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Abstract
This thesis explores the communication of tsunami warning information and its influence
on residents’ evacuation behaviour during the January 23, 2018 tsunami warning event in British
Colombia. The experiences of residents of the communities of Masset and Ucluelet were
examined in a multiple-case study guided by propositions from existing literature in hazard
warnings and risk communication. Findings support the importance of pre-event communication
and information from peers and the local authority, as well as the connection between the level
of risk perception and evacuation behaviour. Receiving a higher number of warning messages
was not found to be related to a greater likelihood of evacuation. Masset residents were found to
have evacuated less frequently than Ucluelet’s residents, even though Ucluelet suffered more
problems with communication efforts that night, suggesting that messaging faults can be
mitigated by strong social capital and pre-event communication.

TSUNAMI WARNING COMMUNICATION

5

Table of Contents
Abstract .............................................................................................................................................4
Table of Contents ...............................................................................................................................5
List of Figures.....................................................................................................................................6
List of Tables ......................................................................................................................................6
Acknowledgements............................................................................................................................7
Chapter 1: Introduction ......................................................................................................................8
Background ................................................................................................................................9
Tsunami Likelihood in BC .......................................................................................................... 12
Tsunami Risk ............................................................................................................................ 13
Limitations of Current Warning Science ..................................................................................... 16
Tsunami Preparedness in British Columbia ................................................................................ 17
Chapter 2: Literature Review ............................................................................................................ 23
Source ...................................................................................................................................... 25
Message ................................................................................................................................... 27
Channel .................................................................................................................................... 29
Recipient .................................................................................................................................. 31
Conclusion................................................................................................................................ 35
Chapter 3: Methodology and Methods ............................................................................................. 37
Data Collection ......................................................................................................................... 39
Participant Selection ................................................................................................................. 41
Participants - Masset Sample Area ............................................................................................ 42
Participants – Ucluelet Sample Area .......................................................................................... 43
Data Analysis ............................................................................................................................ 44
Ethical Review and Concerns ..................................................................................................... 51
Validity and Reliability .............................................................................................................. 52
Limitations ............................................................................................................................... 53
Chapter 4: Results ............................................................................................................................ 55
Overview of 2018 Event ............................................................................................................ 55
Masset Evacuation Case Study .................................................................................................. 57
Ucluelet Evacuation Case Study................................................................................................. 61
Similarities Between Communities ............................................................................................ 65
Differences Between Communities ........................................................................................... 66

TSUNAMI WARNING COMMUNICATION

6

Overview of All Results ............................................................................................................ 67
Detailed Results from Propositions ........................................................................................... 68
Chapter 5: Discussion ....................................................................................................................... 79
Chapter 6: Recommendations and Conclusion .................................................................................. 90
Recommendations .................................................................................................................... 90
Conclusion................................................................................................................................ 96
References....................................................................................................................................... 99
Appendix A. Haida Gwaii Northwest and Southeast Online Survey Results ...................................... 112
Appendix B. Informed Consent ...................................................................................................... 119
Appendix C. Interview Protocol ..................................................................................................... 121
Appendix D. Haida Gwaii Online Survey ......................................................................................... 125
Appendix E. Ucluelet Online Survey ............................................................................................... 134

List of Figures
Figure 1. Map of Coastal British Columbia.
Figure 2. Masset Interview Area Outline Map.
Figure 3. Ucluelet Interview Area Outline Map.
Figure 4. Tsunami Arrival Times.
List of Tables
Table 1. Tsunami Threat Levels.
Table 2. Central Tendency Example.
Table 3. Timeline of major events.
Table 4. Overview of All Results.
Table 5. Messages Received by Evacuation Action.
Table 6. Evacuation by Risk Perception.
Table 7. Percentage Receiving Pre-event Communication.

TSUNAMI WARNING COMMUNICATION

7

Acknowledgements
I would like to thank the residents of Haida Gwaii and Ucluelet who participated in this
research. Without your interest and kindness this project would not have been possible. Thanks
also to those friends who encouraged others to do the surveys and interviews, I saw what you did
there and I appreciated it. Thanks especially to my parents, who showed once again that I am
never going to be too old to need their help. Finally, I would like to thank my Thesis Supervisor,
Peter Anderson, and committee member Dr. Jean Slick.

TSUNAMI WARNING COMMUNICATION

8

Chapter 1: Introduction
As British Columbia (BC) is the western-most province in Canada, its communities live
with the risk of a rare, but potentially devastating, tsunami event occurring in the Pacific Ocean.
While other hazards facing BC communities, such as flood or wildfire may occur more
commonly, they occur with an onset of days, rather than hours, allowing for emergency response
to physically deter the hazard and a much larger window of time to warn residents of the
impending danger. Tsunamis are seen as rare events, but in fact happen yearly on a global scale
(Bernard, Mofjeld, Titov, Synolakis, & González, 2006). The short time frame related to
tsunami events makes the communication of warning information critical to reducing the
potential loss of life related to a tsunami. Information about how those tsunami messages are
received by the public, and which factors effectively influence evacuation, could improve
warning processes for the coast of British Columbia. The goal of this project was to explore the
influence of tsunami warning communication on evacuation behaviour in BC communities,
guided by previous research in the field and contextualized within the greater experience of the
communities’ evacuations. To do so, the January 23, 2018 tsunami evacuations in Masset and
Ucluelet, BC, were studied using a multiple-case study to examine and compare the
communities’ experiences during the event. The
communities are small and remote, with Masset
sitting on the northwest tip of Haida Gwaii and
Ucluelet on the southwest of Vancouver Island.
The communities were chosen because of their
recognized vulnerability to tsunamis (Cheff,
Nister, & Palermo, 2016) and because of the
author’s familiarity with both communities, having lived in Masset in the 1990s and spent
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considerable time training with a Canadian Armed Forces reserve unit in Ucluelet. The case
studies were based on interviews and surveys with residents, combined with information
provided by subject matter experts and gathered from media accounts of the evacuations. A
review of the existing literature examining warning and general risk communication guided the
creation of the following research question and sub-questions which then framed the case
studies:
Research Question: How did the communication of warning information influence the public’s
evacuation behaviour during a tsunami evacuation event in two communities in coastal British
Columbia?
Sub-questions:


Was warning information from local sources more important than information from
distant sources?



Did the perceived clarity and consistency of the warning messages contribute to the
likelihood of evacuation?



Did different demographics respond differently to different communication efforts?



Did receiving a great number of warning messages increase the likelihood of evacuation?



Did higher risk perception increase the likelihood of evacuation?



Did exposure to pre-event tsunami information increase the likelihood of evacuation?

Background
At their most basic, tsunamis are large waves caused by the sudden displacement of sea
or lake water, and the most frequently occurring damaging tsunamis are caused by earthquakes
or landslides (Keller, DeVecchio, & Clague, 2015). Clague, Munro, and Murty (2003) describe
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three types of tsunami likely to affect Canadians; distant tsunamis, local tsunamis, and the rarer
landslide-triggered tsunami, caused by large landslides into rivers or lakes. The possibility exists
for large waves to be created by other means, including volcanic eruption, man-made explosions
and meteor strike, but those events are rare and largely unpredictable (Clague et al., 2003), and
so will not be referred to in this thesis. For this research, only distant tsunamis and local tsunamis
will be discussed, given their greater likelihood of occurring in coastal BC.
Distant tsunamis are the events triggered by distant earthquakes and sometimes referred
to as tele-tsunamis or far-field tsunamis; for Canada those earthquakes occurring beyond the
Canadian continental shelf (Clague et al., 2003), or more than 1,000 km from the source (United
Nations Educational, Scientific and Cultural Organization/Intergovernmental Oceanographic
Commission [UNESCO/IOC], 2013). The waves are most often caused by great subduction
earthquakes and may damage coastlines thousands of kilometres away from the source
earthquake. The waves travel quickly through deep water with large intervals between the waves,
meaning the resulting waves may reach distant coastlines over a period of days (Keller,
DeVecchio & Clague, 2015). While the events allow for significant time to warn potentially
affected communities, they are still very damaging and may demand long evacuations with
residents remaining at an evacuation point for several days.
Local tsunamis are those waves caused by earthquakes close to the affected shorelines,
sometimes referred to as near-field, or regional, tsunamis. The source earthquakes of these events
are within 1,000 km and one-to-three-hours travel time of the affected shore, although commonly
within 200 km and one hour (UNESCO/IOC, 2013). The events are considered particularly
dangerous due to the lack of warning time before wave arrival. Tsunami waves travel at
approximately 720 km/h. Therefore, a wave caused by an earthquake near Kodiak Island, Alaska
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would travel around 1,325 km to get to Masset, BC, and take around 1 hour and 50 minutes to do
so. An earthquake generated on the closer Queen Charlotte fault, however, could arrive in just
minutes. This calculation is not exact, however, as the speed of the wave relates to the depth of
the water, and will slow down in shallower waters (Myles, 1985, as cited in Anderson & Gow,
2004). If a community is located within 100 kilometres of the epicentre of the tsunami-causing
earthquake there will not be enough time to warn and evacuate residents, and therefore the
shaking of the earthquake itself should be the warning for residents to evacuate to high ground
(Keller, DeVecchio, & Clague, 2015).
Historically, there have been tsunamis in BC caused by near and distant earthquakes.
Earthquakes near the BC coast created small tsunamis on Vancouver Island in 2001 and 2004
(Rabinovich, Thomson, Titov, Stephenson, & Rogers, 2008), but there have also been larger and
better-known tsunamis occurring there. For instance, on March 27, 1964, Port Alberni was hit by
six tsunami waves ranging from 1.52 and 3.05 metres high from an earthquake in Prince William
Sound, Alaska. The waves struck from midnight to 6:45am and did millions of dollars in damage
(Mackie, 2014). Evidence in the geological record has shown large tsunamis on Vancouver
Island from the Cascadia Subduction Zone occurring approximately every 500 years (Adams,
1990; Clague and Bobrowsky, 1999; Clague et al., 2003, as cited in Rabinovich, et al., 2008).
Haida Gwaii has experienced previous tsunami events as well. There was a small tsunami in
2001 on Haida Gwaii (Rabinovich et al., 2008) and a 7.6 metre tsunami wave that struck in 2012.
Researchers Fine et al. (2015) concluded that the large wave caused by the 2012 Haida Gwaii
tsunami did not result in any human costs because the time of year (late fall) meant the areas
affected were not populated, and that the same event in the summer would not have had the same
outcome. Other tsunami events may have occurred on the archipelago also, as Haida Gwaii is so
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lightly populated that a number of tsunamis have been caused on Haida Gwaii by the Queen
Charlotte fault, and gone unrecorded (Fine et al., 2015).
Tsunami Likelihood in BC
The west coast of Canada has an increased likelihood of tsunami events due to the
concurrence of nearby subductions zones and those on the other side of the Pacific Ocean,
leaving the coast exposed to both distant and local tsunamis (Thomson, 1981; Bernard, 1997,
1998, as cited by Clague et al., 2003). The expert opinion is that a tsunami of serious destructive
force has a high probability of reaching the BC coast within the next 50 years (Leonard &
Rogers, 2015). Researchers believe a serious, destructive earthquake from the Cascadia
Subduction Zone is a one-in-500-year event, with the last one occurring in 1700, but the
Cascadia Subduction Zone is not the only source of a potentially damaging tsunami, as they may
also be caused by earthquakes from around the Pacific Ocean (Clague, Bobrowsky, &
Hutchinson, 2000). Wave simulations have found that Haida Gwaii, Vancouver Island and the
Central Coast are most likely to be struck by damaging waves in the event of a subduction event
originating in the northern pacific and near Chile (Dunbar et al., 1989, 1991, as cited in Clague et
al., 2000). BC’s areas of greatest tsunami likelihood are on western Vancouver Island, due to the
proximity of the Cascadia Subduction zone, which lies to the immediate west of Vancouver
Island and stretches down into California (Clague et al., 2003). Subduction zone earthquakes
occur when one lithospheric plate is forced underneath another plate, forcing that plate to move
vertically. These are the largest earthquakes, and the ones that most often produce tsunamis, as
they suddenly displace huge areas of the seafloor (Keller, et al., 2015). The Cascadia Subduction
Zone is particularly dangerous to Vancouver Island both because of the large size of a potential
wave, and because the waves will reach the island within a matter of minutes.
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Haida Gwaii sits beside the Queen Charlotte fault, which is a transform fault, meaning
the two plates are moving side to side, one moving south, the other moving north, causing
frequent earthquakes. Tsunami waves are more commonly caused by subduction zone
earthquakes, but the transform nature of the Queen Charlotte fault does not exclude it causing a
tsunami. The October 27, 2012, magnitude 7.8 earthquake that struck Central Moresby Island on
Haida Gwaii was a thrust earthquake and produced a tsunami on the west coast of the
archipelago (Cassidy, Rogers, & Hyndman, 2013; Keller, et al., 2015; Nykolaishenet al., 2014 as
cited in Fine, Cherniawsky, Thomso, Rabinovich, & Krassovski, 2015). There was also a small
tsunami in 2001 on Haida Gwaii, also caused by a thrust earthquake (Rabinovich et al., 2008).
The BC coast then, is face with the possibility of a tsunami from earthquakes on both local and
distant faults, but Vancouver Island communities like Ucluelet face larger waves arriving more
quickly, and Haida Gwaii communities like Masset are not immune because they sit on a less
tsunamigenic transform fault.
Tsunami Risk
The traditional emergency management formula for risk is that risk equals likelihood of a
danger appearing, multiplied by the negative outcome if it does (Coppola, 2015), or similarly the
likelihood of a hazard occurring, multiplied by the vulnerability of the population of the area to
damage from that hazard (Wisner, Blaike, Cannon, & Davis, 2004). Vulnerability in this context
means the “measure of the propensity of an object, area, individual, group, community, country,
or other entity to incur the consequences of a hazard” (Coppola, 2015, p. 192). Discussion of
tsunami risk for these communities then, is not simply the probability of whether a tsunami will
occur, but the probability of it occurring combined with the propensity of the communities to be
harmed if a tsunami does occur. That harm is not just physical harm to people and damage to
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structures, it encompasses all the negative physical, social, economic and environmental
outcomes of the hazard and the ability of the communities to withstand and recover after the
event. Therefore, when we discuss tsunami risk for Ucluelet and Masset, the probability of a
tsunami occurring is only one part of that equation, with the vulnerability of the communities to
tsunami consequences the other part.
The extreme isolation of Masset and Ucluelet contributes to their vulnerability, as there
will be many hours delay before assistance from the rest of the province can reach the areas.
There are further issues contributing to their vulnerability as well. The hospital for the north end
of Haida Gwaii is situated between Old Massett and Masset, within the tsunami evacuation zone,
so medical assistance will not be easily available. Its location adds complexity to an evacuation,
as the hospital must also evacuate when the rest of the community does. The hospital is not well
prepared to move staff and patients in an evacuation, something it has struggled to do in the past,
with nurses required to move patients in their own personal vehicles (Hudson, 2018). Ucluelet
faces something of the same challenge, as it does not have its own hospital and relies on the
Tofino Hospital in case of emergency. Given the proximity of Tofino and Ucluelet, an event
affecting one will likely affect the other, and so in a tsunami event, both communities may be
relying on the hospital in Port Alberni, 100 kilometres to the northwest.
Increasing vulnerability further in Masset, in order to evacuate, that population must
cross the Masset Causeway (a small bridge over a portion of Masset Inlet) going east. This
causes a bottle neck for traffic, slowing down movement to the evacuation site, 13 kilometres to
the south. Ucluelet has safe evacuation sites within the town limits, making evacuations a much
simpler process, and meaning some residents will not require evacuation. Another issue is a lack
of ocean floor mapping in the Masset area, which the communities’ emergency planners believe
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is needed for the communities to better protect themselves (Hudson, 2017). Location specific
mapping is key as coastlines and underwater topography may vary widely even in areas in close
proximity (Clague et al., 2003). Likewise, researchers Cheff et al. (2016) report a lack of reliable
tsunami and tsunami run up models for vulnerable northern communities, including Masset.
Okal (2015) pointed out the difficulty of completing that task, however, “this is nothing short of
a gargantuan task, as the response of the coast to an incoming tsunami has to be modelled on a
very short scale, which requires the compilation of bathymetry and topography on an
excruciatingly fine grid” (p.9). Given all these factors, both communities face a high risk of a
tsunami event, in Ucluelet because of the increased probability of a damaging wave, and in
Masset because of the vulnerability of the location, difficulty of evacuations, and lack of run-up
modeling.
Important to note also, is that a risk calculation is a very complicated assessment, given
the difficulty of assessing exact probability of a hazard event, and the many kinds of
vulnerability, encompassing physical, social, economic and environmental facets (Coppola,
2015). Therefore, risk is not a static proposition, but always changing. Assessing tsunami risk is
even more complicated. Ucluelet may overall face a higher risk than Masset for an event from
the Cascadia Subduction Zone, but not from a tsunami wave from another source. Western
Vancouver Island has a greater likelihood of a damaging tsunami wave due to the proximity of
the Cascadia Subduction zone (Clague et al., 2003), but the northern communities on Haida
Gwaii are 500 kilometres closer to the Alaska-Aleutian Subduction Zone, where the 2018
earthquake occurred. Haida Gwaii, and Masset, then will have much less warning time for
Alaska-Aleutian Subduction Zone seismic events than communities on Vancouver Island and on
a given day other factors may be affecting the communities’ vulnerability, and therefore risk.
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Bad weather increases the dangers of an evacuation, and something as simple as a traffic
accident could bring Masset’s evacuation to a halt, leaving residents sitting in cars in the
inundation zone. Tourist season also changes the risk equation, placing more people in the
hazard area, who may not be familiar with the dangers (Fine et al., 2015). Tides also play a part
in tsunami risk, as a two-metre wave hitting Masset on a low tide is unlikely to do damage, while
the same wave on a high tide would be devastating, as the tide variation there is often 3.5 metres
(Anderson & Gow, 2004).
Limitations of Current Warning Science
Tsunamis events are difficult to predict for the BC coast and earthquake science is not yet
an exact one. Natural Resources Canada (NRC) and the United States Geological Survey
(USGS) found different results from an earthquake in 2012 on Haida Gwaii, with the two
agencies placing the epicentre 28 km apart, likely because they were using slightly different
monitoring equipment (Fine et al., 2015). Fine et al. (2015) also pointed out that there was a
serious problem studying the 2012 tsunami waves because of the lack of monitoring equipment,
as there is a 540-km long gap between tide gauges on the west coast of Haida Gwaii, and a 1,360
km gap between deep water monitoring equipment covering an area including all of Haida
Gwaii, and most of the BC coast. The first warnings that the NTWC issues after a potentially
tsunamigenic earthquake are based on the parameters of the earthquake, and are not exact as they
are modified as ocean data is received (Tsunami Notification Process Plan [TNPP], 2013), so the
warning information will change as an event progresses, and will not be able to say with
certainty if a dangerous wave will reach a particular community. Tsunamis are considered
dangerous when they create waves reaching the land over one metre high, and whether a wave
will reach the shore at a dangerous height is largely due to the underwater topography at the
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specific location, with higher levels of runup occurring along straight shorelines with large
shallow areas, some long inlets and shallow wide bays (Clague et al., 2003, p. 437). Rabinovich
et al. (2008) explained, “the well-known fact that periods of observed tsunami waves are mainly
related to resonant properties of the local/regional topography rather than characteristics of the
source, and are almost the same as those of ordinary (background) long waves for the same sites”
(p. 347). Whether or not a tsunami will do damage then, is largely related to the geography of the
area, and not the wave itself, and the large variety of coastline in BC means waves may arrive
significantly differently in areas that are quite close together as underwater topography may vary
widely (Clague et al., 2003). Given that the unique qualities of a shoreline and ocean floor will
largely determine how a tsunami wave will reach the shore, and the lack of monitoring
equipment on the BC coast, initial tsunami warnings do not give exact predictions of location
and wave height, but instead indicate that a wave is possible in an identified zone.
Tsunami Preparedness in British Columbia
Tsunami preparedness can involve mitigation like physical infrastructure, such as vertical
evacuation systems and seawalls (Coppola, 2015), or land use and building code changes to
reduce potential damage (Eisner, 2005), but evacuation is the primary protective response for
most large-scale disaster events and tsunamis are no exception (Sorensen & Vogt Sorenson,
2007). While some communities in BC are looking at land use solutions and vertical evacuation
structures, education remains the focus, according to EMBC’s Seismic Specialist, who used the
example of BC’s High Ground Hike, which encourages communities to practice using local
evacuation routes. Public education is seen as, “the most effective way to prevent loss of life due
to tsunami” in BC (TNPP, 2013, p.7), both so the public is informed of the correct protective
behaviours should a warning be required, but also so the public is aware of evacuation
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procedures for locally-occurring tsunamis that may not allow time for a formal warning message.
Implicit in evacuation as the primary protective response is the requirement for a warning system
that informs the community in a timely fashion. In BC, the warning system is maintained by the
Province of British Columbia in partnership with the United States’ National Tsunami Warning
Centre (NTWC) and consists of a detection system maintained by the NTWC, and the
broadcasting system which is the responsibility of the NTWC, the province and the affected
municipalities.
The NTWC maintains a monitoring station in Palmer, Alaska, which is the main
forecasting centre for the Pacific Ocean. When an earthquake occurs in the Pacific Ocean, the
NTWC does a quick assessment to determine if a tsunami is possible from the parameters of the
earthquake’s size and location and issues a message with one of four levels of severity. When an
earthquake occurs in the Pacific Ocean, the NTWC does a quick assessment to determine if a
tsunami is possible from the parameters of the earthquake’s size and location and issues a
message with one of four levels of severity, outlined in Table 1 (Tsunami Frequently Asked
Questions, n.d.).
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Table 1. Tsunami Threat Levels.

