properties located within the hazard zone 

are zoned as residential, multi-family residential, or urban agricultural properties. It is these 

residential properties which are the primary target of the evacuation modelling portion of this 

research (Table 19). 

 

Table 19: Summary of Property Land Use Breakdown for Port Alberni 

 Non-
Residential 

Single-Family 
Residences 

Multi-Family 
Residences 

Urban Agricultural 
Residences Total 

Properties located outside of the 
official tsunami inundation zone 450 4,690 135 0 5,275 

Properties located within the 
official tsunami inundation zone 509 1,427 101 5 2,042 

Total 959 6,116 236 5 7,316 

(* Areas of primary interest are shown with a dark grey background) 

 

The fastest pedestrian and vehicular evacuation times were determined for each of the 

2,042 properties located within the official tsunami hazard zone using GIS modelling 

approaches. From these, per-mode ease of evacuation ratings were generated for each property, 

approximating how easy or difficult it would be to evacuate each property for the given transit 

mode in the time available. An overall household Ease of Evacuation Index (EEI) value ranging 

between zero and five was then calculated for each property in the community as an 

                                                 
32 This portion of Hupacasath First Nation land is entirely surrounded by the City of Port Alberni, and thus included 
in the Port Alberni cadastral dataset. 
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approximation of the ease or difficulty associated with evacuating that location following a 

strong earthquake, or in the event of an official tsunami warning. 

As noted above, in a worst-case Cascadia earthquake and tsunami event, residents in Port 

Alberni will have approximately 20 minutes between when earth shaking ends and the first 

tsunami waves reach the city after travelling up the Alberni Inlet (Hedley, 2012; McKay, 2016). 

This threshold will be considered the cut-off for safe and successful evacuation, whether on foot 

or by vehicle. 

4.1.1 Pedestrian Evacuation Modelling Results 

Pedestrian evacuation times were modelled for the official tsunami inundation zone within Port 

Alberni using an anisotropic least-cost-distance approach. Six maximum pedestrian travel speeds 

were selected—three walking and three running speeds—to explore how pedestrian travel speeds 

might impact evacuation times. This resulted in an evacuation travel time surface (i.e., raster 

dataset) for each travel speed, as shown in Figure 51. Using the minimum expected arrival time 

for the first tsunami waves from a large-scale Cascadia earthquake and tsunami as the maximum 

evacuation safe evacuation time threshold, a 20-minute threshold was used to identify areas of 

the city that could not be identified in a safe period, and are shown in Figure 52. 

Basic descriptive statistics were collected for each of the six evacuation travel time 

surfaces to allow for comparison between the different maximum pedestrian travel speeds. The 

percentage of area that meets or exceeds the maximum 20-minute threshold was also calculated, 

and can be found with the descriptive statistics in Table 20, below. 

Mean travel times for pedestrian evacuations varied from over 18 minutes for a slow 

walking pace, to as little as four and half minutes at a fast run, while maximum travel times 

ranged from over 91 minutes to just over 21 minutes. The proportion of the hazard zone which 

could be evacuated within the 20-minute threshold ranged from 100% with a fast run, to as little 

as 63% at a slow walk, indicating that there are areas of the inundation zone where the slowest 

pedestrians cannot safely evacuate, even if evacuation is self-initiated immediately, within the 

time frame associated with a worst-case-scenario Cascadia tsunami event. 
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A) Slow walking speed (0.91 m/s) 
 

B) Average walking speed (1.22 m/s) 
 

C) Fast walking speed (1.52 m/s) 
 

 
D) Slow running speed (1.79 m/s) 

 
E) Average running speed (2.68 m/s) 

 
F) Fast running speed (3.85 m/s) 

Figure 51: Pedestrian Evacuation Time Surfaces for Modelled Maximum Travel Speeds 
Areas shown in blue or yellow can be evacuated relatively easily at the specified travel speeds, while areas in orange 
or red would be difficult or impossible to evacuate on foot in the maximum 20-minute timeframe. The regions of the 
tsunami hazard zone where it would be difficult to evacuate on foot decrease significantly as maximum pedestrian 
travel speeds increase (from top-left to bottom-right), to the point that the entire hazard zone can be evacuated on 
foot within the maximum 20-minute timeframe at an average running speed. For a community like Port Alberni with 
above average population of older residents, and hilly conditions, this could be a concern for areas close to River 
Road and along the Somass River, where slower travel times exceed the safe pedestrian evacuation times. The entire 
area south of the Somass River located within the city boundaries is uninhabited land, and includes the city’s sewage 
lagoons. (Full size versions of these maps can be found in Appendix A.) 
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A) Slow walking speed – 36.6% 
exceeds maximum safe threshold 

B) Average walking speed – 23.5% 
exceeds maximum safe threshold 

C) Fast walking speed – 14.0% exceeds 
maximum safe threshold 

D) Slow running speed – 9.32% 
exceeds maximum safe threshold 

E) Average running speed – 2.87% 
exceeds maximum safe threshold 

F) Fast running speed – 0.00% exceeds 
maximum safe threshold 

Figure 52: Areas within the City that Exceed 20 Minute Maximum Evacuation Threshold 
Areas shown here in red have an estimated evacuation time that meets or exceeds the 20-minute safe evacuation 
threshold for a large near-field Cascadia earthquake and tsunami event. Again, the entire area south of the Somass 
River located within the city boundaries is uninhabited land, and includes the city’s sewage lagoons. Given this, the 
entire inhabited portion of the community could be evacuated on foot at an average running speed or greater, but 
there would still be areas that were not able evacuate on foot at a slow run or less. 
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Table 20: Evacuation Time Statistics for Specified Pedestrian Travel Speeds and 
Proportion of Hazard Zone Where Safe Maximum Evacuation Threshold was Exceeded 

Travel Speed Maximum Evacuation  
Time (min) 

Mean Evacuation  
Time (min) 

Standard  
Deviation (min) 

Area of Zone ≥ 20  
Minutes Evac. (%) 

Slow walking speed 91.78 18.74 15.49 36.6 

Average walking speed 68.46 13.98 11.23 23.5 

Fast walking speed 54.95 11.22 9.01 14.0 

Slow running speed 46.66 9.53 7.65 9.32 

Average running speed 31.17 6.36 5.11 2.87 

Fast running speed 21.70 4.43 3.56 0.00 

 

These evacuation time surfaces were used to establish a single weighted household 

pedestrian ease of evacuation rating for each property located within the tsunami hazard zone. 

This rating value can be used as a gauge for how easy or difficult it is to evacuate a given 

property or household on foot. These ratings values range from zero (very easy to evacuate on 

foot) to five (very difficult to evacuate on foot). Properties located outside of the hazard zone 

received a value of zero (they are already safe). Properties where the weighted average 

evacuation time matched or exceeded the 20-minute cut-off for all travel speeds received a value 

of five. All other values ranged between zero and five based on the weighted evacuation times 

for that location.  

A map of household pedestrian ease of evacuation ratings values can be found in Figure 

53. While most areas shown are relatively easy to evacuate, there is a hot-spot located just north 

of the Somass River and River Road. This hot-spot is located between where the Kitsuksis Creek 

meets the Somass River westwards to the city’s western boundary, and north from the river to 

the city’s northern boundary. This region is much flatter than the southern portion of Port 

Alberni, with longer distances required to travel to get to high ground, and most evacuation 

routes must avoid the Kitsuksis Creek. 

A breakdown of how many properties (residential and non-residential) fall into each rating 

category can be found in Table 21. When all properties are considered, 55% fall into the 0.0 to 

1.9 range, with average evacuation times of 8 minutes or less. Properties in these categories can  
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Table 21: Breakdown of Pedestrian Ease of Evacuation Rating Values by Category 

Rating Value & Description 
Non-Residential Residential  Total 

# Properties % # Properties %  # Properties % 

0.0 – 0.9: Very easy to evacuate 98 4.8 523 25.6  621 30.4 

1.0 – 1.9: Easy to evacuate on foot 160 7.8 342 16.7  502 24.5 

2.0 – 2.9 134 6.6 246 12.0  380 18.6 

3.0 – 3.9: Moderately difficult to evacuate on foot 77 3.8 226 11.1  303 14.9 

4.0 – 4.9 8 0.4 155 7.6  163 8.0 

5.0: Very difficult to evacuate, beyond safe cut-off 32 1.6 41 2.0  73 3.6 

Total 509 25.0 1,533 75.0  2,042 100 

 

be easily evacuated on foot by all but the slowest evacuees. Another 33% fall into the 2.0 to 3.9 

range, where average evacuation times are between 8 and 16 minutes. Most evacuees from these 

locations should be able to evacuate on foot at a fast walking or slow running speed, while those 

with mobility issues may face difficulties evacuating in time. The final 12% of properties fall 

into the last two categories, with rating values of 4.0 to 5.0, and average evacuation times of 16 

minutes or more. Evacuees from these locations are only going to be able to evacuate on foot at a 

moderate to high running speed over a sustained period of time if they are to get to safer high 

ground before the projected arrival of the first tsunami wave. 

It is these final areas which should be closely targeted for preparedness and response 

planning, as any reduction in the time required to initiate evacuation can have a significant 

impact on their ability to reach safety in time. Residents of these areas are one of the few groups 

where vehicular evacuation is usually preferable to pedestrian evacuation, given the long 

evacuation times and related distances under consideration. 
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Figure 53: Household Pedestrian Ease of Evacuation Rating Values 

Area of greatest 
concern 
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4.1.2 Vehicular Evacuation Modelling Results 

Vehicular evacuation times were modelled for the Alberni Valley tsunami inundation zone using 

a Nearest Facilities approach to network analysis. Given a lack of comprehensive population and 

road capacity data for this region, an approximation of traffic congestion was modelled by 

reducing maximum vehicle travel speeds differing amounts to simulate the slowdowns 

associated with traffic congestion.  

Two scenarios were modelled: i) where all roads and bridges were available for 

evacuation; and ii) where the three bridges along River Road were deemed impassable, reflecting 

potential damage from a large-scale Cascadia earthquake and tsunami event. The fastest 

evacuation routes were identified for each property located within the official tsunami hazard 

zone to a safe exit point located outside of this zone. This resulted in four sets of evacuation 

routing for each scenario, for a total of eight datasets. Maps of the different travel speeds for the 

first scenario, without travel restrictions, are shown in Figure 54, and maps of the travel speeds 

for the second scenario, with restricted evacuation routing, are shown in Figure 55.  

A visual inspection of these maps shows a hot-spot of slow evacuation times exists north 

of the Somass River, centred around Golden Street for both scenarios, and a second, smaller 

host-spot near River Road and Beaver Creek Road in the no-bridges scenario. Not surprisingly, 

these locations have long, indirect routes to safety through the flatter northern portion of the city, 

and this effect is intensified when the bridges are not available to escape the flatlands. 

Basic descriptive statistics were acquired for each of the eight datasets to allow for 

comparison between the amount of traffic congestion both within and between scenarios, as 

shown in Table 22: 

Table 22: Evacuation Time Statistics for Specified Vehicular Travel Speeds for Two 
Scenarios (in mins) 

 

  Use of Bridges Allowed  Use of Bridges NOT allowed 

Maximum Speed  50 km/h 40 km/h 30 km/h 25 km/h  50 km/h 40 km/h 30 km/h 25 km/h 

Traffic Congestion  None Light Moderate Heavy  None Light Moderate Heavy 

Maximum  3.57 4.36 5.66 6.71  3.53 4.46 5.78 6.84 

Mean  1.10 1.33 1.70 2.00  1.12 1.35 1.73 2.04 

Median  0.99 1.17 1.48 1.72  0.99 1.17 1.48 1.72 
Standard Deviation  0.74 0.90 1.18 1.39  0.76 0.95 1.23 1.46 
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A) No traffic congestion – 50 km/h 

 
B) Light traffic congestion – 40 km/h 

 
D) Moderate traffic congestion – 30 km/h 

 
E) Heavy traffic congestion – 25 km/h 

Figure 54: Vehicular Evacuation Route Times for Modelled Maximum Travel Speeds – No 
Restrictions 

The regions where it would be difficult to evacuate by vehicle increase mildly as maximum travel speed is decreased 
to roughly simulate increasing traffic congestion (from top-left to bottom-right). However, even where traffic speed 
was halved to represent heavy congestion, there was no point in the tsunami hazard zone that could not be evacuated 
by car in under seven minutes. The most vulnerable area of the city appears to be along the Somass River in the 
city’s northwest where traffic must make use of Beaver Creek Road in the north or River Road to the west or east. 
(Full size versions of these maps can be found in Appendix B.) 
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A) No traffic congestion – 50 km/h 

 
B) Light traffic congestion – 40 km/h 

 
D) Moderate traffic congestion – 30 km/h 

 
E) Heavy traffic congestion – 25 km/h 

Figure 55: Vehicular Evacuation Route Times for Modelled Maximum Travel Speeds – 
With Restrictions 

When the three bridges along Rover Road are made inaccessible there are slight increases in the times it takes to get 
to safety. However, there is not a significant difference for most of the city, and can be measured in seconds. In fact, 
over 90% of the properties located within the official tsunami hazard zone remain completely unaffected by this 
change (except for the potential for increased traffic along alternate routes, which was not modelled). Even in this 
worst-case scenario every property located within the tsunami hazard zone could still evacuate to safety in under 
seven minutes. (Full size versions of these maps can be found in Appendix B.) 
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These numbers show that the evacuation times for all eight models are fairly similar, 

varying on average by less than a minute, regardless of whether the bridges allow or restrict 

travel. The difference between maximum travel times for the absolute best case (with bridges, no 

congestion) and absolute worst case (no bridges, heavy congestion) options was just over three 

minutes.  

Given this situation, the choice was made to use the absolute worst case scenario—where 

bridges were not accessible and where congestion was heavy—to represent evacuation times in 

the Web Application used by participants (and, by proxy, the general public). This worst-case 

scenario was also chosen as the base from which to create the vehicular ease of evacuation rating 

for each property located within the tsunami hazard zone. This rating value can be used as a 

gauge for how easy or difficult it is to evacuate a given property or household by vehicle. As 

with the pedestrian ease of evacuation rating, these values range from zero (very easy to evacuate 

by vehicle) to five (very difficult to evacuate by vehicle). Properties located outside of the hazard 

zone received a value of zero. Properties with a driving time of 20 minutes or greater received a 

value of five. All other values ranged between zero and five based on the ease or difficulty 

associated with evacuating that location. A map of household vehicular ease of evacuation rating 

values can be found in Figure 56. 

A breakdown of how many properties (residential and non-residential) fall into each ratings 

category can be found in Table 23. When all properties are considered, 100% fall into the first 

two categories, with average evacuation times of 8 minutes or less. This indicates that any 

location within the hazard zone should be able to be evacuated well within the 20-minute cut-off 

value associated with first tsunami waves in this simplified model. While these results are 

encouraging and serve the purpose for providing evacuation information to participants in the 

Web Application, a more detailed agent-based model that can better simulate traffic congestion 

would make these numbers more meaningful and potentially highlight areas of the city where 

traffic congestion makes vehicular evacuation more difficult compared to pedestrian evacuation. 

Until such an evaluation can be performed, the above rating values should be used with caution. 
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Figure 56: Pedestrian Ease of Evacuation Rating Value 

Area of greatest 
concern 
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Table 23: Breakdown of Vehicular Ease of Evacuation Rating Values by Category 

Rating Value & Description 
Non-Residential Residential  Total 

# Properties % # Properties %  # Properties % 

0.0 – 0.9: Very easy to evacuate 471 23.1 1,308 64.0  1,779 87.1 

1.0 – 1.9: Easy to evacuate on foot 38 1.9 225 11.0  263 12.9 

2.0 – 2.9 0 0.0 0 0.0  0 0.0 

23.0 – 3.9: Moderately difficult to evacuate on foot 0 0.0 0 0.0  0 0.0 

4.0 – 4.9 0 0.0 0 0.0  0 0.0 

5.0: Very difficult to evacuate, beyond safe cut-off 0 0.0 0 0.0  0 0.0 

Total 509 25.0 1,533 75.0  2,042 100 

 

4.1.3 Overall Household Ease of Evacuation Index 

A final overall household Ease of Evacuation Index (EEI) was established on a per-property 

basis for each property located within the official tsunami hazard zone. The overall EEI values 

were produced by taking the mean of the pedestrian and vehicular ease of evacuation ratings for 

each given property. This helps to balance the two modes of transit in the EEI. A map of overall 

household EEI values is shown in Figure 57. Not surprisingly, the northwest portion of the 

city—north of the Somass River and west of the Kitsuksis Creek—has elevated EEI values, 

where both vehicular and pedestrian evacuations may be slower than desired. 

A breakdown of how many properties fall into each index category can be found in Table 

24. When all properties are considered, 79% fall into the first two categories, representing easy 

and very easy to evacuate locations. In most cases, these properties can be evacuated easily on 

foot and by vehicle, and where warning times are short a pedestrian evacuation will be 

recommended to: i) reduce the number of households evacuating by vehicle to reduce traffic 

congestion, and ii) reduce potential issues from encountering traffic congestion with a vehicular 

evacuation. An additional 21% fall into the next two categories, where evacuation becomes 

somewhat more difficult. The choice between vehicular and pedestrian evacuation for these 

locations will depend more heavily on the age, health, fitness, and disaster preparations made by  
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Figure 57: Final Household Ease of Evacuation Index (EEI) Values 

Area of greatest 
concern 
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Table 24: Breakdown of Pedestrian Ease of Evacuation Rating Values by Category 

Rating Value & Description 
Non-Residential Residential  Total 

# Properties % # Properties %  # Properties % 

0.0 – 0.9: Very easy to evacuate 192 9.4 741 36.3  933 45.7 

1.0 – 1.9: Easy to evacuate on foot 230 11.3 443 21.7  673 33.0 

2.0 – 2.9 56 2.7 296 14.5  352 17.2 

3.0 – 3.9: Moderately difficult to evacuate on foot 31 1.5 53 2.6  84 4.1 

4.0 – 4.9 0 0.0 0 0.0  0 0.0 

5.0: Very difficult to evacuate, beyond safe cut-off 0 0.0 0 0.0  0 0.0 

Total 509 24.9 1,533 75.1  2,042 100 

 

members of the households, in addition to the relative difference in evacuation times between the 

two modes of transit. Thankfully, there are no properties located within the Alberni Valley 

tsunami inundation zone that scored EEI values of 4.0 or greater. 

4.2 Social Vulnerability  

The results from the household Social Vulnerability Index (SoVI) are specific to each individual 

household. To provide an example of how this worked in practice I will use two examples that 

describe how these values were established for two different hypothetical households: a retired 

couple, and a single-mother with two children. 

4.2.1 Example 1: Retired Couple 

For the first example, we will use a heterosexual couple who have retired to the community after 

working as an architect and a nurse. They live in an up-scale condo located just inside the official 

tsunami inundation zone. Both are over 65, and have lived in Port Alberni for thirty years. The 

male has a mild hearing disability that is generally addressed using hearing aids. Their household 

SoVI value would be calculated by determining the sum their household (Table 25) and personal 

(Table 26) vulnerability factors, as shown in Table 27 and Equation 6. 
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𝑆𝑆𝑐𝑐𝑆𝑆𝑆𝑆 = 𝑡𝑡𝑑𝑑𝑚𝑚𝑡𝑡𝑡𝑡𝑣𝑣𝑡𝑡 �
22.01 − 9.60

100.00
, 0�  ×  5 = 0.62 (6) 

 

Despite being over 65, retired, and on a fixed income, the couple is reasonably well 

educated and has taken actions to reduce the impacts of a disaster (e.g., insurance endorsement). 

These factors, along with their reasonably high income, help to bolster their social resilience and 

reduce their social vulnerability. The hypothetical couple’s household SoVI score was 

determined to be 0.62, a very low rating on this scale. 

