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Disclaimer 
This document has been prepared by Ebbwater Consulting Inc. and its subconsultants for the exclusive 
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However, Ebbwater Consulting Inc. denies any liability to other parties who access and use this report. 
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All material presented in this report is provided under a Creative Commons License CC BY-NC-ND 4.0, with 
the exception of any content supplied by third parties. This license allows someone to copy and 
redistribute the material in any medium or format, under the following terms: You must give appropriate 
credit, you may not use the material for commercial use, and you are not allowed to remix, transform, or 
build upon the material.  

If you are using our material as per copyright indicated above, please inform us at info@ebbwater.ca. 

Details for the Creative Commons License CC BY-NC-ND 4.0 (Attribution-NonCommercial-NoDerivatives 
4.0 International) are available on the Creative Commons website:  

https://creativecommons.org/licenses/by-nc-nd/4.0/ 

Citation: Ebbwater Consulting Inc. (2019): Comprehensive Coastal Flood Risk Assessment – Final Report. 
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Abstract 
The District of Tofino (DoT) on the west coast of 
Vancouver Island, Canada, is exposed to coastal 
storm floods and tsunamis. This project assessed 
the risk of these coastal flood hazards in the DoT, 
with the goal of informing risk reduction and 
resilience planning. For coastal storms, we 
conducted a probabilistic risk assessment, which 
provides a robust picture of risk by considering 
both frequent and rare floods. For tsunamis, we 
focused on a single-scenario, worst-case approach 
and assessed a Cascadia Subduction Zone (CSZ) 
tsunami.  

Flood risk for both the present-day, as well as in the 
future with climate change, was considered by 
looking at three relative sea level rise (RSLR) 
scenarios.  

We used a holistic approach to risk assessment and 
considered a wide range of social, economic, 
cultural, and environmental consequences. An 
important component of our work was stakeholder 
workshops, which helped inform on potential 
consequences of storms and tsunamis, especially 
more indirect and intangible consequences. 

A key result for coastal storm floods is that with 
RSLR, risk will increase substantially in the future. 
Even small and frequent coastal storms in the 
future will likely lead to more devastating 
consequences than today’s rare and extreme 
storms (if no adaptation strategies are 
implemented). For instance, the number of 
affected people will triple, the total exposed 
building value will double, and more critical 
infrastructure (sewer pump stations, water pump 

houses, etc.) may be affected for a relatively 
frequent flood with 1 m RSLR in comparison to the 
present-day. Another concern is that there are 
many environmental contamination sources 
(including fuel) and cultural archaeological sites in 
the present-day and future flood hazard areas.  

For the CSZ tsunami scenario, we found that even 
in the present-day, consequences will be 
catastrophic, as the tsunami will flood across the 
Esowista Peninsula at Chesterman Beach, and 
many residents and visitors will be affected, 
including risk to life. Most buildings along the west 
coast beaches have a high probability of collapse 
during a tsunami. Sewer and water pump stations, 
power lines, roads, and other infrastructure may 
be damaged. Most other critical infrastructure is 
located at a high-enough elevation in the Village of 
Tofino to escape direct impact but could be 
impacted by the cascading effects of loss of road 
access and loss of power.  

Our results highlight five high-risk areas where 
resilience actions should be focused: 1) 
Chesterman Beach, 2) Cox Bay, 3) Mackenzie 
Beach, 4) the docks (in the Village of Tofino), and 
5) Jensen’s Bay. We also provide detailed
recommendations on tsunami preparedness and
response planning, “quick wins and no-regret”
actions, as well as strategic planning concepts for
sea level rise. 

This flood risk assessment provides detailed 
information on key flood risk areas and impacts, as 
well as next steps for moving towards a flood-
resilient community. 
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Executive Summary 
The District of Tofino (DoT) is located on the west coast of Vancouver Island, Canada, and home to 
approximately 2,000 residents. Many thousands of tourists also visit each year. Due to its proximity to the 
open Pacific Ocean, the DoT is exposed to flooding from coastal storms and tsunamis. These flood hazards 
will worsen in the future with climate change and rising sea levels.  

Preparation and planning ahead of a disaster 
will greatly reduce cost and suffering during 
and after a disaster event. A flood risk 
assessment can provide essential information 
on what the consequences of a coastal flood 
may be and can thus guide efforts to make a 
community more resilient to flooding. The 
DoT secured funding through the National 
Disaster Mitigation Program (NDMP), and 
contracted Ebbwater Consulting Inc. and its 
partners, SHIFT Collaborative and EPICentre 
from the University College London, to 

provide a risk assessment for coastal flood hazards. This project is informed by the preceding District of 
Tofino Coastal Flood Mapping report (Ebbwater Consulting Inc. and Cascadia Coast Research Ltd., 2019), 
which provided the flood hazard mapping. The objectives for this project were to:  

1) Assess coastal storm and tsunami flood risk (including sea level rise) in a holistic way that explores 
social, economic, cultural, and environmental consequences.

2) Provide recommendations to move towards a flood-resilient community and to update and
improve tsunami emergency programs.

3) Translate findings into meaningful input for local land development policy and planning.

We followed international best practice, primarily based 
on the Sendai Framework for Disaster Risk Reduction 
(UNISDR, 2015b), related international guidelines, and 
emerging best practice and guidance for Canada.  

For coastal storm floods, we conducted a probabilistic risk 
assessment (i.e., we assessed consequences for a portfolio 
of rare to frequent flood scenarios). For tsunamis, we 
focused on a worst-case single scenario: a tsunami caused 
by Cascadia Subduction Zone (CSZ) fault rupture. For both 
coastal storms and tsunamis, we used a holistic approach 
to risk assessment and considered social, economic, 
environmental, and cultural consequences. A key 
component of our work was stakeholder workshops, which helped inform on potential flood 
consequences, especially the more indirect and intangible consequences.  

Figure 1: Study area, District of Tofino, British Columbia, Canada. 

What is Risk? 

Risk is a function of both the likelihood of a 
hazard event (what is the chance of an event 
occurring in a given year?) and the 
consequences (or impacts) if that event 
occurs. Consequence is defined as a function 
of the hazard characteristics (where and 
how severe is the event?), exposure (what is 
in the way?) and vulnerability (what is the 
structural, social, and environmental 
susceptibility to flooding?). 
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Summary — Key Results for Coastal Storm Flood Risk 

Our results showed that the consequences of coastal storm floods will likely increase substantially with 
sea level rise (SLR). Even the “smaller’” and more frequent coastal storm floods in the future will have 
worse consequences than today’s rare and extreme floods. However, even today, coastal storm flooding 
will have many consequences, directly affecting approximately 350–480 people (residents and tourists), 
exposing total building values of approximately $55–61 million to flooding, and potentially damaging 
roads, docks, some critical infrastructure buildings, and approximately 15–18 archaeological sites. 
Further, approximately 20–30 fuel tanks and other contamination sources are located in the flood hazard 
area and could damage sensitive ecosystems. With SLR, 
the flood extents are becoming much larger. For instance, 
for 1 m relative sea level rise (RSLR, which includes 
consideration of land uplift/subsidence), nearly all of the 
buildings fronting Chesterman Beach (i.e., on the west 
side of Lynn Rd. and on the south side of Chesterman 
Beach Rd.), and some of the buildings on the opposite 
sides of these roads, are likely to be flooded (Figure 2).  