The NTWC message will provide a first message that provides that immediate threat
assessment as one of those four levels, preliminary earthquake parameters, additional
information and details for next update. NTWC scientists then determine if a wave has been
produced with information from gauges and buoys. As the event progresses, the NWTC will
send out updates, including predicted wave height and arrival times, and further details on
suggested protective actions (TNPP, 2013).
The messages from the NTWC will outline the threat to BC by listing which areas of BC
are included in the message. For the purposes of tsunami notification, BC has been broken down
into five zones, as follows: Zone A (North Coast and Haida Gwaii); Zone B (Central Coast and
Northeast Vancouver Island Coast, including Kitimat, Bella Coola and Port Hardy); Zone C
(Outer West Coast of Vancouver Island from Cape Scott to Port Renfrew); Zone D (Juan de Fuca
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Strait from Jordan River to Greater Victoria); and Zone E (Strait of Georgia, including the Gulf
Islands and Greater Vancouver).
When the NTWC announces a tsunami message, it sends that information out to BC
through the National Oceanic Atmospheric Administration’s Weatherwire satellite system, which
triggers an alarm in the Emergency Coordination Centre at Emergency Management British
Columbia (EMBC), manned 24-hours a day. The NTWC also sends the information by email,
social media, fax and text to EMBC and key response agencies. EMBC then re-Tweets the
message and sends it out through a mass notification software system, which sends automatic
phone calls, emails and faxes to local authorities and related agencies. EMBC also now uses a
broadcast intrusive system, Alert Ready, which sends a message to television, radio and personal
wireless devices. That system was only partially functional in January, 2018, however, according
to EMBC’s Operations Specialist, and sent messages to television and radio, but not personal
devices. The content of all messages communicated by EMBC is virtually identical to the
message sent by the NTWC, although the Alert Ready broadcast intrusive message is
considerably less detailed, giving only the zones under warning and some basic safety
information, as the message is limited in size and adaptability.
According to BC’s Emergency Program Act, each local authority within the province is
responsible for the emergency response occurring within that municipality. In order to provide
that response, each local authority is responsible for the emergency plans and preparations
required to ensure that emergency response (Government of British Columbia, 1996). The local
emergency plan must reflect those emergencies or disasters that may affect that community and
must “establish procedures by which those persons who may be harmed or who may suffer loss
are notified of an emergency or impending disaster” according to the Local Authority
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Emergency Management Regulation (1995, 2[3]e). The local authority is therefore responsible to
plan and respond to those hazards likely to occur within their jurisdiction, and to warn residents
of an impending threat. Tsunamis are different from other hazards in BC in that EMBC is
responsible for ensuring the warning information is received by the communities at risk, who are
then responsible to inform residents. The local authority receives the message from EMBC (or
from another source) and then takes the actions outlined within that community’s emergency
plan to ensure residents and local response agencies receive the information (TNPP, 2013). The
local authority is best placed to design a warning system to effectively reach their population on
the basis of geography and community demographics, and previous research has demonstrated
that for a warning system to successfully lead to evacuation, its planning, organization,
installation and maintenance is best done by the local community (Lindell & Perry, 1992; Mileti
& Sorenson, 1990, as cited in Sorensen & Vogt Sorenson, 2007).
A community’s warning system can be made up of a number of potential warning
methods. Anderson et al. (2016) lists two basic types of warning methods, mass notification and
addressable. Mass notification systems are those systems that target every person within a given
area, such as sirens and public address systems, broadcasting systems that reach radio and
television, and internet-based systems, such as Twitter, specialized apps and streaming systems.
Addressable methods target specific people, or groups of people, and include radio frequencies
not available to the general public, individualized telecommunication, and internet systems and
systems based on personal contact. These methods are not available or practical for all
communities, but to effectively warn a community a combination of methods should be used in
order to create a timely system with built-in redundancy (Anderson et al., 2016). The message
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dissemination methods have different strengths, which will be discussed in the Literature
Review.
Masset and Ucluelet have chosen very similar methods to warn residents of tsunami
events. Both communities use automatic emergency messaging systems to warn of emergency
events. Both are available through the community’s municipal website and are only able to warn
those people who have registered for the service. Both communities also use first responders
(RCMP and fire volunteers) to go door-to-door during evacuations. The communities use sirens,
located on the communities’ firehalls and both suffer from technical issues related to trying to
run the sirens continually. Masset’s siren must be stopped and re-started manually throughout an
evacuation event to prevent overheating and Ucluelet’s malfunctioned frequently over the 2018
event. The relative sizes of the communities mean the sirens are not equally effective, even when
they are functional. Masset is approximately a kilometer wide at its widest, and very few
respondents complained that their siren was not audible. Ucluelet is approximately 4 kilometres
wide, and many residents say the existing siren is not audible at their homes, even under good
conditions. Both communities will now also receive broadcast intrusive automated alerts to
personal devices, television and radio as EMBC introduced the Alert Ready software in April
2018, but that was not available in January 2018.
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Chapter 2: Literature Review
This review covers literature examining the communication of warnings to the public,
and the general communication of risk to the public, as the two are intricately connected and
overlapping (National Research Council [NRC], 2006). There is overlap because the public does
not uniformly accept and obey warning messages, but responds to them according to how much
risk they perceive at the time, and if that makes them feel unsafe enough to take protective action
(Lindell & Perry, 2012; Venette, 2008), and so the purpose of a warning message is to change
the recipients’ sense of risk in order to encourage protective action (Sutton and Woods, 2016).
The work of Dash and Gladwin (2007) is referred to frequently, as that work was a literature
review of evacuation decision making, and incorporated warning, risk communication, and
evacuation research. I have gathered literature on warnings and risk communication specific to
tsunamis, but as there is a shortage of such literature, I have drawn on warning and risk
communication literature from across different hazards as well. I then examine the literature
related to components of warning and risk messages using the divisions from the National
Research Council (2006), who indicated that most warning and risk communication research
examines warnings focusing on the source, message, channel, and recipient. As the main
findings in this literature review were used to create the propositions that formed the basis for
studying the cases in this thesis, I will conclude the literature review by showing the connections
between the literature and the propositions I developed from them.
Although this thesis is focused on tsunami warnings, material for this literature review
was drawn from communication efforts across different hazards, assuming that general
conclusions can be drawn. That may not be the case, as some research has shown that the public
has responded differently to communications from different types of hazards (Heilbrun,
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Wolbransky, Shah, & Kelly, 2010). Heath, Lee, and Ni (2009), however, demonstrated that
while the public reacted differently to different hazards, they wanted the same elements in the
risk communication. There is further support for drawing general risk communication lessons
across different hazards (Lindell & Perry, 2012; Mayhorn & McLaughlin, 2014; Seeger, 2006;
Sorenson & Vogt Sorensen, 2007; Ulmer, Sellnow, & Seeger, 2007; Wachinger, Renn, Begg, &
Kuhlicke, 2013), and many researchers have done comparisons across hazard types (Dash &
Gladwin, 2007; Frewer, 2004; Palenchar & Heath; 2007; Rød et al., 2012; Wray et al., 2006;
Venette, 2008). Given that many researchers have drawn conclusions from multiple hazards, I
believe it is reasonable that this literature review extend beyond tsunami communication
research. It is also necessary, given the limited pool of research available focussing specifically
on tsunami warning communication.
The need for more research into warnings has been well identified in the existing
literature. Lindell, Lu and Prater (2005) suggested more research using the self-reports of
evacuees about the source of information they relied on for decision making, and both Dash and
Gladwin (2007) and Mayhorn and McLaughlin (2014), suggested more research into public
response to warning messages. Sutton and Woods (2016) pointed out the lack of research into
tsunami warning messages and in a review of research into risk communication, Glik (2007, as
cited by Heilbrun et al., 2010) found a lack of research into “the effectiveness of event-specific
crisis risk communication efforts” (p. 718). Further research into general risk communication has
also been recommended by many sources. Rød et al. (2012) suggested future research into risk
communication as it relates to emotional state and social, psychological and cultural dimensions.
Other researchers have pointed out a lack of emergency management research with regards to
public communications and risk communication (Heath et al., 2009; Sorenson & Vogt Sorensen,
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2007). Overall there have been many calls for further research into the communication of
warnings and risk, and how those communications are received by the public, demonstrating the
contribution this thesis attempts to make to the field of emergency management.
In discussing the literature on the components of warning and risk communication, it is
important to recognize that the divisions I am using from the NRC (source, message, channel,
and recipient) are not clear delineations. There are grey areas between the divisions as the
literature may have examined both message and channel, or all four components, or relationships
between the components. Some categorizations are purely a decision by this author, as literature
examining the relationship between message components could be placed in multiple categories,
and I have mentioned sirens in discussion of the literature on both the message and the channel,
since a siren is both message and channel. Other categorizations are based on perception, as the
original source of a message may be local government, but to the person who received it from
their social contact, the social contact is the source, while local government may be identifying
the social contact as a channel carrying the message to the individual.
Source
The message source is the original person or agency broadcasting the message to the
public, either in written form, or through a spokesperson. For information to be accepted by the
public, the source of that information must be trusted by the public. Frewer (2004) performed a
literature review of peer-reviewed articles on risk communication and identified a move away
from expert-focussed communication towards a public engagement model of risk communication
and found that the public will fall back on trust in the institutions involved when a risk
assessment is required, and the science is difficult to comprehend. Rød, et al. (2012) studied the
public’s willingness to evacuate in a community in Norway with well-recognized tsunami risk
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and found that trust in the source was the key element to the acceptance of external risk
assessments. Wray, Rivers, Whitworth, Jupka, & Clements (2006), examined how trust in
government affected public reception of emergency communication efforts and found local
government to be more trusted than federal government, suggesting that warning messages
should be broadcast from local authority to capitalize on that trust. Wachinger et al. (2013) used
a meta-synthesis of 36 articles related to public protective actions and risk perceptions of natural
hazards and concluded that level of trust in the associated communicating authority was
associated with changing risk perception, while the probability of a hazard occurring, or the
severity of a possible outcome did not. Even personality differences between people may be less
important than a trust-based relationship with authority in the public’s response (Rød et al.,
2012). Other research points to information from the media being more important that the
information received through public warnings (Dow & Cutter, 1998, as cited in Dash &
Gladwin, 2007), particularly if the person receiving the message has reason to distrust the
government (Blendon et al., 2003, as cited in Wray et al., 2006). Lindell et al. (2005) examined
the factors affecting evacuation decision making within individual homes after Hurricane Lili in
2002. That research found that while most people received their information from the news
media, they made their decisions based on information from social contacts and local authorities.
Collins, Ersing, Polen, Saunders, and Senkbeil (2018) also found that interview subjects who
evacuated from Hurricane Irma in 2017 were more likely to have relied on information from
social contacts than those who did not evacuate. People with differing demographic
characteristics may need to hear the information from a local source who is also under threat to
internalize the risk in order to act (Aldoory & Van Dyke, 2009, as cited in Mayhorn &
McLaughlin, 2014). Key findings related to the source of a message are that trust in the authority
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of a source is a critical factor in convincing the public to accept the risk assessment implicit in a
warning, but that the actual decision to take protective action may be more related to messages
received from social contacts.
Message
The message is the information provided to the public. The information may involve
written text, a recorded audio message, details provided to the media for broadcast, or a verbal
report given in person. It may even be simply the sound of a siren giving the most simplistic
message that something is occurring. Research has shown that message wording is more
important to compliance than whether or not a protective action is mandatory or voluntary
(Baker, 1991, as cited in DeYoung et al., 2016), and the more precise the contents of a message,
the more likely it will be acted on (Mileti et al., 1975, as cited in Dash & Gladwin, 2007).
Sorenson (2000) found that the most important qualities in the message are “specificity,
consistency, accuracy, certainty, and clarity” (p. 121) and the importance of consistency was also
found by Venette (2008), who analysed media messages related to the Hurricane Katrina
evacuation and concluded that inconsistent or comparison messages can confuse the publics’
decision-making process. Clear communications were also mentioned by Reynolds and Tanner
(2019), who found a lack of clear communication during the 2018 tsunami evacuation in Port
Alberni and concluded it was a key problem during that event. Other qualities recommended for
a well executed risk message are to be “clear, accurate and timely” (Wray et al., 2004, as cited in
Wray et al., 2006, p. 49). Wray et al. (2006) examined how messages from different levels of
government were received and recommended that the message show the most complete
information possible, provide practical, actionable safety advice to the public, and demonstrate
the sending agency cares about the welfare of the public. The message needs to inform the public
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of what they need to know, spelling out the nature of the risk, and the possible outcomes. It is
also important not to underestimate the dangers when speaking to the public, as there can be a
loss of trust when a hazard is assessed lightly and the public must be informed later that the
danger is worse than reported said Figueroa (2013), whose study on the Fukushima nuclear
incident found that dishonest government communication in the wake of the event caused a loss
of trust from the public. Loss of trust is significant in this context, as seen in the literature
regarding source, as a loss of trust in the source may mean the public is less likely to heed
warnings from that source in the future.
Heath et al. (2009) indicated two dimensions that determine whether a person will take
protective actions in response to a warning; the first is if the person has an intense (rather than
passive) emotional reaction to the message, and the second is if they felt fully informed as to the
correct protective action. It wasn’t enough for a person to feel at risk from a hazard, they also
needed to clearly understand what they could do about it. Mileti (2018) said message contents
motivate action more than channel, length and even type of protective action required, and
suggested the following template for warning communication to ensure the public understands
the exact nature of the hazard and the required protective action:
Ideal Message Template (Mileti, 2018)
1)
2)
3)
4)
5)
6)
7)

