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ABSTRACT 

This paper describes research in progress exploring the use of mobile device technology and citizen sensors, as 
tools for emergency managers and planners to quickly to gather and map citizen perceptions of risk in 
communities exposed to tsunami hazards. VAPoR is an agile, deployable system developed at the Spatial 
Interface Research Lab that does this. It is currently being field tested on the West Coast of Vancouver Island, 
British Columbia. This evaluation assesses these technologies and methods, and their potential to help 
emergency planners mitigate risk in coastal communities.  
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INTRODUCTION 

The Pacific Coast of North America is exposed to tsunami hazards propagated by seismic events in Cascadia 
Subduction Zone (CSZ), and from tele-tsunamis in the Pacific Ocean. Similar to events that followed the  
Tohoku earthquake of 2011, the interval between a local earthquake and inundation of coastal communities in 
British Columbia could be as little as 15 minutes.  

Providing communities and citizens with tools that enhance risk perception, emergency planning and decision-
making during real evacuation events may mitigate risk and build new forms of resilience in coastal 
communities. This research explores how situated citizen sampling interfaces and mobile location-aware devices 
may enhance emergency managers’ ability to gauge cumulative community risk perception and hazard 
awareness. By doing so, we may improve community perception of risk and knowledge of evacuation options 
during a tsunami. Our prototypes were developed in the community of Ucluelet on the Pacific Coast of 
Vancouver Island, British Columbia. 

TSUNAMI HAZARDS AND RISK IN A COASTAL COMMUNITY 

The District of Ucluelet is a small community on Vancouver Island’s West Coast, British Columbia. Ucluelet 
sits on the Ucluth Peninsula – a rocky (and often densely vegetated) landscape of varying topography. (Fig. 1).  

 

Figure 1. (L) Map showing location of Ucluelet BC (Google Maps 2012); (R) Looking West over Ucluth Peninsula 
(photo credit Skip Rowland/Vancouver Sun).  

 
There is only one road that provides access to the Ucluth Peninsula from Vancouver Island. It is possible that 
extreme geophysical events could cut this vital transportation link. Other types of emergencies could overload 
this single road simply due to traffic volume. Based on modeling by scientists and consultants, the most recent 
version of the Community Plan (October 2011) designated all land areas less than 20 meters above sea level as 
at risk from tsunami inundation. Figure 2 shows the position of this contour in Ucluelet’s topographic setting. 
 

 

Figure 2. Ucluelet elevation map (graduated grey values indicate low to higher elevations; red contour 
indicates 20m elevation, separating Ucluelet’s at-risk zones and high ground). Map by Sonja Aagesen. 
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A section of the main road connecting the Ucluth Peninsula to Vancouver Island lies on topography that is less 
than 20m in elevation, and would therefore be at risk from inundation during a tsunami event. In an evacuation 
scenario, this circumstance might have a secondary effect of trapping would-be evacuees on the peninsula.  
 
Tele-tsunamis often allow emergency responders several hours of lead time to warn and evacuate citizens. Local 
seismic events can trigger tsunamis with very short arrival times of as little as 15 minutes. In such scenarios, 
emergency personnel would not have enough time to warn residents. Emergency planners therefore have to 
develop ways to make citizens aware of the nature of these hazards, the associated risks, and practical 
evacuation plans. Typical methods used include map pamphlets in visitor centers, maps on public notice boards, 
presentations to planners and citizens in town meetings, and community evacuation training events.  
 
Research in Canada and elsewhere suggests that tsunami education programs that attempt to prepare the public 
for tsunamis are ineffective (Anderson & Gow 2004, Haque 2006).  Education programs that aim to provide 
awareness seem to be successful in building awareness, but fail to promote preparedness (Johnson et al. 2002, 
Paton 2003). There is a need therefore, to provide better tsunami education in communities - especially in cases 
with potential for local tsunamis (Dengler 2005). 
 
Despite the worthwhile education strategies mentioned above, making people aware of these risks and 
evacuation options is far from straightforward. A common tendency (and limitation) of most public tsunami 
mapping programs is for jurisdictions to create a single tsunami evacuation map per community.  
However, tsunamis are unpredictable, variable phenomena – in wave height, wavelength, arrival angle, and 
geometry of propagation event, and are therefore poorly depicted by static, single maps. Researchers in the 
tsunami science and tsunami information communities have for some time called for enhanced attention to the 
form and mode of tsunami risk communication. A recent study of 42 public tsunami evacuation maps in 
Washington and Oregon states (Kurowski et al., 2011) revealed that even though many public tsunami maps 
look similar (color-coded inundation zones and evacuation routes), they in fact represent different combinations 
of variables in a range of ways. 
 
Differences in institutional practices, municipal resources, governance and accountability make it incredibly 
difficult to implement identical or corresponding tsunami map practices across large regions. However, the 
outcome of variable tsunami map standards is that adjacent communities communicate risk and evacuation 
differently, resulting in differentially educated citizens. These differences may positively or negatively 
contribute to that portion of a community’s resilience that results from ‘risk mitigation through education’. 

Compounding this long list of challenges is another brutal reality. No matter how well tsunami maps and 
documents are designed, we do not have control over: how they are used; whether they are used at all; how they 
are interpreted; how citizens connect maps’ abstract representations of risk to real landscapes. One strategy 
might be to perform a detailed study of citizen tsunami map reading and interpretation. This might only tell us 
about an individuals map-reading aptitude. It would not tell us how (or whether) analysis and information in 
tsunami maps are translated into risk in real space experienced firsthand by the citizen.  