Figure 2: Building exposure in the coastal storm flood hazard area, showing a present-day scenario (6.67% AEP), and a future 
scenario (0.2% AEP and 1 m RSLR).  

What is the Annual Exceedance 
Probability (AEP)? 

AEP is the probability of a flood event of a 
given magnitude to occur, or to be 
exceeded, in any given year. It is expressed 
as a percentage; higher percentages mean 
more frequent but smaller flood events and 
vice versa. 
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In comparison to present-day, the number of affected people will triple, the total exposed building value 
will double, and more critical infrastructure (sewer pump stations, water pump houses, etc.) will be 
affected for a relatively frequent (6.67% AEP) flood with 1 m RSLR. 

The consequences of flooding depend both on the exposure and vulnerability (of people, building 
structures, critical infrastructure, etc.) and the flood intensity (e.g., flood depth). The figure below shows 
flood hazard vulnerability zones based on the Australian guideline classification (AIDR 2017; Smith, Davey, 
and Cox, 2014) for a 1 m RSLR flood scenario. For this scenario, there are large areas within the hazard 
vulnerability zones H4 to H6 (flood depth > 1.2 m), which are considered unsafe for people and where 
substantial building damage will occur. Approximately 42% of affected people and 30% of affected 
buildings are exposed to these deep floodwaters.  

Figure 3: Flood hazard vulnerability zones for the 0.2% AEP and 1 m RSLR scenario, categorized according to AIDR guidelines 
(AIDR 2017; Smith, Davey, and Cox, 2014), for affected people. 

Risk is the combination of flood consequences and the likelihood for a flood hazard to occur. We portrayed 
probabilistic risk (i.e., risk for many likelihoods) by developing exceedance probability curves for each of 
the 4 relative sea level rise (RSLR) scenarios (Figure 4). These curves display consequences not only for a 
single flood scenario, as was historically often done, but for many flood likelihoods (presented in Annual 
Exceedance Probabilities, AEP). This allows a more robust assessment of risk because the whole range 
from rare catastrophic floods to more frequent smaller floods is considered. The exceedance probability 
curves also visualize how consequences decrease from rare to frequent floods, and that, overall, 
consequences increase substantially with sea level rise.  
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Figure 4: Exceedance probability curves for directly affected people, economy, critical infrastructure, disruption, environment, 
and culture, considering present-day and future relative sea level rise (RSLR) scenarios.  

We then used the exceedance probability curves to calculate risk as the product of likelihood and 
consequence (which is calculated as the area under the curve, as all possible likelihoods are considered). 
This risk value is also called the Average Annual Loss (AAL), and it describes the expected annual average 
consequences (average number of affected people, average exposed building value, etc.) over a long 
period, which takes into account frequent events with potentially little loss, as well as infrequent larger 
losses. The results in Table 1 show that the AAL is already 
high for present-day coastal storms (e.g., total exposed 
building values of ~$4M). With SLR, the AAL for affected 
people will triple, the AAL for exposed building values will 
double, and the risk for the other indicators will also 
increase.  

What is the Average Annual Loss (AAL)? 

The Average Annual Loss is the approximate 
long-term average of flood consequences on 
an annualized basis. 
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Table 1: Probabilistic risk (average annual loss, values rounded) for indicators for 4 relative sea level rise (RSLR) scenarios. 

Probabilistic Risk (Average Annual Loss, AAL) 
for 0 m 
RSLR 

for 0.5 m 
RSLR 

for 1 m 
RSLR 

for 2 m 
RSLR 

# of Affected People 30 50 80 130 
Total Exposed Building Values in $M 4 5 8 10 
# of Critical Infrastructure Buildings 2 3 3 3 
Total Road Length in metres 40 60 150 490 
# of Environmental Contamination 
Sources 

2 3 5 7 

# of Cultural Sites 1 1 1 2 

Lastly, in an effort to aggregate the risk assessment results and make them comparable to other 
jurisdictions across Canada, we developed a risk matrix for each of the indicators (Figure 5). Note that risk 
scoring no longer takes into account probabilistic risk (i.e., all possible likelihoods), but instead uses a 
scenario-based approach, where only the four deterministic flood scenarios are scored. Furthermore, 
scoring results are dependent on the scoring method that has been used. Currently, there are no 
standardized scoring methods available for Canada, but we used scoring based on international best 
practice and methods that are currently being considered for the updated National Risk Profile for Canada.  

The relatively small differences between flood extents of different AEPs for one time period (i.e., same 
RSLR scenario) resulted in relatively small differences in consequences. Therefore, given a logarithmic 
scaling of the scores, consequences for all likelihoods of the present-day resulted in the same score for all 
indicators, and for some indicators, also resulted in the same scores for present-day and a future with 1 
m RSLR. Risk scoring was particularly high for affected people, followed by critical infrastructure and 
culture, as well as environment and economy.  
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Figure 5: Risk matrices for affected people, economy, critical infrastructure (note that scoring focused on critical infrastructure 
buildings, as there are no established methods for disruption, e.g., loss of road access), environment, and culture.  

Summary — Key Results for Tsunami Flood Risk 

The DoT is exposed to both near-source and distant tsunamis that would be primarily generated by 
earthquakes occurring along the “Ring of Fire”, a major basin in the Pacific Ocean named for its frequent 
earthquakes and volcanic eruptions. For this tsunami risk assessment, we focused on one worst-case 
scenario—a fault rupture of the Cascadia Subduction Zone (CSZ)—and used a simulation of a tsunami 
similar to the CSZ event from 1700. The CSZ is close to Tofino, and the modelled tsunami therefore 
represented a near-source (local) tsunami.  

Risk assessment results showed that the consequences of a CSZ tsunami will be catastrophic, as the 
tsunami will flood across the Esowista Peninsula at Chesterman Beach and Cox Bay (see Figure 6 and 7). 
Water depth may be deep and velocities relatively high, putting almost the entire southern part of the 
DoT into the highest flood hazard vulnerability zone, which is considered unsafe for people and where 
buildings are considered vulnerable to failure. Approximately 3,650 residents and overnight visitors would 
be affected and potentially at risk of life (Table 2). Most buildings along MacKenzie Beach, Chesterman 
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Beach, northern Cox Bay, and Jensen’s Bay are estimated to have a > 70% probability of collapse during a 
CSZ tsunami (with 1 m RSLR). Sewer and water pump stations, the docks, some emergency response 
stations, power lines, roads, and other infrastructure may also be damaged. Fortunately, most other 
critical infrastructure is located at a high-enough elevation in the Village of Tofino to be safe from direct 
tsunami damage, but it could be impacted by the cascading effects of power loss and road access loss.  