Source
Hazard Location
Personalization
Consequences
Protective actions required
How those actions will reduce impacts
Expiration time
Reynolds and Tanner (2019) suggested using previously prepared information that can be

adapted quickly during the event, which supports pre-prepared templates for warning messages.
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Additionally, having the right information provided in the contents of the message is not the only
way to adapt it to be more digestible to the receiving public. Research has also shown that the
message contents should be tailored to reflect the demographics of the population receiving it
(Heath et al., 2009; Mayhorn & McLaughlin, 2014; Venette, 2008), such as making it available
in the languages spoken in the area, or on the social media platforms popular there. Venette
(2008) found that the subjective sense of risk required by members of the public to decide to
evacuate could be influenced by communication efforts that take audience demographics and
learning style into account. People who believe they are being communicated with by
communicators who are sensitive to the demographic make up of the community, will feel more
prepared, and able to respond to messaging accordingly (Heath et al., 2009). Overall then, the
literature indicates that the contents of a message must precisely outline the information the
public requires in a clear and concise manner tailored to reach the specific demographics of that
community.
Channel
The message medium, or channel, is the dissemination method that carries the message to
the individual, whether that is siren, television, print media, social media messages, or direct
personal communication. The dissemination methods have different strengths, a siren can be
sounded quickly, and reach many people, but cannot be specific, while direct personal
communication, such as a first responder coming to the door, are slow, but persuasive and can
carry all required information (Mayhorn & McLaughlin, 2014). The dissemination methods will
also be available to different part of the population, as the receiving public must have access to
the technology and the ability required to receive a message from a medium (Fordham,
Lovekamp, Thomas & Phillips, 2013), and so using more dissemination methods will reach more
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individuals. Individuals respond differently to different channels and so the public does not
respond to all channels equally. Exposure to messages across different dissemination methods
has been linked to better recollection of the message (Wachinger et al., 2013), and different
audiences will see different sources as more credible, and so having a variety of dissemination
methods to carry a message will reach a larger audience (Lavis, Robertson, Woodside, McLeod,
& Abelson, 2003). Multiple dissemination methods are also recommended as newer methods like
apps may allow redundancy and reach new audiences but may not be as accessible as older
methods (Sutton, Hansard, & Hewett, 2011). That use of new and old technologies was also
suggested by Mileti (2018), who also said a diverse selection of message channels will reduce
the time it takes for a message to circulate. The variety of methods should not be random, of
course, and Anderson et al. (2016) suggest local authorities use a combination of different
methods chosen to suit that specific community in order to reach all community members.
Reynolds and Tanner (2019) also recommended determining where residents are seeking
information in advance, in order to provide the information in the places the residents will be
looking for it.
Sorenson and Vogt Sorenson (2007) provided research showing the warning messages
are most effective at motivating the public to take protective action when they are repeated often.
Repetition of a message has also been linked to message effectiveness. Dash & Gladwin (2007)
and Fischer, Stine, Stoker, Trowbridge, and Drain (1995) found that evacuation was more likely
when residents were contacted repeatedly by authorities. Repetition of the message through
different dissemination methods is also important as hearing the message repeated by a social
contact or the news media can also amplify the message for people who don’t have previous
experience with the hazard (Wachinger et al., 2013). Channels then are not equal, with differing
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strengths and abilities to reach different audiences, so the literature general recommendations are
that multiple channels be used and that the message be repeated often.
Recipient
Of course, the final factor affecting the success of a warning message is the recipient of
the message. Research after Hurricane Sandy in 2012 showed 100 percent saturation of
evacuation messaging during the event, but still less than half of the people in the evacuation
areas evacuated (Meyer, Baker, Broad, Czajkowski & Orlove, 2014). That research showed that
the public knew that they were at risk, but misunderstood what they were at risk from, and to
what extent. It is clear that even in the best-case scenario, when communicators have pushed out
the warning to the public so effectively that it is received by everyone in the threatened area, it
may not be enough to convince the majority to evacuate. Clearly the public does not passively
accept risk communication and warning messages, but instead has complicated individualized
responses to the information (Dash & Gladwin, 2007).
In order to make an evacuation decision, members of the public must create a personal,
internal assessment leading them to believe they are at risk (Mileti and Fitzpatrick,1993, as cited
in Dash and Gladwin, 2007). Those personal assessments of risk made by the public will be
heavily determined by demographic factors, such as those listed by Sorensen and Vogt Sorensen
(2007). Those researchers created a list of those factors shown by previous research to increase
or decrease the likelihood of evacuation compliance including; age, family circumstance, family
size, education, gender, financial standing, and ethnic group. Rød, et al. (2012) found the factors
most closely associated with willingness to evacuate were trust in authorities, ability to use the
provided risk information, a university education, and local experience with the hazard.
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If a member of the public is unable to receive a warning message, or has no desire to do
so, it will be almost impossible to make them internalize the message and act on it. Risk is a
complicated assessment, and an individual’s estimation of it will be based on their previous
experiences, knowledge, and many other internal and external factors. Lindell and Perry (2012)
created the Protective Action and Decision Model (PADM) to describe how the public processes
warning information and then acts on it. In that model, the public’s decision to take a protective
action involves the ways the risk information is received, the factors which form the perceived
threat for the subject, the decision making, final decision and then a feedback loop. While the
way a warning is communicated may influence the public’s risk assessment, the warning is
filtered through each person’s individual characteristics to create a personal assessment (Mileti &
Drabek, 1992, as cited in Dash & Gladwin, 2007). That personal assessment of risk is what will
create the unsafe feeling that drives the person to take protective action (Dash & Gladwin, 2007).
The way the recipient perceives the risk is not the only factor specific to individuals either, as
any number of social vulnerabilities may affect someone’s ability to receive a message; for
example, a person may not be able to hear a siren, or afford the phone or device to receive it
(Fordham et al., 2013).
A person does not generally make an evacuation decision alone. They will make it within
the context of their own network of social relationships, as evacuation is a “community process”
(Sorensen & Vogt Sorenson, 2007, p. 185) and so social capital cannot be ignored when
discussing warnings and evacuations. Social capital is “the trust, social norms, and networks
which affect social and economic activities” (Nakagawa and Shaw, 2004, p. 2). It refers to the
ties a person has to other people, not just friends and family, but coworkers, neighbours and
other formal and informal personal connections, and relates directly to how people receive and
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understand warning information (McCoy & Dash, 2013). A study of three hurricane evacuations
in the United States found social capital related to evacuation compliance, specifically linking
ties (defined as ties through a formal authority), and bridging ties (from voluntary associations,
like church or social club), were associated with subjects’ tendency to evacuate in all three
events (Metaxa-Kakavouli, Maas, & Aldrich, 2018). Metaxa-Kakavouli et al. (2018) also defined
bonding ties (personal connections with those like us), which are potential carriers of warning
information. Collins et al. (2018) interviewed survivors of Hurricane Irma in 2017 and found that
subjects with dense and diverse social networks were more likely to have evacuated. The study
also found that those respondents who evacuated were more likely to have relied on information
from friends and family than those who did not evacuate.
Pre-event communication will also affect how a person responds to a warning message. A
person who is well-informed as to tsunami risk in their area will have a significantly different
response to a warning than someone who is not. Okal (2015) examined 17 tsunami events
between 2004 and 2014 and found education was a “major contributor” to saving lives in both
near-field and far-field events, explaining that a population well-educated in tsunami awareness
will survive the event at a higher rate than an uninformed one (p.19). That author used examples
such as the 2011 Tohoku earthquake, in which a well-educated public was largely able to
evacuate from a tsunami event otherwise exacerbated by a failure of mitigation efforts.
Conventional wisdom might assume that all that is required to start an evacuation is to let
the public know that experts have decided it is necessary, but convincing the public to take
protective actions is unexpectedly difficult. In fact, expert opinion is not an effective motivator
for the public. Assuming the public is lacking information and that risk communicators simply
must provide the information was described by Frewer (2004) as the deficit model, which she
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linked to a loss of public confidence in the communicators. Ulmer et al. (2007) echo that finding
with their research into crisis communication, which found that a technology-centred approach in
which experts in the associated field to the hazard are assumed to be the best qualified to assess
the danger and decide a course of action, does not effectively convince the public to take action
if they have not been convinced the risk is legitimate. Frewer (2004) and Ulmer et al. (2007)
suggested instead a dialogue-centred approach, involving the public in discussion on risk, which
works slowly but more effectively than a technology-centered approach. Wachinger et al. (2013)
found that public participation in emergency planning and preparedness activities was most
likely to be linked to the public taking self-protective actions, such as evacuation. Lavis et al.
(2003) found that interactive engagement was the most effective way to transfer research
knowledge to any audience, so engaging the public in tsunami risk will not just encourage them
to take protective action but will also help them understand the research on the subject to avoid
misinformation. Those findings were also reflected in a study of communities at risk of tsunami
events in Alaska and Oregon by Paton et al. (2012), who also advocated for true community
level engagement through inclusion of social context into communication efforts:
Risk communication strategies must accommodate the role of the social context in
determining the relevance and meaning of information and thus whether it is used, as
intended, to facilitate preparedness. To do so, it is first important to encourage
community members to discuss hazard issues, identify the resources and information they
need to deal with the consequences a hazard would pose for them, and to ensure that
communities possess the competencies required to use information to plan how best to
act. Second, it is important to ensure that the community-agency relationship is
complementary and empowering (p.35).
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The literature related to the recipient of warning or risk communication indicate that each
individual has their own complicated process to assess risk and take protective actions, related to
their own experiences, education, demographic factors and social relationships, but that a
dialogue-centred approach to public education and public involvement in preparedness activities
can encourage protective actions such as evacuation.
Conclusion
This review examined literature into the communication of warnings to the public, or the
general communication of risk to the public, dividing the literature into source, message, channel
and recipient. The main findings were then used to create the propositions that guided the case
study. The literature related to source showed overwhelmingly that trust in the source of a
message is key to its acceptance. Given the large amount of evidence for this finding, and the
agreement between it, I did not use it to form a proposition as I do not believe it requires further
study. Less clear was the other findings regarding source, which was that information from social
contacts and the local authority is more important than information received from other sources
and so I formed the first proposition that information from peers and local authority would be
more important than distant sources. The primary findings in the literature into the warning
contents indicate that message contents should be carefully constructed to include all relevant
details, be clear and consistent across channels, and so contributed to my second proposition that
the clarity and consistency of the messages contributed to the likelihood of evacuations in Masset
and Ucluelet. The literature on warning channels indicated that different demographic groups
respond differently to messages on different channels and that message repetition will increase
the likelihood of evacuation and so formed the basis for the third and fourth propositions that
different demographics respond differently to different communication efforts and that receiving
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a greater number of warning messages increases the likelihood of evacuation. The literature
related to the recipient of warning or risk messages spoke to the complexity of the individual’s
response, as it will be based on their internal assessment made up of their own experiences,
perception of risk, their demographics, social capital and amount and type of pre-event
information they have been provided. Those findings led to the fifth and sixth propositions that a
high level of perceived risk would be related to positive evacuation behaviour, as would
exposure to pre-event communication.
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Chapter 3: Methodology and Methods
The intention of this thesis was to examine how communication of tsunami warning
information influences the public’s evacuation behaviour in coastal British Columbia. In order to
understand the events of January 23, 2018, each respondent’s experience must be understood
within the context of their community’s experience of the evacuation, as the community’s
history, emergency plans, and unique experiences are integral to individuals’ reactions to
communication efforts during the evacuation. As the intention was to answer a “how” question, I
chose explanatory case study research, as the method is best used when the researcher as no
control over the events and variables, and to answer “how” or “why” questions in contemporary
situations with many variables of interest and multiple sources of evidence (Yin, 2017, p. 2). In
contrast, a “what” question would be better answered with an exploratory case study, intended to
develop a theory to be tested, or descriptive case study, intended to describe what occurred in a
phenomenon. A multiple-case study was done as the replication of cases shows similarities
between events and the contrasts are expected to occur for predictable reasons (Yin, 2017). Yin
describes multiple-case study research as a variant of case study research, not a different
methodology, requiring only changes in the research design. Using that author’s
recommendations for a multiple-case study, the communities were chosen to be as alike as
possible and the procedures were duplicated in both communities.
The evidence was gathered through a review of the records of the evacuation, newspaper
reports and interviews with subject matter experts, as well as interviews with waterfront residents
in sample areas in both communities. An online survey was also made available to the greater
community in Ucluelet, and to all the residents of Haida Gwaii, in order to allow for participation
of the larger communities and allowing for construct validity as described by Yin (2017), as it
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uses evidence from multiple sources. The use of multiple communities allows a better
demonstration of the theories (Eisenstadt, 1998, 1991, as cited in Cunningham, 1997) and
comparing the cases allows the analysis to determine what did or did not happen and interpret
from there (Cunningham, 1997). The research followed Rowley’s (2002) outline of case study
research and determined the research question and sub-questions from propositions based on
existing research before collecting data, which echoes Yin’s (2017) work who said that case
study research benefits from theoretical propositions to guide the research. The propositions
then, were based on the main finding from my literature review.
Main Research Question: How did the communication of warning information influence the
public’s evacuation behaviour during a tsunami evacuation event in two communities in coastal
British Columbia?
Propositions:
1. Warning information from peers and local authority was more important than other
sources.
2. Residents who received clear and consistent messages were more likely to have
evacuated.
3. Residents of different demographic backgrounds responded differently to different
communication channels.
4. The more warning messages the resident received, the more likely they were to evacuate.
5. Residents who perceived higher risk were more likely to evacuate.
6. Residents who received pre-event communication regarding tsunami risk and evacuation
were more likely to evacuate.
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The initial research plan was loosely based on that of Fischer et al. (1995) who did case
study research after an evacuation due to a fire to determine if the research findings on warning
messages regarding clarity, repetition and other factors were reflected in the evacuation
behaviour of the residents in a neighbourhood in Ephrata, Pennsylvania. The initial plan was to
study only the residents of Masset, and to ask them about their experiences with tsunami
evacuations in 2012, 2013, and 2018. Several factors led to the adaptation of the research into its
current form. First, as I developed the interview protocol to learn about all three events, it
became clear that it was unmanageably large, and that the length was likely to discourage
participation. Secondly, in order to ensure I had a willing community I approached the Village of
Ucluelet, and the Village of Masset and Council of the Haida Nation and, when all agreed, it
seemed like a great opportunity to do a multiple-case study. The final factor was my discovery
of a study examining the evacuation response of the residents of Port Alberni to the same 2018
event (Reynold & Tanner, 2019). Given the study’s findings and impressive data pool, I decided
to amend my research to more closely mirror that project, although focusing on a smaller scale
and exploring only communication.
Data Collection
The data was gathered through a review of the records of the evacuation, newspaper
reports and interviews with local authorities and subject experts, as those people bring
specialized information that may not be available in other ways (Gillham, 2005). I interviewed a
Village of Masset staff member, a Masset RCMP member, and the volunteer emergency
manager for the Tow Hill area, which is a bedroom community of Masset. From Ucluelet, I
interviewed a captain in the fire department, and a retired fire chief, both who were on duty in
January 2018. I had email contact from the RCMP member on duty that night in Ucluelet, and an
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Island Health representative. The person who held the position of Emergency Program
Coordinator for Ucluelet at the time of the 2018 tsunami warning has since moved on and was
not available for comment. For general seismic and alerting questions, I interviewed the Seismic
Specialist, Operations Specialist, and the Public Alerting Manager at Emergency Management
BC. The primary source of data, however, was interviews and surveys of the residents of the
communities. Retrospective surveys were chosen as the main research tool as the only practical
way to study the behaviours involved. Retrospective surveys of evacuation events may have
flaws, as they rely on the recollection of evacuees during a high-stress period, but they are the
“standard practice” to study evacuation and “can provide nuanced insights by asking more openended questions of their participants” (Metaxa-Kakavouli at al., p. 122). Certainly, the problems
in accuracy described by those authors was evident in the interview responses, as participants
who had experienced several evacuations occasionally struggled to separate their actions in the
different occurrences. Given the unpredictability of tsunami warning events and the time
requirements of this thesis however, it would have been impractical for me to wait for another
event in order to perform this research.
I tried to interview in person, in order to build trust and to avoid the nuisance stigma
attached with telephone interviews (Gillham, 2005). Semi-structured interviews were done, as
the format allows for the collection of similar information, while still allowing for the free
expression from the subjects, the ideal “flexibility balanced by structure” (Gillham, 2005, p.70).
The structure of the interview protocol was designed with final analysis in mind, as suggested by
Gillham (2005), trying to allow for a variety of responses while not creating an unmanageably
large final data set. The protocol can be found in Appendix B. The interviews took anywhere
from five to twenty minutes to complete, based on the length of the answers supplied by the
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participants. Most of the interviews were done at each participant’s home, although three Masset
participants did the interview by phone. No Ucluelet residents did phone interviews; however, 10
residents from the Ucluelet sample area, and five from the Masset sample area, did the online
survey instead of the interview in response to the letter left at their homes. The electronic survey
was made available to all Ucluelet and Haida Gwaii residences. The surveys (available in
Appendices D and E) closely mirrored the interview questions and were loosely based on the
survey done in Port Alberni in 2018 by Reynolds and Tanner.
I used a Likert-type scale to assess how concerned participants were about tsunami risk,
asking in interviews, “Are you worried about a tsunami reaching Masset/Ucluelet? Can you rate
your level of personal concern on a scale of 1 to 6, where one is not concerned at all and six is
extremely concerned?” I used a scale from one to six, as it is wide enough to provide a variety of
responses, while excluding an easily chosen middle number (Gambini, 2019, April 23). I
assumed that risk perception was static for residents before and after the event, given that
Reynolds and Tanner (2019) found that some residents of Port Alberni changed their risk
perception through the events of the 2018 tsunami evacuation, but only those living outside of
the inundation zone.
Participant Selection
The sample areas for the interviews were based on what was practical for one person to
do in a one-week period, and so the areas in Ucluelet and Masset were chosen as they contain
40-50 homes and are within the potential inundation zones in both communities. Waterfront and
waterfront-adjacent homes were chosen to reduce the likelihood of differences between subjects’
reactions due to the location of a home on higher ground. The goal for participation was based on
the Fischer et al. (1995) research which interviewed 53-percent of households in the evacuated
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area. The homes in the chosen sample areas were contacted in person by me. If there were no
occupants on the first visit, I left a letter with my contact information and a link to an online
survey. That letter was also left with people who were busy at the time of the visit, or
uncomfortable doing an interview, and I suggested the online survey as an alternative. I spent
four days in each community, exclusive of travel time, and visited each house twice if there was
no contact on the first visit. After the community visits, I attempted follow up for one week for
each community, contacting those houses I had missed by phone, as I was able to procure copies
of phone books for both communities. I also attempted email contact with those businesses
located in the sample areas, if I was able to find email addresses online.
The online survey participants self-selected and were only filtered out if they were
underage, did not live in Ucluelet or on Haida Gwaii, or left the survey unusably incomplete. The
Haida Gwaii survey did not automatically disqualify underage participants, so those survey
responses were manually removed by me and the problem was fixed for the Ucluelet survey. The
surveys were advertised by poster and social media and pushed out to the communities by the
Villages of Ucluelet and Masset. A newspaper ad promoting the survey was used on Haida
Gwaii, but did not produce any respondents, so I did not use one in Ucluelet. Subject
participation was encouraged for both the interviews and the surveys with the offer of entry to a
draw to win one of two 72-hour emergency kits in each community.
Participants - Masset Sample Area
I visited the sample area in Masset from May 27 to May 30, 2019 and approached 51
properties within the Masset sample area on Harrison Avenue from Collison to Delkatla, and on
Delkatla from the ocean to Hodges Avenue. Three of those properties confirmed at the door that
the building was used as a fishing lodge and had no residents in January 2018, and all three were
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therefore excluded. Two houses were not approached out of personal safety concerns, and a
seniors’ facility was not approached, given the difficulty of accessing the building. Obvious
commercial buildings, such as a fish processing building, were not approached. Bed and
Breakfasts and lodges were treated as homes if a person lived there full-time, and as commercial
businesses if they did not. One home was confirmed by a neighbour as occupied by a person with
a hearing impairment, who never answered the door, nor responded to letters left at the home.
The result was 15 interviews in-person, three over the phone, five by online survey, equaling 23
homes surveyed out of 48 homes approached (47.92%).