The reality is that we need more research that evaluates the influence of current and future risk information 
communication on citizens’ real-time, everyday risk awareness in real communities. Furthermore, we need new 
ways to tap into citizen perceptions of risk in real geographic space, in different locations, at all times of day or 
night. If we could develop a simple way to capture this information, rapidly collate and examine it, and quickly 
produce updateable maps of the results, then maybe we would develop a deeper understanding of exactly how 
any combination of citizens perceive risk on the ground, at any given point in time.  

It is exactly these challenges to which this research responds. In an almost visceral way, this research is 
attempting to capture citizen (and by extension, communities’) perceptions of risk with an immediacy that is 
well  “If a tsunami happened right now, what would you think is risky? Where would you think is safe?” In the 
following section, the application and research project that has developed this capability is introduced. The 
name of the project and application is VAPoR. 

 

VAPoR: AN AGILE TOOL TO CAPTURE PERCEPTIONS OF SAFETY AND RISK 

VAPoR is an acronym for Volunteered Augments and Perceptions of Risk. It is a deployable tsunami risk 
perception gathering system that combines mobile deployable location-aware devices and volunteered 
geographic information (VGI, see Goodchild, 2007). VAPoR gathers: key demographic data; tsunami map and 
assembly point awareness; date; time; location; and a set of volunteered citizen risk and safety data target 
estimations. These data can be gathered in less than one minute per subject, by one or more roving researchers. 
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The system is designed to flexibly capture risk perception data from any citizens that the researcher encounters 
during a walking tour of the community.  

Data are submitted to a database for processing, enabling the rapid production of interactive maps that show 
community risk perception based on cumulative direction estimate rays (see Fig. 3, below left). These maps 
portray all respondents’ data identified by unique time and location tags. The resulting outputs enable 
emergency planners to explore citizen perceptions of risk in any location within the community, be it on the 
popular Wild Pacific Coast Trail, in the central business district, or in residential areas of the town. Emergency 
managers can also tease out the difference in cumulative risk perceptions of local residents versus visitors – a 
critical capability since Ucluelet is a popular destination both in the summer and winter (storm-watching). 

 

Figure 3. (L) Prototype of VAPoR citizen direction estimates of safety from locations around Ucluelet; (R) 
elevation analysis showing multiple areas of high ground (green) above 20 meters. Maps by Sonja Aagesen. 

 

This methodology is based on the principle of direction estimation – pointing in the direction of a visible or 
hidden target from where a subject is standing, based on their best estimate of its location. Researchers in spatial 
cognition have used numerous methods to document and gather direction estimation data. Montello et al. (1999) 
suggested the development of more integrated data capture tools to improve efficiency, decrease human errors 
sometimes introduced through complicated empirical protocols. VAPoR goes some way towards fulfilling this 
need – focused through the context of safety and risk in tsunami education (where the direction estimation 
targets include safe havens, assembly points, high ground, and critical infrastructure). 

DISCUSSION 

In addition to roving data capture, other strategies are possible. One alternate data gathering strategy is to 
position the researcher on a key trail or feature of the landscape, in order to focus on key risk, safety and 
evacuation decision locations. A good example of this relates to the section of the main road onto the Ucluth 
Peninsula that passes beneath the 20-meter contour. Pedestrians caught in this location during a rapid onset 
tsunami event would be forced to make a critical choice. Their perception of the direction of nearest safe 
ground, and their ability to get there would be critical to their survival. Similarly, there many other places 
around Ucluelet where sightlines are very short or non-existent. It will be interesting to see how these occlusive 
spaces influence direction estimates.  

Another interesting challenge in Ucluelet is that there are several locations on the peninsula that are over 20 
meters in elevation. In the 2011 Ucluelet Community Plan (section 5.6, District of Ucluelet, 2011) identifies six 
areas designated high ground for purposes of riding out a tsunami event (these areas can be seen in Fig. 3, above 
right). One the one hand, they provide more options for citizen evacuation. On the other hand, six ‘safe havens’ 
versus one (which used to be the High School) may result in confusion or indecision. This would be less of a 
challenge for local residents, but could have serious consequences for tourists and visitors. The VAPoR system 
is capable of capturing citizen direction estimates to multiple targets, and will allow us to analyze the geometry 
of citizens’ cumulative direction estimates of these areas of high ground, and test for correlations with the 
geometry of the high ground zones. 

Direction estimates are not without their limitations. Implementing this strategy using location-aware devices 
are only so good as the accuracy with which location and direction are captured. Part of this project tackles this 
issue head on. By recording and analyzing these errors as an integral part of this project, we aim to explore the 
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role of error in location-based VGI data capture, and include an analysis of uncertainty in the maps and 
collective community mental maps of risk that they represent. 

CONCLUSION 

This research contributes towards an ongoing need to better understand how communication of tsunami science 
can create tsunami resilient communities (Haque 2006). If we had a better way to capture citizens’ moment-by-
moment, day-by-day perceptions of risk and safety, as they perceive it ‘on the spot’, on the ground, we might be 
able to better understand how they view the landscape, in order to better prepare them to survive tsunami events. 
Capturing citizens’ perceptions of risk and safety from these potentially risky locations during normal 
conditions could be incredibly useful to understanding how (or whether) various forms of risk information 
mediate and influence first-person situational awareness and decision-making during live disasters.  
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