 

Table 25: Household Social Vulnerability Rating, Household Items—2 Persons (Example 1) 

Item Value Total Weighting Vulnerability Resilience 

Household income $60,000 – $74,999 11.98 — 6.65 

Household repair No major repairs 5.48 — — 

Construction period Built after 1970 3.81 — — 

Dwelling type Multi-family 3.81 3.81 — 

Dwelling tenure Owners 1.67 — — 

Living alone Does not apply 3.81 — — 

Single parent Does not apply 7.62 — — 

Earthquake insurance Has endorsement 2.00 — 2.00 

Subtotals:  40.18 3.81 8.65 
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Table 26: Household Social Vulnerability Rating, Personal Items (Example 1) 

Item Value Total Weighting Vulnerability Resilience 

Age, 65 and over Both > 65 9.52 9.52 — 

Age, under 19 Does not apply 6.19 — — 

Language comprehension Does not apply 9.05 — — 

Immigration year > 5 years 8.10 — — 

Unemployed Retired 5.48 — — 

Education, high school or less Does not apply 2.38 — — 

Education, university degree Bachelor’s degree 0.95 — 0.95 

Gender, female Yes, 1 1.00 1.00 — 

Trans* & LGBT Does not apply 1.00 — — 

Relies on transit No, car with drivers 6.90 — — 

Relies on government transfers Yes, 2 or more (100%) 6.90 6.90 — 

Disability Mild hearing (33%) 2.35 0.78 — 

Subtotals:  59.82 18.20 0.95 

 
 

Table 27: Household Social Vulnerability Index Equation Inputs (Example 1) 

Category Total Weighting Vulnerability Resilience Total 

Household items 40.18 3.81 8.65 -4.84 

Personal items 59.82 18.20 0.95 17.25 

Subtotals: 100.00 22.01 9.60 12.41 

 

4.2.2 Example 2: Single Mother 

For the second example, let us assume a single mother working an office job who has two 

school-aged children. She has lived her entire life in Port Alberni. The family lives in a rented 

detached house that was built in 1968 and needs a new roof that the landlord has put off again 



 

163 

this year. Her youngest child has a cognitive disability which makes changes to routine 

associated with emergency evacuation difficult. Her household SoVI value would be calculated 

by determining the sum of the household (Table 28) and personal vulnerability factors (Table 29) 

as shown in Table 30 and Equation 7. 

 

𝑆𝑆𝑐𝑐𝑆𝑆𝑆𝑆 = 𝑡𝑡𝑑𝑑𝑚𝑚𝑡𝑡𝑡𝑡𝑣𝑣𝑡𝑡 �
40.96 − 1.35

91.90
, 0�  ×  5 = 2.16 (7) 

 

According to the bulk of research in this area, female-led single-parent households are 

some of the hardest hit following a disaster. This can be intensified when the family are renters, 

and have low educational attainment. In this case, household income, the need for roof repairs, 

the age of the house, and her child’s disability do not make matters any easier. The SoVI score 

for this single mother’s household was determined to be 2.16, a moderate value on the scale. 

 

Table 28: Household Social Vulnerability Rating, Household Items—3 Persons (Example 2) 

Item Value Total Weighting Vulnerability Resilience 

Household income $30,000 – $39,999 11.98 7.01 1.35 

Household repair Requires major repairs 5.48 5.48 — 

Construction period Built before 1970 3.81 3.81 — 

Dwelling type Detached home 3.81 — — 

Dwelling tenure Renter 1.67 1.67 — 

Living alone Does not apply 3.81 — — 

Single parent 2 children 7.62 7.62 — 

Earthquake insurance Does not apply 2.00 — — 

Subtotals:  40.18 25.59 1.35 
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Table 29: Household Social Vulnerability Rating, Personal Items (Example 2) 

Item Value Total Weighting Vulnerability Resilience 

Age, 65 and over Does not apply 9.52 — — 

Age, under 19 Yes, 2 6.19 6.19 — 

Language comprehension Does not apply 9.05 — — 

Immigration year Not applicable — — — 

Unemployed Employed 5.48 — — 

Education, high school or less Yes, high school diploma 2.38 2.38 — 

Education, university degree No 0.95 — — 

Gender, female Yes, 1 1.00 1.00 — 

Trans* & LGBT Does not apply 1.00 — — 

Relies on transit No, car with driver 6.90 — — 

Relies on government transfers Yes, 1 item (50%) 6.90 3.45 — 

Disability Yes, high cognitive (100%) 2.35 2.35 — 

Subtotals:  51.72 15.37 0.00 

 
 

Table 30: Household Social Vulnerability Index Equation Inputs (Example 2) 

Category Total Weighting Vulnerability Resilience Total 

Household items 40.18 25.59 1.35 24.24 

Personal items 51.72 15.37 0.00 15.37 

Subtotals: 91.90 40.96 1.35 39.61 

 

4.2.3 Use of Social Vulnerability Index in Web Application 

The social vulnerability information was provided to participants as part of the Household 

Dashboard in the Web Application. These values were calculated each time there were changes 

made to the household and personal records of household members. This ensured the values 
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were always up-to-date without adding additional computational load to the system. Discussions 

about the values, how they were calculated, and any actions that could be undertaken to reduce 

vulnerability were had with each participant. These will be discussed in the interview results in 

cases where it become relevant. 

4.3 Research Participation and Informal Community Interactions 

4.3.1 Research Participation 

I had established a target of twenty interviews with local participants as a goal prior to field 

work, with a minimum acceptable threshold of ten interviews in the event recruiting went poorly. 

Actual field work was conducted between June 12 and June 24, 2016. Recruiting was conducted 

starting two weeks in advance of my time in Port Alberni through social media—mostly Twitter 

with some assistance on Facebook. Once I was in Port Alberni I hung posters at every public 

location within the city where the proprietors would allow me the privilege of some space on 

their walls. I supplemented these passive approaches with active, face-to-face recruiting from 

8am to 5pm each day at the local branch of the Vancouver Island Regional Library with the 

permission of the library’s manager. A few gaps existed in this timeline so that I could speak 

with local officials and a Natural Resources Canada scientist performing soil analysis in the 

inundation zone as interview opportunities arose organically with these individuals. 

I was able to conduct a total of ten interviews at the conclusion of my two weeks in the 

community, meeting my pre-determined minimum threshold before time and funding ran out. 

While there was certainly interest from many in the community surrounding disaster preparation 

planning, there were several factors which likely impacted my ability to recruit participants, 

many of which I could not have known in advance, and some I might have anticipated better: 

1. Delays in ethics approval resulted in a much shorter preparatory period prior to field 

work than had been anticipated; 

2. Social media is not as prevalent a platform in Port Alberni as I had anticipated; 

3. A forty-five minute to one-hour interview was more than most potential participants were 

willing or able to spend with me, despite flexible scheduling on my part; 

4. Socio-economic factors may have reduced the number of people living within the 

tsunami inundation zone whom I was likely to connect with; 
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5. A large joint tsunami and earthquake drill had been conducted by local, provincial, and 

federal governments the week prior to my arrival, removing much of the interest around 

the idea of disaster preparedness while I was there;33 and 

6. Things move at a slower pace in Port Alberni than I had anticipated, and word of mouth 

was more important than I had anticipated. 

 

In addition, this was a self-funded research initiative, limiting my ability to remain in the 

community longer than the two weeks I had designated to conduct additional interviews to reach 

my ideal target. However, as this was an initial study into the concept of assistive planning tools, 

with several complicating factors, the ten interviews these local participants were generous 

enough to grant me was deemed sufficient to continue. 

While it would be disingenuous to suggest that the findings from a sample of ten 

individuals could be generalized to the entire city of Port Alberni, participant responses do paint 

a picture of how earthquake and tsunami risk is perceived by some within the community, and 

largely mirror informal responses I received from other community members. This was a pilot 

study, intended to explore the viability of using an automated tool to assist with household 

preparedness and response planning, and participant responses were used as a guide for how 

members in this community may internalize, respond to, and live day-to-day with the ever-

present tsunami risk associated with coastal living in British Columbia.  

4.3.2 Informal Interactions with Community Members 

I spoke informally with many members of the community during my field work in Port Alberni, 

both while recruiting study participants and during general day-to-day interactions. These 

informal discussions helped to round out my understanding of how much Port Alberni residents 

understood about tsunami risk, how they perceived that risk, and what preparedness efforts they 

                                                 
33 The join drill appears to have used up much of the interest surrounding earthquake and tsunami preparedness in 
the weeks prior to my arrival in the community. Many people I spoke to while recruiting indicated that they were 
tired of hearing about these hazards and preparedness as a result, and those who had volunteered felt that they had 
already contributed to the field as part of their participation in the drill. 
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had—or, just as often, had not—made. I spoke with over 500 individuals34 during my recruiting 

efforts, and many of these residents spoke with me briefly (and in some cases, not so briefly) 

about the historic 1964 tsunami, the tsunami warning sirens, preparedness strategies, and how 

they felt the geography where they lived made them feel safer or more at risk from a tsunami 

event. 

These interactions, the depth of which had not been anticipated prior to field work, were 

incredibly informative and helpful in supplementing the information gleaned from official 

interviews. My overall sense was that there was a high general level of awareness around 

earthquake and tsunami hazards; relatively low levels of awareness around specific details about 

what a tsunami disaster might mean to the city generally, and their households specifically; and a 

low overall rate of action undertaken to prepare for or mitigate that risk by members of the 

public. In many ways, these informal discussions became as important to me in terms of 

understanding how residents have integrated seismic risk into their daily lives as the answers 

from official study participants did, and have helped me to place participant responses on the 

questionnaires and interviews into a broader context that would not otherwise have been 

possible. 

4.4 Participant Responses to Pre-Questionnaires 

Official interviews were conducted in the front lobby of the Port Alberni branch of the 

Vancouver Island Regional Library, with the permission of the library manager. Participants 

were asked to complete a pre-questionnaire, perform hands-on tasks with the prototype Web 

Application, complete a post-questionnaire, and then answer a few semi-structured questions as 

part of the complete interview protocol. The pre-questionnaire focused on three primary areas: 

personal perceptions around earthquake and tsunami risk, knowledge around seismic hazard 

                                                 
34 I tried to keep a running tally of the number of individuals I spoke to each day while recruiting at the library, 
although these numbers were only rough approximates. During busy times it was possible to miscount the actual 
number of people I spoke with, there were cases where I approached the same individual unknowingly multiple 
times, and cases where the individuals I approached were not from the community. While I did my best to account 
for these and remove them from the tally, this was not always possible. The vast majority of these interactions did 
not result in a conversation of more than a couple of words, and very few opted to participate as a result of these 
discussions. 
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response, and household disaster preparedness planning. The entire interview process lasted 

between 35 and 60 minutes, with an average interview lasting about 45 minutes. 

Participants included both males and females living in the Alberni Valley, with ages 

ranging between 31 and 77 (with one participant opting out of providing an age). Six of the ten 

participants lived within, or reasonably proximate to the official tsunami inundation zone 

established by the Alberni-Clayoquot Regional District (ACRD), with the remaining four located 

well outside of the hazard zone. Participants’ household income categories ranged from ‘$10,000 

to $14,999’ to ‘$75,000 to $99,999.’ Half of participants were employed within the community 

or a nearby community, three were retired, and two were unable to work. Five of the participants 

had children or youth living with them full- or part-time, while four participants’ households had 

members aged 65 or older as residents. Three households had pets, four households had persons 

with mild to moderate physical mobility issues, four households had members with mild to 

moderate hearing disabilities, and two households had members with mild to moderate cognitive 

disabilities, which might impact their ability to evacuate in an emergency. 

4.4.1 Risk Perceptions 

My informal discussions with residents of Port Alberni confirmed that most residents were aware 

of the potential for both earthquakes and tsunamis to affect the community. These discussions, 

while interacting with residents out in the community and specifically while recruiting study 

participants at the library, revealed a generally high level of awareness of the potential for a large 

magnitude (e.g., M7.0 or greater) earthquake to occur in the area and cause damage to Port 

Alberni and surrounding communities. There was a similar awareness of the potential for a 

tsunami to impact the lower portion of the community, as well as other nearby coastal 

communities. While the level of general awareness was high, there was a divergence of public 

opinion over what the actual degree of impact might be to the community, ranging from “it’s not 

a big deal” to “total destruction.” There was also significant debate over the time period in which 

these hazard events were likely to occur. 

The initial set of risk perception questions specifically focused on participant perceptions 

around the likelihood of an earthquake or tsunami event. These questions were introduced prior 
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to providing participants with access to the Web Application as to reduce any impacts that 

having used the tool might have had on their impressions of risks associated with these hazards.  

4.4.1.1 Perceived Likelihood of an Earthquake or Tsunami Event 

This first section of the Risk Perception portion of the pre-questionnaire consisted of 

eight questions: four focused on the likelihood of a large magnitude earthquake occurring, and 

four focused on the likelihood of a tsunami occurring during the next five years. These questions 

explored the perceived likelihood of a hazard event impacting one of four spatial scales: any 

community located in British Columbia, any community located on Vancouver Island, the 

community of Port Alberni itself, and directly affecting the participants’ households.  

These scales became increasingly narrow (i.e., used a larger map scale) in an attempt to 

explore how hazard risk perceptions changed as the spatial scale became more personal. It was 

expected that the broadest region would be deemed more likely to experience such an event, and 

the perceived likelihood would drop as the spatial scale became smaller and more personal. 

Participants were asked to “indicate how likely you believe the following natural hazard 

events are to occur during the next five years.” Responses to all eight questions were collected 

on a five-point Likert-style scale, with values labelled Very Unlikely, Somewhat Unlikely, 

Neutral, Somewhat Likely, and Very Likely. A sixth option, labelled Don’t Know, was also 

included for those who did not wish to answer the question or simply did not have an answer to 

the question. Participant response are shown in Figure 58. 

All participants indicated that they believed that a large magnitude (of M7.0 or greater) 

was somewhat or very likely to occur for all four regions (Questions 1–4 on Figure 58). However, 

instead of the expected decreasing of perceived likelihood as the scale becomes increasingly 

personal, there was a relatively similar set of values for all four regions, varying only by a single 

response (±1) from question to question. This would appear to indicate that the participants were 

aware that earthquakes constitute a reasonable risk which could potentially occur on a reasonably 

short time frame, and would be likely to impact participants and their households. 
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Figure 58: Perceived Likelihood of Seismic Hazard  

Events Occurring in the Next Five Years, By Region 
 

Participant responses for the likelihood of a tsunami (Questions 5–8 on Figure 58) were 

somewhat more unexpected. Instead of seeing the decreasing perceived likelihood as the scale 

narrows, responses overall were lower for the entire province than for the smaller regions of 

Vancouver Island and Port Alberni. When the entire province was considered, 20% indicated 

they felt a tsunami event was somewhat unlikely, 10% were neutral, 40% felt such an event was 

at least somewhat likely, and 30% felt it was very likely. For both Vancouver Island, generally, 

and Port Alberni specifically, these numbers rose to 60% believing a tsunami event was at least 

somewhat likely, and the remaining 40% believed it was very likely to occur in the next five 

years. As expected, individual households showed the lowest level of perceived likelihood, with 

10% believing a tsunami affecting their household to be very unlikely, 20% believing it was 

somewhat unlikely, 10% being neutral, 30% felt it was somewhat likely, and another 30% felt it 

was very likely. 

I discovered in the follow-up interviews that several participants read this question quite 

literally, and some of those who lived outside of the official tsunami inundation zone felt that a 

tsunami was unlikely to impact their households because the waves would not reach their homes. 

While technically true, this ignores the reality that households can still be directly and indirectly 

impacted by tsunami disasters, even if they are not inundated, as they almost certainly rely on 



 

171 

services, employment, and access to food, water, sanitation services, and electricity from the rest 

of the community in the period following the disaster, which could potentially last several weeks. 

This is especially true in the case of a nearby large magnitude earthquake coupled with a tsunami 

event, where roads and bridges to outside communities may be impassable and assistance from 

outside of the community would be limited in the immediate aftermath of the disaster. 

4.4.1.2 Perceived Impact of an Earthquake or Tsunami Event 

The second section in Risk Perception sought to compare the perceived impact of 

earthquake and tsunami events on participant households relative to six other natural and 

technological hazard types, should they occur during the next five years. These questions were 

included to give some context about how seismic hazard risk was perceived compared to other 

possible hazards. A final question sought to have participants indicate what they felt the overall 

impact from all hazards combined would be as a baseline of how they perceive overall hazards 

risk (in terms of impact). 

Participants were asked to “indicate the [degree of] impact to your household you believe 

is associated with each of the following types of disaster during the next five years.” Responses 

to all ten questions were collected on a five-point Likert scale, with values labelled Very Low, 

Somewhat Low, Moderate, Somewhat High, and Very High. A sixth option, labelled Don’t Know, 

was also included. Participant responses are shown in Figure 59. 

The same participant selected Don’t Know for the two earthquake questions (Questions 1 

and 2 in Figure 59) as the individual was unclear how much damage an earthquake might do to 

their household, and confused about how much more damage a large magnitude earthquake 

might do compared to a moderate magnitude earthquake.  

To allow for comparison between questions, both in this and later sections, a weighted index 

value was calculated for each item listed in Figure 59 using Equation 5 (described in Section 

3.4.1). These index values and their corresponding Likert category labels are shown in Table 31, 

above. 
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Figure 59: Perceived Impact over the Next Five Years from Hazard Events to Participant 

Households 
 
 

Table 31: Comparative Hazard Impact Risk Perception Index Values 

Rank Hazard Hazard Type Index Value (out of 4) Corresponding Likert Category 

1 Wildfire/forest fire Natural (meteorological)  3.2 Somewhat high 

2 Earthquake 7.0 or greater Natural (seismic) 3.1 Somewhat high 

3 Violet storm Natural (meteorological) 2.8 Somewhat high 

4 Tsunami Natural (seismic) 2.6 Somewhat high 

5 Extreme heat event Natural (meteorological) 2.4 Moderate 

6 Lengthy power outage Technological 2.4 Moderate 

7 Earthquake 5.0 – 6.9 Natural (Seismic) 2.3 Moderate 

8 Landslide Natural (geological) 1.4 Somewhat low 

9 Flood Natural (hydrological) 1.2 Somewhat low 

 All hazards combined All 2.7 Somewhat high 

(* Seismic events are shown with grey backgrounds) 
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Of the nine hazards listed, participants indicated they felt wildfire/forest fire would have 

the largest impact to their households, with an index rating of 3.2 out of 4.0. This was followed 

in decreasing order by a large magnitude earthquake (3.1), a violent storm (2.8), a tsunami (2.6), 

an extreme heat event or lengthy power outage (2.4), a moderate magnitude earthquake (2.3), a 

landslide (1.4), and finally a flood (1.2). As a comparison, the rating for “all hazards combined” 

had an index value of 2.7. 

To compare the seismic (earthquake and tsunami) and non-seismic hazard types, 

Questions 1, 2 and 7 were combined to form a ‘seismic’ group, and all other hazards were 

combined for the ‘non-seismic’ group. Results for each of these groups were converted to 

percentages, as shown in Figure 60. There does not appear to be any significant perceived 

difference in impact from seismic versus non-seismic hazards by participants, meaning that 

earthquakes and tsunamis are not perceived in a heightened way relative to other potential 

hazards by these residents. 

 

 
Figure 60: Comparison of Perceived Hazard Impact 

from Seismic vs. Non-Seismic Hazard Events 
 

It is important to note that the high value associated with wildfires, while not necessarily 

unreasonable, must be interpreted within the context of the devastating forest fire which 

impacted Fort McMurray, Alberta in the weeks prior to the interviews being conducted. This fire 

resulted in the evacuation of the entire community, the destruction of approximately 2,400 

homes and buildings (Ramsay and Shum, 2016), and was a leading story in various print, 

television, and internet media for several days prior to these interviews. It is quite likely that the 

extra attention the Fort McMurray fires garnered in media and on social media resulted in a 

slightly higher emphasis on the impact of wildfires than would otherwise be expected. This was a 

popular topic of conversation throughout the community while I was there, though there is no 
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direct way to measure this effect from the data collected. This is not to downplay the fact that 

wildfire is a considerable threat to the community of Port Alberni, which is situated in a heavily 

forested valley with thick forests on three sides of the city. 