Figure 2: Masset Interview Area Outline.
Participants – Ucluelet Sample Area
I visited the sample area in Ucluelet from June 17 to June 20, 2019. The properties
approached for interviews in Ucluelet are on Amphitrite Point and encompass the homes after
Coast Guard Road on Peninsula Road, up to Elina Road, and all the small roads branching off in
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between. I approached 41 properties, and left letters on doors where there was no answer. Bed
and Breakfasts and Lodges were treated as homes if a person lived there full-time. Commercial
businesses, if they were not also treated as homes, and obvious commercial buildings, such as
motels, were not approached. Eleven residents agreed to in-person interviews and another 10 did
the online survey. Through the online survey responses, I discovered two of the properties had
attached suites with other households that I was not aware of, bringing my sample size up to 43;
therefore my success rate was 21 responses for 43 approached, or 48.84%.

Figure 3: Ucluelet Interview Area Outline.
Data Analysis
To analyse the data, I used manifest content analysis, an objective and systematic
approach to deriving meaning from the collected material in which “the researcher describes
what the informants actually say, stays very close to the text, uses the words themselves, and
describes the visible and the obvious in the text” (Bengtsson, 2016, p. 10), as I sought to reflect
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what the participants and experts intended, in their own words when possible. I was not looking
for the hidden subtext or themes, but to reflect the real actions and opinions of the participants.
The systematic approach to the data collection meant the data was well suited to a manifest
content analysis directly related to the original propositions, as questions answered by
participants mirrored those propositions.
The original intention of this research was that the data analysis be purely qualitative.
However, I collected considerably more information than I expected, and I needed some
quantitative strategies in order to meaningfully compile results from the 242 respondents. The
use of statistical, or mathematical, strategies to analyse text is not outside of the scope of a
qualitative study, however, as the distinction between qualitative and quantitative research is in
the data type, not in the analytic procedure (Guest, MacQueen, & Namey, 2012), and Yin (2017)
clarified that case study research can include quantitative evidence. Bengtsson further pointed
out that any categories in written works that can be collected, can also be quantified and that “by
combining the quantification with a qualitative approach, the magnitude of the individual
phenomena studied appears more clearly (Berg 2001; Morgan 1993, as cited by Bengtsson, 2016,
p.12).
I showed mean, median and mode to describe central tendency of the answers for both
participants’ risk assessment, and number of messages received. To meaningfully interpret the
data on Excel spreadsheets, just showing the mean (the mathematical average) did not show the
depth of the results I needed to analyse the cases, so I needed the mode (the most commonly
occurring number) and median (the true midpoint as plotted on a graph) (McCormick, Salcedo,
& Poh, 2015). A good example of why I needed to do this is shown in a breakdown of the
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number of messages received by men and women in the Ucluelet online survey, as shown in
Table 2.
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Table 2. Central Tendency Example.
Number of messages received by men and
women in the Ucluelet online survey
Male

Female #
Male #

Female

90
27

Total #
Mean
1.92
of
Median
1.5
Messages
Received
Mode 1 (x13)

2.2
2
1 (x35)

The mean number of messages received for both men and women were around two, and
the median number was around the same, so participants received approximately two messages
each. The mode was one, however, meaning the most common response was only one message
received, which is important in the context of an evacuation if it means many of the respondents
evacuated after only one message. I also determined mean, median and mode for participants’
risk perceptions, and using the same example of men and women in the Ucluelet online survey, I
was able to determine that all three determinations of average value were very similar, allowing
me to comfortably claim men and women who answered that survey assessed that risk similarly.
The systematic approach led me to sort all participant and expert interview data and
survey data into case databases, separate from the final document as recommended by Yin
(2017). I originally divided the data into five groups for analyses; Masset sample area, Ucluelet
sample area, Ucluelet online survey, Haida Gwaii Northwest online survey and Haida Gwaii
Southwest online survey. Those respondents who did the online survey but lived within the
sample areas were included in the sample area unit and removed from the online survey unit to
avoid having their information counted twice. I compiled the Haida Gwaii online survey
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information from Old Massett, Masset, and Tow Hill as one group for analysis, labeled Haida
Gwaii Northwest. Port Clements, Tlell/Lawnhill, Skidegate, Sandspit and Queen Charlotte
results were compiled together and labeled Haida Gwaii Southeast. The decision to group the
Haida Gwaii communities into two units was based on proximity and differences in vulnerability
due to location, as the Haida Gwaii Southeast communities are significantly more sheltered from
distant tsunamis than Haida Gwaii Northwest. This approach became unworkable, as results
from participants who should have been included in the Masset case were combined instead into
the Haida Gwaii Northwest unit, and so the 26 online surveys from Masset were extracted from
that unit and analyzed as part of the Masset case instead. All original Haida Gwaii survey results
are included in Appendix A for reference, both to include all possible participants, and to lend
support to the overall results.
All interview data was transcribed and inputted into Atlas.ti software for storage and
coding, along with the narrative answers from the online surveys, with a separate project file for
each database. This allowed me to code each database separately, so I was able to quantify the
content-driven codes specific to each database. The interview data was inputted into Survey
Monkey for ease of comparison between databases. The background information collected from
media and subject matter expert interviews was also uploaded to Atlas.ti for coding, storage, and
review. As part of the databases, all the surveys were printed out and separated into binders, so
that a participant’s responses would be examined in context of their other answers, as well as
having the answer analysed with all other responses to a specific question in Atlas.ti.
All quantifiable survey and interview data were then recontextualized into Excel
spreadsheets, and I used SPSS Statistics and Calculator.net to quantify the results to find mean,
medium and mode where appropriate, but otherwise only calculated basic percentages. All
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findings that seemed pertinent, but were not related to my original propositions, were kept in a
separate document and narrowed down according to my ability to ground them in the literature
review. I then created case study narratives for both Masset and Ucluelet’s evacuations for
comparison, and to give background to the evidence collected. Both case study narratives used
data from both participant and expert interviews, as well as survey data. Masset’s case used only
data from Masset residents, although survey data was collected from other communities on
Haida Gwaii also.
I continued the systematic analysis by examining the databases using the propositions
that guided the development of my research plan. Proposition One indicated that information
from peers and local authority were more important than other sources. To produce results for
this proposition, first I examined the answers to the survey and interview questions, “Do you
think you responded differently when you got the information from different sources? Are some
sources more believable to you? The question was open-ended, so participants were free to
answer however they chose. I then determined the source of the first message in all online survey
data and interviews, assuming the first message is the one that alerted the person and allowed
them to receive other messages. I counted messages as being local if they came from the local
authorities’ warning system, or through another resident. All other messages, such as social
media messages and EMBC Alerts, were counted as non-local. Proposition Two suggested that
participants who received clear and consistent messages were more likely to have evacuated and
I found results for this proposition by comparing the responses of those who evacuated to those
who did not evacuate to the questions “Was the formal evacuation information clearly
understandable to you? Why was it not clearly understandable?” The answers I received both in
interviews and surveys were not informative, as it was left blank on many of the surveys and the
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interview subjects often simply agreed. As those responses were not informative, I instead did a
comparison of those messages sent by the local authorities and other agencies to see if the
messages aligned.
Proposition Three indicated that subjects of different demographic backgrounds
responded differently to different communication media. I tried to find results for this
proposition by breaking down the responses into categories by age, gender, presence of children
in the home, and education levels. I then compared level of perceived risk, number of messages
received, source of first message and evacuation response for each demographic to see if any
differences could be found. Proposition Four suggested that the more warning messages the
participant received, the more likely they were to evacuate. To examine this proposition, I
compared the number of warning messages received by those respondents who evacuated to the
number received by those who did not evacuate. Mean, median and mode were calculated to give
a better reflection of the number of messages received, and to assist in analysis. The reasons that
people gave for not evacuating were then compared, to give dimension to the numbers, as well as
details from the open-ended responses the interview subjects gave in answer to the question. The
addresses of participants were mapped to determine if the homes were within the evacuation
zone only if the participants did not evacuate because they did not think their homes were in the
evacuation zone.
Proposition Five suggested that those participants who perceived a higher risk would
evacuate at a higher rate. To examine this proposition, I took the responses to the questions, “Are
you worried about a tsunami reaching Masset/Ucluelet? Can you rate your level of personal
concern on a scale of 1 to 6, where one is not concerned at all and six is extremely concerned?”
and divided them into three categories of risk perception. People who answered one/two were
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grouped together as perceiving low risk, three/four as medium and five/six as high. I then
examined the evacuation behaviour and communication received for those categories in each
database. Proposition Six suggested that participants who received pre-event communication
regarding tsunami risk and evacuation were more likely to evacuate. To examine this
proposition, I divided the responses into those who evacuated, and those who did not, and
compared their responses to the question “Do you recall if you had received any public
information about tsunamis, or tsunami preparedness in the year before the 2018 event?” I also
collected examples of possible misinformation in this proposition, because it indicates a failure
of pre-event communication.
Ethical Review and Concerns
I received permission to do my research from the Villages of Masset and Ucluelet, and
the Council of the Haida Nation, and all surveys and interview protocols were cleared through
Royal Roads University’s Research Ethics Board. All interview subjects signed the consent form
in Appendix A, while participants in the online survey were provided with all relevant
information in the introduction to the survey, and all questions could be skipped by participants
to ensure they did not have to answer any questions. All subject matter experts were provided
with relevant consent information verbally or were emailed the interview consent form, and
those interviewed in person signed the same consent document provided to the interview
participants. While most Subject Matter Experts agreed to have their names used in this
document, all were masked to protect the anonymity of those who did not want to be identified.
One expert participant retracted his consent to be quoted in an email six months after the
interview, and so all his comments were deleted from the document.
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One respondent on Haida Gwaii did raise a concern that participants may have been retraumatized by doing the online survey. The comment was, “I believe there is a risk for this
survey that was not included in your introduction. Many people in Haida Gwaii have
experienced trauma and PTSD from past tsunami evacuations, I think it's important to highlight
this and inform people that filling out this survey has the potential for re-traumatization as
participants are asked to recall traumatizing events.” I believe I had handled that in my survey
introduction with the phrase: “If you are uncomfortable in any way you are welcome to skip
questions or end your participation at any time,” and by structuring the survey to allow question
skipping. I did not receive any other negative comments leading me to believe there were not any
traumatic responses to the survey.
Another ethical concern that arose during the performance of this research was the
discovery of six participants who may incorrectly believe that their homes are within a safe zone
and so do not evacuate during tsunami warnings. I believe those six to be incorrect from my
reading of the areas’ evacuation maps. To act in good conscience, I felt it was important to let
those respondents know they were potentially in an evacuation zone, if they had agreed to further
contact in the survey. Of those six participants, only two provided contact information and
agreed to further contact. After discussion with EMBC’s Seismic Specialist regarding the best
source of information to provide to the participants, I sent emails to those participants suggesting
they talk to their Emergency Program Coordinator (for Ucluelet) and the Regional District (for
Haida Gwaii) to re-assess if their homes were within the safe zone.
Validity and Reliability
In a qualitative study, “validity means that the results truthfully reflect the phenomena
studied” (Morse & Richards, 2002, as cited by Bengtsson, 2016, p. 11), and to demonstrate that I
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have included the totals for all comments and opinions collected. As a multiple-case study, this
method has construct validity as described by Yin as measuring what it should be measuring, as
it used evidence from multiple sources. This research used data triangulation, as I used different
sources of information and analyzed them separately, and then together to develop convergent
evidence to further increase the construct validity (Yin, 2017). This is shown in evacuation rates
for the communities, for instance, as the rates for each community were fairly similar between
interview and survey data, indicating the accuracy of the information. Internal validity, described
by Yin as establishing causal relationships is provided by the pattern-matching he recommends
between the events being examined, and by the foundation of the propositions in the existing
literature. Pattern matching was also possible between the separate databases for the areas, and
external validity is provided by the replication between the two cases. Reliability was established
with the interview protocol (Appendix C) and with the creation of a case study database for each
community, again as recommended by Yin (2017).
Limitations
There are limitations to this research due to the length of time between the event in
January 2018, and the interviews and surveys in the Spring of 2019. This led to a problem in
recollection among participants, as it meant people could remember their general responses but
not specific details, like exact times. Also, because participants had often experienced multiple
tsunami evacuations, they frequently struggled to remember which experiences occurred within
which event. Another issue was the discrepancies caused by respondents skipping questions on
the online survey. The survey was deliberately designed so that participants could skip questions,
in order to ensure participants were only answering those questions within their comfort level.
The unfortunate side effect of that decision was discrepancies caused by question skipping. In
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order to mitigate the confusion this caused, I added the number of skips a question had to my
Excel sheets, so that total numbers would still be consistent.
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Chapter 4: Results
Overview of 2018 Event
The 7.9 magnitude earthquake occurred at 0132 PST, 280 kilometres southeast of Kodiak
Island, Alaska. The location is approximately 900 km from Masset and 1300 km from
Vancouver Island. A small wave, less than 30 cm high, occurred in Alaska, and around 10 cm as
far away as California (January 23, 2018, 2018), but no damage was done in BC. Table 3
contains a timeline of events as they occurred in Masset and Ucluelet and Figure 4 shows the
forecast wave travel times that night.
Table 3. Timeline of major events.
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Figure 4. Tsunami Travel Times. From Tsunami of 23 January 2018, by NOAA, 2018,
https://tsunami.gov/previous.events/?p=1-23-2018_Kodiak. Image used with permission.
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Masset Evacuation Case Study
The community of Masset is on the eastern side of the entrance to Masset Inlet, on Haida
Gwaii. The community has around 800 permanent residents, a number that increases in the
tourist season (Statistics Canada, 2017). The community of Old Massett lies immediately to the
north of Masset and has a population of around 550 (Statistics Canada, 2017). The residents of
Old Massett who must drive through Masset to reach the shared evacuation point 13 km to the
south of both communities. The small community of Tow Hill lies to the west of Masset and has
an approximate population of around 175, according to the community’s emergency
management volunteer. Some of the Tow Hill residents will use the same evacuation point as
Masset and Old Massett, although some use high points to the north of Masset.
The residents of Masset are well practiced in tsunami warning evacuation, having done it
in 2012 and 2013. The village is not as prepared as it could be, however, as a desire for more
ocean floor surveying has been generally identified by community leaders on Haida Gwaii
(Hudson, 2017). There are several problems in the current evacuation plan, as mentioned by
multiple participants in this research. The evacuation site is around 13 km from the community
and to get onto the highway leading to the site, all traffic must cross a bottleneck at the Masset
Causeway, a two-lane bridge over the wetlands at the head of the Masset bird sanctuary. The
highway to the site then passes through sea level at several points, before arriving at the
essentially empty site, which is outside of local cellphone coverage area, and has limited radio
reception. As one resident said, “it’s not a plan, it’s just a place to go,” pointing out that there is
no water or facilities at the site, so she is very concerned should an evacuation extend into days.
The village is planning improvements to the evacuation site, including building an Emergency
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Operations Centre there, and placing a cellphone booster to improve communications but, as of
the 2018 event, that had not occurred.
When the January 23, 2018 earthquake occurred, it was felt by some residents awake to
notice it, with one respondent describing it as feeling as if her house had turned to rubber. The
village’s tsunami alarm was sounded by 2am, 28 minutes after the earthquake, and within 10
minutes of the EMBC automated phone message to the community. The alarm operates from the
community’s firehall, next door to the Village Office, and in good weather, can be heard
throughout the village. An automated message went out not long after on the village’s Epact
system which alerts the phones of residents who have signed up for the service. The message
read, “A tsunami Warning is now in effect for all communities on Haida Gwaii. Evacuate inland
or to higher ground above and beyond designated tsunami hazard zones if possible. Take your
72-hour emergency kit and cell phone and charger. Updates on this situation will be forthcoming
as the situation develops.” This was the only message sent out on the system until the concluding
message was sent.
More than half of the respondents in the sample area were alerted by the siren, and many
of those started packing immediately. They may have received other messages, but they did not
need them, with one respondent referring to it as a “Pavlovian response” to start evacuating. The
residents of the sample area neighbourhood had overwhelmingly all experienced tsunami
evacuations in the past and, during interviews, many of them said they have already decided
about what they will be doing in a tsunami warning, and they do not believe the source of that
information affects their decision. A retired fisherman mentioned he will always evacuate, as he
saw the water rise in Masset Inlet during the 1964 event, and so knows it is possible. He
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described that wave as a slow moving but noticeable rise, arriving on a low tide and not reaching
a dangerous height.
Not all residents made a positive evacuation decision though; several respondents
mentioned having made the decision in advance to not evacuate. Two of those respondents in the
Masset Sample Area evacuated anyway, in each case evacuating because a friend or family
member wished to, not because they felt any threat themselves. Personal social pressure is not
effective for everyone, however. One resident described the overwhelming negative pressure
they receive for their refusal to evacuate, saying “everybody gives me a bad time because I don't
leave.” The pressure does not change her decision, however, as she feels that if a tsunami is
significant enough to reach her home, it would also reach her on the lower parts of the highway,
“sitting here, or up the road, if it's big enough doesn't matter. When you're sitting on the road
going out to the hill and water is higher than you are at a high tide. Not much sense going up the
hill.” The night of the 2018 evacuation, she felt the earthquake, heard the siren, and received
warning phone calls, but said none of the messages made a difference to her decision. Further to
that, she did not think any kind of messaging during an event would have changed her mind, nor
would it in the future. Her fear of being stuck in traffic at water level was echoed by several
other participants. “Sometimes the traffic flow is slow, you are going down along where the
water is and the person in front of you is going ten miles an hour, it tends to make it risky for
other people.” Another participant, a mother evacuating with her children, described her
experience in a traffic jam during an earlier evacuation, “it was fine until the bottom of the hill,
and then it was a bottleneck and we weren't moving and getting to high ground quickly at all….
it felt very real and a very serious situation to be stuck in traffic.”
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Not everyone was contacted, some slept through, and as one former resident expressed,
“We were heartbroken to be forgotten. I still feel sick when I think of what could have happened.
Thank goodness we now live in a coastal area where there is much less concern about tsunami. I
don't mean to place blame, but I'm glad not to have the worry anymore.” The safety of the traffic
is also a concern. One respondent described being injured in a traffic accident in an earlier
evacuation, an event that has left him unwilling to even consider evacuating in the future. Other
residents also mentioned their concerns for the safety of the traffic out to the evacuation site. “I
mean people are putting their lives in jeopardy to get out in the middle of the night…” said one,
“Sometimes they're speeding and there's traffic jams and you don't know what condition people
are in.” “I believe the likelihood of a tsunami affecting us in Masset is very small and these
evacuations are more dangerous than the threat of any tsunami here. People are freaking out and
driving very dangerously. I did hear of at least one car accident,” said another. An RCMP officer
who assisted in the evacuation that night, described the congestion on January 23, 2018 as
extreme, with vehicles parked for kilometres on either side of the road.
Neighbours tried to warn each other, but it was not necessarily effective. In one case a
resident was unable to contact a hearing-impaired neighbour, and in another the effort terrified a
woman living alone. The woman, a new resident to the community, called 911, thinking
someone was trying to get into her house, and only then discovered the evacuation warning.
Other new residents also struggled, one not knowing what to put in an emergency kit and not
thinking to pack warm clothes or a sleeping bag. Another said, “I had just moved to Masset and
did not know what the siren sound meant when it went off. Thankful a co-worker texted me to
tell me what was happening and what to do.”