Figure 6: Flood hazard vulnerability zones for affected people (summer nighttime population) for a present-day CSZ tsunami, 
categorized according to AIDR guidelines (AIDR 2017; Smith, Davey, and Cox, 2014). 
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Figure 7: Flood hazard vulnerability zones for critical infrastructure for a present-day CSZ tsunami, categorized according to 
AIDR guidelines (AIDR 2017; Smith, Davey, and Cox, 2014). 

Table 2 provides estimates of tsunami consequences for a present-day and a future (1 m RSLR) CSZ 
tsunami.  

Table 2: CSZ tsunami consequence estimates (values rounded) for different indicators, for the present-day with 0 m relative 
sea level rise (RSLR) and a future with 1 m RSLR.  

# of 
Affected 
People 

Mortality 
Estimate 

Exposed 
Total 
Building 
Value in $M 

# of 
Critical 
Infra-
structure 

Total 
Road 
Length in 
km 

# of conta-
mination 
sources 

# of cultural 
sites 

CSZ 
Tsunami 0 
m RSLR 

3,650 40–1,100 250 50 20 220 40 

CSZ 
Tsunami 1 
m RSLR 

3,820 40–1,150 260 50 30 230 40 

We also developed tsunami risk matrices for the present-day and a future with 1 m RSLR (Figure 8). Results 
showed that tsunami consequences were at the highest consequence score of 5 (catastrophic) for 
mortality, affected people, environmental, and cultural indicators, and at the second-highest 
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consequence score of 4 for economy and critical infrastructure, resulting in “high” risk when combined 
with the hazard likelihood.  

Figure 8: Risk matrices for tsunami flood hazard for the present-day and a future with 1 m RSLR.  

Summary — Limitations 

As with any risk assessment, there are a number of limitations that should be noted. First of all, the 
preceding flood hazard modelling had some uncertainties, in particular with respect to future SLR 
scenarios and other modelling and mapping assumptions. Also, for tsunamis, only one extreme scenario 
was analyzed, while there are many other tsunamis that could affect the DoT. While we considered 
dynamic risk in the form of climate change (and sea level rise), we assumed a constant exposure. However, 
in our dynamic world, it is likely that exposure will change in the future (e.g., increased exposure through 
population growth and land-use change, or reduced exposure through adaptation measures). For each of 
the indicators (people, economy, critical infrastructure/disruption of basic services, environment, 
culture), we assumed measurable proxies that could be quantified. Each of these datasets comes with 
limitations (e.g., we assumed the summer nighttime population for affected people, and assessed total 
exposed building values for economic consequences). Further, we addressed indirect and intangible 
consequences qualitatively through reporting from our stakeholder workshops, but did not quantify them. 
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Lastly, risk scoring and visualization in risk matrices is dependent on the methodology used. As there is 
currently no standardized Canadian method, we used a scoring system that is based on best international 
practice and recommended for the revised national risk assessment template.  

Summary — Recommendations 

The results of the coastal flood risk assessment for the 
DoT highlight that there are substantial risks. 
Acknowledging and understanding these risks is a first 
and important step in reducing and managing the risks 
in the future. A series of recommendations are made in 
the main report and are summarized here. These 
include specific recommendations arising from the 
technical analyses presented in this report and 
recommendations to support a broader strategic 
approach to disaster risk reduction. Best practice flood 
management and risk reduction requires a paradigm 
shift in thinking and management towards a risk- and 
resilience-based approach.  

 For the DoT, 5 locations have emerged with a 
particularly high flood risk. These areas should receive priority 
attention for resilience planning. Importantly, floodwaters may be 
deep in some areas, exposing people and assets to high hazards. 
Thus, it is recommended that flood depth information be considered 
in resilience planning.

Recommendations for Priority Actions — Tsunami Preparedness 

Recommendations for priority actions focus dominantly on tsunami preparedness, considering the high 
risk to life that tsunamis pose. It will not be feasible to strengthen all timber housing in the tsunami hazard 
area for tsunami resilience; therefore, we recommend that attention be focused on evacuation. For this, 
we recommend re-assessing evacuation zone designations and updating the tsunami emergency plan to 
incorporate new information. We recommend continuing to explore a vertical evacuation structure, 
designed to latest tsunami guidelines (e.g., US ASCE 7-16). We also recommend that tsunami information 
and evacuation routines be available for tourists from information centres, campgrounds, hotels, and 
other (private) tourism accommodations. This will require consistent training for operators at all tourism 
accommodations. Specific recommendations related to land-use zoning are also presented that aim to 
reduce exposure in the tsunami hazard area. Lastly, we recommend improving hazard data with a 
probabilistic tsunami hazard assessment for local and distant tsunami sources, and generating additional 

High Flood Risk Areas 
1. Chesterman Beach 
2. Cox Bay 
3. MacKenzie Beach 
4. Docks and Water Pump
Stations
5. Jensen’s Bay

Best Practice for Flood Management 

1. Plan with resil ience in mind.
2. Plan for risk, not hazard.
3. Reduce risk as practicable; manage the rest. 
4. Define risk tolerance. 
5. Stop fighting nature.
6. Embrace uncertainty.
7. Listen to stakeholders; consider local values. 
8. Make good decisions based on more than 

dollars and cents.
9. Consider governance and financing.
10. Develop a disaster risk reduction strategy 

based on the “Ten Essentials” for resil ience. 
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understanding of earthquake hazard and impacts (given that an earthquake will precede a locally sourced 
tsunami).  

Recommendations for Quick Wins and No-Regrets Actions 

Many flood mitigation planning strategies take time and/or money to implement. There are however 
some no-regrets actions that can be taken by the DoT in the near future. Reducing exposure to floods by 
avoiding or limiting future development in coastal flood hazard areas is key here. This can be achieved 
with land use planning tools, development permit areas (DPAs), and flood bylaws, as well as implementing 
flood construction level (FCLs) to improve building resilience. To reduce vulnerability, it is key to inform 
and educate people on flood hazards and provide guidance on preparation. While most critical 
infrastructure in the DoT is located out of flood hazard areas, it is essential to prepare critical 
infrastructure for cascading effects, such as power interruption and loss of access. Further, it will be 
important to consider strategies for protecting cultural sites and avoiding environmental contamination 
caused by flooding. Lastly, collaboration with other coastal communities and business partners, and early 
engagement of the public will be key for successful resilience implementation.  

Recommendations for Planning for Sea Level Rise 

Sea level rise will become a key issue for the DoT. In the future with sea level rise, even the small and 
frequent coastal storm floods will become more devastating than today’s rare and extreme events. Thus, 
it is paramount for the DoT to start planning for sea level rise, and to prepare for higher flood hazards. 
Best practice flood management should frame this process, and we provided an 8-step process for flood 
risk reduction to support this.  

Summary — Conclusions 

The DoT faces coastal storm and tsunami flood risk and seeks to reduce this risk to the community. This 
project, along with work previously conducted by the DoT, lays the groundwork for mitigating flood 
risks. The DoT is taking a proactive approach to understanding flood hazard risk in a changing climate. 
This approach is in line with the priorities of the Sendai Framework for Disaster Risk Reduction, which 
the Government of BC has adopted.  