4.4.1.3 Participant Feelings about Tsunami Risk 

The final section on Risk Perception sought to explore participants’ feelings related to 

tsunami risk personally and generally within their community. This exploration included 

questions addressing how well households have been informed about tsunami risk, if participants 

felt a sense of control over their ability to respond during a tsunami warning, the impact that 

taking preparedness actions might have, and whether they felt a sense of worry or fear related to 

tsunami hazards. These questions were included to place participants’ existing preparedness in 

context of their beliefs and feelings about tsunami risk, and to gauge whether a sense of control 

and/or fear was a guide in interpreting their responses later in the interview once they had used 

the Web Application.  

Participants were asked to “indicate how strongly they agree or disagree” with several 

statements about tsunami risk. Responses to all seven statements were collected on a five-point 

Likert scale, with values labelled Strongly Disagree, Somewhat Disagree, Neutral, Somewhat 

Agree, and Strongly Agree. A sixth option, labelled Rather Not Say or Not Applicable, was also 

included. Participant responses are shown in Figure 61. To allow for comparisons between 

statements, a weighted index value was also calculated for each statement, out of a possible 

maximum of four (Table 32). 

The first statement addressed whether citizens of the community have been “reasonably 

well informed” about their household-level tsunami risk, and sought to determine how much 

information about tsunami risk participants feel has been made available to residents. Most 

participants responded positively to this statement, with a single Neutral response, eight 

Somewhat Agree, and one Strongly Agree responses, giving a comparative index value of 3.0, or 

somewhat positive. This response may show that efforts by the City of Port Alberni, Alberni-

Clayoquot Regional District, and Provincial Government have been received favourably, and 

that participants felt their neighbours had received such information. 
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Figure 61: Participant Feelings about Tsunami Risk 

 
 

 

Table 32: Participant Feelings about Tsunami Risk as Index Values 

Rank Statement Index Value 
(out of 4) 

Corresponding Likert 
Category 

1 I feel that I am reasonably well informed about our household tsunami 
risk 

3.2 Somewhat agree 

1 I feel taking actions to prepare for a tsunami will help protect myself, 
members of my household, and my property 

3.2 Somewhat agree 

3 I feel citizens in my community have been reasonably well informed 
about our household tsunami risk 

3.0 Somewhat agree 

4 I feel a sense of control over my household’s ability to respond during 
a tsunami warning 

2.4 Neutral 

4 I feel a sense of worry or fear over my household’s ability to respond 
during a tsunami warning 

2.4 Neutral 

6 I feel my household is reasonably prepared to respond during a tsunami 
warning 

2.2 Neutral 

6 I feel a sense of worry or concern that a tsunami might injure myself or 
members of my household, or cause damage to my property 

2.2 Neutral 
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A similar response was received for the second statement, which looked at how well 

informed participants’ themselves felt as it related to their own household’s tsunami risk. One 

participant indicated they Somewhat Disagree with this statement, one indicated a Neutral 

response, three felt they Somewhat Agreed, and five Strongly Agreed with the statement, 

resulting in an index value of 3.2. The participant who selected somewhat disagree stated at the 

time that their knowledge of tsunami risk was probably below that of the rest of the community, 

while several others felt they were probably better informed than their fellow residents. 

The third statement asked participants to indicate if they felt their household was 

“reasonably prepared” to respond in the event of a tsunami warning. Results were much more 

spread out, with one individual indicating that they Strongly Disagreed and two more Somewhat 

Disagreed with the statement, two others were Neutral, while four Somewhat Agreed and a 

single participant Strongly Agreed. This resulted in an index value of 2.2, equivalent to a neutral 

response. 

The fourth statement asked participants if they felt a “sense of control” over their 

household’s ability to respond during a tsunami warning, essentially looking at whether these 

individuals felt that they had taken actions or given thought to the issue which might help their 

household respond in the event a tsunami warning was issued for their community. One 

participant indicated they Strongly Disagreed with this statement, while four others were 

Neutral, four Somewhat Agreed, and only one participant Strongly Agreed, giving an index value 

of 2.4 (equal to a neutral response). 

The fifth statement sought to determine if participants felt that actively taking actions to 

prepare for a tsunami would help to protect their household in the event of a tsunami warning, 

and these responses were generally positive, with an index value of 3.2. Two individuals felt they 

Somewhat Disagreed with this statement, two more Somewhat Agreed, while the remaining six 

selected Strongly Agreed. Having residents who believe that preparatory actions can have 

positive outcomes in terms of reduced injury and property damage is important if automated 

disaster preparedness tools are to be adopted and utilized by at-risk populations.  

Responses to the penultimate statement, which looked at whether participants felt a sense 

of worry or fear over their ability to respond, were more neutral. This statement explores whether 

participants experience fear or worry surrounding their ability to respond during a tsunami 
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emergency. Responses to this statement were one Somewhat Disagree, five Neutral, three 

Somewhat Agree, and one Strongly Agree, resulting in a comparative index value of 2.4, 

equivalent to a neutral response. My expectations prior to conducting the interviews was that this 

question would skew more negatively than it did. The fact that it ended up being more neutral 

may indicate that residents have incorporated the idea of tsunami risk into their daily lives, and 

do not experience excessive worry about this hazard risk, though they may still experience some 

worry from time to time. 

The final statement continued the concept from the previous statement, checking to see if 

there was a sense of worry or concern related to the potential that a tsunami might injure 

members of participants’ households or cause damage to their property. Responses to this 

statement were relatively balanced, with four participants responding Somewhat Disagree, one 

selecting Neutral, four indicating they Somewhat Agree, and one Strongly Agreeing. This 

resulted in an index value of 2.2, which is equal to a neutral response. This balanced response 

may suggest that some individuals may be more likely to use a tool that helps them establish 

emergency preparedness and response plans as a way to help reduce or potentially eliminate their 

sense of worry or concern than others. 

4.4.2 Tsunami Hazard Knowledge  

In speaking informally with residents of Port Alberni, I had the sense that most people had a 

reasonably high level of awareness about the fact the city was at risk from tsunamis. However, 

there also appeared to be only a rudimentary level of knowledge about the mechanics behind 

tsunamis, the degree of threat posed to the community by this hazard, and what residents should 

do in the event a tsunami warning was issued. While the phrase “Drop, Cover, and Hold On” has 

become popular as a teaching mechanism for dealing with earthquakes, and there are often drills 

in earthquake prone areas where students and other members of the public practice taking cover, 

there is not a similar phrase to aid with tsunamis.35 I was curious how participants would rate 

their own knowledge of how to respond in the event of a tsunami warning. 

                                                 
35 The idea of High Ground Hikes, where students (and other residents) practice getting to high ground, building 
muscle memory similar to that of the Drop, Cover and Hold On drills is a recent development in tsunami-prone 
areas of North America. The B.C. provincial government began to actively promote such hikes in at-risk 
communities across Vancouver Island starting in 2016 (PreparedBC, 2016). 
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4.4.2.1 Participant Knowledge of Official Plans 

The first section in Tsunami Knowledge focused on participants’ knowledge about 

specific aspects of tsunami preparedness and response. Three general locations were considered: 

the household, the workplace, and children’s schools. These questions were included as a gauge 

both of participants’ knowledge, but also as a way to explore how well this key information has 

been broadcast to community members. 

Participants were asked to rate their knowledge of several disaster response concepts 

along a five-point Likert scale, with values labelled Very Low, Somewhat Low, Moderate, 

Somewhat High, and Very High. A sixth option, labelled Rather Not Say or Not Applicable, was 

also included. Participant responses are shown in Figure 62. To allow for comparisons between 

statements, a weighted index value was calculated for each statement (Table 33). 

The first statement asked Participants to rate their knowledge of the community’s official 

tsunami response plan. Response to this statement was mostly negative, indicating a low overall 

level of knowledge about this concept. Three participants rated their knowledge as Very Low, 

two as Somewhat Low, four were Neutral, with only a single participant indicating they had a  

 

 
Figure 62: Participant Ratings of their Tsunami Response Knowledge 
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Table 33: Participant Ratings of their Tsunami Response Knowledge as Index Values 

Rank Statement Index Value 
(out of 4) 

Corresponding Likert 
Category 

1 Tsunami evacuation routes from your household 1.6 Moderate 

2 If you have children in school, the school’s emergency evacuation 
plan 

1.5 Somewhat low 

2 If you have children in school, the muster point where you make 
contact with your child/children 

1.5 Somewhat low 

4 Official tsunami response plans for your community 1.3 Somewhat low 

4 Nearest official muster point(s) (i.e., safe zones) to your 
household 

1.3 Somewhat low 

6 Tsunami evacuation routes from your place of work 1.0 Somewhat low 

6 Nearest official muster point(s) (i.e., safe zones) to your place of 
work 

1.0 Somewhat low 

 

Somewhat High level of knowledge, for an overall index value of 1.3 out of four. This response 

may indicate that the ACRD and City of Port Alberni have not adequately communicated the 

community tsunami response plan, or that participants from the community simply had not 

received this knowledge at the time it was presented. 

The second statement was more balanced, and asked participants to rate their knowledge 

of the evacuation routes from their household. Three individuals rated their knowledge of 

household evacuation routes as Very Low, one as Somewhat Low, three were Neutral, and the 

remaining three rated their knowledge as Somewhat High. The index value for this question was 

1.6, which is the only statement in this section that equated to a neutral response or above. 

Responses to the third statement were similar to the first, though slightly more polarized. 

This item asked participants to rate their knowledge of the nearest official muster point(s) to their 

households. Four responses indicated a Very Low level of knowledge, two rated as Somewhat 

Low, two more were Neutral, and there was one each for Somewhat High and Very High. This 

resulted in an index value for this statement of 1.3, or somewhat low. Partly this may be because 

it is unclear in the literature provided by the ACRD and City of Port Alberni exactly where these 
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muster points are located, and thus it is difficult to assess which might be closest to participants’ 

homes. 

The fourth statement explores tsunami evacuation routes from participants’ places of 

work. Given that several participants indicated they were retired or unable to work, it is not 

surprising that there are four participants who selected Rather Not Say or Not Applicable for this 

statement. The remaining participants rated their knowledge in a balance between Very Low (2), 

Somewhat Low (2), and Neutral (2). With the Not Applicable responses removed, this resulted in 

an index value of 1.0, which is equivalent to a very low rating. In speaking with participants, it 

seems that they are more concerned with focusing on household risk, and either forgot or did not 

pay much attention to emergency planning for how they would respond to a tsunami warning if 

they were at their place of work. 

The fifth statement exactly mirrors the previous statement. This is not surprising as this 

statement asks participants to rate their knowledge of the official muster points located near their 

place of work. Again, responses were balanced between Very Low (2), Somewhat Low (2), and 

Neutral (2), and the index value was also 1.0. 

The sixth statement asked participants to rate their knowledge of their children’s school 

emergency evacuation plans. Six participants did not have school-aged children or had home-

schooled children, and thus indicated that this question was not applicable to them. Of the 

remaining four participants, one indicated that their knowledge of school emergency plans was 

Very Low, two more indicated they had Somewhat Low knowledge, and the remaining participant 

rated their knowledge as Very High. The index value for this statement was 1.5, on the boundary 

between somewhat low and neutral. 

The final statement asked participants to rate their knowledge of the muster points their 

children’s school would evacuate to, and where they would make contact with their children, in 

the event of a tsunami warning. As before, six participants indicated this statement was not 

applicable to them. Of the remaining four, one indicated Very Low knowledge of school muster 

points, two more indicated a Somewhat Low level of knowledge, and the remaining participant 

selected Very High as their level of knowledge. The index value for this statement was also 1.5, 

again on the boundary between somewhat low and neutral. As several of the schools in Port 

Alberni are located within or adjacent to the official ACRD tsunami inundation zone, knowing 
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school evacuation plans and muster points is important for parents and guardians in the 

community. However, a quick examination of school websites does not reveal this information to 

the public. Schools in Port Alberni do drill students on evacuating the schools for emergencies, 

and the Alberni Elementary school practiced a Drop, Cover, and Hold On drill followed by a 

mock tsunami evacuation to the Arrowsmith Baptist Church on June 10, 2016 (Dobson, 2016). 

This may indicate that integrating this information into an automated disaster preparedness tool 

would be of benefit to parents, if such information can be collected and maintained in a proactive 

manner. As I am a non-parent, non-community-member, the two schools I contacted prior to 

field work declined to provide me with information about their emergency evacuation planning 

information. As this information is not publicly available from school or community websites, it 

does raise the question of how and when this information is provided to parents. 

The first three statements from Figure 62 were combined to gauge overall knowledge of 

household response, and the responses converted to percentages. The merged responses are 

shown in Figure 63. Given the low response rate to the workplace and school statements, these 

were specifically left out of consideration. 

 

 
Figure 63: Overall Knowledge of Tsunami Response Planning 

 

The overall level of knowledge for tsunami response planning by participants was fairly 

low, with a solid third (33.3%) of responses rated as Very Low and one sixth of responses 

(16.7%) as Somewhat Low. Thirty percent of participant responses were Neutral, another 16.7% 

were Somewhat High, and only 3.3% rated knowledge as Very High. Seen in this light, more 

people have little or no knowledge about how their household should respond within the 

established community emergency plans than those who believe that they have at least some idea 

of which routes to safely take and where to evacuate to for safety. Integrating this information 

into an automated tool such as the Web Application developed for this case study would provide 
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this key information to residents in threatened communities in advance, and potentially in real-

time, should the need arise. 

4.4.2.2 Information Sources Used by Participants about Earthquake and Tsunami Risk 

The next section in the area of Tsunami Knowledge on the pre-questionnaire focused on 

what information sources participants used to inform, educate, and generally increase their 

knowledge about earthquake and tsunami hazards and the risk associated with them. A list of 

possible options was provided, and a free-form text entry area was supplied to allow participants 

to add any additional items that were not included on the list. The frequency of responses from 

these two elements is shown in Figure 64, and all items are shown in ranked order in Table 34. 

Most of these sources are passive, with participants encountering information about seismic 

hazards and risk simply by chance in their daily lives, such as through newspapers and 

television, while driving, through casual conversation with friends and family, or through the 

monthly testing of the city’s tsunami warning siren. Very few active sources were used, such as 

government pamphlets or websites, official warning centre websites, or even smartphone/website 

applications targeting this type of information and what to do to prepare. Of note, none of the 

participants indicated that they learned directly through personal experience with a tsunami 

event.36 

The top six most common sources for information were a local (or regional) tsunami 

information program; the monthly testing of the Port Alberni tsunami warning system; local 

print, radio, or television articles/reports; a local internet-based article/report; the blue tsunami 

evacuation route road signs; and stories from neighbours, friends, or family.  

There were three programs/sources that I had specifically wanted to check to see if 

participants were aware of them and/or had participated in any of them: the blue tsunami 

evacuation signage program, the ShakeOut B.C. program, and the High Ground Hike program. 

The blue tsunami evacuation signs can be found throughout southern Vancouver Island, 

and were installed to provide evacuation guidance to residents and visitors alike. Seventy percent 

                                                 
36 While it has only been a little over fifty years since the 1964 tsunami struck Port Alberni, many of those who 
experienced the tsunami in person have since moved away from the Alberni Valley or passed away. While some do 
remain, there are fewer and fewer of them to pass along their knowledge to the community each and every year. 
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of participants indicated that these were a source of tsunami information for them, which was 

about what I was expecting. Two participants had never noticed the signs before, despite having 

lived in the community most of their lives. 

 
Figure 64: Sources Participants Used to Increase their  

Knowledge about Earthquake and Tsunami Risk 
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Table 34: Ranking of Information Sources by Count 

Rank Statement Count 

1 A local or regional tsunami information program 8 

1 The monthly testing of the Port Alberni tsunami warning system 8 

3 A local print, radio, or television article/report 7 

3 A local internet-based article/report 7 

3 The blue tsunami evacuation route signs 7 

3 Stories from neighbours, friends, or family 7 

7 A regional or national print, radio, or television article/report 6 

8 A regional or national internet-based article/report 4 

8 A documentary on television 4 

8 A documentary on the internet 4 

8 The ShakeOut B.C. program 4 

8 A pamphlet produced by any level of government  4 

8 An official earthquake or tsunami warning centre website 4 

8 A local museum or historic site 4 

15 A local or regional aboriginal group’s oral history 3 

16 The website for my municipal government 2 

16 A smartphone or web-based app 2 

18 A tsunami information program at a local school 1 

18 A High Ground Hike 1 

18 A province of B.C. Government-operated website 1 

21 A Government of Canada-operated website 0 

21 Personal experience with a tsunami event, either locally or elsewhere 0 
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The Great British Columbia ShakeOut program has been very active on social media and 

somewhat active in more traditional media, and I was curious if it was being received by 

residents of Port Alberni, who are the ideal targets for this type of program. Forty percent of 

participants listed this as a source of earthquake information for them, which was tied for 8th 

rank. This was a little lower than I had expected. This is possibly due to the low penetration of 

social media in the community, and the program’s reduced emphasis on advertising in traditional 

media. The ages of the participants did not appear to have any connection with whether they 

considered the ShakeOut B.C. program as a source of information, with all age categories 

represented. 

Finally, the recently introduced High Ground Hike program, a relatively new concept in 

British Columbia, was checked by only a single participant, tying for 18th rank. Given that this 

program is new I am not surprised by the low ranking, but would hope to see the awareness of 

this program rise over the next few years. Participatory programs such as High Ground Hikes are 

better than simple media campaigns in that they teach participants what to do during an 

emergency, and then reinforce this by undertaking these actions to get to safety. It is hoped that 

these participatory drills see greater involvement in the future. 

4.4.3 Household Preparedness Planning 

The final section of the pre-questionnaire focused on household emergency preparedness. These 

questions explored participants’ household emergency plans, whether formal or informal, how 

well these plans are known by members of the household, and finally a check to see if 

emergency plans are updated or tested to ensure they continue to meet the household’s needs. A 

five-point Likert scale was used to gauge how strongly participants agreed or disagreed with the 

set of statements, with values labelled Strongly Disagree, Somewhat Disagree, Neutral, 

Somewhat Agree, and Strongly Agree. A sixth option, Rather Not Say or Not Applicable, was 

also included. Participant responses are shown in Figure 65. Weighted index values were 

calculated for each statement to allow for comparisons, and are shown in Table 35. 

Participants were fairly evenly split on the first statement, that their household emergency 

plan “meets the needs of the members of [their] household.” Three indicated they Strongly  
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Figure 65: Household Emergency Preparedness Planning 

 

 

Table 35: Participant Ratings of their Household Emergency  
Preparedness Planning (Shown as Index Values) 

Rank Statement Index Value  
(out of 4) 

Corresponding Likert 
Category 

1 All adults in our household are familiar with our household 
emergency plan 

2.3 Neutral 

2 All children over the age of five are familiar with their roles during 
an emergency  

2.0 Neutral 

3 Our household emergency plan meets the needs of the members of 
our household 

1.8 Neutral 

4 We update our household plan as our household needs change 1.3 Somewhat disagree 

5 We test our household emergency plan frequently enough for our 
household’s needs 

1.0 Somewhat disagree 

 
Disagreed with this statement, while one each indicated Somewhat Disagree and Neutral. Five 

participants’ responses indicated they Somewhat Agreed with this statement. Responses to this 

statement were somewhat more positive than I had expected, but matched what participants told 

me in their follow-up interviews. The overall index value for this component was 1.8, which 

equates to a neutral response. 
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For the second statement, “all adults in our household are familiar with our household 

emergency plan,” three participants rated their agreement with the statement as Somewhat 

Disagree, one was Neutral, while three indicated they Somewhat Agreed and three more were in 

strong agreement with the statement. Again, responses were somewhat more positive than I had 

expected, however the index value was still only equivalent to a neutral response at 2.3. 

The third statement explored how well children in the household knew their roles (as 

defined by the family) during an emergency. Six participants did not have children in their 

households and selected the not applicable response. Of the remaining four there was a balance, 

with one indicating they Strongly Disagreed, two were Neutral, and one Strongly Agreed. The 

index value for this statement was also neutral, coming in at 2.0. 