TSUNAMI WARNING COMMUNICATION

61

The Masset Fire Department and RCMP patrolled the streets using a loudspeaker to warn
the community and knocked on doors. RCMP members filled in the gaps by attending the houses
of persons who received the warning but had not yet evacuated, one saying he had little luck
with residents who did not want to evacuate, saying, “they’ve pretty much made up their mind by
the time I talk to them….for the most part it’s individuals that have lived here their whole life
and because of that they have a false sense of security because they’ve never had tsunami come
in that would endanger life during their lifetime.”
The same officer also responded to calls for services that night, including evacuating
elders from the extended care facility at the hospital, as the hospital struggled with its
evacuation. A bus formerly used to evacuate patients had been taken out of service in 2016,
leaving nurses trying to evacuate patients in their personal vehicles. They were also unable to
access the hospital’s emergency supplies, and struggled with communication (Hudson, 2018),
and a nurse who responded to the online survey had grave concerns about the ability of nurses to
be able to evacuate the hospital for future evacuations, given low staffing numbers. The officer
focused his efforts on people who wanted to evacuate but didn’t have vehicles, driving the last
person out of the community as the five-minute warning came on the radio. The road was
essentially clear at the time he drove his last trip up to the evacuation point around 3am and so he
felt the evacuation (of those willing to evacuate) was complete by the time the first wave was
due to arrive. The officer was also of the opinion that Old Masset had completed its evacuation
before Masset, largely due to the excellent efforts of that community’s volunteer fire department.
Ucluelet Evacuation Case Study
The community of Ucluelet has a population of around 1,700 and sits on the southwest of
Vancouver Island (Statistics Canada, 2017). It is a popular tourist location, located outside of the
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Pacific Rim National Park. The community has several evacuation sites within the village
boundaries, including sites with kiosks and a pre-designated Emergency Reception Centre. The
village has a well-developed and advertised evacuation plan which encourages residents to walk
to safe zones identified throughout the community to avoid traffic problems (District of Ucluelet,
2017).
The Ucluelet Fire Department opened its Emergency Operations Centre (EOC) around
2:20 am on January 23, 2018, after receiving notification of the warning from EMBC. The siren
at the hall was activated not long after the EOC opened, but the sound does not reach the entire
community, and the functionality of the siren that night was also limited. The mechanism was
malfunctioning and so the siren frequently died down, and then crashed, requiring a re-start,
something that happened multiple times over the evening. The official warning from the District
of Ucluelet was sent out approximately 45 minutes after the EOC opened, which was an
oversight in the excitement of the event, not deliberate practice and something the fire
department says will be done differently in the future. The community does not have a template
to send out emergency messages and so the wording that night was created by the person who
sent the message, and emergency response staff were not aware that there were suggestions for
consistent messaging. The Ucluelet RCMP detachment both had a representative in the EOC and
had members who went door-to-door in the community, and the representative interviewed did
not believe they encountered any refusals.
RCMP and Ucluelet Fire started knocking on doors to alert residents around 3am (Bailey,
2018). The fire captain interviewed said his team did not use truck sirens or loudspeakers to
wake residents, as they did not believe the timeframe of the event warranted their use. The
RCMP officer on duty that night echoed the official belief that there was ample time to do
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warnings, saying, “we were afforded the luxury of time during the 2018 evacuation.” Many
residents were not happy to be left so long without information, however. Respondents to the
Ucluelet survey and in-person interview were overwhelmingly unhappy with the length of time
Ucluelet’s warning took that night. For example, one resident said, “I was kind of disturbed by
that last event because we got the notification that there was an evacuation after we’d actually
gotten to the community center.” Another said they were at the evacuation site for an hour before
the warning for the village arrived on their phone. A newspaper report found some residents did
not get the emergency alert from the community until 3:49am (Bailey, 2018). Another resident
said, “by the time we heard it, it was towards the end of the occurrence because it was an event
in Alaska. Originally, if we have been notified as soon as the event occurred, we would have had
three or four five hours… three hours to deal with this… but when we heard it was down to ten
minutes, so that's a pretty drastic difference. And there were people… this is just hearsay, but
there were people posting that they had received phone calls from New York City, friends in
New York City before they knew here.”
The information was also not seen as clearly understandable by all recipients, as one
resident noted, “it was only understandable because I knew what to do if a tsunami came. If I
was visiting from somewhere else, I don't know, it was pretty chaotic.” Another said the
evacuation information was clear, but not detailed enough, noting, “we got clear info to evacuate
and where, but not how much time we had (expected wave arrival time and size of quake)”.
Another resident said that lack of information added to an already stressful event, “I hope I never
have to evacuate again. We had our emergency kit ready and were in the vehicle by five minutes
after being notified, but not knowing how much time we had made it difficult to decide which
safe zone to head for.”
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Another resident offered a summary of the response that night, noting, “all in all, a
catastrophic performance of all those involved issuing the alert, observing the coastline and
coordinating public relations.” Other respondents in Ucluelet complained that the public is not
receiving all the information possible and suggested that the exact location of the earthquake and
wave predictions to be available immediately, apparently unaware that the information takes
significant time to calculate. Other Ucluelet residents felt they should not be evacuated unless
authorities are certain a damaging wave will arrive.
Two residents in the Ucluelet Sample Area mentioned moving to the area in the last year,
and both said that they had received no information regarding tsunami risk. Three respondents in
the online survey said they had no idea what the siren was when it sounded. Another was scared
by first responders coming to her door with a warning because she didn’t know that was a
possibility, “my husband was away at the time, and the pounding on the door at 3am was
alarming. I was hesitant to answer. When I did, the police car was leaving my driveway, and a
business card fell at my feet. On the back he had written that there was a tsunami warning and to
evacuate to the high school. I heard no verbal communication or siren; nor did I hear the tsunami
alarm.” Another said the lack of information before the event left her very frightened as it
occurred, “I was alone and completely terrified and clueless.”
Residents were also not happy with the amount of information being provided at the
evacuation site at the school gym, saying it was, “too late, too sporadic, not detailed enough”.
“It's kind of like pandemonium at the school,” said another resident, explaining that his family
sat in their car outside the building instead. Other respondents said the location was “stressful”
and “agitating” and others complained that dogs were allowed inside the building.
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Meanwhile in the sample area south of Coast Guard Road, a resident who had fallen
asleep with his television on awoke to the warning on his television screen. He said he did some
basic confirmation online before knocking on all the doors of his immediate neighbours. 13 of
the 19 residents who evacuated in the interview area received the warning from a friend, family
member or neighbour before the fire department arrived to do the evacuations. The captain of the
team that arrived to alert the neighbourhood that night agreed that by the time the fire department
arrived, most of the homes already had residents who were awake and aware of the event. At the
few houses that didn’t answer, first responders tried to make an assessment whether the house
was occupied before moving on to the next address. While the respondents in the interview area
had a very high level of evacuation compared to any of the other results, they were largely
unhappy with the communication they received that night, and almost universally felt that their
neighbourhood needs a tsunami siren, as the current siren is not audible from their
neighbourhood, even under ideal circumstances. While the residents may not have been happy
with the speed of the warning information to them, the officials believe the evacuation was still
completed before the first forecasted potential wave would have arrived that night.
Similarities Between Communities
Most of the respondents in both communities evacuated and received two-to-three
warning messages; however, in both communities a significant number of respondents evacuated
after receiving only one message. The first message received by the majority of respondents in
both communities was from a local source, but the respondents themselves felt that the source of
warning information was not important. The communities use very similar methods to warn their
residents, both relying on sirens, automated messages requiring pre-authorization from residents,
and first responders doing neighbourhood visits. Both communities were creating ad hoc
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messaging on their automated messaging systems and were unaware that consistency in
messaging was desirable. The importance of an effective siren or alarm was mentioned
repeatedly by respondents both communities. In both communities there were new residents who
had not yet received any tsunami warning information and so were caught off guard by the event.
Another issue that appeared in both communities was a lack of public engagement on the
topic of tsunami risk. In both the interviews, and online surveys, a number of people thanked me
for doing this research; one person saying, “it's hard to believe it's taken well over a year to
request the public opinion.” Others made comments like they were glad “someone was looking
at it,” while others thanked me for taking their concerns seriously, and “having their back”. I can
only estimate how many people thanked me, as several people did it as I was leaving their
property, and it wasn’t until after that fact that I realized that it was unusual, but I recorded it
nine times, and it happened at least five other times after the interview was over. Many other
respondents mentioned that they would like more communication on the hazard. That, and the
surprising number of people who responded to the online surveys, indicate that residents in both
communities feel that they are not being heard.
Differences Between Communities
The Masset respondents reported a lower rate overall of pre-event communication than
the other participants. Masset also had a significantly greater incident of misinformation than did
Ucluelet. People in Masset across the board felt themselves to be at less risk than people in
Ucluelet, rating the risk three out of six, compared to the average response of four out of six in
Ucluelet. Ucluelet has more emergency staff, and more staff overall. The main difference is in
the percentage evacuated, with Masset’s interviews and surveys indicating 70% and 73%
evacuation respectively, while Ucluelet’s interviews indicated 90% of respondents evacuated and
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the surveys indicated 88% evacuation. Overall, Ucluelet’s residents reporting evacuating at a
significantly higher rate, even with more issues affecting the communication of the tsunami
warning in their community, such as a repeatedly-failing siren that didn’t reach many of the
homes and delayed launching of both the phone alert system and door-to-door response.
Overview of All Results
Table 4 contains an overview of the quantifiable results of both surveys and interviews. I
have included “Corrected Total in Evacuation Area", as it removes from the calculation those
homes that did not evacuate because they thought correctly, they were not in the evacuation
zone. This further calculation was added because it is more accurate not to count those homes as
non-evacuating, as they did not need to evacuate. The acronym OOT indicates residents who
were out of town.
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Table 4. Overview of Interview and Survey Results

Detailed Results from Propositions
Proposition One: Information from peers and local authority were more important than other
sources.
Masset Sample Area Results for Proposition One
The residents in the Masset Sample area largely did not believe some sources of the
information were more believable than others. Only seven of 23 indicated a preference and only
two of those indicated the same source, the siren. Other stated preferences were: alert to cell,
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official message of any sort, family member, social media post, and loudspeaker. Six of those
interviewed indicated that the communication of the information does not play a large part in
their reaction, as they have already decided what they will be doing in the event of a tsunami
warning. Of the 20 people who received a warning message, 70% of them received it first from
their community’s official system or from a community member coming to the door. Eight of the
residents mentioned their reasoning for evacuating was either partially or completely due to
another person, either a spouse, house guest, neighbour, or friend, who wanted them to evacuate.
Masset Survey Results for Proposition One
When asked if the source of the message was important, responses were ambiguous, as most of
the respondents said no (7), or did not answer (17). Like the Masset Sample Area however, many
of the respondents (63.16%) received the information first from a local source.
Ucluelet Sample Area Results for Proposition One
The participants didn’t feel that the source of the warning information was particularly
important, only 11 stated an opinion and of those, four felt all information sources were equal,
two preferred the automated phone message and three said first responders were most believable,
and two said some information was more believable than other sources but didn’t specify which.
The first message received by this group was overwhelmingly local, only two of the people
received their first message from an automated alert, and one of those people then notified all his
immediate neighbours. Overwhelmingly, the first message was a personal contact calling or
knocking on their door (13 of 21 responses), very distantly followed by local first responder (4 of
21 responses), the final two respondents were woken up by the noise of the evacuation, or their
pet responding to the noise of the evacuation and looked online for information.
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Ucluelet Survey Results for Proposition One
82.76% (96/121) of this group received the first message from a local source. 105
participants responded to the question, “Do you think you responded differently when you got
the information from different sources? 40 respondents, said that there was no different between
sources, answering either “No” (occurring 35 times) or Not applicable (5 times). There were
five random responses and the following clusters of responses: Social Contact (10), Siren most
effective (10), Text (10), Automated phone call or text (7), Yes, with no details added (7), Social
media source (7), First Responder to front door (3), Heard siren, did not know what it was (3).
Proposition Two: Participants who received clear and consistent messages were more likely to
have evacuated.
Masset Sample Area Results for Proposition Two
Of the people who evacuated, three participants in this sample area said they received
formal evacuation information, and all three felt it was clear and understandable. Of the nine
people who didn’t evacuate, all said they didn’t receive any formal evacuation information.
Masset Survey Results for Proposition Two
11/22 of the people who evacuated said the information was understandable, 2/6 of the
non-evacuators said the same.
Ucluelet Sample Area Results for Proposition Two
This group had a very high evacuation rate, so it is not possible to compare evacuators to
non-evacuators. Eight of the respondents said they received formal warning and that the
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messages were clear and understandable, only one complained the only got the information
second-hand. There were many concerns about how the information came from the village
however, as the group was largely unhappy with the delay of information, and inability of the
local siren to reach their neighbourhood.
Ucluelet Survey Results for Proposition Two
Of those people who evacuated and responded to this question, 35/62 (56.45%) said the
evacuation information was clearly understandable, compared to 62.79% (27/43) of the nonevacuators. Of the non-evacuators who answered the question, 10/26 (38.46%) said the
evacuation information was clearly understandable to them. Of the 57 people who said the
information was unclear the majority said they didn’t get any (18), six said it came too late, three
said it was unclear, one said the various messages did not agree, and one other said it was unclear
because it was in Alaskan time, rather than Pacific Standard time.
Proposition Three: Subjects of different demographic backgrounds responded differently to
different communication channels.
Masset Sample Area Results for Proposition Three
Men received messages through fewer channels than women (2 versus 1.67 average
messages received) and evacuated at a higher rate in the Masset sample area. More women than
men said they responded differently to different dissemination methods. There were only seven
people under the age of 50 in this group, but six of them mentioned either checking social media
after hearing the siren, said that social media was the most important way to get the information
or that they would seek confirmation online before they evacuated. These references were
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mentioned by only two of the 16 respondents over 50. People who had school age children living
in the home perceived a much higher level of risk than people who didn’t.
Masset Survey Results for Proposition Three
Men and women received similar numbers of messages for this group, so the number of
channels is similar, and they perceived risk to a similar degree. People who had school age
children living in the home perceived a much higher level of risk than people who didn’t (3.7 vs.
2.73). Older people were more likely to have received their first message by siren, or not have
gotten it at all, while younger ones were more likely to have gotten it on a device.
Ucluelet Sample Area Results for Proposition Three
Men received fewer messages than women in this group (2.1 compared to 2.42) and
overall this group perceived a higher level of risk than the other groups at 4.24. All but two of
the respondents received the first messages from a local source. The people with children in the
home assessed their risk more highly than did people without children in the home (4.43
compared to 4.14). Almost everyone in this area received their first message from a neighbour or
first responder knocking on their door, so the results are almost identical across the demographic
factors compared.
Ucluelet Survey Results for Proposition Three
Men received less messages than women in this group (1.92 compared to 2.2) and
evacuated at a higher rate. The perceived risk for respondents with children in the home and
without was almost identical, but 48.48% of people with children in the home evacuated after
only one message, compared to 37.35% of people without children in the home. There was little
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to no difference in the responses from those over 50 compared to those under 50, although more
of the people under 50 said that they thought they responded differently to the source of the
message (67.74% as compared to 47.5% of those over 50).
Proposition Four: The more warning messages the participant received, the more likely they
were to evacuate.
Table 5. Messages Received by Evacuation Action.