This project provides a detailed assessment of coastal storm and tsunami risk, and recommendations for 
moving towards a flood-resilient community.  
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1 Introduction 
The District of Tofino (DoT) is located on the west coast of Vancouver Island, British Columbia. Its beautiful 
and diverse coastal landscape makes it an attractive place to live, work, and visit. The DoT is home to 
approximately 2,000 residents, and many thousands of tourists visit it each year. However, its proximity 
to the open Pacific Ocean also means that the DoT is exposed to flooding from coastal storms and 
tsunamis. These flood hazards will worsen in the future with climate change and rising sea levels.  

It is well documented that preparation and planning ahead of a disaster will greatly reduce cost and 
suffering during and after a disaster event (UNISDR, 2015b). A primary step in planning for disaster is first 
understanding the risk. Flood risk assessments provide essential information on what the consequences 
of a coastal flood may be and can thus guide efforts to make a community more resilient to flooding.  

The DoT recognizes this need to better understand the potential risk that flood hazards pose today and in 
the future. The DoT secured funding through the National Disaster Mitigation Program (NDMP) to 
complete a comprehensive coastal flood risk assessment with the goal to understand risk, to communicate 
risk to the public and other stakeholders, and to prioritize resources to mitigate these risks. In the fall of 
2018, the DoT contracted Ebbwater Consulting Inc. and its partners, SHIFT Collaborative and EPICentre at 
the University College London, to provide a risk assessment for coastal flood hazards (including coastal 
storms and tsunamis).  

This flood risk assessment forms the second project of a series as part of the DoT’s effort to reduce flood 
risk. It is informed by the preceding District of Tofino Coastal Flood Mapping report (Ebbwater Consulting 
Inc. and Cascadia Coast Research Ltd., 2019), which developed a series of coastal storm flood hazard and 
tsunami maps for the present-day and a future with sea level rise. This technical flood hazard information 
provided the base for this flood risk assessment.  

1.1 Project Objectives 
The overarching goal of this project was to understand the risk due to coastal flood hazards in the DoT, 
which can then inform risk reduction and resilience planning for the future. Specifically, the objectives for 
this project were to: 

1) Assess coastal storm and tsunami flood risk (including consideration of sea level rise) in a holistic 
way that explores a wide range of social, economic, cultural and environmental consequences.

2) Provide recommendations to move towards a flood-resilient community, and specifically for
tsunamis, provide recommendations to update and improve emergency programs.

3) Translate findings into meaningful input for local land development policy and planning.

1.2 Approach 
In this flood risk assessment, we followed international best practice. This was primarily based on the 
Sendai Framework for Disaster Risk Reduction developed by the United Nations Office for Disaster Risk 
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Reduction (UNDRR) 1  (UNISDR, 2015b) and related international best practice guidelines (AIDR, 2015; 
GFDRR, 2016; ISO, 2018; UNISDR, 2009, 2016, 2017c). We also considered emerging best practice and 
guidance for Canada. Importantly, we used a holistic approach to flood risk assessment to include social, 
economic, cultural, and environmental consequences. Workshops with local stakeholders were an 
essential component of our work that deeply informed and guided our analysis. This enabled us to report 
on less tangible impacts of flood.  

Following international best practice, we conducted a probabilistic flood risk assessment for coastal 
storms. This approach, which provides a robust picture of risk by considering a variety of hazard scenarios, 
was possible because multiple hazards were considered in the Coastal Flood Mapping project (Ebbwater 
Consulting Inc. and Cascadia Coast Research Ltd., 2019). For tsunamis, we used a single-scenario, worst-
case approach and assessed flood risk for a Cascadia Subduction Zone event. This work was supplemented 
with a tsunami literature review and structure risk assessment by international tsunami experts. Lastly, 
we used the results of our flood risk assessment to develop recommendations to support the DoT in 
moving towards flood resilience.  

1.3 Report Structure 
The structure of this report is as follows: 

• Chapter 2 provides background on the study area.
• Chapter 3 contains a primer on flood risk, to support the understanding of this report and any

decision-making to be based on it.
• Chapter 4 provides an overview of the methodology for the flood risk assessment, with details 

provided in the Appendices.
• Chapter 5 summarizes the information collected from our two stakeholder workshops, including 

qualitative flood consequence mapping.
• Chapter 6 provides the results of the coastal storm flood risk assessment.
• Chapter 7 provides the results of the tsunami risk assessment, including a summary of a critical

review completed by EPICentre.
• Chapter 8 gives recommendations for next steps towards a flood-resilient community.
• Chapter 9, 10, and 11 provide the conclusions, glossary, and references, respectively. 
• Appendix A provides additional information on the stakeholder and public engagement events.
• Appendix B provides details on the flood risk assessment methods.
• Appendix C provides additional results data from the coastal storm and tsunami risk assessment. 
• Appendix D provides maps from the coastal storm and tsunami risk assessment in printable size. 
• Appendix E provides EPICentre’s “Critical Review of Tsunami Risk, Mitigation, and Preparedness

for Tofino” report.

1  Please note that the UNDRR was known as the United Nations Office for International Strategy for 
Disaster Risk Reduction (UNISDR) prior to rebranding in May 2019. 
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2 Background — The District of Tofino 
2.1 Geographical and Societal Setting 
The District of Tofino (DoT) is a coastal community in Clayoquot Sound on the west coast of Vancouver 
Island, British Columbia, Canada (Figure 1). It is situated on the Esowista Peninsula and faces the open 
Pacific Ocean on its western shoreline. The DoT is bordered by Pacific Rim National Park to the south, and 
includes the Village of Tofino at the northern tip of the peninsula. The study area for this project comprises 
the boundaries of the DoT and includes the Tin Wis reserve lands of the Tla-o-qui-aht First Nation. 

Figure 1: Study Area, the District of Tofino on Vancouver Island, British Columbia, Canada. 

The Clayoquot Sound region has been home to the Nuu-chah-nulth people since time immemorial. The 
Traditional Territory of three Nuu-chah-nulth First Nations extends throughout the region. The Hesquiaht 
First Nation’s Traditional Territory covers the northern parts of Clayoquot Sound around Hesquiat 
Peninsula, and since the mid-twentieth century, Hot Springs Cove has been their principal village 
(Horsfield & Kennedy, 2014). The Hesquiaht First Nation population today is approximately 700 (Horsfield 
& Kennedy, 2014). The Traditional Territory of the Ahousaht First Nation comprises a large area in the 
centre of Clayoquot Sound, including Flores Island, where the main village (Maaqtusiis) is located today. 
The Ahousaht First Nation has a current population of approximately 2,000 (Horsfield & Kennedy, 2014). 
The Tla-o-qui-aht First Nation’s Traditional Territory is within the southern part of Clayoquot Sound. It 
extends from the Kennedy Lake area to Tofino Inlet, the Esowista Peninsula, and the islands offshore. The 
principal village of the Tla-o-qui-aht First Nation today is Opitsaht on Meares Island, across the harbour 
from the Village of Tofino. One of the Tla-o-qui-aht First Nation reserve lands (Tin Wis) is located on the 
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Esowista Pensinsula and is surrounded by the DoT. The current population of the Tla-o-qui-aht First Nation 
is approximately 1,000 (Horsfield & Kennedy, 2014).  