The fourth statement in this section asked participants how strongly they agreed with the 

statement “we update our household plan as our household’s needs change.” This sought to see 

how emergency planning was incorporated into the changing needs of families. Of the two who 

selected Rather Not Say or Not Applicable, one participant indicated that she lived alone with her 

pet dog and that her needs were very stable and thus there was no need to make changes to her 

plans. Of the eight other participants, three selected Strongly Disagree, two indicated they 

Somewhat Disagreed, two were Neutral, and the remaining participant Somewhat Agreed. The 

index value for this statement was 1.3, which is equivalent to a somewhat disagree response. 

These results are not surprising, as most people do not often update their emergency plans once 

they have created them. While most guides recommend reviewing and updating plans every six 

or twelve months, these numbers are optimistic about how frequently such updates occur, and 

this is reflected in participants’ responses here. It might be best if an assistive tool examines the 

make-up of the household, and provide ‘regular’ updates based on how likely the household’s 

needs are to change (e.g., a household with young children would likely need to make updates 

more regularly than a household with a single adult living alone). 

The final statement asked if participants tested their emergency household plans 

“frequently enough for [their] households’ needs.” One participant opted-out by selecting Rather 

Not Say or Not Applicable, four indicated they Strongly Disagreed, two Somewhat Disagreed, 

two more were Neutral, and the remaining participant indicated they Somewhat Agreed with the 

statement. The overall index value for this statement was the lowest in the section at 1.0. It was 
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expected that very few participants would agree with this statement, and the results matched 

expectations. This helps to set a foundation for questions in the post-questionnaire seeking to 

determine if, and how often, participants might want to be reminded to update and test their 

emergency plans. 

In order to gauge participants’ rating of the overall efficacy of their household emergency 

plans, all applicable results (i.e., after removing all Rather Not Say or Not Applicable results) 

from all five statements from Figure 65 were combined for all participants, and the rated 

responses converted to percentages as shown in Figure 66. 

 

 
Figure 66: Overall Efficacy of Household Emergency Planning 

 

Overall, participants’ rating of the efficacy of their household emergency planning was 

fairly evenly split with a slight skewing towards the low side. This matches expectations. Over 

one third of responses (34.1%) rated as Strongly Disagree, while 12.2% of responses were rated 

as Somewhat Disagree, for a total of 46.3% on the low side. 19.5% of responses were Neutral, 

while 22.0% of responses were rated as Somewhat Agree and 12.2% were Strongly Agree, for a 

total of 32.2% on the high side. 

Participants were asked to describe “any actions that your household has undertaken in 

order to prepare for an earthquake or tsunami disaster impacting your community” and provided 

with a free-form text entry space to describe their emergency preparations. Seven of the ten 

participants supplied a response to this question, and these responses are shown below in no 

particular order: 

• “None” 

• “I have an earthquake kit” 37  

                                                 
37 I clarified that this consisted of a first aid kit, and limited food and water supplies for one person, as the 
participant lived alone. 
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• “Nada” 

• “Stock pantry, bug out kit” 

• “I have a backpack with some water and first aid items (few). Live in high region of Port 

Alberni, above the zone. I have trail mix usually ready.” 

• “We have a rudimentary emergency kit. Also, have water stored in the freezer that is 

periodically changed out.  We have talked about earthquake and tsunami preparedness 

with close and extended family to create a plan particularly if we are separated as I work 

out of town and may be unable to return in the event of a disaster where the road was cut 

off.” 

• “I have a half-assed box of food for myself and my dog in my living room. Also, 

bandages, water, blankets.  And I have blankets and pillows in my car.” 

 

The time and effort required to research, develop, maintain and test household emergency 

plans is prohibitive. While some will go to the effort to ensure that their household emergency 

plans address the needs of their household and communicate that plan to the rest of the 

household, most people take a ‘good enough’ approach, addressing only the most basic 

preparedness actions such as first aid kits, food, and water. The additional effort needed to 

maintain and test plans is something that fewer people consider, and very few actually perform. 

It is these additional efforts, however, that are key to having a proactive, effective household 

emergency plan. It is this point in the planning process where an automated disaster preparedness 

tool can help to lower the bar to entry, simplifying much of the process by automating many of 

the maintenance components and issuing reminders to test and update such plans. 

4.5 Participant Responses to Post-Questionnaires 

Upon completing the pre-questionnaire sections, participants were guided through a hands-on 

session with the Web Application. This process required participants to provide basic 

demographic information for both the household as a whole and the individuals and pets living 

there to the Web Application. Information was also collected about the physical household 

structure, the social standing of the household, and the geographic location of their household 

structure. Once all information was entered, results were provided to participants in the form of a 
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‘digital dashboard,’ with information about their estimated household tsunami risk level, social 

vulnerability/resilience, modelled evacuation times (for both pedestrian and vehicular modes of 

evacuation), and access to customized emergency response plans. 

Once participants completed the guided exercise with the Web Application they were 

asked to return to the questionnaire form to complete the post-questionnaire questions. The 

specific goals of the post-questionnaire were to see if an automated tool would be deemed useful 

to this population, whether they felt it met their needs for establishing (and hopefully, 

maintaining) a set of household emergency plans, features they deemed to be a priority in such a 

tool, and under what physical and financial conditions they would consider using such an 

application. Questions were worded such that they should envision an ideal version of the Web 

Application, not necessarily the exact application that they had just used to avoid any technical 

issues that might exist in the prototype application created for this research. As with the pre-

questionnaire, questions were grouped into related sections and were a combination of Likert-

style scales and free-form text entry, as appropriate to the questions. 

4.5.1 Application Value and Usefulness 

The first section of the post-questionnaire sought to explore whether an automated disaster 

preparedness tool, such as the Web Application participants had just used, would provide value 

to participants and be something they might use to create and maintain household emergency 

plans. Participants were asked to indicate on a five-point Likert scale how strongly they agreed 

or disagreed with a series of statements about an ideal version of the Web Application they had 

just used. Scale values were labelled Strongly Disagree, Somewhat Disagree, Neutral, Somewhat 

Agree, and Strongly Agree. An additional sixth option, Don’t Know or Not Applicable was also 

provided. Participants’ responses are shown in Figure 67. Most responses to the statements in 

this section were neutral or positive, with only a single Somewhat Disagree response in the entire 

section. Weighted index values were calculated for each statement and are shown in Table 36. 

Participants were split between Somewhat Agree (4) and Strongly Agree (6) on the first 

statement, “access to such a tool would be useful to me.” This resulted in a very high index value 

of 3.6 which equates to strongly agree. 
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For the second statement, that access to this type of tool would “make it more likely that 

my household would create a disaster response plan,” the results were split between Somewhat 

Agree (4) and Strongly Agree (6). Again, an index value of 3.6 was calculated. Combined, these 

two questions indicate that such a tool is likely to be of use to at-risk community members such 

as the participants, and that participants believe that having access to such a tool would make 

them more likely to create organized disaster plans. 

The third statement explored whether participants felt that such a tool would help make 

them more likely to update their household emergency plans. Responses to this statement were 

slightly lower than for statements 1 and 2, but remained quite high, with a single Neutral, five 

Somewhat Agree, and four Strongly Agree responses for a weighted index value of 3.3. This is 

equivalent to a somewhat agree response. 

Statement number four checked to see if respondents felt such a tool would make them more 

likely to establish a household disaster communication plan for their extended friends and 

family. The response was again favourable, with one participant indicating they were Neutral to 

the statement, two selected Somewhat Agree, and six rated their response as Strongly Agree. A 

single participant selected Somewhat Disagree, and stated at the time that she was selecting this 

option because she was older, living alone, and almost all friends and family lived nearby or had 

passed away, and thus she did not see as much value in creating a formal communication plan. 

The index value for this statement also came in at 3.3, or somewhat agree. 

The fifth statement explored whether an automated disaster preparedness tool such as the 

Web Application would make participants more likely to encourage others to develop their own 

household plans. Responses to this statement were a little more mixed than the other statements 

in this section, but were still fairly positive. Two individuals indicated Neutral responses, four 

Somewhat Agreed, while the remaining four Strongly Agreed with the statement for an index 

value of 3.2 (somewhat agree). 
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Figure 67: Participant Feelings about Application Value and Usefulness 
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Table 36: Participant Feelings about Household Emergency  
Preparedness Planning (Shown as Index Values) 

Rank Statement Index Value  
(out of 4) 

Corresponding Likert 
Category 

1 Access to such a tool would be useful to me 3.6 Strongly agree 

2 Access to such a tool would make it more likely that my household 
would create a disaster response plan 

3.6 Strongly agree 

3 I consider sharing some of my personal information in order to receive 
access to such a tool as a good compromise 

3.5 Somewhat agree 

4 I would see value in receiving email reminders to update my response 
plan and emergency kit every 12 months as part of such a tool 

3.5 Somewhat agree 

5 Being able to visualize my household risk on a map is important to me 3.5 Somewhat agree 

6 I would prefer to use an automated tool rather than try to develop my 
own household disaster preparation plan 

3.4 Somewhat agree 

7 I would see value in receiving email reminders to update my response 
plan and emergency kit every 6 months as part of such a tool 

3.4 Somewhat agree 

8 Being able to visualize my household evacuation routes on a map is 
important to me  

3.4 Somewhat agree 

9 Access to such a tool would make it more likely that my household 
would update our disaster response plan on a more frequent basis 

3.3 Somewhat agree 

10 Access to such a tool would make it more likely that I would establish a 
household disaster plan for my extended family and friends 

3.3 Somewhat agree 

11 Being able to put a number on my estimated household risk is important 
to me 

3.3 Somewhat agree 

12 Access to such a tool would make me more likely to encourage others to 
develop their own household disaster preparedness plan 

3.2 Somewhat agree 

 
 

When asked if they agreed or disagreed to the statement “I would prefer to use an 

automated tool rather than try to develop my own household disaster preparation plan” 

participants were mostly positive, with two indicating they Somewhat Agreed, and six 

responding they Strongly Agreed. The remaining two participants were Neutral. This resulted in 

an index value of 3.4 (somewhat agree). 

Estimating risk levels and establishing customized household preparedness response 

levels requires access to some information which some might consider personal. The seventh 

statement in this section sought to determine whether participants felt giving up some of this 
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information in order to access such a tool was a good compromise. Participants were equally 

split on this statement between Somewhat Agree (5) and Strongly Agree (5), for an index value of 

3.5—right on the boundary between Somewhat and Strongly Agree. 

Responses to statement eight—that participants would see value in receiving reminders to 

update their emergency plans every 12 months—matched those of statement seven, 50% 

responding with Somewhat Agree and 50% with Strongly Agree. Determining exactly what the 

correct compromise between a reasonable period in which a household might change and a 

period where users feel pestered or hassled is difficult, and this question was the first of two 

which sought to determine where that point might be. 

The ninth statement followed from the previous one, but set the period between 

reminders to only 6 months. This was still reasonably well received, with an overall index value 

of 3.4, compared to 3.5 for statement eight, but was slightly less popular than the 12-month 

timeframe, with one Neutral response, four Somewhat Agreeing, and five Strongly Agreeing.  

Statement ten was the first of three to explore how participants felt about how risk levels 

were indicated to them on the digital dashboard. In this case, participants were asked to indicate 

how strongly they agreed with the statement “being able to put a number on my estimated 

household risk (e.g., 2 out of 5) is important to me.” The overall response to this statement was 

in agreement, with an index value of 3.3 (somewhat agree). While the majority of participants 

Strongly Agreed, four indicated they only Somewhat Agreed and two were Neutral to the idea. 

The second to last statement explored whether being able to visualize household risk on a 

map was important to participants. Two indicated they were Neutral to this statement, while one 

selected Somewhat Agree, and the remainder of participants selected Strongly Agree. This 

resulted in an index value of 3.5, right between somewhat and strong agreement. 

The final question looked at whether participants felt that visualizing evacuation routes 

on a map was important to them.38 Results were similar to the previous statement with two 

                                                 
38 Evacuation routing was not included in the Web Application as it was presented to participants, although 
evacuation routing was established both on foot and by vehicle for each property located in the zone. There were 
two main reasons for this: difficulty using this data with the database and Google maps API, and a concern that the 
naïve vehicular evacuation routing could be misleading. An actual production version of such an application should 
provide real-time routing information in the response plans, if at all possible. 
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Neutral, two selecting Somewhat Agree, and the remaining six selecting Strongly Agree. This 

gave a weighted index value of 3.4, at the high end of the somewhat agree category. 

Again, all responses were combined to act as a rough gauge of the perceived value and 

usefulness of the Web Application, as shown in Figure 68. 

 

 
Figure 68: Overall Perceived Value/Usefulness of the Web Application 

 

Responses were very positive, with over 88% of responses rated as either somewhat or 

strongly in agreement, 10.8% of responses were Neutral, and only 0.8% were somewhat in 

disagreement that the Web Application provided value. Overall agreement with these statements 

was higher than expected, with nearly universal agreement that there was value in this type of 

tool, and that it would prove useful to those facing a tsunami (or other) hazard threat. This 

indicates that continued development and research in this area is likely warranted. 

4.5.2 Application Priorities 

The next section of the post-questionnaire explored participants’ feelings about which features or 

aspects of the Web Application were important to them. These ranged from usability concerns 

(e.g., ‘ease of use’), to protection of personal information, to the use of cloud-based storage to 

save user data and allow synchronization between devices, to the pricing of the application itself. 

Participants were asked to rate a series of features on a five-point Likert scale, with values 

labelled Very Unimportant, Somewhat Unimportant, Neutral, Somewhat Important, and Very 

Important. A sixth option, Rather Not Say or Not Applicable, was also provided. Participant 

responses are shown in Figure 69. A weighted index value was calculated for each feature and 

the results were ranked from highest to lowest priority to allow for comparison between features, 

as shown in Table 37. 
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Figure 69: Participants' Feelings about Automated  

Preparedness Application Feature Priorities 
 

The feature that received the highest index value (3.8 out of 4.0) was the ability to notify 

extended family and friends about the household’s status during a disaster (Statement 13 on 

Figure 69). There is then a four-way tie between ease of use, maps showing hazard risk levels, an 

index value or graphic summarizing household risk level, and support by participants’ favourite 

device or web browser (Statements 1, 6, 7, and 8 on Figure 69) with an index value of 3.5.  

Statements 9 through 12 were given the lowest overall priority by participants, however 

these results were also the most balanced between high and low levels of support. Given that 

these four statements deal directly with three technological features—the ability to share plans 

between household members’ devices (index value of 2.8), the ability to synchronize data  
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Table 37: Ranking of Application Feature Priorities by Index Value 

Rank Feature or Aspect Index Value  
(out of 4) 

Corresponding Likert 
Category 

1 Ability to notify your extended family and friends of your status 
during a disaster 

3.8 Very important 

2 Easy to use 3.5 Somewhat important 

2 Maps showing hazard risk levels 3.5 Somewhat important 

2 An index value or graphic explaining your estimated household 
hazard risk level 

3.5 Somewhat important 

2 Supported by your favourite device/web browser 3.5 Somewhat important 

6 Rapid creation of disaster response plans 3.4 Somewhat important 

6 Maps showing evacuation routes and official muster points 3.4 Somewhat important 

8 Privacy protection 3.2 Somewhat important 

9 Price 3.0 Somewhat important 

10 Ability to create a printed response plan your household members 
can easily access 

2.9 Somewhat important 

11 Ability to share disaster response plans with your household on their 
device/web browser 

2.8 Somewhat important 

12 Syncing your data between multiple devices/browsers 2.6 Somewhat important 

13 Storage of your data in the cloud 2.1 Neutral 

 

between devices via the Internet (2.6), and the storage of user data in the cloud (2.1)—along with 

the more traditional ability to print emergency plans (2.9)—I wanted to determine if participant 

age might correlate with these results. 

Most forms of inferential statistics (e.g., t-tests, ANOVA, regression, and Pearson 

correlations) rely on an underlying assumption that both the population of interest, and samples 

from within that population, exhibit a normal distribution, called the Assumption of Normality. 

Small sample sizes are generally considered to violate this assumption. However, small sample 

sizes are not uncommon across the social sciences, particularly in fields like Psychology. This is 

complicated further when ordinal data, such as data derived from Likert-style questions, are 

considered. 
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Norman performed extensive tests exploring the violation of the Assumption of 

Normality for small samples and data from Likert scales in his paper entitled “Likert scales, 

levels of measurement and the ‘laws’ of statistics” (2010). He established that parametric 

statistics can be used with Likert data, even with small sample sizes and non-normal 

distributions, with “no fear of ‘coming to the wrong conclusions’, consistent with empirical 

literature dating back nearly 80 years” (p. 631).  

As the correlations between age and the questions I am exploring are not critical to my 

overall research, but mainly for interest’s sake, I have opted to perform some rudimentary 

analyses to test if age might be a factor affecting participant responses to these four statements. 

Scatterplots of the data for these four statements (9 through 12 on Figure 69) were created with 

simple linear regression trend lines to check for such a relationship (Figure 70). Both regression 

𝑅𝑅2 values and Pearson’s Correlation Coefficient values were calculated for each of the four 

statements (Table 38). A one-tailed 𝑡𝑡-test checking for statistical significance was also performed  

 

  

  
Figure 70: Scatterplots of Statements 9–12 by Participant Age 

The Y-axis represents feature priority as rated by participants, with zero indicating Very Low  
priority, 1 is Somewhat Low, 2 is Neutral, 3 is Somewhat Important, and 4 is Very Important. 
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Table 38: Tests for Correlation between Age and Statements 9 – 12 

# Feature or Aspect Regression 
𝑹𝑹𝟐𝟐 

Pearson’s 
Correlation 
Coefficient 

𝒑𝒑-
Value 

Statistically 
Significant 

9 Storage of your data in the cloud 0.593 0.770 0.008 Yes 

10 Syncing of your data between multiple 
devices/web browsers 

0.177 0.421 0.130 No 

11 Ability to share disaster response plans with 
your household on their device/web browser 

0.002 0.048 0.451 No 

12 Ability to create a printed response plan your 
household members can easily access 

0.012 -0.111 0.388 No 

 

at the 95% confidence level, and the resulting 𝑝𝑝-values are included in Table 38. These tests 

include only those participants who provided age data during their interviews (9 of the 10 

participants). Given the above results, only statement 9—“Storage of your data in the cloud”—

appears to have a meaningful correlation with participant age in this sample. 

Surprisingly, older participants were more likely to indicate that cloud storage was Very 

Important or Somewhat Important than younger participants, who were more likely to select 

Neutral or Somewhat Unimportant. This may be important in determining how such tools are 

architected, as many smartphone applications get around limited storage on the devices by 

storing data in cloud storage, and doing so also facilitates better multi-device syncing, and 

sharing of data between household members. Implementing features such as these, while also 

protecting personal privacy, requires a balance, and potential funding agencies are likely to want 

to know what level of support exists for them in the population prior to paying to add the features 

to any future versions of the application. 

4.5.3 Device Accessibility 

The next section of the post-questionnaire examined participant preferences for how they would 

like to access an automated disaster preparedness tool such as Web Application they had just 

used. Given that Port Alberni’s population distribution is skewed towards younger and older 

groups compared to the average Canadian population (see section 1.3.3), it was unclear which 

devices would best be able to access the residents of the community: a traditional desktop 
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computer, a laptop computer, a tablet (e.g., iPad), or a mobile smartphone. Further, information 

about whether participants would prefer an application native to their platform of choice (i.e., a 

downloaded and installed application for desktop and laptop computers, or store ‘app’ for tablets 

and smartphones) or would prefer to use web-based applications via their web browser to access 

the information, was also critical in assessing how limited development resources could be spent 

to reach the largest audience within the community. Participants were asked to rate the likelihood 

they would use each device/platform to access the Web Application on a five-point Likert scale, 

with values labelled Very Unlikely, Somewhat Unlikely, Neutral, Somewhat Likely, and Very 

Likely. Again, a Don’t Know option was available. Participant responses are shown in Figure 71. 

A weighted index value was calculated for each device/platform and the results were ranked 

from most popular to least popular to allow for comparison, as shown in Table 39. 