Masset Sample Area Results for Proposition Four
There were 23 participants in the Masset Sample Area, 14 of whom evacuated. Of the
remaining nine people, three were out of town at the time, either off the island or already in a
safe area. Of the six remaining non-evacuators, two were not aware of the event, two did not
evacuate because they felt the route was unsafe, and two did not feel at risk from tsunami. One of
the participants who did not receive a notification said she would have evacuated, had she
known, the other would not have. The participants who evacuated received an average of 2.13
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messages each, compared to 1.2 messages received by non-evacuators. Three people evacuated
after receiving only one message.
Masset Online Survey Results for Proposition Four
There were 26 online survey participants in Masset. 16 of those respondents evacuated,
eight did not, and two skipped the question. Of the eight respondents who did not evacuate, five
did not receive a warning message, two were not present to evacuate and one felt the tsunami
evacuation route was unsafe and they were better off at home. The participants who evacuated
received an average of 2.63 messages each, compared to one message received by nonevacuators. Four people evacuated after receiving only one message.
Ucluelet Sample Area Results for Proposition Four
There were 21 participants in the sample area south of Coast Guard Road in Ucluelet. 19
of the respondents evacuated, although two of them lived in other houses at the time of the 2018
evacuation. Two people did not evacuate, one because they lived in a home in a safe area at the
time, and one felt safer at home than evacuating. The average number of messages received by
evacuators was 2.32, only two people did not evacuate and received an average of two messages,
however the one person who chose not to evacuate got a higher than average number of
messages, likely because they were home to receive them. Notably a third (seven) of the
respondents reported preparing to leave after receiving only one message.
Ucluelet Survey Results for Proposition Four
There were 121 participants in the Ucluelet Online survey. 83 of those participants
evacuated, 33 did not, four were out of town and one skipped the question. 23 of those
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participants did not evacuate because they correctly thought their house was not in the
evacuation area. Of the remaining ten non-evacuators, six did not know about the evacuation,
two waited for more information, one felt there was not enough information to make an informed
decision and one believed incorrectly that their house was in the safe zone. The participants who
evacuated received an average of 2.15 messages each, compared to 1.97 messages received by
non-evacuators. Of the 83 evacuators, 45.58%, (37/83) evacuated after receiving only one
message.
Result Proposition Five: Participants who perceived higher risk were more likely to evacuate.
The results for this proposition are found in Table 6, which shows the percentage of
respondents who evacuated in each community, according to whether they rated their risk as low
(1 or 2), medium (3 or 4) or high (5 or 6), as they had assessed their risk on a scale between one
(not concerned at all) and six is (extremely concerned). Once I corrected for those people who
did not evacuate because their homes were not in a hazard zone, the results indicate that the
respondents who assessed their risk as low evacuated to a much lower degree than did those
participants who rated their risk as higher. The calculation for number of messages was included
in this table as it is another possible explanation for evacuation.
Table 6. Evacuation by Risk Perception.
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Results Proposition Six: Participants who received pre-event communication regarding tsunami
risk and evacuation were more likely to evacuate.
Table 7. Percentage Receiving Pre-event Communication.

Masset Sample Area Results for Proposition Six
The interview subjects in the Masset sample overall reported a low rate of pre-event
communication in the year before the 2018 event. The evacuators reported a lower rate of preevent information with 46.67% saying they had received pre-event communication and 60% of

TSUNAMI WARNING COMMUNICATION

77

non-evacuators reported receiving that information. Everyone in the group indicated that they
knew what a tsunami was and knew Masset was at risk. However, there were four incidences of
residents whose answers contained possible misinformation. People were absolutely certain that
Masset is not at risk, because waves do not “make turns”, or “go up inlets”.
Masset Survey Results for Proposition Six
The survey participants overall reported a low rate of pre-event communication in the
year before the 2018 event. 55.33% of the evacuators reported receiving pre-event
communication, while 78.5% of non-evacuators received that information. Of those who did not
evacuate, seven had received information about tsunami risk and one had not. A deeper look at
the answers, however is more telling. One person had moved to Masset recently, and was
unaware of the risk, another didn’t know the location of the evacuation site. Also, several of the
respondents mentioned information that can be classified as misinformation: one didn’t know the
location of the evacuation site and another said Masset’s location meant a wave was unlikely,
and perhaps not possible. One respondent repeated the “tsunamis can’t turn corners” mentioned
by the Sample Area responses, adding that Haida Gwaii is not on a fault and that tsunamis cannot
go up inlets.
Ucluelet Sample Area Results for Proposition Six
Only two of the respondents in this group said they had not received any tsunami
information in the year before the event. When asked about pre-event communication, many
respondents discussed their local neighbourhood watch program, organized by residents within
the neighbourhood, and meeting once or twice a year to meet the neighbours and discuss tsunami
preparedness. As so many of the members of this sample area evacuated, it is hard to compare
those who evacuated to those who did not, although the one person who decided not to evacuate
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in this group said they had received public information on the topic in the year before the event.
Five people in the group mentioned the local neighbourhood watch group, six of them mentioned
a positive pre-decision, and three mentioned a grab and go bag. There was no misinformation
mentioned by these respondents.
Ucluelet Survey Results for Proposition Six
Of the evacuating respondents, 75.90% (63/83) received public information in the year
before the event) with 65.63% non-evacuators reporting receiving information. I did not find a
significant amount of misinformation in these responses, although three people mentioned not
knowing what the siren was when it sounded, and one person thought incorrectly that their house
was in a safe zone. The majority of people were correct in their assessment of their home’s
location in the safe zone, as the great majority of people (22/23) who did not evacuate because
they thought they were in the safe zone, were correct. There were only two respondents who
mentioned details that could be called misinformation, both related to the belief that tsunami
waves can be predicted accurately very quickly after the earthquake occurrence.
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Chapter 5: Discussion
The goal of this thesis was to examine how the communication of warning information
influenced the public’s evacuation behaviour during a tsunami evacuation event in two
communities in coastal British Columbia. To do so, the case studies for Ucluelet and Masset
were framed using six starting propositions, so to discuss the results, I will first discuss the
results related to each of the original propositions. Then I will discuss the other important
findings that were unrelated to the original propositions, but still grounded in the existing
literature, and conclude the discussion with a comparison of the findings between the two
communities.
The first proposition suggested that information from peers and local authority would be
more important than other sources. While the participants themselves largely did not believe the
source of the information was relevant, the source of the first message was overwhelmingly from
a local source, either another community member or the local authority. The high evacuation rate
of the Ucluelet Sample Area suggests that local information, and information from social
contacts were highly related to the success of the evacuation. The results echo the findings of
Lindell et al. (2005) who found one first-hand conversation with a neighbour or emergency
responder can be more important than multiple media warnings. There were also a number of
participants in Masset and Ucluelet who mentioned evacuating even though they did not feel at
risk, because a friend or family member wished it, which points to the importance of bridging
ties (from voluntary associations), which are one of the forms of social capital researchers have
found increases likelihood of evacuation (Metaxa-Kakavouli et al., 2018).
Proposition two hypothesized that receiving clear and consistent messages would result
in a higher number of residents evacuating. It is unlikely that there was consistency between
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information sources however, since while the EMBC and NTWC messages were aligned, the
communities created their own ad hoc messaging during the event that did not match the NTWC
messages and EMBC messages. The Twitter messages were aligned, as sources were re-tweeting
the original NTWC message, but social media was not highly referred to by the participants in
these interviews and surveys. In general, the participants who evacuated felt the information easy
to understand. However, this question was not answered by many respondents, and
misunderstood by others, and there were so few non-evacuators that it is difficult to draw
conclusions from their responses. There were complaints about the messaging, but it was largely
related to it being slow to arrive and incomplete, or non-existent. One complaint about
consistency was related to the consistency of receiving the alert at all, not the consistency of the
message. Many of the respondents only received one message, so consistency would be
impossible for them to determine, but also unimportant to their decision making. Overall, I am
hesitant to make any assertions given the results, but it is important to note that both
communities were doing ad hoc communicating during the event and never received instruction
from the province on consistent messages, or desirable message structure at all. The use of preprepared template for messaging was suggested by both Mileti (2018) and Reynolds and Tanner
(2019), and would help ensure messaging is clear, consistent and contains all required elements,
but that information had not been provided to emergency programs in Masset or Ucluelet.
Proposition three indicated that subjects of different demographic backgrounds would
respond differently to different message dissemination methods, based on recommendations in
the literature that communication efforts should be sensitive to audience demographics (Heath et
al., 2009: Sorensen & Vogt Sorensen, 2007; Venette, 2008). I examined this proposition by
breaking down the responses into categories by age, gender, presence of children in the home,
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and education levels, and then assessing level of perceived risk, number of messages received,
source of first message and evacuation response for each demographic to see if any differences
could be found. The results did suggest that people in these communities with children in the
home perceived a greater risk than other groups and evacuated at a higher rate, something that
was predicted in the research of Fischer et al (1995). There was also modest support for younger
residents being more likely to receive their first message through social media. As those people
interviewed did not believe they reacted differently to different messages overall, and the
demographic breakdown only showed a few differences, I did not find support for this
proposition. This may be a function of the nature of tsunami warnings, as certainly the messages
seen in this research were not tailored to demographics, as they were exceedingly simple, like the
siren, or constrained in length by the technology, like the Tweets and automated phone
messages. I also believe this proposition was too complex for the scope of this thesis, which was
an error on my part, and would instead require a much more in-depth survey tool and more
participants to adequately address.
In Proposition four, I suggested that the more warning messages the participants received,
the more likely they were to evacuate. The proposition was based on the work of Fischer et al.
(1995) and Sorenson and Vogt Sorenson (2007). In both Masset and Ucluelet, the evacuators
received more messages than the non-evacuators. On the face of the results, it appears that
people who received more messages evacuated at a higher rate, but I believe that is misleading as
I found it contradicted the comments from residents. The participants in these interviews and
surveys did not suggest that a greater number of messages would have changed their behaviour.
For the people who evacuated, a significant number of them did so after hearing only one
message, some explaining it as a trained response, many in both communities saying specifically
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that they have already made the decision to evacuate and will do so at the first message. They
believed that decision is already made and was not changed by the communications they
received. Many of those residents of Masset who didn’t evacuate also indicated they had made
that decision in advance, for specific reasons. They felt the route was unsafe, or the risk of a
tsunami was not high or even non-existent. That non-evacuators had made their decision in
advance was echoed in the comments of an RCMP officer who went door-to-door in Masset that
night and found people had made up their minds by the time he spoke to them. I do not believe
that more messages would have changed the minds of those non-evacuators.
The discrepancy between the results and the proposition may be due to differences in the
hazards in the original research. The Sorenson and Vogt Sorenson (2007) finding was based on
the research of Mileti and Beck (1975) who studied warning communications of a flash flood in
Rapid City, South Dakota in 1972, while Fischer et al. (1995) studied an evacuation due to toxic
smoke from a paint fire in Ephrata, Pennsylvania in 1990. Both examples use a sudden and
unexpected hazard, which may very well require significantly different communication efforts
than that of a tsunami warning in areas with well-recognized tsunami risk and ongoing public
communication on the subject. As well, the way the public responds to messages may have
changed, as the technology of communicating warning information has changed considerably
since the work of Mileti and Beck, and Fischer et al., both of which pre-date the easy use of the
internet and saturation of social media use. Another factor that leads me to believe the number of
messages received was not greatly related to the evacuation behaviours was the other group of
non-evacuators, those who were unaware of the evacuation. I believe those people who received
no message at all lowered the total number of messages received by non-evacuators, which
explains the difference between total messages received by both groups. This may reflect an
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oversight in Fischer et al.’s original work. In that work, the authors found that people who
evacuated received more messages in total, and interpreted that to mean that receiving more
messages made people more likely to evacuate, when in fact it could mean that people who are in
the process of evacuating are actively seeking more information and so receiving more messages,
or that non-evacuators who received zero messages lowered the total for all non-evacuators. The
results of the respondents’ perceived risk (Table 4) also suggests that the connection between
evacuation and greater number of total messages received is not clear, as in both cases the
participants who felt more risk, received more messages. A possible interpretation is that
residents who felt more at risk made themselves more available to receive messages, and
evacuated more often, and therefore did not evacuate because they received more messages, but
because they felt more at risk.
I would argue that people who did evacuate, didn’t need more messages, and neither did
the people who did not evacuate because they were unaware of the event; they needed one
effective message that reached them. I would suggest that the goal is not more messages
received by individuals in Masset and Ucluelet, but a greater variety of message channels
overall, tailored to each communities’ needs to ensure no one is missed. As Lavis et al. (2003)
pointed out, different audiences will see different sources as more credible, and so having a
variety of media to carry a message will reach a larger audience. Specific vulnerabilities also
make some dissemination methods more accessible to different publics also (Fordham et al.,
2013), so more variety of message channels broadens the publics who can access them.
Proposition five suggested that participants who perceived higher risk were more likely to
evacuate. Unsurprisingly people who perceived their risk most highly, also evacuated to the
highest degree, across the four different groups. More interesting is the fact that a higher number
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of warning messages received was also correlated with increased risk perception, indicating that
when people assessed risk more highly, they were either more aware of warning information, or
made themselves more available to warning messages, by signing up for automated messages for
instance. The Ucluelet participants rated their risk the highest, which indicates participants have
a reasonable understanding of the risk they face, based on the rankings of Cheff et al. (2016),
which indicated both communities are highly vulnerable, but Ucluelet (and Tofino) particularly
so. This assessment was corroborated by EMBC’s Seismic Specialist, pointing out that while
both areas are vulnerable to tele-tsunamis, Vancouver Islands’ proximity to the Cascadia
Subduction Zone creates a higher risk for Ucluelet from local tsunami events.
In proposition six, I suggested that residents who received pre-event communication
regarding tsunami risk and evacuation were more likely to evacuate and those residents who
remembered receiving pre-event communication about tsunami risk did evacuate more
frequently than residents who didn’t remember getting pre-event communication. The exception
was in the Masset Sample Area, where respondents reported the least amount of pre-event
communication overall. There were also other findings that were suggestive of the importance of
pre-event communication. First, in the Masset Sample Area interviews and surveys, respondents
both reported the lowest amount of pre-event information, the lowest percentage of the residents
evacuating and a large amount of misinformation. Haida Gwaii Southwest also had five
respondents who incorrectly identified their homes as within the safe zone and other examples of
misinformation and had a lower reported amount of pre-event communication (see Appendix A).
I suggest that both misinformation and incorrect evacuation zone understanding indicate a failure
of pre-event communication. Secondly, the high level of evacuation in the Ucluelet Sample Area,
even with the lack of siren and other communication issues the community struggled with that
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night, speaks to the value of pre-event communication, specifically in the form of neighbourhood
level engagement about tsunami risk. The neighbourhood watch program mentioned by the
sample area residents is a good example of residents participating in a dialogue on hazard risk
and successfully increasing their knowledge, as predicted by Frewer (2004) and Ulmer et al.
(2007). Overall, Ucluelet reported higher pre-event communication and had significantly less
misinformation and only one person incorrectly identifying their home as within a safe zone.
Ucluelet’s high level of evacuation mirrors the finding of Okal (2015) who found a welleducated public in the Tohoku earthquake was able to successfully evacuate, compensating for
other problems with the response. Finally, there were a handful of new residents in both
communities who had not received any tsunami risk information since moving to the
communities in the last year, and struggled with the evacuation accordingly, demonstrating how
a lack of pre-event communication can leave community members without important
information in an emergency event.
There were two other main points that arose during the analysis of the interviews and
survey data, and while they did not fit in with the original propositions, I believe they are
significantly related to the communities’ response to tsunami warnings communication. The first
is the number of vulnerability-specific incidents described by participants either delaying or
preventing their ability to evacuate, and the frequency with which those occurred to women.
Several participants described situations where an individual’s unique circumstance led to a
failure to evacuate. One person was brought to my attention as they not did not evacuate because
her hearing impairment meant she slept through the evacuation in 2018, even though a neighbour
tried repeatedly to alert her. Another respondent mentioned that she had evacuated in 2018 but
had not for a previous evacuation. When asked why, she replied that she had recently suffered
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the death of her spouse at the time of the earlier evacuation and did not care enough to leave. She
said her emotional state was such that she had no interest in evacuating and indicated that she
had had little interest in taking any personal protective action at that point. There is research in
the psychiatric field that indirect self-destructive behaviour is not uncommon in people suffering
a complicated grief (Szanto, Shear, Houck, Frank, Caroff, & Silowash, 2006), and has been
found to be more common in women (Tsirigotis, Gruszczyński, & Tsirigotis-Maniecka, 2014).
Also, two women did not open the door to first responders because they were frightened to open
the door while alone in the middle of the night, and while both women eventually evacuated,
their response was delayed. Another woman slept through the event with her newborn,
something she attributed to the exhaustion of being a new mother. It is possible that more female
specific situations occurred because the female respondents outnumbered the male ones almost
three-to-one, with women making up 173 of the 242 total respondents in this research, but it may
also point to the possibility that current warning systems and emergency plans are not taking
gender specific vulnerabilities into account.
The other point was a lack of public engagement on the topic of tsunami risk in the two
communities. A number of respondents in the surveys and interviews expressed gratitude that
someone was reaching out to them, and others expressed a desire for more communications on
the topic, indicating to me that these are communities desperate for real engagement on the topic
of tsunami risk. Public relations research recommends two-way symmetric communication,
where the intention is mutual understanding, and the communicator is not just seeking to
broadcast information, but also to collect it to create true engagement (Wilcox & Cameron,
2012). That dialogue-centred approach to discussing hazard risk by involving the public in a
conversation is well recognized as the best approach to communicating risk (Frewer, 2004;
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Ulmer et al., 2007) but the responses to this research indicate that is not happening in these
communities. Waterstone (1978, as cited in Sorensen and Vogt Sorenson, 2007) showed that the
effects of public information wear off over time, so risk communication efforts need to not just
be a one-time event, but an ongoing process to keep residents engaged in a conversation on
hazard risk.
The communities of Masset and Ucluelet share several similar conditions, they are small,
remote, coastal communities with a well-recognized tsunami risk. The communities use very
similar methods to warn their residents, both relying on sirens, automated messages requiring
pre-authorization from residents, and first responders doing neighbourhood visits. Most
respondents in both communities received two or three warning messages, and a significant
number of respondents evacuated after receiving only one message in both communities. Given
these similarities one might expect them to have had similar evacuation responses to
communication efforts in the January 2018 event, but the communities had significantly different
evacuation behaviour, and experiences, during the event, and concerns afterwards. It would
seem likely that some of that variation is due to differences in effectiveness of the communities’
warning systems that night. Masset’s public warning system worked well on January 23, 2018;
the siren and phone systems and first responders were activated quickly, and community
members assisted in amplifying the message for each other. Ucluelet’s system was plagued with
issues; the siren faulted frequently, there was a large delay on the phone message, and first
responders delayed door-to-door response because it was not seen as time sensitive. However, it
seems community members made up for the faults in the system in Ucluelet, by assisting in
warning each other, and compensating for the problems in their warning system. My results
indicate they evacuated at a much higher rate than Masset, with around 70% of respondents from
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Masset evacuating and around 90% of Ucluelet respondents evacuating. That brings the Ucluelet
response close to Reynolds and Tanner’s (2019) results in Port Alberni for the same event, which
found 93% of residents in the evacuation zones had evacuated. For Ucluelet residents to be
evacuating at close to the same rate as a community with a relatively recent experience with the
hazard is remarkable, especially considering the communication issues that night.
Contributing to the differences in results is the fact that communication efforts are only a
small part of all the factors that form evacuation decisions. Lindell and Perry’s (2012) Protective
Action and Decision Model (PADM) suggest communication factors are taken along with all the
other related and interacting factors that lead a person to take a protective action, including
environmental and social cues, personal characteristics and psychological processes. That model
also states that a person must believe that a protective response is available to them in order to
move to the stage of deciding to take protective action. As some Masset residents do not believe
their evacuation route is safe, they do not believe they have a protective action available to them
and so it is not surprising they take no action. Traffic concerns as an evacuation impediment has
been shown in previous research, and so should not be unexpected (Dow & Cutter, as cited in
Dash & Gladwin, 2007). A clear and consistent message can be received multiple times by a
person who has received communication on hazard risk, but that person’s individual thoughts
and opinions will ultimately be the deciding factor as to their own behaviour. If residents have
concerns, as some residents in Masset have with their evacuation route, leading them to believe
evacuating is unsafe or unnecessary, those concerns must be addressed or risk decreasing the
likelihood of evacuating. As Rød et al. (2012) explained, it is not enough to provide information
about hazard risk, the communities’ practical needs must also be met, as those authors found the
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ability to use the provided risk information is a key element to the public’s willingness to obey
evacuation information.
To conclude, I believe Masset’s lower evacuation rate can be attributed to concerns many
of the members of the public have with the evacuation route and site, and with lack of pre-event
communication to negate misinformation and prevent knowledge fade. I attribute Ucluelet’s
higher evacuation rate to better pre-event communication and higher social capital, which was
able to outweigh their technical issues that night.
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Chapter 6: Recommendations and Conclusion
The two evacuations studied in this project were successful overall, in that most residents
who participated in this study evacuated and the evacuations were completed before the first
waves were predicted to reach the communities. However, there are areas for improvement, both
for the communities, and for the provincial government. These recommendations are aimed at
improvements to ensure all residents in Masset and Ucluelet receive appropriate warning
information, and that they are provided the best possible information regarding tsunami risk in
order to make an evacuation decision. I have made recommendations at the provincial level as
well, as I believe there are lessons from these evacuations that are applicable to other
communities in BC, as well as changes requiring more resources than are currently available to
these communities.
Recommendations
The first recommendation relates to the finding that there was a delay in communicating
tsunami hazard information to new residents found in both Masset and in Ucluelet. Some
respondents who lived in the communities for less than a year had not received any
communications regarding tsunami risk before the 2018 event, leaving them unsure what the
siren meant, where to evacuate, or what to take along while evacuating. Ucluelet and Masset
should develop strategies to reach out to new residents with local hazard information as soon as
possible upon their arrival. A solution could be information brochures on local hazards and
emergency preparedness provided to Canada Post outlets to be placed in newly registered boxes,
therefore ensuring information for new residents, as most coastal BC locations do not have home
mail delivery (Canada Post to phase out urban home mail delivery, 2013). Another suggestion is
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to include an information package with new utilities connections, or annually with property tax
notices.
Participants in this research reported several unique, or unusual, circumstance that
delayed or prevented their ability to take protective action during a tsunami warning event.
Circumstances such as profound grief, personal safety concerns, hearing loss and the presence of
a newborn all affected the ability of the residents to evacuate and were all experienced by
women. That an individual’s personal social vulnerabilities are directly related to their
susceptibility to the negative outcomes of a disaster is well recognized in the field of emergency
management, as is the responsibility to design warning systems that address those vulnerabilities
(Fordham et al., 2013). While some of these vulnerabilities could be addressed by involved and
informed neighbors, some of them would to need be identified by health care providers and
managed by individualized solutions such as pre-arranged female-only communication or
specialized in-house warning systems for the hard of hearing. The second recommendation then
is that local emergency programs should strive to identify those impediments caused by personal
social vulnerabilities in their communities, with a focus on women’s experiences, in order to
develop strategies to mitigate them.
Many of the respondents in this research reported already having made an evacuation
decision before receiving the warning in 2018 and having made that decision meant they started
to prepare to evacuate after receiving only one warning message. The negative outcomes of a
lack of public information was also demonstrated in the misunderstanding of evacuation zones
and examples of misinformation. Real engagement requires a dialogue-centered approach to
communication that would allow the specific concerns of the community to be addressed through
tailored communication efforts. For instance, some respondents in Ucluelet believed that the
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public is not receiving all the information possible and expect the exact location of the
earthquake and wave predictions to be available immediately, apparently unaware that the
information takes significant time to calculate. Other Ucluelet residents felt they should not be
evacuated unless authorities are certain a damaging wave will arrive, something that is not
possible with current technology. Public communication for Ucluelet then should give a truthful
accounting of how long it takes to produce accurate seismic data, and the uncertainty involved in
predicting a tsunami wave. Admitting that authorities don’t have the information the public
expects may seem like it will create unnecessary fear, but research has shown full disclosure is
the best policy, even in the case of admitting information is not available (Wray et al., 2006). A
truthful acknowledgement of uncertainty can be understood by the public (Palenchar &Heath,
2007), and not only can the public understand it, Frewer (2004) explained that acknowledging it
can increase trust. A tailored approach for Masset should address the common misconceptions
that tsunamis “don’t go up inlets”, and “don’t turn corners”. EMBC’s Seismic Specialist
suggested using the example of the 1964 Port Alberni tsunami in communication efforts, to show
a wave both angling a corner, and going up an inlet. Both strategies are possible because the
opinions of residents were gathered, something only possible with two-way communication. I
recommend that further efforts at the municipal level to create true engagement with residents
and combat mistrust and misinformation. Possible types of engagement the communities could
consider are surveys and public hearings after an event, a comments/questions field on the
municipal websites’ emergency pages, ongoing public activities such as the High Ground Hike,
and the incorporation of tsunami awareness into public events. One Masset resident interviewed
even suggested tsunami preparedness could be tied into the yearly Harbour Days celebration,
with some part of the festivities taking place at the evacuation site.
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The recommendation for community engagement ties into the fourth recommendation,
which relates to the unusually high evacuation rate, and high level of hazard specific knowledge
found in the Ucluelet sample area, indicating the value of the local tsunami neighbourhood watch
program described by several respondents. Residents described an informal committee formed
by neighbourhood residents that met a couple of times a year to discuss preparedness, using
resources of their own creation. That model could be used as a model for other communities with
the creation of neighbourhood-based emergency programs in neighbourhoods with high hazardspecific risk, with some support from a local emergency program in the form of organization and
pre-made resources. Neighbourhood level committees would also create communication
channels for two-way communication with the local authority as suggested in recommendation
three, to address neighbourhood level concerns, and allowing the residents to feel heard. The
model would allow for discussions with the public about risk, which has been found to be more
effective than simply broadcasting information (Frewer, 2004; Ulmer et al., 2007). It would also
help create the bridging ties (from voluntary associations), which are one of the forms of social
capital researchers have found increases likelihood of evacuation (Metaxa-Kakavouli et al.,
2018). Members could also pass information along to other neighbours, which may be a very
effective way to receive it (Lindell et al., 2005), and would encourage the community
conversation on risk recommended by Paton et al. (2012) and support the community-agency
relationship suggested by those authors. Neighbourhood-level emergency preparedness programs
could also assist in recommendations one and two, as it could be used as one of the strategies to
reach out to new residents, and could help identify those residents needing specialized alerting,
or assistance evacuating.
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I believe this model has potential beyond coastal BC also, with the assistance of
provincial resources to support the model’s use by municipal Emergency Programs in
communities at significant risk from other hazards, such as flood or wildfire. In a wildfire hazard
zone for instance, a neighbourhood level committee could focus on safe landscaping and other
wildfire mitigation strategies, as well evacuation discussions. While drawing a conclusion across
multiple hazards may seem out-of-scope of this project, there is support for drawing general risk
communication lessons across different hazards as demonstrated in this project’s literature
review.
The fifth recommendation relates to the overwhelming concerns from residents in both
communities for improvements to their communities’ tsunami preparedness, in the case of
Ucluelet, a new siren system, and in the case of Masset, the need for better mapping to ease
resident’s concerns regarding the evacuation route, or perhaps establish a different evacuation
site, or even vertical evacuation. While it is true that the evacuations were successful with the
existing systems, there was still a great deal of concern felt by the residents of both communities.
Fortunately, Ucluelet will soon see an improvement in its siren, as the municipality is currently
in the process of installing tsunami warning sirens in the Cedar Road parking area and on
Amphitrite Point, approximately 500 metres from the closest house in the Ucluelet sample area.
Masset, however, is unable to address its practical issues. The Village has not been able to access
funding and, therefore, will not be doing the mapping needed to consider changing its evacuation
plan, nor will it be replacing its siren. Funding to municipalities for emergency preparedness is
available through grants, (Community Emergency Preparedness Fund, n.d.), but a grant
application process does not guarantee success, and it assumes that a community has municipal
staff with the time to do grant applications. I suggest that Masset and Ucluelet have similar
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needs, but Masset has a municipal staff of three, while Ucluelet has staff numbering around 20,
including a full-time Fire Chief, due to its larger population and better financial situation, which
means it has been better able to access funding for tsunami preparedness.
Masset residents have practical concerns about the safety of their evacuation route,
because of traffic problems and its proximity to sea level. As well, some residents question
evacuating to a site with limited communications and no facilities for what could be an extended
stay. Residents described having made decisions in advance not to evacuate because they feel the
evacuation route is unsafe, and there is no indication that there is any communication that would
changes those residents’ decision. Local authorities acknowledge the validity of these concerns
but lack the resources to address the issue. While the suggestion of added funding may seem
facile, I would argue that there were only eight communities listed by Cheff et al. (2016) as
highly vulnerable to tsunami in BC: Ucluelet, Gordon River, Tofino, Esowista, Hesquiat, Hope
Island, and Masset and Old Masset. An assessment made by those authors based on potential
tsunami arrival time, run up heights, and the ability of an ordinary person to walk to safety in
each community. Given the small number of communities involved, the final dollar figure would
not be prohibitive and so recommendation five is that funding should be made available
provincially to provide mapping and warning technology in communities judged to be highly
vulnerable to tsunami risk in BC and unable to access those resources themselves.
In both Masset and Ucluelet, municipal staff prepared ad hoc messaging during the 2018
tsunami warning event and were unaware that consistent messaging was preferable. Both
communities also use similar warning systems, combining siren, automated personal device
messaging and first responder visits, and both communities had residents who still did not
receive the message. A provincial government effort to promote consistent warning
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communication and the use of further warning channels tailored to reach demographics specific
to individual communities could improve warning communication in Masset and Ucluelet, and
perhaps other BC communities. Work has already been done to produce resources such as the
British Columbia Tsunami Notifications Toolkit (Anderson et al., 2016), and Modernizing Public
Messaging (Mileti, 2018), and so a package of information to improve warning messaging could
easily, and cheaply be made available to local governments. The final recommendation is that the
provincial government in BC should provide a resource guide to support municipal emergency
programs’ tsunami warning efforts to allow for consistency of messaging and the use of more
message channels, chosen to suit the needs of the specific communities.
Conclusion
The west coast of British Columbia faces the possibility of a rare but dangerous tsunami
event from earthquakes on nearby faults and from around the Pacific Ocean. Warning systems
are an essential component to ensuring public safety should one of these events occur. For
tsunamis in BC, the warning systems consists of seismic detection system monitored by the
NTWC who provide that information to the provincial government, who pass it to the public and
to local government to alert their communities. As with all warning messages, the public does
not instantly obey the tsunami warning information once it is distributed, as individual members
may not receive the warning and those who do will make their own risk assessment to determine
if they will evacuate.
This thesis explored the communication of tsunami warning information and its influence
on residents’ evacuation behaviour during the January 23, 2018 tsunami warning. Two
neighbourhoods within potential inundation zones in Masset and Ucluelet were chosen as sample
areas and approached in the spring and summer of 2019 to provide interviews with residents