In the late 1700s, Europeans first came to the region, and they settled in the Tofino town area in the late 
1800s (Horsfield & Kennedy, 2014). Tofino was incorporated as a municipality in 1932. After the 
construction of the logging road through the mountains between Port Alberni and the coast in 1959, the 
population of Tofino grew substantially. Today, the District of Tofino has about 2,000 permanent residents 
(Statistics Canada, 2016). Tofino serves as a hub for many small and remote coastal communities, 
including the First Nations throughout Clayoquot Sound, providing health centres, food stores, shops, and 
schools.  

The population of Tofino balloons in the summer months with seasonal workers and when thousands of 
tourists visit the area’s beaches and other natural attractions. Clayoquot Sound welcomes between 
750,000 and a million visitors annually (Tofino Guide, 2011). Major attractions to the region focus on the 
intrinsic beauty and recreational opportunities stemming from the Pacific Ocean. There is a thriving surf 
culture, and many also come to witness the migration of salmon and whales. Pacific Rim National Park 
was created in 1970 to protect the region’s rich and unique coastline. The region’s most recent 
international distinction was the designation of Clayoquot Sound by the United Nations as a UNESCO 
Biosphere Reserve in January 2000 (Tofino Guide, 2011). 

2.2 Climate 
The climate of the area is shaped by the Pacific Ocean and the steep topography of the neighbouring 
lands. Tofino is reported to be one of the wettest places in North America; the average total annual 
precipitation from 1981 to 2010 was 3,237 mm (Tofino Airport Station2). The majority of precipitation falls 
in winter, when low-pressure storms move into the area from the Pacific Ocean. These storms bring strong 
winds and high-intensity rainfall (Lerner, 2011), which often result in coastal flooding.  

While there is no marked dry season, the summer months have lower precipitation, due to the prevalence 
of high-pressure systems and fewer storms (Lerner, 2011). Over the next century, climate change is 
expected to increase annual temperatures and precipitation in this region. The Pacific Climate Impact 
Consortium (PCIC) estimates that by 2080, annual temperatures will increase by around 2.3°C and annual 
precipitation will increase by around 10%, compared to a 1961–1990 baseline period. However, summer 
months are expected to be drier, with around 10% less rain falling during this season (PCIC, 2013).  

2.3 Coastal Flood Hazards 

2.3.1 Coastal Storms 
The DoT is flanked by the ocean on three sides, and as such, the area is exposed to flooding from coastal 
storms. Although there are relatively few recorded occurrences of coastal flooding in the DoT, the region 

2  Tofino Airport Station (Climate ID 1038205), Canadian Climate Normals station data, Government of Canada; 
http://climate.weather.gc.ca/climate_normals/results_1981_2010_e.html?stnID=277&autofwd=1 

http://climate.weather.gc.ca/climate_normals/results_1981_2010_e.html?stnID=277&autofwd=1


29 District of Tofino Comprehensive Coastal Flood Risk Assessment – Final Report 

has a long history of big storms and large waves. For instance, in January 2018, an extreme wave hazard 
advisory was issued for the area (District of Tofino et al., 2018). More details on coastal storm flood 
hazards are provided in the District of Tofino Coastal Flood Mapping report (Ebbwater Consulting Inc. and 
Cascadia Coast Research Ltd., 2019). 

2.3.2 Tsunamis 
In addition to the coastal storm hazards, the DoT is exposed to multiple tsunami sources, as it is positioned 
on the edge of the Pacific Ocean within the “Ring of Fire”, named for the abundant earthquakes and 
volcanic eruptions in the region. A tsunami flood hazard is a series of waves of potentially large magnitude 
created by displacement of mass in the ocean. The causes of the displacement vary from sub-sea 
landslides to earthquakes, which release large amounts of energy. This energy spreads outwards from the 
source as tsunami waves. The generating source may be local (near to) or distant (far from) the area of 
interest. For Tofino, it could be a brief time before a local tsunami reaches the shoreline, and the damage 
and flooding is likely to be widespread. In contrast, the flooding from a distant tsunami is likely to be 
smaller, but could still lead to significant damage in the DoT.  

The main local tsunami source is the Cascadia Subduction Zone (CSZ), which is the boundary where the 
Juan de Fuca tectonic plate descends beneath the North American plate. A fault rupture occurred at the 
CSZ in approximately 1700 and caused a tsunami that hit Vancouver Island. A CSZ tsunami is considered a 
worst-case scenario for a tsunami on BC’s west coast.  

Multiple small tsunamis hit the DoT coast harmlessly every year. In January 2018, a tsunami warning was 
issued and communities were evacuated following a magnitude 7.9 earthquake in the Gulf of Alaska (Cheff 
et al., 2016). While the resulting wave was not large enough when it arrived at the DoT to cause damage, 
this event was a timely reminder of the threat from tsunamis. The most damaging tsunami on the 
Canadian west coast in recent history was caused by the 1964 earthquake that originated on the coast of 
Alaska (Clague et al., 2003).  

Details on tsunami generation in general and on near and distant tsunami sources for the DoT can be 
found in a critical literature review that was conducted as part of this project by EPICentre, which is 
provided in Appendix E. Further information is also available in the Coastal Flood Mapping report. 

2.3.3 Sea Level Rise 
Coastal storm and tsunami flood hazards will worsen in the future with SLR, which is slowly increasing the 
still water elevation. According to the Intergovernmental Panel on Climate Change (IPCC) Fifth Assessment 
Report from 2013 (IPCC, 2013), sea levels have been rising globally by approximately 3.2 mm/year since 
1993 and by 1 mm/year over the last 100 years. Estimates of SLR in the literature vary considerably, with 
studies since 2013 trending towards reporting larger values (Garner et al., 2018).  

On the coast of British Columbia, however, relative sea level rise (RLSR) has been significantly less than 
the global mean (Mazzotti et al., 2008). RSLR combines the effects of vertical land movements and SLR. 
Tectonic uplift is occurring on the west coast of Vancouver Island due to rebounding of the land after the 
last ice age (“isostatic effects”) and tectonic activity. This uplift partially offsets SLR, and the RSLR rate 
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over the last 60+ years was estimated at 0.7 mm/year (in contrast to 1 mm/year globally) (Mazzotti et al., 
2008). Additional information on SLR and RSLR is found in the Coastal Flood Mapping report. 

2.4 Previous Studies on Coastal Flood Hazards and Risk 
In 2018, Ebbwater Consulting Inc. and Cascadia Coast Research Ltd. assessed coastal storm and tsunami 
flood hazards (Ebbwater Consulting Inc. and Cascadia Coast Research Ltd., 2019). While there was some 
previous research on tsunamis (see below), this was the first study to investigate flooding due to coastal 
storms, considering present-day conditions and three future RSLR scenarios. The work provided the 
hazard information for the present risk assessment and is described in more detail in Section 4.4.1. 