Results for this section tended to be quite polarized, with participants often having 

strongly positive or negative responses to a given platform. The top three device preferences, 

with their associated index values (out of 4.0) were: a desktop computer using a web browser 

(2.9), a tablet using a web browser (2.9), and a laptop computer using a web browser (2.8). The 

least popular devices by index value were: a smartphone using a downloaded application (2.4) 

and a smartphone using a web browser (2.2). 

The fact that smartphone preference ranked so low may have something to do with 

participant ages or the nascent nature of social media and always-on access to information in 

Port Alberni relative to more urban centres such as Nanaimo, Victoria, or Vancouver. When 

downloaded applications across all platforms are compared to web browsers across all platforms 

there is a preference to use web browsers over installed apps (Figure 72). Both the low ranking 

of smartphone preference and the preference for web browser-based applications over native 

applications goes counter to expectations and recent trends in application development (Ramel, 

2016; Badalian, 2015), where most users prefer native, downloaded applications over web-

delivered applications, and access is increasingly via mobile devices like tablets and smartphones 

(Chaffey, 2016; Sterling, 2016).  
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Figure 71: Device Accessibility Ratings 

 

 

Table 39: Ranking of Application Device Accessibility by Index Value 

Rank Device & Platform Index Value  
(out of 4) 

Corresponding Likert Category 

1 A desktop computer using a web browser 2.9 Somewhat likely 

1 A tablet using a web browser 2.9 Somewhat likely 

3 A laptop computer using a web browser 2.8 Somewhat likely 

4 A tablet using a downloaded application 2.6 Somewhat likely 

5 A laptop computer using a downloaded application 2.5 Somewhat likely 

5 A mobile smartphone using a web browser 2.5 Somewhat likely 

7 A mobile smartphone using a downloaded application 2.4 Neutral 

8 A desktop computer using a downloaded application 2.2 Neutral 
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Figure 72: Comparison of Downloaded vs. Web Browser Preferences 

 

4.5.4 Application Pricing 

The final section of the post-questionnaire explored how likely participants stated they would be 

to using an automated disaster preparedness tool based on several different pricing models. 

Determining how best to deliver such a product, while also ensuring a sustainable funding 

model, is currently an open question. Most applications currently available to users are either 

supported by direct government funding (e.g., the FEMA disaster preparedness tool 39), receive 

assistance directly or indirectly by educational institutions such as universities (e.g., the Disaster 

Alert tool 40), or are self-funded by the application developer as a hobby or side project. Each 

such model has benefits and costs, and determining where public comfort levels lie is an 

important question in the context of a small city such as Port Alberni.  

Participants were asked to indicate how likely they would be to use an automated disaster 

preparedness tool based on a series of different pricing models. Expectations were that 

participants would prefer options that had little or no cost to them, and that there would be a 

preference to government-supported models over paid- or advertising-based models. Participants 

rated their preference along a five-point Likert scale with values labelled Very Unlikely, 

Somewhat Unlikely, Neutral, Somewhat Likely, and Very Likely. As before, a sixth option, 

labelled Don’t Know was provided. Participant responses are shown in Figure 73. A weighted 

                                                 
39 Operated by the U.S. Federal Emergency Management Agency (FEMA): 
https://itunes.apple.com/us/app/fema/id474807486?mt=8  
40 Operated in cooperation with the University of Hawaii: https://itunes.apple.com/ca/app/disaster-alert-pacific-
disaster/id381289235?mt=8  

https://itunes.apple.com/us/app/fema/id474807486?mt=8
https://itunes.apple.com/ca/app/disaster-alert-pacific-disaster/id381289235?mt=8
https://itunes.apple.com/ca/app/disaster-alert-pacific-disaster/id381289235?mt=8
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index value was calculated for each option to allow for comparisons between pricing models, as 

shown in Table 40. 

 

 
Figure 73: Application Pricing 

 

 

Table 40: Ranking of Application Pricing Options by Index Value 

Rank Pricing Model Index Value  
(out of 4) 

Corresponding Likert Category 

1 Free to users, supported by advertisements 3.8 Very likely 

1 Free to users, operated by the federal government 3.8 Very likely 

3 Free to users, operated by the provincial government 3.7 Very likely 

4 Free to users, supported by donations from users 3.0 Somewhat likely 

5 A one-time fee, no ads 2.2 Neutral 

6 A one-time fee, with ads 1.5 Somewhat unlikely 

7 A small monthly subscription, no ads 1.3 Somewhat unlikely 

8 A small monthly subscription, with ads 1.0 Somewhat unlikely 
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As expected, the four free options were the most popular while participants indicated they 

were less likely to use the application under the paid options. By far the most popular choices 

were “free to users, supported by advertisements” and “free to users, operated by the federal 

government.” The least popular options were for a small monthly subscription fee, either with or 

without additional advertising. 

Advertising supported models have been very popular for internet- and mobile-based 

applications recently. In this case, there is no cost to users, however their personal information 

may be shared with advertisers directly or through third-party advertising networks. Providing 

targeted advertising would be a relatively easy prospect given the information known about the 

user’s household, however this raises serious privacy concerns, and without this detailed 

information there is very little that makes application users of special interest to advertisers, 

resulting in lower advertising rates. An advertising-based approach might be  difficult for 

developers, as a critical mass of users is required to get enough ad views to help pay for the 

infrastructure necessary to maintain and update the application over time, and costs-per-

impression are on the decline for this model. 

Government supported models were quite popular with participants, and would also 

allow development to focus on features and application usability over optimizing for advertising 

views and clicks. Most participants saw this as a good use of taxpayer dollars, and a reasonable 

extension of existing preparedness campaigns being run by the federal and provincial 

governments. Having government support from either level would be attractive to developers as 

they would have a known budget to work with to develop the application, and (potentially) also 

to maintain and update the application over time. This is especially important if users are being 

encouraged to update their household emergency plans on a regular or semi-regular basis. 

The fourth most popular choice was the user-supported model, where the application was 

delivered free of charge to users, but requested donations instead of advertising. While this 

sounds like it would be popular with users, such models often suffer from a lack of donations, 

and this in turn results in a lack of development time and support for such applications. This 

model also risks having developers ‘pull the plug’ by shutting down expensive database and 

application servers should the costs to operate them become greater than community supported 

donations. 
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The two one-time fee options (with and without ads) were both moderately unpopular. 

This is a common problem with mobile applications, which often struggle to earn enough to 

support servers even with very low one-time fees such as $0.99. The addition of advertising to a 

fee was also not very popular with index values dropping form 2.2 without ads down to only 1.5 

if advertisements are present. 

The final models, subscription-based (with and without ads), were also quite unpopular 

with participants. They felt that this would end up costing more over time than they were willing 

to pay, and would leave them with nothing if they stopped paying the monthly subscription fees. 

This model is quite popular with developers because if a critical mass of users subscribes their 

infrastructure costs are covered, and any additional funds can be used to maintain and update the 

application over time or build new applications. However, if the number of subscribers remains 

low, or takes a sudden drop, the cost to maintain the application can exceed available income, 

just like in the donation-based model. 

If nothing else, this shows that, at least for this small group of participants, a traditional 

advertising or government-funded model would be well received, whereas paid models were 

mostly unpopular. This may allow developers some leverage in speaking with governments to 

secure a source of funding or to bring the development of such a tool ‘in house’ as part of a 

broader mandate to encourage household preparedness. 

4.6 Supplemental Interviews 

While it was not my intent to speak with officials during my time in Port Alberni, 

connections were made that resulted in an interview with Lauri L’Heureux, formerly an engineer 

with the City of Port Alberni who was responsible for much of the tsunami preparation and risk 

communications for the city. 

My interview with Ms. L’Heureux (personal communication, June 20, 2016) was very 

informative and wide ranging, and helped to provide context and insight into how the City and 

Alberni-Clayoquot Regional District (ACRD) approached tsunami risk, mitigation, and public 

education. She explained that emergency management in the region had developed through an 

organic process, and that the bulk of responsibility for hazards preparedness, response, and 

mitigation was the responsibility of the Fire Department, working closely with the ACRD and 
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other city departments. In the event of a large earthquake, on-duty members of the Fire 

Department are authorized to activate the local tsunami warning system without guidance or 

instruction from the provincial government as they would for a distant tsunami. 

When it comes to tsunami preparedness, the City has worked with local schools to 

provide education, establish coordinated emergency response and evacuation plans, and perform 

live tsunami evacuation drills. Together with the ACRD the City has established two main 

‘reception centres,’ (i.e., muster points or assembly stations) located at the Echo Centre (a 

recreation centre, which includes the library and museum) and at the Alberni Valley Multiplex (a 

large sports hall, with several fields and close to the Alberni District Secondary School and 

North Island College campuses). A pamphlet and map produced by the ACRD provides residents 

with information about how to evacuate to these centres, and shows the location of the official 

tsunami inundation zone (Alberni-Clayoquot Regional District, n.d.). 

The City of Port Alberni would prefer households evacuate on foot whenever possible, 

but acknowledge that this may be difficult or impossible for many residents. Ms. L’Heureux 

noted that in 2006 the tsunami warning system was accidentally activated, and that there was 

considerable traffic congestion in the lower part of the city as residents attempted to escape to 

higher ground. While this is a concern for the City, there has been no further analysis of 

evacuation congestion at this time, an area I myself had identified as a good area for future 

academic study.  

Ms. L’Heureux also provided me with access to a copy of a study addressing the final 

year of a three-year conducted by active members of the Fire Department between 2010 and 

2013 (L’Heureux, 2013). This study had fire fighters go door-to-door through the official 

tsunami inundation zone over three years (approximately one-third was covered each year) 

asking residents if they knew they lived in the inundation zone, if they felt prepared, and if they 

had a working smoke detector (it was the fire department conducting the study, after all). They 

also identified several addresses where “the residents have physical challenges that would make 

evacuation difficult” (p. 2). Some findings from their 2013 study are that fewer people were 

aware that they lived in the tsunami hazard zone, particularly along one stretch of 8th Avenue in 

2013 than in the previous two years. 73% of respondents indicated that they knew the evacuation 

route out of the inundation zone, 32% indicated that they had emergency kits prepared, and 
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identified several locations where residents could not hear the Tsunami Warning System during 

monthly testing. 

While several suggestions for next steps were proposed in the report, most of these steps 

have not been completed due to Ms. L’Heureux’s move to another department within the City of 

Port Alberni. She indicated that the current Fire Chief was being promoted to City Manager, and 

had plans to re-examine several of the proposals arising from the report over the next few years. 
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Chapter Five: Discussion 

When I began my research, I believed that one of the critical barriers to household emergency 

preparation was the time commitment and complexity associated with finding the necessary 

information, sorting through it to see what is necessary for a given household, and turning that 

into a working set of emergency plans. It seemed that by bringing the information together and 

using known information about household risk and demographic information, it should be 

possible to build a tool to assist vulnerable households to more easily create and maintain these 

plans. By reducing the time and difficulty of building emergency preparedness and disaster 

response plans, more households would be likely to do so. I have formalized this thinking in my 

primary research question: 

 

Primary Research Question: 

Are vulnerable households more likely to develop and maintain a set of household 

emergency plans if provided with access to an assistive disaster planning tool that 

helps them automatically generate plans customized to the unique needs of their 

households? 

 

The goal of this research was to test the hypothesis: participants given access to an 

assistive disaster planning tool would indicate that they were more likely to create and maintain a 

set of customized household disaster plans then if they had not had access to such a tool. 

Answering this question would also require me to find the answers to three secondary 

research questions: 

 

Secondary Research Questions: 

1. What types of input data are required to algorithmically develop personalized 

household emergency preparedness and disaster response plans for households 

vulnerable to natural hazards risk? 
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2. Which communication strategies can be employed to best communicate aspects of 

physical and social vulnerability to households vulnerable to natural hazards risk? 

3. Which features or other aspects of an assistive disaster planning tool are most 

important to members of vulnerable households when developing a set of emergency 

preparedness and disaster response plans? 

 

To test my hypothesis, and potentially find answers to my research questions, I developed 

a working prototype for an assistive disaster planning tool, the Web Application, which was then 

tested with participants living in a community vulnerable to tsunami hazards, Port Alberni, B.C.  

5.1 Answering My Research Questions 

Participants’ responses during interviews indicate that they believe that having access to an 

assistive planning tool would make them more likely to develop and maintain a set of household 

emergency plans than without such a tool. While these results support my theory, I have 

identified several issues while conducting this research which prevent me from firmly answering 

my primary research question with a definitive ‘Yes’ or ‘No’ answer, which I address below. 

Participant responses to the statements “Access to such a tool would be useful to me” and 

“Access to such a tool would make it more likely that my household would create a disaster 

response plan” were universally positive, with 60% of participants strongly agreeing with these 

statements, and 40% somewhat agreeing with them. When asked to respond to the related 

statement “Access to such at tool would make it more likely that my household would update our 

disaster response plan on a more frequent basis, 40% strongly agreed, 50% somewhat agreed, 

and 10% were neutral, indicating that in most cases participants believed that such a tool would 

also make them more likely to maintain their emergency plans. When all questions exploring the 

perceived value and usefulness of an idealized version of the planning tool they had used were 

considered, participant responses were overwhelmingly positive (Figure 74). 
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Figure 74: Overall Perceived Value/Usefulness of Assistive Planning tool 

 

If participant responses are representative of their community, one could conclude that 

assistive disaster planning tools would have a positive effect on vulnerable households, making 

them more likely to create and maintain a set of customized household emergency plans. Within 

the bounds of this case, I believe that I have met my limited research goals. However, it has 

become clear during my research that the limited sample size and time period considered by this 

study was not sufficient to fully address my primary research question. I have only considered 

participants’ stated beliefs and intensions about household disaster planning, but these responses 

do not address whether or not those intentions will convert into actions with access to an 

assistive planning tool. I believe that a larger, longer-term study would be required to 

affirmatively accept my hypothesis that access to such a planning tool will lead to an increase in 

household emergency planning. 

It is my hope that a future version of such a tool can be created and tested to see if 

participant beliefs can be supported with evidence showing that access to an assistive planning 

tool results in an increase in the number of households creating and maintaining such plans. 

Ideally this would take the form of a more in-depth, multi-site case study with a larger number of 

participants. While I strongly believe that such a tool will help improve preparedness rates in at-

risk communities, the evidence collected to date cannot support this belief until a study can be 

made over a longer-period to test actual usage and effectiveness against a group without access 

to an assistive tool. There is, after all, a long history of providing information, checklists, and 

other guidance to vulnerable community members with very little evidence of long-term 

commitment to household emergency preparedness and response planning in these communities 

(Basolo et al., 2008; Grothmann & Reusswig, 2006). 

That said, I believe that within the limited context of the current study there is evidence 

that vulnerable residents will view such a tool in a positive light, and that by removing some of 
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the barriers associated with emergency planning—such as access to authoritative source of 

planning information appropriate to the needs of the household—there is an increased likelihood 

that users will create and maintain a set of household emergency plans. Regardless, I believe the 

answers to my secondary research questions, and the lessons learned throughout this research, 

can be used as a foundation to support a more extensive study of long-term results in the future. 

5.2 Required Data Inputs to Develop Personalized Household Emergency Plans 

The first of my secondary research questions sought to determine what types of data inputs are 

required with the aim of automatically generating customized household emergency plans. The 

goal was to identify broad categories of information which could be used to create authoritative, 

practical, and appropriate planning information to assist with household preparedness, and from 

this established a set of preparedness and responses tasks. To answer this research question, I 

examined existing literature, explored several existing ‘preparedness’ tools, and compiled a 

database of preparedness and response planning items from trusted government and non-

governmental sources. Information I collected ranged from general, broadly applicable actions 

relevant for nearly all forms of emergency planning and preparedness, to specific details related 

to individual conditions relevant in only a small percentage of households. I focused on the needs 

of households facing both earthquake and tsunami hazards, to be relevant in the context of Port 

Alberni.  

I determined that planning items fall into two broad categories: hazards risk 

considerations and household considerations. Hazards risk considerations are household planning 

or response tasks that are related to one or more specific hazards types. For example, a 

preparedness task for earthquake hazards would be to secure bookshelves and other large 

furniture to the walls using appropriate clips or fixtures to prevent them from falling during earth 

shaking. A response planning item for tsunami risk would be to immediately evacuate to higher 

ground upon experiencing the end of earth shaking following an earthquake, and to remain there 

until officially notified it is safe to do so. Some instructions may be applicable to just a single 

hazard type, while others may applicable for multiple hazard types or across all types of disaster. 

Depending on the hazard type, different minimum and maximum response time thresholds may 

dictate which items are displayed to users. For example, with tsunami planning, users will have 
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less than 20 minutes to reach safe higher ground if a tsunami is imminent. Therefore, at the 20-

minute threshold the only instructions shown to users will be of immediate importance, with 

some minor additional items to help them once safety has been reached. For times greater than 

six hours, plans may include much more detail, with longer task lists that address a larger 

number of items to (potentially) assist the household to limit damage and injury once a tsunami 

arrives.  

Household planning considerations are items that specifically pertain to either the 

household as a whole, or the individual members living within the household. Such items might 

address special needs for pets, children, older adults, and those with specific disabilities. To be 

included in the database a planning item needed to be appropriate in a Canadian context, must 

approach planning at the level of the household or individual household member, and must be 

either applicable to all households or connected to a condition associated with the household or 

individuals living therein. A condensed example of this structure can be found in Figure 75.  

Where appropriate, questions were added to the household and household member portions on 

the Web Application to collect information appropriate to addressing one or more of these 

planning tasks. Each planning item was assigned to either a pre-disaster ‘preparedness’ or post-

disaster ‘response’ list. Each planning item was also assigned a set of conditions under which 

they would be applicable (e.g., if there are one or more children who are in school; if there are 

one or more pets in the household listed as ‘easy to evacuate’; if the number of people with 

hearing disabilities is greater than zero, etc.). Items on the response list were also assigned values 

indicating under which time frames they were relevant (e.g., always; only if there is 1 hour or 

more to respond; only if there is 20 minutes or less to respond, etc.), and some items were 

duplicated and adapt to different time horizons with modified instructions based on the time 

available. This flexible and expandable approach should make it easier to add new items and 

allow for adjustments to the existing database to accommodate new hazards risk conditions in the 

future without having to completely re-architect the application’s underlying structure. 
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Figure 75: Basic Structure of Items for Customized Household Emergency Plans 

Pe
rs

on
al

ize
d 

Ho
us

eh
ol

d 
Pl

an
ni

ng
 

St
ru

ct
ur

e

Hazards Risk 
Considerations Household

Hazard-specific risk 
measurements Highly variable

Ease of evacuation 
rating Evacuation plans

Household 
Considerations

Household

Location

Construction

Dwelling type

Mobile home

Multi-family

Basement

Construction period Does not meet code

Maintenance Major repairs

Sewage type Septic or storage

Family structure

Living alone

Single parent

Home tenure Renter

Household income Low income

Insurance Disaster 
endorsements

Copies of 
documentation

Members

Age

Very young children

Children & youth

In school

Daycare / after 
school care

Elderly

Gender

Female

Sexual identity LGBTQ+

Immigration status Recent immigrant Copies of 
documentation

Official language 
comprehension Assistance plan

Ability to evacuate

Disabilities

Mobility

Visual

Hearing

Cognitive

Physical fitness Pedestrian 
evacuation plan

Access to vehicles

Vehicular 
evacuation plan

Reliance on 
others/transit

External Members

Own home Assistance plan Evacuation plan

Facility care

Assistance plan Evacuation plan

Communication 
plan

Pets Type of pets Ease to evacuate Evacuation plan



 

214 

While the prototype version of the Web Application used by participants would be 

appropriate for tsunami risk in Port Alberni, I identified additional work which would better 

allow for hazards risks to be identified using GIS shapefiles after the fact, reducing the need to 

always pre-identify risks at the household level for planning. This would be useful in cases 

where threats are variable in geography or otherwise difficult to predict and pre-model, such as 

land slumping or environmental contamination. Hazards that are easier to pre-model can have 

additional hazards-related values linked to individual households using this model, allowing 

households to know predicted wave heights for floods, or risk levels for forest fires, for example. 

Impossible-to-predict and un-modelled hazards must rely upon simple evacuation modelling, 

which can be roughly estimated using GIS modelling in advance. 