TSUNAMI WARNING COMMUNICATION

97

regarding their experiences during the tsunami warning and evacuation. Residents of the greater
communities of Ucluelet and Haida Gwaii were also surveyed to provide further insight into
tsunami warning communication, and case study narrations for Ucluelet and Masset were created
to understand the greater context of the evacuations. Information from the case study databases
were used to examine the propositions that framed the research, as well as to examine the
overarching question behind the multiple-case study.
Masset residents were found to have evacuated less frequently that Ucluelet’s residents,
even though Ucluelet suffered more problems with communications that night including siren
failures and a delay on issuing their automated phone message. I attributed Masset’s lower
evacuation rate to concerns many Masset residents have with the community’s evacuation route,
and to a lack of pre-event communication in that community. Ucluelet, in comparison, had better
pre-event communication and higher social capital which was able to compensate for the issues
with their warning system during that event. Even warning messaging done very effectively may
not convince residents who have very real practical evacuation concerns that need to be
addressed, as shown by the responses from Masset residents.
Contributions to knowledge in this thesis include increasing the small pool of tsunami
specific warning research, as well as adding research specific to the BC coast, and research
specific to small communities. The differences in the types and nature of social capital between
large urban communities and small rural ones may play a significant part in evacuation decision
making, and so this research from small communities could be used for comparison in future
research. As well, this research calls into the question the finding from previous research that
more receiving more warning messages increases evacuation, while supporting previous findings
that information from peers and local authority is more important than other sources and that
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high levels of risk perception and pre-event communication are related to evacuation. The
number of warning messages received by the participants in these communities was higher for
those residents who evacuated, but I do not believe it was related to their evacuation behaviour,
as many people who did not evacuate because they received no messages and brought down the
total messages received by that group. Broadcasting a warning message on multiple channels is
still recommended as different media may reach different demographics and be responded to
differently. Also moderately supported was the connection between clear and consistent
messages and the participants’ evacuation behaviour.
The importance of local information, pre-event communication and social capital
appeared consistently throughout this project. The results of this case study indicate a sense of
personal risk is an important factor in how the public receives and responds to a warning
message, something well-recognized in previous research. As a dialogue-centred approach is the
best way to communicate risk, public education should involve ongoing engagement with
residents in dialogue on tsunami risk. Other recommendations include improved strategies for
Masset and Ucluelet’s emergency programs to reach new residents and the socially vulnerable
persons with emergency preparedness and warning information. Provincial recommendations
include more funding for communities highly vulnerable to tsunami risk, the creation of
neighbourhood level emergency committees and the provision of tsunami warning
communication resources to municipal emergency programs in British Columbia.
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Appendix A. Haida Gwaii Northwest and Southeast Online Survey Results
Haida Gwaii Northwest had 37 eligible participants with the following numbers from
each community; Masset (26), Old Massett (7), and Tow Hill (4). Haida Gwaii Southeast had 40
eligible participants following numbers from each community; Skidegate (3), Queen Charlotte
(9), Sandspit (2), Tlell (5), and Port Clements (21). The divisions were based on the increased
exposure of the northwest communities.
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Overview of Results.

Detailed Results from Propositions
Results Proposition One: Information from peers and local authority were more important
than other sources.
Haida Gwaii Survey Northwest Results for Proposition One
When asked if the source of the message was important, this answer was ambiguous, as
most of the respondents (22, or 56.41%) said no, or did not answer. Other responses were
varied: texts, phone calls from family, will seek confirmation from official website and official
source only, all received two responses. There were six other answers, with no agreement
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between them, although one person said all sources are the same as long as they agree, and
another all of them are equal as long as they are prompt. Similar to the Masset sample
however, the majority of the respondents (70.37%) received the information first from a local
source.
Haida Gwaii Survey Southeast Results for Proposition One
Only ten of the respondents in the south end of Haida Gwaii felt the source of
information was important, while 19 said no, all sources of information were the same, and 11
skipped the question. Of the 10 who felt the source of information was important, three were
first responders who learned from their dispatch of the emergency, and felt that was most
believable. Two said yes with no further explanation, two said they needed calls to landlines,
one did not believe the fire department because they had sent out too many messages in a
previous event, and one found the number of messages excessive and frightening to her
children. One needed to go online and check with Earthquake Canada to be convinced.
57.58% (19/33, 7 skips) of respondents received their first messages from a friend or local
source. This was the only group that had a large number of respondents (14) say they received
their first message from an electronic source. One person echoed the comments in Masset that
she only evacuated to please the person with her.
Results for Proposition Two: Participants who received clear and consistent messages were
more likely to have evacuated.
Haida Gwaii Survey Northwest Results for Proposition Two
18/27 of the people who evacuated said the information was understandable, 2/10 of the
non-evacuators said the same.
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Haida Gwaii Survey Southeast Results for Proposition Two
95.65% of those who answered found the evacuation information to be clearly
understandable. One person mentioned not getting enough information to make a decision.
100% of those who evacuated said the evacuation information was easily understandable. Two
people mentioned not trusting the Queen Charlotte Epact messages because of over-messaging
in the past.
Results Proposition Three: Subjects of different demographic backgrounds responded
differently to different communication channels.
Haida Gwaii Survey Northwest Results for Proposition Three
Men received more messages than women (2.81 versus 1.65 average messages
received), and were less likely to have evacuated after only one message (0/7 evacuating men
compared to 7/20 evacuating women). People who had school age children living in the home
perceived a much higher level of risk than people who didn’t. Older people were more likely
to have received their first message by siren, or not have gotten it at all, while younger ones
were more likely to have gotten it on a device (8/25).
Haida Gwaii Survey Southeast Results for Proposition Three
Men received more messages than women (4.33 versus 3.1 average number of messages
received), but the respondents were overwhelmingly female for this group. Again, people with
children in the home rated their risk as higher as people who did not (3.31 compared to 3.22).
8/19 respondents over 50 got their first message from a message to a device (6/19) and six got
it from a local phone call or a knock on the door. Of the under 50 group, 11/21 received the
message from a local source, and six from an online one.
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Results Proposition Four: The more warning messages the participant received, the more
likely they were to evacuate.
Haida Gwaii Survey Northwest Results for Proposition Four
There were 37 participants from Old Massett, Tow Hill and the non-sample area of
Masset. 27 of those respondents evacuated, eight did not, and two skipped the question. Of the
eight respondents who did not evacuate, five did not receive a warning message, two were not
present to evacuate and one felt the tsunami evacuation route was unsafe, and they were better
off at home. The participants who evacuated received an average of 2.44 messages each,
compared to one message received by non-evacuators. Seven people evacuated after receiving
only one message.
Haida Gwaii Survey Southeast Results for Proposition Four
There were 40 participants in the online survey from southeast Haida Gwaii (Port
Clements, Tlell, Lawn Hill, Skidegate, Queen Charlotte and Sandspit). 20 of those
respondents evacuated, five did not specify and 15 did not evacuate. Of those 15 nonevacuators, eight correctly thought that their home was not in the evacuation zone. Of the
seven-remaining people, five knew there was an evacuation, but thought incorrectly that their
house was in a safe zone, one was away from home and one thought they were not provided
enough information to make an informed decision. The participants who evacuated received
an average of 3.4 messages each, compared to 2.92 messages received by non-evacuators.
Only two people evacuated after receiving only one message.
Result Proposition Five: Participants who perceived higher risk were more likely to evacuate.
The results for this proposition are found in Table 4, which shows the percentage of
respondents who evacuated in each community, according to whether they rated their risk as
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low (1 or 2), medium (3 or 4) or high (5 or 6), as they had assessed their risk on a scale
between one (not concerned at all) and six is (extremely concerned). Once I corrected for those
people who did not evacuate because their homes were not in a hazard zone, the results
indicate that the respondents who assessed their risk as low evacuated to a much lower degree
than did those participants who rated their risk as higher. They also received less warning
messages, and less pre-event communication.