With respect to tsunami, Leonard et al. (2014) estimated the probability of a tsunami runup greater than 
3 m to be 10–30% in the next 50 years for BC; the estimate was based on a full subduction rupture 
earthquake scenario. More recently, Gao et al. (2018) developed a study to identify megathrust tsunami 
source scenarios for the northern most region of Cascadia, including Vancouver Island. More details on 
tsunami hazard assessments for BC are provided in Appendix E.  

With respect to flood risk assessments, in 2005, the DoT completed a Hazard Risk and Vulnerability 
Analysis (HRVA) (EmergeX Planning Inc., 2006c), as part of its Emergency Response Plan (EmergeX 
Planning Inc., 2006b). Along with these documents, an evacuation plan (EmergeX Planning Inc., 2006a) 
and an emergency program guide (EmergeX Planning Inc., 2005) were also developed. Lastly, as part of 
this work, a high-level assessment of community risk to tsunami was conducted (EmergeX Planning Inc., 
2006d). That risk assessment focused on tsunami risk and used the 20-metre elevation contour line within 
the DoT to identify tsunami hazard and exposure. The study identified evacuation and refuge areas, and 
the exposure of critical infrastructure, water supply system components, hazardous material, and 
population vulnerability (EmergeX Planning Inc., 2006d).  

In a Master’s thesis from 2008, a community profile for Tofino’s vulnerability to tsunami was developed 
(Fehr, 2010). As part of this work, risk rating following the Provincial Emergency Program (PEP) HRVA 
methodology had also been conducted. Work by Saint Mary’s University in Nova Scotia assessed potential 
community responses to tsunami hazard in Tofino in a workshop setting (Lalancette, 2018). Here, 
workshop participants were asked to identify potential impacts from theoretical scenarios (e.g., “what 
would happen if transportation and mobility are negatively impacted?’”).  

Based on our review of previous studies, we found that no quantitative storm and tsunami flood risk 
assessments with consistent methodology have been conducted to date. There was a clear gap in studies 
that account for consequences from both low- and high-frequency events, as well as consideration for sea 
level rise.  

2.5 Concurrent Coastal Hazard and Risk Projects 
Alongside this study, we identified several other ongoing or recent projects focused on different aspects 
of coastal flood hazard and risk along the western Vancouver Island coastline. In the fall of 2018, Ebbwater 
convened a comprehensive coastal flood group (CCFG) to facilitate the sharing of information and lessons 
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learned across the various projects among their champions and consultants. The following is a list of the 
primary participants of the CCFG: 

• District of Tofino: various projects, including tsunami modelling, vertical evacuation
assessment, and public engagement activities.

• Indigenous Services Canada (ISC) (formerly AANDC and INAC) in partnership with the Nuu-
chah-nulth Tribal Council: Coastal Vulnerability Studies. 

• Natural Resources Canada (NRCan): Canadian Tsunami Hazard Assessment Framework.
• University of Ottawa: Coastal Modelling and Study on Vertical Evacuation Structures.
• Parks Canada: CoastSmart program (detailed below).

Where possible, information from these concurrent projects was used within this project. However, it 
should be noted that each of these projects have different and distinct goals and objectives, and that 
different methods were applied to establish hazard, risk, and mitigation options. 

In their efforts to reduce public risk and enhance coastal/beach safety, the DoT has further partnered with 
the District of Ucluelet and Parks Canada, and obtained funding from the National Search and Rescue 
Secretariat of Canada to develop the CoastSmart program (Mercer & Orchiston, 2018). CoastSmart is a 
“communication and education campaign, which highlights the hazards at beaches along the coastline 
between Tofino and Ucluelet, helps people avoid these hazards, and provides advice to keep people safe 
as they enjoy coastal recreation” (Parks Canada, District of Tofino, and District of Ucluelet, 2019). It 
provides coordination between the three jurisdictions for storms and beach closures and focuses on 
communication of beach hazards and safety planning. 

2.6 Regulatory Context 
Planning for and reducing risk from coastal flood and tsunami hazards must occur within the existing 
legislative and regulatory frameworks for disaster risk reduction. The following provides a brief summary 
of existing regulatory conditions. 

2.6.1 Legislative Framework 
In BC, the Local Government Act and Land Title Act were amended in 2003 and 2004 to remove the role 
of the Minister of Environment from floodplain designation and approving administration, shifting the 
authority to local governments. Due to this change, local governments have an increasingly important role 
to play in the management of flood hazards and gain this authority from the provincial legislation—the 
Community Charter and the Local Government Act. 

Community Charter [2003] 

The Community Charter provides the statutory framework for local governments within the province of 
BC; it sets out areas of authority and procedures. Of relevance to flood management are the provisions 
with Division 8 of the Charter that set out the authority of local government to have a Chief Building 
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Inspector permit buildings and occupancy of structures, and to require certification of a qualified 
professional3 that “land may be safely used” in areas subject to flood (and other hazards). 

The use of the Community Charter generally requires base information from flood mapping (either extents 
or extents and flood depths or FCLs) to support the Chief Building Inspector and qualified professionals to 
determine if a site and/or building is safe for intended use. In the absence of an approved flood map, this 
statute still provides a local government’s Chief Building Inspector with the ability to require a 
geotechnical report to be prepared by a qualified professional for new buildings and for structural 
alteration or addition to an existing building or structure. The qualified professional may also determine 
an FCL for new construction on parcels that are or may be subject to sea level rise (i.e., likely to be subject 
to flooding) [Section 56].  

Local Government Act [2004] 

Where flood mapping is available, this statute provides both policy and regulatory provisions that can be 
implemented as stand-alone provisions or collectively to form a framework to effectively manage flood 
hazard areas. Specific tools available under the Local Government Act relevant to coastal flood 
management are: 

1. Regional Growth Strategy (RGS) Bylaw: Is a strategic plan that defines a regional vision for
sustainable growth. Policies can be incorporated into an RGS to prepare for climate change by 
supporting adaptation strategies and by allowing for sea level rise to the year 2200 and beyond. 

2. Official Community Plan (OCP) Bylaw: An Official Community Plan is a guiding policy document
used to inform land use decisions. OCPs can include policies in support of climate adaptation and 
strategies to mitigate sea level rise. Where coastal flood mapping studies have been completed, 
these findings and results should be reflected in an OCP.

3. Development Permit Areas (DPAs): Developments Permit Areas are designated areas requiring
special treatment. An Official Community Plan may designate DPAs for specified purposes,
including the protection of development from hazardous conditions like coastal flooding [Section 
488]. Hazard DPAs are generally triggered by alterations to the land associated with development 
activities. DPAs must include contributions or objectives that justify the designation and must also 
provide guidelines for developers and homeowners to meet the requirements of the DPA.

4. Flood Bylaw: If a local government considers that flooding may occur on land, the local
government may adopt a bylaw to designate a flood hazard area and specify flood levels for it,
establish setbacks and construction elevations for habitable space for new buildings and 
structures, and for landfill within the flood hazard area [Section 524]. Most often, applications for 
building permits trigger flood bylaw requirements.