The data required to model hazards-related household considerations will vary by hazard, 

geography, and availability. For tsunami hazards, a pre-modelled tsunami inundation zone using 

high-resolution bathymetric and elevation data, with estimated water heights and current 

strengths would be an ideal situation. However, as this information was not available in the Port 

Alberni context, a bare minimum of evacuation modelling was created using a detailed digital 

elevation model and land-cover data for a pre-defined inundation zone. Alternate hazards would 

require different input data models, depending on their unique natures, local geography, and data 

availability. Some hazards (e.g., earthquakes, tornadoes, some forms of land slumping, and many 

technological hazards) cannot be mapped in advance, and in these cases only evacuation time 

information might be used to establish household risk levels, with no further data inputs required. 

Almost all household data can be collected directly from users as was done with this 

study, however it may be possible, and even preferable, to use detailed cadastral datasets where 

possible. These datasets may include construction dates, information about household structures, 

exact household footprints, and other details which users may find difficult or impossible to 

provide themselves, and may help to reduce user input errors. Some of this information could 

also potentially be acquired by linking to remotely sensed images, though this approach would 

likely require additional modelling and pre-processing for each community added to the assistive 

tool, and may increase data acquisition budgets. Regardless of how household data are collected, 

it is imperative that these data are kept current if the resulting plans are to be appropriate to use 
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by members of the household. Discussion of how this might be accomplished will be addressed 

later in this chapter. 

5.3 Risk Communication Strategies for an Assistive Planning Tool 

The idea of an assistive planning tool is to bring household-level risk information, combine it 

with information about household residents, and then produce emergency plans and information 

specifically centred around the needs of each individual household. Informing users about the 

hazard(s)-related risks they face is a key element in this process. It is important, to find ways to 

communicate risk-related information to users in a way that is quick and intuitive, as well as 

providing users with a reasonably accurate representation of the risks they face. The next of my 

secondary research questions sought to identify communication strategies that can best covey 

aspects of physical and social vulnerability associated with hazards risk to users of assistive 

planning tools. 

There are five areas of risk-related information provided to users using the prototype 

Web Application created for this study: i) an indication of whether a household is located within 

the official tsunami inundation zone; ii) household social vulnerability reported via vulnerability 

and resilience ratings; iii) ease of evacuation information reported for both pedestrian and 

vehicular modes of transit; iv) a combined, overall rating of household risk; and v) a map 

showing the overall ease of evacuation index value for the provided household. Each of these 

areas is discussed in greater detail in the following sections. 

5.3.1 Social Vulnerability 

Household social vulnerability was assessed from demographic information provided by 

participants, and the resulting ratings were presented to the participants on the Household 

Dashboard. Household social vulnerability and social resilience ratings were shown to 

participants in three different manners: numerically (as a percentage), as a circle graph, and as a 

text phrase, as shown in Figure 76. 

It was not clear what the best method of conveying risk information to participants might 

be when using numeric values. For this reason, the numeric representations of risk for social 

vulnerability were shown as percentage values, as calculated to two decimal places, while the  
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Figure 76: Three Different Ways of Expressing Risk Levels for Social Vulnerability 
 

ease of evacuation ratings were shown as index values (out of 5.0) with a single decimal place. 

While this degree of precision is difficult to support, and likely too fine for application users, the 

inclusion of multiple decimal places was done in order to allow for discussion of the different 

approaches to conveying risk information to users in the interviews with participants. 

Circle graphs were generated for both the social vulnerability and social resilience 

ratings. These values were charted such that the percentage of the circle filled in was equal to the 

rating value as a percentage, representing the degree of vulnerability or resilience calculated for 

the household. The colour of the social resilience circle graph changed based on the calculated 

vulnerability rating, with lower values shown in blue and green, and higher values in yellow, 

orange, and red. The social resilience graph was always shown in green, as social resilience 

represents the households’ ability to overcome vulnerability. 

Finally, a text representation of the associated social vulnerability or resilience levels 

were written out next to the circle graphs. This served two purposes: it helped give participants 

who might be unable to internalize numeric or graphical representations of risk an additional 

method to understand their risk levels, and would also be helpful for participants with various 

forms of colour-blindness, who might otherwise lack the cues provided by colour. Text 

descriptions for social vulnerability and resilience were “Very low,” “Low,” “Moderate,” 

Risk level is 
shown as a circle 
graph where size 

and colour change 
with risk level 

 

Risk level is 
shown as a 

numeric value 

Risk level is 
shown a text 
phrase 
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“High,” and “Extreme.” Examples of factors increasing social vulnerability and resilience were 

also listed, again to allow for discussion during the interviews. 

Most participants indicated that they felt an approach that communicates risk information 

in multiple ways was a good thing, noting that this approach ensures most users can understand 

what degree of vulnerability or resilience they face. I will continue a discussion of participant 

responses to the different representations in the next section. 

5.3.2 Ease of Evacuation 

Ease of evacuation ratings were shown in a manner very like those of household social 

vulnerability. The only major difference here was the use of an index value instead of a 

percentage value (Figure 77). These index values were calculated out of a maximum of 5.0 to a 

single decimal place. Otherwise all information was conveyed in a similar manner between these 

two aspects of the dashboard. 

 

 
A) Circle graph using percentage values 

(out of 100%) 
 

  
B) Circle graph using index values 

(out of 5.0) 
 

Figure 77: Circle Graphs Showing Both Percentage and Index Values 
 

Participants were asked which of these two approaches they preferred, and asked to 

provide any reasons they may have for their preference. All ten participants felt that an index 

value or suitable graphic describing estimated household risk was important to them, with 50% 

stating it was somewhat important and 50% indicating it was very important. The ability to 

assign a value to a risk metric (i.e., social vulnerability and ease of evacuation) associated with 

major hazards was something every participant indicated was valuable to helping them 

understand how that hazard might impact their households. However, several participants also 

felt that it was difficult, or even impossible, for them to internalize what a given risk metric 

meant for them in the “real world.” This is similar to a view expressed by a couple of the 
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participant during the pre-questionnaire when asked what impact they felt a 5.0+ or 7.0+ 

magnitude earthquake might have to their household: there was a difficulty for some participants 

in translating these numbers into meaningful events from which they could extrapolate impacts 

to themselves and their households. Most participants agreed that a percentage was easy to 

understand and something often encountered in their daily lives, however most felt the decimal 

places added confusion and were not necessary. One participant indicated that there was no 

meaningful difference to him between an 11% or 12% compared to a 10% value, and suggested 

rounding to the nearest 5% or 10% value. Another participant preferred the index value, but felt 

it should be out of ten instead of five, and that there should be no decimal places used.  

These responses essentially mirrored expectations, and the consensus from participants 

was that both percentages and index ratings were fine; but that they should not use any decimal 

values, instead rounding to the first meaningful digit. I would also like to note that given that all 

the risk-related values displayed to participants on the dashboard were estimates from GIS 

models or adapted social vulnerability models, this degree of precision (e.g., two decimal places) 

was not justified and should be avoided in assistive planning tools and was only used for the 

purpose of introducing a discussion point in the interviews. Given this feedback, I would 

recommend that one strategy which might aid in communicating hazards-related risk information 

to users is the use of simplified index values out of 10 or 100, with values rounded to the nearest 

meaningful digit, and no decimal values. In the case of an index out of 10, values should be 

rounded appropriately to the nearest whole number. In the case of an index out of 100, values 

should be rounded to the nearest multiple of five or ten as appropriate. When rounding, it is 

recommended that caution be applied, and a tendency towards slightly exaggerating risks and 

minimizing resiliencies be employed in rounding strategies. Any perceived loss of precision 

resulting from rounding risk-related index values will be offset by significant potential gains in 

clarity of communication and simplification of the user interface for application users. 

5.3.3 Overall Risk Index 

An indicator of overall household risk was shown to participants in the top-right portion of the 

Household Dashboard, and was presented as an index value (with a maximum of 5.0) surrounded 

by a circle graph, similar to how ease of evacuation information was presented to participants 
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(Figure 78). This element received similar comments and reactions from participants as the 

social vulnerability and ease of evacuation sections. Having a single value that summarized 

household risk levels was important to participants, but again there was the issue of turning such 

numbers into something meaningful to them. 

 

 
Figure 78: Overall Household Risk Indicator and Map 

 

5.3.4 Map of Household Ease of Evacuation Risk 

When the idea of risk maps was presented, and participants were asked how important maps 

showing hazard risk information, evacuation routes, and official muster points were to them, 

participant responses were very positive. This carried through to the interviews conducted 

following their use of the Web Application. Nearly every participant felt that maps showing 

hazard risk levels were important, with 30% indicating it was somewhat important and 60% 

indicating it was very important. A similar trend showed for maps showing evacuation routing 

and muster points, with 40% indicating it was somewhat important and 50% indicating it was 

very important. Mapping information provided to participants was somewhat limited due to 

technical limitations associated with the use of the Google Maps API, but a set of maps showing 

ease of evacuation information was presented to participants to show how the system might 

work. Participants felt that maps helped them to put their own households into the context of 

those around them, of their neighbours, friends, and relatives living in the community. It also 

helped some participants to determine if they were in a particularly difficult area to evacuate, 



 

220 

which they indicated might change the relative importance they placed on emergency planning in 

the future.  

Given that hazards risks are inherently spatial in nature, mapping seems like an excellent 

approach to communicating hazards-related risk information to users of an assistive planning 

tool. As open source and commercial online mapping interfaces such as Google Maps, Bing 

Maps, and Open Street Map application programming interfaces (APIs) improve and the 

computing power of mobile devices increases, real-time mapping information should allow map 

displays to become much more useful to users and much more common place than they are 

today.  

The mapping of hazard risk levels was tied for the second most sought after feature by 

participants in an assistive planning application, while maps showing evacuation routes and 

official muster points ranked sixth out of the thirteen features presented. It is clear that presenting 

risk information to users via maps is important, and can be a key method to allow users to 

explore the spatial nature of risk, internalize how hazards risks may impact their household, and 

for understanding how best to respond to a disaster should one occur. 

5.4 Most Important Features Identified for an Assistive Planning Tool 

The third of my three secondary research questions sought to establish which features or 

attributes of an automated disaster planning tool participants felt would encourage them to create 

and maintain a set of household disaster plans. When asked to rate how important various 

features of such a product might be to them, most participants rated the same seven items highly: 

i) the ability to notify friends and family of their status during a disaster; ii) ease of use; iii) maps 

showing hazard risk levels; iv) an overall index value or graphic showing household risk levels; 

v) support by favourite device or web browser; vi) rapid creation of disaster response plans; and 

vii) maps showing evacuation routes and official muster points. 

5.4.1 Status Notification during a Disaster 

The most popular assistive planning feature reported by participants was the ability to notify 

friends and extended family of their status during a disaster event. Communication networks can 

often be overwhelmed during emergencies, and it can be very difficult to get a call out to friends 
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and relatives during disasters. Sometimes small communications such as mobile text messages 

and internet protocol traffic can get through more easily than telephone calls. This may allow 

applications on smartphones and mobile computers to get the message out when other 

approaches do not work. While this is not a feature currently present in any of the mobile 

applications I have tested to this point, Facebook has implemented a feature, called Safety 

Check, that allows people in areas where a disaster or other emergency has occurred to let 

friends and family know that they are safe (Figure 79; Facebook, n.d.). It is also possible to 

prompt Facebook friends currently located in an area affected by a disaster to respond to a Safety 

Check query.41 

  

 

 
Figure 79: The Facebook Safety Check Interface for Users Located Near a Disasters Site 

                                                 
41 As of the beginning of December 2016 Facebook has deployed Safety Check for six natural disasters, including 
earthquakes (twice in Nepal in 2015, in Italy and New Zealand in 2016), a hurricane (in the U.S. in 2015), and a 
flood (in India in 2015), in addition to several civil emergencies and mass casualty events in the United States and 
around the world. So far Safety Check has not been deployed for any emergency events located in Canada. 
(Facebook Safety Check, n.d.) 
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5.4.2 Ease of Use 

Almost all participants rated ease of use as important to them, with 60% rating it “very 

important.” Given that aspects of hazards risk can be complex and are often difficult to 

understand, it is not surprising that participants would rank this aspect of an assistive planning 

tool quite highly. At several points during interviews participants indicated that the ease of 

entering information and interpreting the results was important to them.  

Feedback from participants indicates that significant attention should be paid to the user 

interface to ensure the workflow is as smooth and direct as possible. Suggestions included 

reducing or hiding information non-critical information from users, but still allowing them to 

access that information by clicking or tapping on it when they wanted it. The user interface and 

workflow through an assistive planning tool needs to be carefully examined, tested, and iterated 

upon before a significant product is released to the public to ensure it is both informative and 

easy to use by participants, and to confirm that they have a good and safe user experience. 

5.4.3 Maps of Hazards Risks 

Participant questionnaire responses and subsequent discussions that highlighted the perceived 

importance of maps were encouraging for a geographer. Sixty percent of participants rated maps 

of hazards risk levels as a “very important” feature with another 30% indicating it was 

“somewhat important” to them. A couple of participants indicated that maps help them to 

compare their own household’s risk to that of their neighbours, and to gauge how their area of 

the city might be impacted during a disaster. 

While hazard mapping in the Web Application was limited to showing household ease of 

evacuation risk associated with only the participant’s household, pre-modelled ease of 

evacuation maps were also available for both pedestrian and vehicular modes of transit. A more 

extensive feature that would have shown all neighbouring houses as part of this process was 

removed prior to field work due to limitations in the number of objects that could be added to the 

online map using the default free version of Google Maps API. Recommendations from 

participants included making risk maps a separate, interactive component of the application, 

where they could pan, zoom, and query each property to explore different hazard risks within the 

community. I believe that it was clear from participant feedback, that at least in the Port Alberni 
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context, risk mapping is an important feature for helping vulnerable residents to explore, 

understand, and make plans based on the spatial nature of natural hazards. 

5.4.4 Overall Risk Index Value or Graphic 

Every participant indicated that the ability to see a summarized risk index value or graphic was 

an important feature of an assistive planning tool. Having a grade or rating of risk values 

provided them a quick reference point that they can use to immediately assess their household’s 

hazard risk, and was an important starting point which helped to open discussions about why 

values might be high or low, and what actions the participant could undertake to potentially 

lower that value. 

The prototype version of the Web Application presented overall household risk 

prominently at the top of the Household Dashboard screen. However, there was no additional 

context provided in the application as to how that number was determined. Recommendations for 

future assistive planning tools are to consider providing better ways to present an overall risk 

rating to users, and to also provide users with an ability to see how the value was calculated and 

what they could do to help reduce their hazard risk rating. If possible, specific actions from the 

household’s preparedness plan could be included, with estimated mitigative effects on risk level 

if implemented. While this was originally considered for the prototype, considerable work would 

have been required to allow the application to track which actions had been undertaken by users, 

work which was out of scope for this study. 

5.4.5 Support by Favourite Device or Web Browser 

Participants rated support by their favourite device or web browser on par with ease of use, maps 

of hazard risk, and an overall risk rating. While I have briefly discussed device accessibility from 

the point of view of development and operation, it is also important to note that study 

participants identified this as an aspect that would affect their desire to use such a tool. A full 

70% of participants rated device/browser support as “very important,” the second-highest level 

of support seen by any of the thirteen features presented to participants. To be of value to 

potential users, such planning tools need to be quickly accessible in a manner that is comfortable 

and near-to-hand for each individual user. 
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In an ideal world, versions of an assistive planning tool would be produced for all 

possible user devices—all manufacturers, all form factors, and all operating systems. The reality, 

of course, is that funding of a universally accessible tool would be extremely time-consuming 

and costly, and several compromises need to be made in order to provide a tool to the broadest 

audience possible within development and financial budgets. One recommended approach based 

on participant feedback would be to develop a single web application that can be accessed on any 

internet-enabled device using a modern web browser. This approach reduces development time, 

while maximizing accessibility across devices, but will not be able to take advantage of device-

specific features and sensors not available to most popular web browsers (including real-time 

notifications, locational information, and local storage of user data). Once a broad web-based 

application is established, it is possible to supplement access and gain access to specialized 

features on a per-device or per-operating system basis as development time and funding becomes 

available. 

5.4.6 Rapid Creation of Disaster Plans 

It should not be surprising that participants indicated that the rapid creation of disaster plans was 

an important feature for a tool that assists them to create personalized disaster plans. If anything, 

it is surprising to me that this feature did not appear higher on the list. Regardless, all participants 

indicated that this was an important feature, though there was a difference of opinion over what 

form they would prefer to see the resulting plans in. The prototype version of the Web 

Application presented users with two planning outputs: a set of pre-disaster preparedness tasks, 

and a set of disaster response tasks for given time horizons. Some participants indicated that 

having this information online was sufficient to them, while others felt that only printed copies 

would be of use to them, and the remainder fell somewhere in between the two. The only major 

recommendation on this aspect of the tool is that future assistive planning tools should provide 

users with a variety of outputs that they can customize and use in a manner suited to the needs of 

their households. At a minimum, information should be accessible online and in printed form, 

and ideally such information could be stored on individual mobile devices to protect against the 

case where printed copies are not accessible and internet access is cut off. 
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5.5 Discussions from Participant Questionnaires and Interviews 

There are several elements arising from participants’ responses on the questionnaires and in 

subsequent discussions that I felt needed brief discussion. These are grouped into seven 

categories: i) tsunami risk perceptions; ii) feelings about tsunami risk; iii) tsunami knowledge 

and knowledge of official response plans; iv) participants’ household preparedness; v) value and 

usefulness of assistive planning tools; vi) access to assistive planning tools; and vii) pricing of 

assistive planning tools. 

5.5.1 Tsunami Risk Perceptions  

As I have noted previously, it was very clear in both my discussions with Port Alberni residents 

and in my participant interviews that most member of the community were aware of the potential 

for both earthquakes and tsunamis to impact the community. The impression I have received in 

these conversations is that most residents considered these hazards risks a part of the price for 

living in the community, no different than the need to drive to another community to catch a 

plane, or the wet weather common to the area in the winter.  

While I would classify the general level of earthquake and tsunami hazards awareness in 

the community as high, there was a considerable variation in terms of the response to what an 

earthquake or tsunami might mean to the community, and the likelihood of such an event 

occurring in the near future. Many in the community that I spoke with had taken some actions to 

prepare for these hazards, or acknowledged that they should be doing so but had not actually 

begun the process yet. However, there was still a considerable proportion of the population who 

expressed no need or desire to do so, taking either a fatalist view—“I’m too old to get out in time 

anyway”—or a sense that there was simply no sense in preparing in advance—“What’s the 

point? There’s little I can do.” One gentlemen I spoke to while recruiting indicated to me that he 

had guns, and that was all the preparation he required, as his guns would allow him to acquire 

whatever he wanted after a disaster (presumably through force). 

This variable nature of preparedness also came out in participant responses to the pre-

questionnaire questions related to risk perception, and is something of a concern when it comes 

to deploying tools designed to assist vulnerable households. When asked how likely they felt a 

tsunami was to impact their community or their households, participants understood that such an 
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event was somewhat likely in the community, but were also prone to selecting “very unlikely,” 

“somewhat unlikely,” and “neutral” responses when it came to their households. There was also 

considerable variation in participant opinions about what impacts, if any, potential hazards might 

have on their household with only about 50% of responses rated as “somewhat high” or “very 

high” on the pre-questionnaire survey. 

There appears to be a lack of understanding that a disaster at the community level, even 

when it does not directly impact a given household, will continue to have the potential for 

significant indirect impacts on that household. This appears to be especially true with tsunamis in 

Port Alberni. When those participants who indicated low or neutral impact values to their 

households were asked to clarify, most indicated that they lived outside of the tsunami 

inundation zone and would not see any impacts from a tsunami. However, almost all participants 

failed to understand that a tsunami disaster—even one that does not directly impact their homes 

in the form of waves—will still have other indirect impacts on their households. For example, 

the city’s sewage treatment and water intakes are both located within the tsunami inundation 

zone, along with the various pumps and other components required to provide clean water and to 

treat sewage for the entire city. Electrical systems passing through the inundation zone are linked 

to all other regions in the city. Many businesses, including the local wood mills, would be 

impacted, meaning that if they are not directly impacted, many friends and neighbours might still 

be out of work, possibly indefinitely. In the case of a Cascadia earthquake and tsunami there is a 

good chance that highways into and out of the community would be impassable, the local airfield 

would be unable to support planes, and the local harbour and marinas would be destroyed. 