Results Proposition Six: Participants who received pre-event communication regarding
tsunami risk and evacuation were more likely to evacuate.
Haida Gwaii Survey Northwest Results for Proposition Six
The interview subjects in the Northwest group overall reported a low rate of pre-event
communication in the year before the 2018 event. 44% of the evacuators reported receiving
pre-event communication, while 87.5% of non-evacuators received that information. Of the
respondents who evacuated; 11 received public information, seven did not, seven didn’t
remember and two skipped the question. Of those who did not evacuate, seven had received
information about tsunami risk, and one had not. A deeper look at the answers, however is
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more telling. Also, five of the respondents mentioned information that can be classified as
misinformation, one said the safe window of evacuation was 17 minutes, one didn’t know the
location of the evacuation site and another said Masset’s location meant a wave was unlikely,
and perhaps not possible. One respondent repeated the “tsunamis can’t turn corners”
mentioned by the Sample Area responses, adding that Haida Gwaii is not on a fault and that
tsunamis cannot go up inlets.
Haida Gwaii Survey Southwest Results for Proposition Six
The level of pre-event communication was higher on the Southwest part of Haida Gwaii.
Of those who evacuated in the south end of Haida Gwaii, 17/20 (85%) said they had received
public information in the year before the event, while 50% of the evacuators said the same.
There were five respondents who thought they were in the safe zone, but were not, which is a
failure of information. Two people mentioned they would like more public information preevent. One person who mentioned living on sand dunes 11 metres above sea level as a safe
location, and another mentioned going above the evacuation point because they don’t consider
it to be high enough.
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Appendix B. Informed Consent
Consent for Participation in Interview
Interview topic: Tsunami warning messaging.
Interviewer: Jane O’Higgins-Wilson, MA candidate, Royal Roads University. Under the
supervision of Peter Anderson, Thesis Supervisor. Royal Roads University contact Jean Slick –
XXXXXXXXXX.
Purpose of Interview: To gather information on how the public responds to tsunami warning
messages in Northern British Columbia with the intention of providing evidence to improve
future communication efforts.
Participant Declaration:
I, ______________________, am over the age of 18 and have volunteered to be interviewed by
Jane O’Higgins-Wilson, a Master’s student from Royal Roads University to provide research for
her thesis, studying how tsunami warning information messages are received on Haida
Gwaii/Ucluelet.


I understand that I will not be paid for my participation, but that my name will be entered
into a draw to win one of two 72-hour emergency kits. I understand my name will be
entered in the draw whether or not I complete the interview, and so I am free to stop at
any time with no penalty.
 I understand I will be participating in an interview of less than one hour in length,
answering questions regarding my reactions to previous tsunami warning messages.
 I understand that there is nothing in this survey that should be harmful to me, or make me
uncomfortable, and that I can refuse to answer any questions at any time.
 I understand that my responses will be confidential, and that I can withdraw my
participation at any point and my responses will be removed and deleted, unless the data
has already been consolidated and cleaned of personal information.
 I understand the interview is being recorded, and that that recording will also be kept
confidential and deleted once the thesis is complete.
 I understand that I may request a copy of the transcript of my interview, as long as that
information is available, and that I may request a copy of the final thesis if I desire.
 I understand that the interviewer has no conflicts of interest that would affect her ability
to conduct this interview.
Participant’s name
____________________________________________________
Participant’s signature ___________________________________________________
Participant Contact (email/phone)___________________________________________
Date

___________________________________________________

Interviewer’s signature __________________________________________________
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Thank you for participating in this interview, please feel free to ask any questions you have as
we proceed and ensure you are given a copy of this consent form before the interviewer leaves. If
you have any concerns about the ethics of this research, you may contact the Royal Roads Office
of Research Ethics at XXXXXXXXXXX. Direct any other questions to myself at
XXXXXXXXXXXX.
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Appendix C. Interview Protocol
Tsunami Warning Messages Interview
Jane O’Higgins-Wilson, MA Candidate/Royal Roads University
Interview Protocol
Script prior to interview:
What: This interview is part of the research for my MA Thesis in Disaster and Emergency
Management. The intention of the research is to discover how people receive tsunami warning
information on Haida Gwaii/in Ucluelet, and how they respond to that information.
Why: The intention is to provide information that will improve the way tsunami warning
messages are broadcast to the public. You were asked to do this interview because you were in
Masset /Ucluelet for the January 23, 2018 tsunami evacuation and so your specific experiences
during that event can provide useful information to determine how people receive tsunami
warning messages.
How: I will be asking you questions to determine by which channels (alarm, social media,
personal contact, etc.), you received tsunami warning information and how you responded to
those messages. There are no wrong answers, and no judgements on your actions after receiving
the messages. If you have any other thoughts or information you think is related, please let me
know, even if it does not directly relate to the question being asked. This is an informal interview
process, so we don’t have to stay exactly on the script if you have something else to offer, please
do so.
Protecting your privacy
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I will be recording the interview, and transcribing it, but that document will not have your name
on it, as I will only be recording your name in my own notes and associating it to a number that
only I will have. Also, only I will have access to the interview data, and I will ensure that it
remains secure at all times. You are welcome to a copy of that transcribed document once it is
completed, let me know (my contact information is available on the consent form). I will not be
sharing your responses except within the final document, and then it will be cleaned of any
identifying information. You are welcome to conclude the interview at anytime, and I will
remove and delete all recording and notes. If you choose not to participate after the interview is
completed, contact me and I will remove and delete all recording and notes, unless they have
already been incorporated into a data set, in which case I will remove all possible information
received from you.
Also, to note: I do work for the Government of British Columbia, but I do not represent them in
an official capacity, and it is not providing any financial support, oversite or direction to the
project, so there is no conflict of interest. The final document will be published through the
Royal Roads University, and possibly other locations, if you would like a copy of the final
document, please let me know.

*****Notes for Interviewer: Review ethics, ensure informed consent is understood and signed,
check battery power on recorder and then start recording. Use follow up questions and allow the
participants to fully flesh out their answers.
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Introductory questions:
Focus: Learning about the participants.




Please say and spell your name.
Confirm their address in Masset/Ucluelet.
Please tell me a little bit about yourself: Prompt for age range, education, and children in
the home and preferred gender designation.
Transitions questions:
Focus: The participant’s overall response to tsunami warnings.


How many tsunami warnings have you experienced? Were you here for the January 23,
2018 event?
 Are you worried about a tsunami reaching Masset/Ucluelet? Can you rate your level of
personal concern on a scale of 1 to 6, where one is not concerned at all and six is
extremely concerned?
Key questions:
Focus: Specific information about the 2018 tsunami warning the person experienced. (If they
were not there, skip to end).
Type and number of messages:
1. You mentioned you were present for tsunami warnings in 2018, and I’d like to ask
specifically about that experience.
 When were you first aware of the potential tsunami warning? (Did you feel
shaking? Hear an alarm? Did someone call and tell you?).
 How many ways did you received the information? (Instruction to interviewer Once they have listed the methods, verbalize the total to check if it is correct, i.e.,
“so you received the message in 4 different ways?”)
 Can you recall the order that you received those messages?
 Do you think you responded differently when you got the information from
different sources? Are some sources more believable to you?
Clarity of formal message:
2. Did you receive the first formal evacuation information? (Explain formal evacuation
information as that coming from local or provincial government.)
 Was the formal evacuation information clearly understandable to you?
 Was the language understandable?
 Did it provide you with all the information you needed?
Decision-making
3. Are you aware of the point at which you made a decision to evacuate, or not?
 If you didn’t evacuate, what was your reasoning for that decision?
 If you did evacuate, what was the deciding factor in that decision?
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If you evacuated, did you warn someone else, or otherwise let someone know you
were evacuating before you left for the evacuation point?
Pre-event Messaging:
4. Do you recall if you had received any public information about tsunamis, or tsunami
preparedness in the year before that event?
 Who was it from?
 Do you think it effected your decision making?
Closing questions:
Focus: To conclude the interview and determine if there are any other details the participant
would like to share.
1. Were there non-communication factors that were important to your evacuation decision,
for instance, the perceived strength of the earthquake, or the actions of people you know?
2. Are there any changes you would like to see to improve tsunami warning messaging?
3. Is there anything else you would like to add?
4. If I have further questions, could I follow up with you by email/phone? (if yes, collect
information).
5. If you think of any other information you would like to pass along, please feel free to
contact me (provide contact info)
Thank respondent for completing the interview.
***Offer copy of informed consent***
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Appendix D. Haida Gwaii Online Survey
Online Survey: Tsunami Warnings – Haida Gwaii
Introduction
Thank you for responding to this survey. My name is Jane O’Higgins-Wilson, some of you may
remember me from my time at the Haida Gwaii Observer, writing as Jane Wilson. I’m now
working towards a Master of Arts in Disaster and Emergency Management at Royal Roads
University. This survey will provide some of the research towards my thesis for that degree. The
project is self- sponsored by and the authenticity of this project can be confirmed by contacting
Dr. Jean Slick at Royal Roads at XXXXXXXXXX.
Purpose
The intention of the research is to discover how people receive tsunami warning information on
the BC coast and how they respond to that information, in order to improve the way tsunami
warning messages are broadcasted to the public.
About the survey
The survey is intended for persons over the age of 18 living in the Village of Masset but may be
completed by anyone present on Haida Gwaii during the January 23, 2018, tsunami warning. It is
expected to take 10 minutes to complete but may take longer if you have more to say. The
questions will refer to your experience during the 2018 tsunami evacuation, you do not need to
have been present at all to respond, nor to have evacuated to complete the survey. If you would
like to complete the survey, but do not want to do so online, contact me at XXXXXXXXX and I
will arrange to complete the survey over the phone.
Risks/Benefits
I believe there is nothing in this survey, or the in-person interviews that will put any persons at
risk. If you are uncomfortable in any way you are welcome to skip questions or end your
participation at anytime. There is a benefit of the study to myself, but may also provide a benefit
to the Village of Masset, and other communities at tsunami risk in BC, by providing research that
can help to improve communication during future events.
Also, after the completion of the survey and in-person interviews I will be drawing for two prizes
of emergency preparedness kits valued at $250 each among participants who wish to be included
in the draw. I will only place your contact information in the draw at your request and will
destroy the ballots once the kits are delivered.
Privacy
The survey is an online survey platform and results will be summarized, in anonymous format, in
the final report. Your comments will remain anonymous, unless you agree to be identified. All
documentation will be kept strictly confidential. The only personal identifying information you
will be to submit in the survey is your address. The data gathered will be retained for and stored
and stored for one year after the completion of my thesis, after which it will be deleted.
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The survey is being done through SurveyMonkey, which is processed and stored in the United
States. You are advised that its governments, courts, or law enforcement and regulatory agencies
may be able to obtain disclosure of the data through the laws of the United States.
Conflict of Interest
I do not have any conflicts of interests regarding this research, beyond working for the
government of British Columbia, which is not providing any financial support, oversite or
direction to the project.
Consent and Ethics
Your participation is completely voluntary. If you do choose to participate, you are free to
withdraw your survey data at any time. Similarly, if you choose not to participate in this research
project, this information will be maintained in confidence. By completing and submitting the
survey, you are indicating your consent to participate.
This research project has been approved by the RRU Research Ethics Board. If you have any
questions regarding your rights as a research participant, please contact the ethics office at
XXXXXXXXXX.
Acknowledgements
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to his survey questions from his research in Port Alberni in 2018, some of which were used to
create this survey.
Question 1.

Question 2.
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What is your address, or the address of your location at the time of the tsunami evacuation event?
(Included to ensure that you were present in Masset, or another location on Haida Gwaii, and that
only one submission is included per household.)
Question 3.

Question 4.

Question 5.
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Question 7.
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Question 9.

Question 10.
Do you think you responded differently when you got the information from different sources?
Are some sources more believable to you?
Answered: 64, Skipped: 29.
Question 11.

Question 12.
What was that government source?
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Answered: 48, Skipped: 45.
Question 13.

Question 14.

Question 15.

Question 16.
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Question 17.

Question 18.
Are there non-communication factors that are important to your evacuation decisions, for
instance, the perceived strength of the earthquake, or the actions of people you know?
Answered: 52, Skipped: 41.
Question 19.
Are there any changes you would like to see to improve tsunami warning messaging?
Answered: 58, Skipped: 35.
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Question 20.
Is there anything else you would like to add?
Answered: 49, Skipped: 44.
Question 21.
If I have further questions, could I follow up with you by email? (If yes, include email address
below).
Answered: 44, Skipped: 49.
Question 22.
Thank you for completing this survey, if you would like your name entered for the draw of one
of two 72-hour Emergency kits, please include your email address below.
Answered: 53, Skipped: 40.
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Appendix E. Ucluelet Online Survey
Online Survey: Tsunami Warning – Ucluelet
Introduction
Thank you for responding to this survey. My name is Jane O’Higgins-Wilson, I’m an Emergency
Management professional and a graduate student working towards a Master of Arts in Disaster
and Emergency Management at Royal Roads University. This survey will provide some of the
research towards my thesis for that degree. The project is self- sponsored by and the authenticity
of this project can be confirmed by contacting Dr. Jean Slick at Royal Roads at XXXXXXXXX.
Purpose
The intention of the research is to discover how people receive tsunami warning information on
the BC coast and how they respond to that information, in order to improve the way tsunami
warning messages are broadcast to the public.
About the survey
The survey is intended for persons over the age of 18, who were living in Ucluelet during the
January 23, 2018, tsunami warning. It is expected to take 10 minutes to complete but may take
longer if you have more to say. The questions will refer to your experience during the 2018
tsunami evacuation, you do not need to have been present at all to respond, nor to have
evacuated to complete the survey. If you would like to complete the survey, but do not want to
do so online, contact me at XXXXXXXX and I will arrange to complete the survey over the
phone.
Risks/Benefits
I believe there is nothing in this survey, or the in-person interviews that will put any persons at
risk. If you are uncomfortable in any way you are welcome to skip questions or end your
participation at anytime. There is a benefit of the study to myself, but may also provide a benefit
to Ucluelet, and other communities at tsunami risk in BC, by providing research that can help to
improve communication during future events.
Also, after the completion of the survey and in-person interviews I will be drawing for two prizes
of 72 -hour emergency kits each among participants who wish to be included in the draw. I will
only place your contact information in the draw at your request, and will destroy the ballots once
the kits are delivered.
Privacy
The survey is an online survey platform and results will be summarized, in anonymous format, in
the final report. Your comments will remain anonymous, unless you agree to be identified. All
documentation will be kept strictly confidential. The only personal identifying information you
will be to submit in the survey is your address. The data gathered will be retained for and stored
and stored for one year after the completion of my thesis, after which it will be deleted.
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The survey is being done through SurveyMonkey, which is processed and stored in the United
States. You are advised that its governments, courts, or law enforcement and regulatory agencies
may be able to obtain disclosure of the data through the laws of the United States.
Conflict of Interest
I do not have any conflicts of interests regarding this research, beyond working for the
government of British Columbia, which is not providing any financial support, oversite or
direction to the project.
Consent and Ethics
Your participation is completely voluntary. If you do choose to participate, you are free to
withdraw your survey data at any time. Similarly, if you choose not to participate in this research
project, this information will be maintained in confidence. By completing and submitting the
survey, you are indicating your consent to participate.
This research project has been approved by the RRU Research Ethics Board. If you have any
questions regarding your rights as a research participant, please contact the ethics office at
XXXXXXXXX.
Acknowledgements
Thank you also Dr. Ryan Reynolds at the University of British Columbia, who provided access
to his survey questions from his research in Port Alberni in 2018, some of which were used to
create this survey.

Question 1.

Question 2.
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Question 3.
What is your address, or the address of your location at the time of the tsunami evacuation event?
(Included to ensure that only one submission is included per household.)
Question 4.

Question 5.

Question 6.
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Question 7.

Question 8.
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Question 9.
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Question 10.
Do you think you responded differently when you got the information from different sources?
Are some sources more believable to you?
Answered: 103, Skipped: 18.
Question 11.

Question 12.
What was that source?
Answered: 70, Skipped: 51.
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Question 14.

Question 15.

Question 16.
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Question 17.

Question 18.
Are there non-communication factors that are important to your evacuation decisions, for
instance, the perceived strength of the earthquake, or the actions of people you know?
Answered: 95, Skipped: 26.
Question 19.
Are there any changes you would like to see to improve tsunami warning messaging?
Answered: 104, Skipped: 17.
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Question 20.
Is there anything else you would like to add?
Answered: 70, Skipped: 51.
Question 21.
If I have further questions, could I follow up with you by email? (If yes, include email address
below).
Answered: 66, Skipped: 55.
Question 22.
Thank you for completing this survey, if you would like your name entered for the draw of one
of two 72-hour Emergency kits, please include your email address below.
Answered: 89, Skipped: 32