3 In the case of the Community Charter, a “qualified professional” is defined as “(a) a professional engineer, or (b) a 
professional geoscientist with experience or training in geotechnical study and geohazard assessments”. 
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5. Zoning Bylaw: Land use zoning bylaws are used to regulate the use of individual parcels of land, 
including parcel configuration, the density of the land use, and siting and standards of buildings 
and structures [Section 479]. These bylaws have been used historically for flood hazard areas to
ensure public safety is maintained by limiting the types of uses associated with those lands. 

6. Subdivision Bylaw: Standards for subdivision design that take into consideration sea level rise can 
be established by local governments (within the provincial guidelines, Ausenco Sandwell 2011a, 
2011b, 2011c; Kerr Wood Leidal 2011). In the case of Regional Districts, the Approving Authority 
for subdivision is the Ministry of Transportation and Infrastructure, who is required to consider the 
provincial guidelines to determine the conditions for subdivision approval. 

7. Local Building Bylaw: There is also provision under [Section 694] of the Local Government Act for 
a local building bylaw or permit process to require floodproofing. Generally, these are no longer
used as the updated BC Building Code has some provisions for floodproofing and any additional 
conditions can also be integrated into a flood bylaw. It should also be noted that the National
Research Council of Canada and partners are working to incorporate new floodproofing standards 
into future iterations of the Canadian Building Code. 

2.6.2 Provincial Direction on Disaster Risk Reduction 
As stated, the Local Government Act provides provisions that enable local governments to manage 
development in relation to lands prone to flooding. In doing so, the local government must give 
consideration to the Provincial Flood Hazard Area Land Use Management Guidelines (Ausenco 
Sandwell 2011a, 2011b, 2011c; Kerr Wood Leidal 2011). The guidelines are intended to minimize injury 
and property damage resulting from flooding and are linked to the Provincial Compensation and 
Disaster Financial Assistance Regulations. Together, the Provincial Regulations and Guidelines are used 
to determine if property has been adequately protected and whether a local government is eligible for 
financial assistance following a flood event. 

A more recent development in BC—mostly stemming from the criticisms and recommendations in the 
2018 report on the findings of the 2017 BC Flood and Wildfire season (Abbott & Chapman, 2018)—is the 
commitment to adopt the Sendai Framework for Disaster Risk Reduction 4  (UNISDR, 2015b). The 
Government of Canada endorsed Sendai in 2015, and in late 2018, the Government of British Columbia 
announced that it would also adopt Sendai, stating, “Canada is already a signatory to the framework and 
the Province will now also adopt the framework to align and improve our approach to all phases of 
emergency” (Emergency Management BC, 2018). The goal of the Sendai Framework is reducing disaster 
risk (for details on the Sendai Framework, see Section 3.5). Sendai provides a framework to support all 

4  United Nations International Strategy for Disaster Reduction (UNISDR): Sendai Framework for Disaster Risk 
Reduction 2015-2030; http://www.unisdr.org/we/coordinate/sendai-framework 

http://www.unisdr.org/we/coordinate/sendai-framework
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levels of government, including local governments, to increase their resilience to both chronic and acute 
shocks. 

This direction is relevant to the DoT as it works to develop plans and policies to mitigate flood impacts. In 
the short term, it is important to note that the new direction from senior government is a shift towards 
risk-based planning and policy, as opposed to the hazard-focused policy from before (i.e., regulatory tools 
that require designation of a specific hazard area). A risk-based approach requires consideration of the 
consequences of flood so that different treatments can be applied for different types and severities of 
impact. This current report will greatly support the DoT to work within this new framework on policy 
direction. 

2.6.3 District of Tofino Policy 
The 2013 Official Community Plan (OCP) update from the DoT identified goals for natural hazard area 
policies (Bylaw no.1200; DoT, 2013). For instance, it is stated that the DoT will be aware of the effects of 
climate change (e.g., changes in precipitation, ocean levels, and storm and ecological patterns), and that 
hazard land setbacks should be identified for coastal areas. They also aim to consider sea level rise when 
revisiting land use bylaws, and aim to enact bylaws “requiring the construction of habitable rooms to be 
at least two metres above the natural boundary of the sea, and at least fifteen metres away from the 
natural boundary of the sea” (DoT, 2013). 

The 2013 OCP also states that the 20-metre elevation contour line will be used to define the tsunami 
hazard area. Based on this, evacuation routes to evacuation areas above the 20-metre contour line were 
mapped by the DoT (DoT, 2016a).  

As part of the OCP update from 2013, a foreshore development permit area (DPA 8) was also introduced 
(part of bylaw 1200) (DoT, 2013). It has the following objectives: 

• Protect, preserve, and restore Tofino’s shoreline from the impacts of development.
• Ensure public safety.
• Ensure that access to foreshore areas does not disrupt the environment.

Policies such as DPA 8 can be leveraged to implement effective non-structural measures to reduce coastal 
flood risk in Tofino. These measures have economic, environmental, and social co-benefits that are clearly 
outlined in Tofino’s Official Community Plan. These co-benefits maintain the area’s natural assets that 
drive the tourism economy and the well-being of local residents.  

Currently, the OCP is being updated, which can support incorporation of new hazard and risk information.  
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3 Flood Risk Primer 
Natural hazard risk exists not because hazards exist, but because these hazards sometimes interact 
negatively with assets, people, or the environment. These negative interactions can be reduced through 
intentional decisions that increase the resilience of the system. This chapter provides some context on 
the terminology used in the field of disaster risk reduction and climate adaptation, as understanding the 
nuances of the terminology is key to understanding the process of risk assessments.  

3.1 What is Risk? 
Risk is a function of both the likelihood of a hazard event occurring (i.e., what is the chance of an event 
occurring in a given year?) and the consequences (or impacts) if that event occurs. Consequence is defined 
as a function of the hazard characteristics (where and how severe is the event?), exposure (what is in the 
way?) and vulnerability (what is the structural, social, and environmental susceptibility to flooding?) 
(GFDRR, 2016). Figure 2 provides a conceptual model for natural hazard risk.  

Figure 2: Risk as a function of consequence and likelihood (simplified). 

Figure 3 shows how risk is a function of both likelihood and consequence, and that risk increases radially 
across the diagram. A virtually certain but insignificant event can have the same risk as a catastrophic but 
rare event. This becomes particularly important as we look across long time-horizons. For example, a 
nuisance hazard (e.g., flooding of a park) that occurs annually over several decades and accumulates 
losses, may in fact be more impactful than a catastrophic hazard that occurs just once. A risk assessment 
can be used to compare both the consequences and the potential benefits of mitigation options for the 
whole spectrum of nuisance to catastrophic events. This provides the best possible tool to make informed 
investment and planning decisions. 
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Figure 3: Risk as a function of likelihood and consequence—nuisance and catastrophic risk. 