Combined with the debris from the tsunami in the inlet, it could take days for any significant 

support to reach the community by road, air, or sea. These effects would impact houses outside 

of the inundation zone even if no other impacts were felt. 

5.5.2 Feelings about Tsunami Risk 

When asked if they felt citizens in their community had been reasonably well informed about 

household tsunami risk, 90% of participants agreed, though most only “somewhat” agreed. 

When asked if they themselves felt well informed, 80% of participants agreed, with 50% 

strongly agreeing. I wish now that I had asked at some point how these participants felt they 
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were being informed about household level risk, as local sources where such information would 

be located were selected by only 70% of participants when asked to indicate where they learned 

about earthquake and tsunami risk, and only 40% were aware of the pamphlet used as the 

primary source of information by the ACRD and City of Port Alberni.  

When asked if they felt reasonably prepared to respond to a tsunami, only 50% indicated 

they agreed, with another 30% indicating they disagreed with the statement. This even though 

80% of participants felt that taking preparatory actions would help to protect their households 

and family members during a tsunami (the other 20% indicated that they “somewhat disagreed” 

with that statement). Only half of respondents agreed that they felt any sense of control over their 

ability to respond during a tsunami warning, which is somewhat discouraging. Half of 

respondents also felt a sense of worry or concern that tsunami might injury household members 

or damage their property. While 40% of participants felt some sense of worry or fear about their 

household’s ability to respond during a tsunami warning, only 10% disagreed, leaving the bulk 

of participants uncertain. 

These feelings may indicate that, even though they feel reasonably well informed about 

risks associated with tsunami hazards, and participants generally agreed that actions could be 

taken to protect their homes and loved ones, there is still a strong sense of doubt—sometimes 

verging on fear—that they will be able to respond appropriately during a tsunami emergency. 

This is important for assistive planning, because people who believe they can make changes to 

improve their success during an emergency are more likely to follow simple instructions to do 

so. While having so many households largely unprepared and doubtful that they can respond 

during an emergency is not a great situation overall, it is an ideal situation for assistive planning 

tools, which can help to simplify both preparedness and response instructions, and can hopefully 

remove some of the doubt and fear in users by providing authoritative actions they can follow. 

The participant who was most likely to provide negative responses to this section of the 

questionnaire indicated at the end of the interview that the process was not as difficult as she had 

thought, and most of the tasks pointed out to her were things she was likely to do already, or 

could easily perform in the future. Of course, there is no way to know if she did take any later 

actions without a follow-up study. 
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5.5.3 Tsunami Knowledge and Knowledge of Official Response Plans 

Despite reasonably high levels of awareness about tsunami risk in Port Alberni, participants’ 

self-reported knowledge about community response plans, evacuation routes, and the locations 

of official muster points was low. When all responses in this section of the questionnaire were 

combined, fully one-third of participant responses rated their level of knowledge about official 

tsunami plans as “very low,” with another 16.7% rated as “somewhat low” (Figure 80). 

 

 
Figure 80: Overall Participant Knowledge of Tsunami Response Planning 

 

Most participants indicated that they relied more heavily on passive information sources 

to learn about earthquake and tsunami risk than sources that required them to actively seek out 

information or participate in activities. While sources like newspaper articles and television 

reports can be useful, active information seeking and participation is preferred to help ‘lock in’ 

emergency response knowledge.  

The community’s official response plans, primary evacuation routes, and the location of 

muster points are all available, either online on the City of Port Alberni or ACRD websites, or by 

picking up their official Tsunami! pamphlet. However, there was a fairly low level of knowledge 

of these plans by participants. While establishing the reason that this information has not been 

received well by participants would be enlightening, the cause is less important than the reality 

that most residents of this community appear to be lacking this key information. This is exactly 

the type of situation where an assistive planning tool, such as the Web Application developed for 

this case study, would help to provide key information to vulnerable residents, both in advance 

of and during, a tsunami warning or earthquake. 

Such tools can integrate and supplement existing community planning strategies, helping 

to reinforce community emergency planning strategies, and ensuring that residents are aware 

of—or can at the very least easily access—such information. Traditional approaches, including 
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pamphlets, road signs, and even the monthly testing of the Port Alberni tsunami warning system, 

do not appear to have encouraged participants to incorporate and plan around official response 

plans, but by integrating that information directly into a simplified application that automatically 

generates household emergency plans, they can still act on that information during an 

emergency. 

5.5.4 Participants’ Household Preparedness 

Participants were evenly split in their responses to questions about their own household 

preparedness prior to using the Web Application. Half of participants indicated that their current 

household emergency plans met the needs of household members, but none strongly agreed with 

that statement. A full 30% did not believe their household emergency plans met their 

household’s needs. When asked if they updated their household plans as needs changed, only a 

single participant agreed, with 30% strongly disagreeing. When asked if they tested their 

emergency plan “frequently enough for [their] household’s needs” 20% “somewhat disagreed” 

and 40% “strongly disagreed.” In fact, when asked, only a single participant indicated that they 

had performed a test of their household emergency plans. When combined, over a third of 

participant responses were in strong disagreement with the statements, and another 12.2% 

somewhat disagreed (Figure 81). 

 

 
Figure 81: Overall Efficacy of Participant Household Emergency Planning 

 

This distribution of responses largely matches expectations, though participants were 

perhaps more honest than I had anticipated, and generally did not pull any punches when rating 

their own abilities to create, communicate, maintain, and test their household emergency plans. 

These responses were coupled with a free-form text entry area where participants could describe 

actions they had taken to prepare for earthquake or tsunami disasters. While only seven of the ten 



 

230 

participants provided a response to this question, their responses covered the spectrum from 

“None” to a detailed description of a basic preparedness plan.42 Most responses indicate that 

these participants’ households are only minimally prepared to respond either type of disaster and 

indicate that there is generally not any form of comprehensive planning or checklist process in 

place that they are using to assist them with their planning.  

Based on my experience while guiding participants through their hands-on time with the 

Web Application used in this study, I believe that the entire process of emergency planning can 

be simplified to the point that any household could get a start with minimal time and effort. In 

most cases participants used the application for between ten and twenty minutes, and had an 

initial set of personalized emergency plans ready for their household at the end of that time. 

While only a small fraction of potential users will ever progress beyond the planning stage to 

enact mitigative actions, the disaster response planning alone provides them with tasks they can 

enact in nearly any emergency, even if no pre-planning is undertaken. For those who would be 

willing to go through the efforts of preparing there is now a comprehensive template they can 

use, customized to the needs of their household, its members and pets, that will help to lower the 

bar to entry. Further, reminders to perform updates and tests of their plans may help to make 

emergency planning a more regular part of their lives. 

5.5.5 Access to Assistive Planning Tools 

The technological landscape has undergone a massive shift over the past decade, with mobile 

computing devices largely taking over as the primary computing and communications devices 

for many Canadians. Most urban and sub-urban regions of the country are now blanketed with 

high-speed internet access via 3G, LTE (Long-Term Evolution), and open Wi-Fi access points 

from regional and national cellular and internet providers.  

While this shift has, in many ways, been a boon to the emergency management field, 

providing additional methods to communicate risk-related information directly to the vulnerable 

publics, it can also present issues of how to spend limited development time and dollars. There is 

a need when developing an application or tool to prognosticate where users are most likely to be 

                                                 
42 Full participant responses can be seen in section 4.4.3 Household Preparedness Planning. 
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in terms of devices (e.g., laptop, iPhone, Android), platforms (e.g., native application vs. 

browser-based application), and social networks once the application or tool is ready to deploy to 

the public. For example, is it appropriate to be developing for older versions of the Android 

operating system (OS), or is it better to focus on newer versions where new services, sensors, 

and access methods are available to the developers? Are desktop and laptop computers still 

relevant for the target audience, or have they moved to tablets and other mobile devices? Is it 

better to build a single application accessed via a web browser that adjusts to the device that is 

used to access it, or is it better to take advantage of the tools available to native applications 

developed for a given OS/device/platform? 

While doing a complete market analysis of what devices were most accessible to users in 

Canada was not appropriate or feasible within the framework of this study, I still wanted to 

establish which general type of devices and platforms were most likely to be used in the Port 

Alberni context. Given the more rural and older skew to the age population of Port Alberni—

coupled with what I later discovered was a significantly less Internet-focused community than I 

had anticipated—it was unclear in advance which device-platform combinations would be best to 

target when building an assistive planning tool for smaller communities in Canada. I specifically 

included some basic questions on the post-questionnaires asking participants how likely they 

would be to access an idealized version of the Web Application using traditional desktop and 

laptop computers, as well as more mobile tablets and smartphones. These questions also 

explored if they preferred native/downloaded applications or to access a version of the 

application using a web browser. 

As noted in the Results section, the responses from participants about device accessibility 

were surprising, in that most devices were, on average, similar in popularity (Table 41). There 

was only a single device-platform combination—a downloaded application for desktop 

computers—that was unlikely to be used by participants, but even in this case the results were 

not so different from the other cases as to discount it outright. Based on these results there does 

appear to be a slight preference for accessing an assistive planning application via a web 

browser, but device types were all very similar in how likely they were to be accessed by 

participants. 
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Table 41: Summary of Device Accessibility by Index Value 

Platform Desktop  
Computer 

Laptop  
Computer Tablet Smartphone Average 

Native/downloaded applications 2.2 2.5 2.6 2.4 2.4 

Accessed via web-browser 2.9 2.8 2.9 2.5 2.8 

Average 2.6 2.7 2.8 2.5 2.6 

Index values are a weighted average of participant responses rated out of a maximum value of 4.0.  
The most popular choices are highlighted in dark grey. 

  

This information may indicate that, at least in the context of Port Alberni, future 

development of assistive planning tools should focus on using a web-accessible platform that is 

useable in the context of web browsers on any type of device, rather than focusing on developing 

applications for specific device types or operating systems. This approach has the benefit of 

being accessible from nearly any modern (and most slightly outdated) web-enabled devices, but 

at the cost of access to features only available to native applications, such as the ability to push 

notifications to users in near-real-time, some access to location information, and local storage of 

data on user devices. 

5.5.6 Pricing of Assistive Planning Tools 

How to support the development and operating costs of assistive planning tools is a question that 

does not have a definitive answer. Determining how best to balance the many needs of users 

(e.g., privacy, ease of access, always accessible), developers (e.g., financially sustainable, viable 

number of users), and related organizations (e.g., access to user information in aggregate or 

individually) remains an open question, and one that is being tested in a variety of ways by 

different groups in North America. Most disaster-related applications that are currently available 

to users of mobile devices via ‘app stores’ are developed by, or otherwise associated with, 

government agencies and advanced educational institutions, or are self-funded initiatives 

produced by hobby developers out of their own pockets as a side project. If assistive planning 

tools are to be successful in helping to increase the number of prepared households, they need to 

see continued development (i.e., to fix reported bugs, security updates, and potentially new 

features) and always be accessible by users. To accomplish this such applications, as well as the 
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infrastructure needed to support them, must be financially sustainable over the long-term. Any 

credibility such a tool might gain would be immediately lost if users attempt to access it only to 

find that it was forced to close because the developers could not continue to pay for the servers 

and databases needed to support all their users. 

I was interested to see which pricing models were most comfortable to study participants 

as a rough proxy for public support. Participants were asked how likely they would be to use an 

assistive planning tool given eight different funding models (Table 42). As expected, the four 

models that provided the tool to users free of charge, either through advertising, donations, or 

government support, were the most popular choices amongst participants. The models where 

users paid for the service, either through a one-time purchase or monthly subscription, were 

significantly less popular than I had anticipated, particularly the subscription models. 

Table 42: Summary of Pricing Models by Index Values 

Pricing Model 
Free to Users User-Pay  Average 

With Ads No Ads With Ads No Ads  With Ads No Ads 

Advertising supported 3.8 — — —  3.7 

Donation supported — 3.0 — —  3.0 

One-time fee — — 1.5 2.2  1.9 

Small monthly subscription fee — — 1.0 1.3  1.2 

Operated by federal government — 3.8 — —  3.8 

Operated by provincial government — 3.7 — —  3.7 

Average 3.8 3.5 1.3 1.8  2.1 2.8 

Index values are a weighted average of participant responses rated out of a maximum value of 4.0. 
The most popular choices are highlighted in dark grey. 

 

When asked during the interviews, most participants would most strongly prefer to see 

such a service delivered for free by the federal or provincial governments, and if that is not 

possible, would prefer that their use of such an application be supported via advertising links 

integrated into the web application, as is common for most freely available information websites. 

This information can be very useful if seeking government support to develop and/or operate a 

localized version of such an assistive planning application. There is certainly precedent for this 
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approach, including the FEMA disaster preparation application, available to users world-wide on 

iOS- and Android-based operating systems. Government funding would also reduce, or 

eliminate, the need for application developers to share user data with potential advertisers in 

order to help recover development, operating, and marketing costs associated with such a 

product. 

5.6 Issues Encountered and Possible Solutions 

There were a small number of issues and limitations encountered during this research that I 

wanted to address, along with some possible solutions that could be used to reduce or eliminate 

these issues from future assistive planning tools. 

5.6.1 Study Participation 

Recruiting participants for this study was significantly more challenging than I had anticipated in 

my initial planning. My research plans had set a target of between twenty and thirty interviews, 

with a minimum acceptable threshold of ten interviews in the event recruiting went poorly for 

some reason. 

My recruiting efforts effectively began two weeks prior to field work in Port Alberni, 

once I had received confirmation that the study had been approved by the Conjoint Faculties 

Research Ethics Board (CFREB). I immediately implemented the first phase of my recruiting 

strategy, which included social media posts on Facebook and Twitter, as well as contacting every 

community service group I could identify and find contact information for in Port Alberni. I 

contacted the Alberni Valley Assisted Living Society, Alberni Valley Lions Club, Kinsmen Club 

of Port Alberni, and the Rotary International Club of Port Alberni by email asking them to 

forward a copy of my recruitment email to their members along with a PDF copy of the 

recruitment poster.  

I initiated the second phase of my recruiting strategy upon arriving in Port Alberni, by 

placing posters at twenty public venues, including restaurants, cafés, sports facilities, city hall, 

and the local library, when permission was granted to post. Finally, I began active face-to-face 

recruiting outside the Echo Centre, which is a joint recreation, museum, and library facility, from 

8 am to approximately 5 pm every day except Sundays, when they were closed. When not 
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conducting interviews at the library I would be in the centre’s entryway, speaking with anyone 

who would stop for a moment to see if they would be willing to participate. I kept a rough count 

of all the people I spoke with, which I have estimated at around 500 people over the two-week 

period.43 The Echo Centre was seen as the best place to recruit in person as Port Alberni does not 

have any enclosed shopping malls or similar public centres, and the library was deemed to be the 

most heavily trafficked public location in the community where interviews could be conducted 

on the spot if necessary. 

Despite speaking with hundreds of residents (plus a few tourists and visitors passing 

through), my recruiting efforts resulted in a total of ten interviews. Each of these interviews was 

conducted in the front lobby of the library, taking approximately 30 to 60 minutes to complete. 

Individual interview times varied widely, based on factors including participants’ comfort with 

computers, typing speed, interest in the topic, and their general ‘chattiness’ during the semi-

structured follow-up interview. An average interview lasted about 45 minutes. 

I was disappointed that I was only able to meet my minimum threshold for the number of 

interviews conducted during my field work, but recognize that there were a number of factors 

which limited my ability to access likely participants and their willingness to participate. There 

are at least eight factors which contributed to lower-than-expected participant recruitment: 

1) This was a self-funded study, with limited resources with which to operate. This 

limited my ability to take out advertisements in local media, to extend my time in Port Alberni, 

and to use alternate labour.  

2) There were several delays in the ethics approval process which resulted in a shorter 

preparatory period prior to field work than I had anticipated or would have preferred. This was 

caused primarily by network issues at the University of Calgary resulting from an active 

ransomware attack that affected the email notification system used by the ethics review board’s 

IRISS system. This resulted in a delay of almost a week in which the study had been approved 

but I had not been provided notice I could proceed. It was only by making contact directly with 

the coordinator responsible for the study that I was made aware that I had received approval. The 

                                                 
43 There are bound to be a couple of duplicates in this, though I did my best not to include the same people more 
than once. However, over two weeks this became something of a challenge. 
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shortened prep period resulted in a shorter recruiting period and significantly reduced my ability 

to recruit from Calgary prior to travelling to Port Alberni.  

3) While social media only made up a small portion of my recruiting strategy, it turns out 

that social media is not as prevalent a communications platform in Port Alberni as I had 

expected. Instead, most ‘connected’ residents use a local discussion board that I was unaware of 

and did not have access to. Thankfully, a study participant agreed to post a copy of my recruiting 

message to the discussion board on my behalf along with a copy of the recruiting poster. While 

this was helpful in recruiting one additional participant, I became aware of this site too late in the 

process to make good use of it. While I had certainly anticipated that older community members 

would be less likely to use social media extensively, I should also have anticipated that a more 

rural and relaxed community like Port Alberni would be less focused on social media as a 

platform than a more urban centre.  

4) Much of my early recruiting required contacting various officers or representatives for 

local community service organizations. While much of this footwork had been conducted prior to 

receiving ethics approval, it was still difficult to identify local organization, and then locate 

contact information for them. While I was eventually successful, a few of these organizations 

had changed public contacts which necessitated follow-up contacts that slowed the process 

somewhat. Even when contact was made, some contacts were reluctant to pass the information 

along to their members on my behalf. The shortened recruiting timeframe resulting from delays 

in ethics approval, combined with the speed bumps in getting information to organizational 

memberships meant that this recruitment approach, while very time-consuming, resulted in only 

a single study participant. It is possible I might have fared better with additional time, as some 

reluctant gatekeepers were willing to share the information at their next meeting, though in all 

cases I had just missed the only meeting prior to my time in the community. 

5) It was expressed to me by a study participant that socio-economic status may play a 

role in my difficulties in recruiting. The participant suggested that many of the people living in 

the lower inundation zone were lower income, and thus were more likely to be working during 

the times I was conducting interviews, were less likely to frequent the locations where posters 

had been placed, were less likely to be members of local service organizations, and were less 

likely to visit the library during my limited time there. It is difficult to assess whether this claim 
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is valid or not, but it is true that a majority of the people I spoke to while recruiting at the library 

did indicate that they lived ‘above the zone’ and a few who did live within the inundation zone 

indicated that they did not see a point in preparing as there was little they could do to prevent the 

destruction of their property in the event of a tsunami. While there is some logic to these claims, 

this is not something I could easily address or substantiate in my own research. I do believe that 

this is an area deserving of further study in the future. 

6) A factor that I could not have anticipated in the planning leading up to my time in Port 

Alberni was the fact a large multi-stakeholder earthquake and tsunami drill was to be conducted 

the week prior to my field work in the community. The drill was sponsored and conducted by 

city, regional, provincial, and federal governmental departments, and received significant media 

coverage locally and throughout B.C. While I am exceptionally happy to see this type of drill 

taking place, and think that Port Alberni was an ideal location for it to occur, this event did take 

some of the proverbial oxygen out of the room when it came to the idea of hazard preparedness 

for some community members. Most residents I spoke to while recruiting were aware of the 

event, and more than one person indicated that they had “already volunteered last week” and 

thought that they had done their part for tsunami preparedness for a while. Even though such a 

drill had likely been in the planning stages for months or years, I was not made aware of it until 

the week before it was held. At that point there was little I could do to reschedule or otherwise 

adjust my research plans. 

7) The slower pace of life in Port Alberni was also a factor limiting my ability to recruit 

participants, with most messages travelling through the city via word of mouth. Interest in the 

study began to pick up in the final days I was in the city, and I suspect if I had stayed longer I 

might have been able to fill my desired quota in only a few more days. Similarly, local 

newspaper and television studies had closed years earlier, and their production moved to nearby 

Nanaimo. The media I had contacted on arriving in an attempt to get the word out about the 

study only contacted me back a week later, and indicated that they would have required about a 

month’s notice to make things happen as they were not able to easily adjust their schedules. To 

some degree this can be chalked up to a culture clash between the always-on, urban experience 

of Calgary versus the more laid-back, rural experience of Port Alberni, and something I will have 

to consider when working in smaller communities in the future.  
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8) The final, and likely most important, factor impacting my ability to recruit participants 

was the expected 45- to 60-minute period required of participants for an interview. I had 

anticipated that asking for this amount of time would be a ‘tough sell’ to potential participants 

and was not surprised when this was stated time and again as the primary reason for not wishing 

to participate in the study. I can completely understand, as this is a considerable amount of time 

to ask for, especially when made by someone external to the community, and where there is no 

immediate benefit obvious to potential participants. Based on feedback I received, I believe 

many individuals would have been more comfortable with ten or fifteen minutes. However, a 

shorter timeframe would have dramatically reduced what I could ask of participants in the hands-

on portion of the interview. This was a trade-off I was willing to make to get more detailed, 

hands-on feedback from those participants willing to commit to the longer interview period.  

Some of these factors might have been anticipated in advance, while others were not 

something that could have been predicted when I was planning my field work. Regardless, the 

number and quality of the interviews I received met my goals for the research, and having a 

smaller number of longer interviews allowed me to have discussions that addressed several 

different topics that I could not have planned for in advance. Despite the lower-than-anticipated 

number of participants, I remain happy with the outcomes. 

5.6.2 Issues with Evacuation Modelling 

Models of the world around us created in a GIS can only ever be as accurate and precise as the 

input data used to generate and manipulate the models. Whenever data is out-of-date, inaccurate, 

or at a low spatial resolution, the amount of error in the models increases, often to a point where 

the outputs are not suited to the purpose they are being put to. In this research, I have used GIS to 

model both pedestrian and vehicular evacuations using publicly available data provided by the 

Canadian Government. As I have noted previously, ideal data was not always available, and may 

not even exist at the scale I was hoping to use it. I have attempted to adjust my modelling 

approaches to minimize the impacts that his may have had, but still feel the need to specifically 

identify and address some of the issues related to the data inputs I have used in my GIS models. 

One thing that became abundantly clear to me during the evacuation modelling 

component of this research is the lack of high quality data available in Canada relative to what is 
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available in the United States. Canada’s most prominent public data portal, GeoGratis, contains a 

significant amount of spatial data and satellite imagery, and much of it covers the entire country 

to some degree or another. However, I have concerns about the frequency with which much of 

the GeoGratis data is updated—most of the data I used was several years old, with the oldest 

dated circa 2000—and the spatial resolution of the data that is available—is generally around 

20 m to 30 m. While some data, such as ground elevation and railway networks, do not change 

significantly over time, data such as road networks and land cover in urban areas can change 

significantly in a period of fifteen or so years. This is particularly true as the effects of global 

climate change begin to make measurable impacts to Canadian ecosystems. 

The pedestrian evacuation modelling approach I have used herein has been subjected to a 

significant and extensive sensitivity analysis by its authors and others. Their findings have shown 

that modelling results are significantly impacted by the spatial resolution of the elevation and 

land-cover data used as input, with lower resolution DEMs contributing to significant 

underestimation of evacuation times in all studies. Ideally, DEMs with 1 m horizontal resolution 

are recommended, with 10 m resolution starting to show significant underestimations. By 

comparison, the best elevation data I was able to acquire was at approximately 20 m resolution. 

Thankfully the tsunami inundation zone in Port Alberni is relatively small, and most evacuation 

routes travel perpendicular to the longest dimension, potentially mitigating this effect to some 

degree. 

The land-cover data provided by GeoGratis are data dated as “circa 2000.” Individual 

sections may vary from as old as 1996 to as recently as 2005, with 80% of the base coming from 

1999 to 2001. Even assuming the best case, these data are at least ten years old, and the 

conditions on the ground may have changed since this dataset was produced. While land-cover in 

undisturbed areas is unlikely to change significantly, this cannot always be said of urban areas 

and other areas experiencing active development. In the case of Port Alberni, new communities, 

located outside of the tsunami inundation zone still show forests in the LCC2000-V land cover 

dataset where there has been housing for five or more years. While all areas of discrepancy I 

could find through visual inspection were located away from most likely pedestrian evacuation 

routes and thus unlikely to cause issues with the modelling process, there may be other locations 

where minor changes in land-cover or land use may impact final modelling outputs. 
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Given that GeoGratis data is unlikely to see any significant changes in how frequently 

they update their data, or in the resolution they produce their data in, I have considered other 

alternatives to generate the data necessary to produce better evacuation models. The best solution 

to the land cover data issues to arise to date is to generate site-specific land cover information 

from recent remotely sensed satellite imagery for each community in which evacuation 

modelling is to be conducted. This would allow for a more current set of higher resolution land-

cover datasets to be produced for each community of interest, which can then be validated using 

the GeoGratis dataset, on-site evaluations, or both. Establishing higher resolution DEMs remains 

an issue without a simple solution. The expense associated with different methods to acquire 

such data makes generating site-specific elevation data more challenging than land-cover data. 

While not currently financially viable, it is likely that the explosion in unmanned aerial vehicles 

(UAV), coupled with improvements in LiDAR sensor technology, may allow for elevation data 

to be acquired on a site-by-site basis for a community the size of Port Alberni in a period 

measurable in days. If this comes to pass, land cover data could potentially be acquired in a 

similar fashion, and object-detection from these two sets of imagery could be used to detect 

building footprints and other evacuation barriers. 

5.6.3 Issues with Household Social Vulnerability Modelling 

As noted previously, the study of social vulnerability is primarily conducted at the regional or 

neighbourhood level, using census tracts or similar divisions as the unit of study. This has been 

extremely helpful in identifying vulnerable and resilient communities, and for mobilizing 

resources towards areas most in need of assistance. However, this scale is not particularly helpful 

for individual households looking to estimate and potentially reduce their own social 

vulnerability in advance of, or following, a disaster. Further, much of the work in this area comes 

from the United States, with very little work occurring in Canadian communities. 

While I have attempted to adapt the idea of social vulnerability to the household scale, 

this work is but the first small step in this direction, an exploration of the potential that social 

vulnerability modelling might have when adjusted from the regional to the household level. This 

work was, by necessity, overly simplified and untested. This is an area of research that appears to 

be useful in helping to identify aspects of a household which might make them more vulnerable 
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or resilient, and was of considerable assistance in establishing which preparedness tasks to 

prioritize when developing the underlying code in the Web Application. However, there is not 

enough information available to help establish appropriate factor weightings for a household-

level index within a Canadian context. The work by Oulahen et al. (2015) would be useful as a 

foundation of how to begin to explore social vulnerability in B.C. communities, and could be a 

starting point for establishing those important factor weightings, but additional work needs to be 

done elsewhere in Canada before these values can be generalized the country as a whole. 

5.7 Moving Beyond Tsunami Risk in Port Alberni 

Throughout this research, I have focused exclusively on the use of assistive disaster planning 

tools for earthquake and tsunami hazards within the context of the community of Port Alberni. 

This has allowed me to strictly constrain my efforts to the needs of a single set of hazards in a 

single community. However, many of the lessons learned in this study are more broadly 

applicable to other hazards and other geographies in Canada, and abroad.   

When I began this research, I opted to focus on slow-onset hazards because there is 

usually some period in these cases between when a hazard triggers and when it impacts a given 

community, providing a reactionary period in which residents could potentially take actions to 

mitigate disaster impacts and evacuate safely. This is, of course, an idealized situation that is not 

always possible for every slow-onset hazard, and is also unlikely or impossible with many other 

hazard types. However, there is much more to household emergency preparedness and disaster 

response planning than what occurs during this variable onset period, and there is still evidence 

that pre-planning can do much to help reduce household vulnerability following a disaster, 

regardless of the type of hazard being considered (Lindell & Prater, 2002). For example, many of 

the suggested mitigative actions suggested for tsunami hazards are equally applicable to 

earthquakes, floods, and wildfires, if these actions are undertaken prior to the start of these 

disaster types. Having a disaster response plan that is known (or at least accessible) to all 

household members coupled with an emergency communication plan can help all members of 

the household to get to safety, and then locate each other, during an emergency, regardless of the 

cause of the emergency. 
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The purpose of a case study is to allow researchers to focus their analyses on the subject 

of the study, to understand the phenomena under examination within the context of that single 

case, or to compare between a small number of cases. However, the end goal of such research is 

usually to help to better understand the phenomena broadly, and the lessons learned within the 

case study may help to guide our understanding of the phenomena in other contexts as well. 

While my research has focused on tsunami risk in Port Alberni, it should be possible to re-

architect the foundations of the Web Application to address a broader set of hazards in a larger 

set of communities. With a sample size of only ten interviews it would be disingenuous to 

suggest that the findings of my research herein can be generalized to the entirety of the coastal 

region of British Columbia, or extend them to all Canadians throughout Canada, however the 

next step is to expand out one more level, seek a broader selection of participants in a more 

targeted study to see if these findings hold up in other contexts within Canada, and potentially 

globally. 

With some additional work to adjust to a broader set of hazards, by modelling other 

hazards risks and evacuation paths in other communities, and better incorporating local disaster 

response information, assistive planning tools can be tested in cases from kitchen fires to 

hurricanes. Since most of this work occurs on the server-side, out of the sight of potential users, 

the application can continue to integrate new hazard information or expand to new locations 

without impacting existing users. If architected appropriately, and supported by governments or 

users, such a tool could eventually have global reach, allow for multiple languages, cultures, and 

geographic considerations for each new region added. The underlying planning algorithms can 

be expanded to adjust to multiple hazard conditions, providing flexible disaster planning 

assistance to help personalize preparedness and response plans to the needs of each user’s 

household. 

5.7.1 Call for a Canadian Version of the NTHMP 

In 1997 the United States federal government established the National Tsunami Hazard 

Mitigation Program (NTHMP), joining state and federal agencies together to establish 

community-level tsunami run-up and response mapping and planning. There is no similar 

program in Canada, with individual provinces working alone or in cooperation with Public 



 

243 

Safety Canada to do some of this work, much of which is done independently by individual 

government or academic scientists. I would suggest that an HTHMP-style program is necessary 

in Canada to make it possible to perform the high-resolution bathymetric and elevation 

modelling required to develop accurate tsunami run-up and evacuation modelling of all of our 

coastal communities. By using, or building on top of, the framework and modelling tools 

developed by the NTHMP, it should be possible to generate current, consistent tsunami hazard 

maps with detailed tsunami inundation data. When combined with improved and more current 

land-cover datasets and road network information, detailed vehicular and pedestrian evacuation 

modelling can be performed, providing additional data to emergency managers and community 

members to allow for better risk communication and emergency management planning to take 

place. The tools to undertake this work already exist, but there needs to the be both the political 

will and appropriate funding in place to assist our coastal communities. 
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Chapter Six: Summary and Recommendations 

Many Canadians live in areas exposed to the risks associated with natural hazards. Across the 

country there are communities with heightened risk to everything from hurricanes to tornadoes to 

earthquakes. There have been 247 disasters added to the Canadian Disaster Database in the 

period between 2000 and 2014, and 97% of these were designated as ‘natural disasters’ (Public 

Safety Canada, 2013). This research looked at the use of assistive planning tools, designed to 

help vulnerable Canadians develop personalized household disaster preparedness and emergency 

response plans based upon the unique needs of household members and pets. 

A case study was conducted to explore whether residents living in an at-risk community 

would indicate that they were more likely to undertake household disaster planning if they were 

provided with access to a tool that helped to automate much of the data collection, processing, 

and list-making necessary to establish these plans. Such a tool was developed, combining pre-

calculated spatial risk information with household demographic data provided by study 

participants to develop a customized set of planning products which could then be used in an 

effort to mitigate household risk, and respond to a slow-onset disaster. 

Tsunami risk information for participants was developed by modelling household 

evacuations to points of safety in a geographic information system (GIS) for both vehicular and 

pedestrian modes of evacuation. Household demographic information was provided by each 

participant for the residents of their households. Customized household emergency plans were 

established from a database of preparedness and response tips and guidance compiled from 

multiple authoritative organizations, including local, provincial, federal, and international 

government departments; specialized disaster response organizations including the Canadian Red 

Cross; institutes for the blind and deaf; groups focused on animal health and wellbeing; and 

information from groups focused on the older adults and their caregivers. I created an algorithm 

that would then combine the geographic and demographic information to establish household 

risk and social vulnerability rating, as well as to automatically generate a set of emergency 

preparedness and disaster response plans personalized to the needs of household residents. This 

work focused specifically on household planning needs related to earthquake and tsunami hazard 

risks. Multiple response plans were developed for each household to allow for different response 

periods ranging from 20 minutes to over six hours. 
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My hypothesis was tested with a small number of residents from an earthquake- and 

tsunami-prone community located on the Pacific Coast of British Columbia. Field work was 

conducted in Port Alberni over a two-week period in mid-June 2016. Volunteer participants 

agreed to a one-hour face-to-face interview, which were conducted in the front lobby of the local 

branch of the regional library. Interviews with study participants included an interactive session 

with the prototype Web Application, where they provided the demographic information 

necessary to create a personalized set of household emergency plans, and then discussed the 

household risk and vulnerability ratings and response plans generated for their household by the 

assistive tool. Participant responses were compiled from a set of pre- and post-questionnaires as 

well as a short follow-up interview focused on their use of the Web Application. Participants 

were encouraged to ‘think out loud’ while completing the questionnaires, and discussions 

between participants and myself during these times were recorded to provide context for their 

responses during later analysis. Participants were also encouraged to ask questions and provide 

feedback about the Web Application during their time using the assistive tool. 

Participants’ responses on the questionnaires and in follow up interviews described their 

perceptions and knowledge about earthquake and tsunami risk in the region, explored their 

feelings about risk and risk mitigation, and described their current household disaster 

preparedness plans at the time of the interviews. Participants were asked to provide some basic 

household and personal information about the people and pets living in their homes, which was 

used to calculate a set of risk metrics, and to algorithmically generate a set of personalized 

household emergency preparedness and disaster response plans based around the needs of their 

household. 

Participant responses and feedback about the online tool and their experience using it 

were compiled from the questionnaires and interview responses in order to answer a set of 

research questions to see if participants felt that access to assistive planning tools would make 

them more likely to create, maintain, and test a set of personalized household disaster plans. One 

hundred percent of participants indicated that such a tool would be useful to them, and would 

make them more likely to create a set of disaster response plans. Ninety percent indicated that 

access to such a tool would make them more likely to update and maintain their household 

disaster response plans as their households’ needs changed. Eighty percent indicated that an 
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assistive planning tool would make them more likely to develop a household communication 

plan for their extended family and friends, and to encourage others to develop their own 

household emergency plans. Eighty percent indicated that they would prefer to use an automated 

tool to develop a set of household plans rather than try to develop their own. 

Additional questions explored the development environments and best practices which 

could best be employed to ensure that an assistive planning tool was useful and accessible to a 

broad user base. These explored risk communication strategies which could be employed in an 

assistive planning tool to help users to explore and learn more about hazard(s) risks in their area, 

key features identified by participants for such a tool, and finally the input data necessary to 

calculate local risk datasets and household social vulnerability assessments.  

 

I have compiled a short list of general recommendations based on the findings of this 

research: 

• Critical regional data, including DEMs and land-cover/land-use data, needs to be 

offered at a higher spatial and temporal resolution in Canada 

• Improved access to local cadastral data would allow for faster, more accurate 

assistive planning databases, which in turn would better assist with household 

preparedness 

• Federal and provincial governments need to work with municipal governments 

and regional bodies to encourage participatory events, such as ShakeOut and High 

Ground Hikes, as well as to organize regular full-scale evacuation drills in the 

communities most vulnerable to tsunami hazards 

• Remote and isolated communities need to encourage household self-sufficiency 

planning for periods appropriate to the actual time it is likely that the community 

will go without outside assistance 

• Schools should explicitly make natural disaster response plans, including the 

location of off-school muster points, available on school websites, either 

publically or in a location accessible by parents 

• Continued research into establishing and testing a social vulnerability index better 

suited to the Canadian context as a whole, and/or to vulnerable regions 
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• Continued research into measuring social vulnerability at the household scale 

 

There are also several recommendations for how to improve upon the prototype assistive 

planning tool created for this research: 

• Improve how risk information is communicated to users, including how risk 

indices are displayed, how rating values are presented, and how spatial aspects of 

risk are presented to users on maps 

• Users should be able to delve into how risk index values are calculated, if they are 

curious, but this information should not clutter up the basic information provided 

to users 

• Vehicular evacuation modelling must account for traffic congestion in a more 

data-drive manner 

• Ideally, planning information should be tied to near real-time hazard alerting 

systems, and should adapt how information is presented to users automatically 

based on information received from alerting systems 

• Household planning information should be stored both locally and in a central 

location (encrypted) to ensure information is available even when communication 

channels are broken 

• Household planning information should be sharable between devices and 

household members, and printed outputs should still be an option 

• Focus initial development efforts on a web application that can be accessed using 

a web browser on any device, but follow-up with native applications for popular 

platforms  

 

Within the limited context of this case in Port Alberni, assistive planning tools did appear 

to have value and provided participants with a useful tool that they believe they would use in the 

future to establish a set of personalized household emergency preparedness and response plans. 

A number of different aspects for such tools were identified to improve upon, expand the focus 

of, or refine the prototype version of the Web Application employed by participants during their 

interviews. Some issues were encountered, and potential solutions were addressed to counter or 
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work around these issues in a future version of such a tool. Finally, I discussed how the tsunami-

based work conducted in this research could potentially be expanded to include additional hazard 

types and other geographic contexts throughout Canada. A longer-term, larger scale study is 

recommended to verify and follow-up on some of the questions raised during this study.  
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Appendix A – Full-Size Evacuation Pedestrian Evacuation Maps 

 
Figure 82: Pedestrian Evacuation Time Surface for Slow Walking Speed (0.91 m/s) 
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Figure 83: Pedestrian Evacuation Time Surface for Average Walking Speed (1.22 m/s) 
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Figure 84: Pedestrian Evacuation Time Surface for Fast Walking Speed (1.52 m/s) 
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Figure 85: Pedestrian Evacuation Time Surface for Slow Running Speed (1.79 m/s) 
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Figure 86: Pedestrian Evacuation Time Surface for Average Running Speed (2.68 m/s) 
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Figure 87: Pedestrian Evacuation Time Surface for Fast Running Speed (3.85 m/s) 
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Figure 88: Household Pedestrian Ease of Evacuation Rating by Property 
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Appendix B - Full-Size Evacuation Vehicular Evacuation Maps 

 
Figure 89: Vehicular Evacuation Time Surface, No Restrictions (50 km/h) 
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Figure 90: Vehicular Evacuation Time Surface, No Restrictions (40 km/h) 
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Figure 91: Vehicular Evacuation Time Surface, No Restrictions (30 km/h) 
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Figure 92: Vehicular Evacuation Time Surface, No Restrictions (25 km/h) 
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Figure 93: Vehicular Evacuation Time Surface, With Restrictions (50 km/h) 
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Figure 94: Vehicular Evacuation Time Surface, With Restrictions (40 km/h) 



 

277 

 
Figure 95: Vehicular Evacuation Time Surface, With Restrictions (30 km/h) 
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Figure 96: Vehicular Evacuation Time Surface, With Restrictions (25 km/h) 
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Figure 97: Household Vehicular Ease of Evacuation Rating by Property 
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Appendix C – Complete Participant Questionnaire Form 

Below is the complete set of pre- and post-questionnaire questions as they were posed to study 

participants. 

 



 

281 

 



 

282 

 



 

283 

 
  



 

284 



 

285 

 



 

286 

 



 

287 

 



 

288 

 



 

289 

 



 

290 

 



 

291 

 



 

292 

 



 

293 

 
  



 

294 

Appendix D – Copyright Permissions 

 



 

295 

 