Further, risk is dynamic and changes over time (GFDRR, 2016). The variables that form risk (i.e., hazard 
likelihood and severity, exposure, and vulnerability) are all prone to change, driven by natural and human 
influences. These changes are a result of both global-scale issues, such as climate change, which can 
impact local hazard profiles, and local issues, such as land-use decisions, which may affect exposure and 
vulnerability. Figure 4 demonstrates schematically how risk can increase with time. For example, for many 
natural hazards it is expected that climate change will increase the likelihood of occurrence (it may also 
increase the severity and therefore the consequences), which shifts risk from the left to the right of the 
diagram, resulting in increased risk. Alternatively, risk can be changed by increasing the consequences of 
the hazard occurring, for example by allowing increased development in hazard areas. In this case, the 
risk shifts from the bottom to the top of the graphic, resulting in increased risk. It should also be noted 
that these issues can be compounded, and increased likelihood combined with increased consequences 
will result in dramatically increased risk (as illustrated by the bubble in the top right of the graphic). 

Given that risk is dynamic, it is important to consider both present-day and future risk, especially when 
seeking means to maintain or reduce risk over time. These ideas, in the context of coastal flood risk in the 
DoT, are explored in more detail later in the report. 
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Figure 4: Dynamic risk with climate change and increased development. 

3.2 What are Hazard Likelihoods? 
A natural hazard such as coastal flooding is generally defined by considering a hazard profile, which is 
made up of the flood hazard magnitude and the likelihood (probability) of the hazard occurring. Storm 
events have a range of likelihoods and associated magnitudes. Hazard likelihood forms an important input 
to risk and risk assessment. This is especially true for this current project, where multiple hazard 
likelihoods were considered in the development of a probabilistic risk assessment. The following provides 
some brief guidance on the concept of hazard likelihood. 

In addition to an understanding of where water will go in a flood, it is important to consider the likelihood 
of a specific flood magnitude occurring. This is generally represented as an Annual Exceedance Probability 
(AEP), where the AEP refers to the probability of a flood magnitude being equaled or exceeded in any 
year, with the probability expressed as a percentage. For example, an extreme flood that has a calculated 
probability of 0.2% of occurring or being exceeded in this year (or any given year) is described as the 0.2% 
AEP flood. In the past, flood hazard likelihood was commonly represented as a return period. However, 
this tends to cause confusion as to the frequency of an event with lay people (e.g., it is commonly thought 
that if a 1:100-year flood has just occurred, it will not recur for another 99 years, which is not the case), 
and therefore best practice dictates the use of an AEP to describe flood likelihood.  

Another way to think about flood likelihood is through the use of encounter probabilities, where it is 
possible to calculate the likelihood of encountering a flood of a given magnitude over a defined time 
period—for example, the length of an average mortgage (25 years) or the average lifespan of a human 
(75 years). For instance, for a 1% AEP flood, there is a 22% chance that a flood of this size or greater will 
occur over a 25-year period ( 
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Table 1). Over an 80-year period, there is even a 19% chance that a 1% AEP flood will occur twice. 
Understanding the likelihood of an event, as well as the encounter probability of an event, can support 
decisions related to flood management.  

Table 1: Encounter probabilities for various flood likelihoods. 

Annual 
Exceedance 
Probability 
(AEP) 

Indicative Return Period Encounter Probability  

over 25 
years 

over 50 
years 

over 75 
years 

over 100 
years 

100% Annual indicative 100% 100% 100% 100% 
33% 1:3 years indicative return period 100% 100% 100% 100% 
10% 1:10 years indicative return period 93% 99% 100% 100% 
3% 1:30 years indicative return period 53% 78% 90% 95% 
1% 1:100 years indicative return period 22% 39% 53% 63% 
0.1% 1:1000 years indicative return period 2% 5% 7% 10% 

3.3 What is a Flood Risk Assessment? 
Given that risk is the combination of the likelihood of a hazard event and its consequences, a risk 
assessment is essentially a methodology to determine the nature and extent of risk. This is done by 
analyzing potential hazards, the exposure and vulnerability to these hazards and the resulting 
consequences that together could potentially harm exposed people, property, services, livelihoods, and 
the environment on which they depend.  

3.3.1 Key Steps of a Comprehensive Flood Risk Assessment 
A comprehensive flood risk assessment has several steps (Stantec Consulting Ltd. & Ebbwater Consulting 
Inc., 2017; UNISDR, 2017b): 

1. Hazard Identification: First, the type of flood hazard needs to be determined. This includes both (a)
the hazard likelihood (i.e., the AEP) and (b) the associated intensity (e.g., flood extents, or if available, 
flood depth and/or flood velocities). Ideally, a range of hazard scenarios is investigated, which includes 
both frequent/low impact and rare/high impact scenarios. Climate change scenarios should also be
included.

2. Exposure: Next, the exposure to a particular flood hazard is determined. Typically, this is done by 
analyzing what is within the flood extents, such as buildings, infrastructure, or number of people. 

3. Vulnerability: Vulnerability is the capacity (or resilience) of the exposed elements to withstand the
hazard. Thus, a vulnerability assessment provides information on , for example, building
characteristics, or age characteristics of a population (as typically children and the elderly are
considered more vulnerable to flooding). 
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4. Consequences: Next, consequences are determined, which are based on the hazard intensity (flood 
extent, flood depth) and the exposure and vulnerability of the elements (buildings, people, etc.)
affected by the flood hazard. These can be quantitative or qualitative in nature.

5. Risk: Lastly, risk is calculated as the product of hazard likelihood and consequences. This can be done
for a single hazard scenario, or it may be integrated over many hazard scenarios. In the latter case,
the relation between hazard likelihood and associated consequences is presented as a curve, and risk 
is calculated as the integrated area under that curve to account for the many possible hazard
likelihoods (see Section 3.3.4 for details). Risk can be represented spatially on a risk map or aggregated 
in a risk matrix. 

In a risk matrix, hazard likelihoods and consequences are associated with standardized scores and risk 
is calculated as the product of likelihood scores and consequence scores. The primary purpose of risk 
matrices is for provincial and national comparison and priority setting. They can also highlight changes 
in risk over time with climate change or changes in exposure. 

3.3.2 Quantitative Versus Qualitative Approaches 
Risk assessments can be quantitative or qualitative or fall somewhere in between. Quantitative measures 
are generally considered more robust; however, it is not always possible to source the appropriate hazard, 
exposure, and vulnerability data to support this type of assessment. This may be because the data or 
methods simply do not exist or have not been collected, or because quantitative methods are not 
appropriate to measure intangible impacts of risk. In this case, rather than discounting the risk because it 
is too hard to calculate, qualitative measures—especially using expert elicitation—can be appropriate. 
Expert elicitation is commonly applied to natural hazard and climate risk assessments because of the 
complexity of the problem. It is also possible and useful to elicit consequence and risk information from 
stakeholders who understand the local context; this provides a particularly rich means to consider 
consequences and risk to natural hazard. 

Alternately, a mixed approach, where initial quantitative assessments are ground-truthed and modified 
by experts, can be taken. This is the approach currently proposed for the Federal National Risk Profile 
(Stantec Consulting Ltd. & Ebbwater Consulting Inc., 2017) and that is being used by the Government of 
BC to assess climate risks (ICF, 2018). 

3.3.3 Scales of Risk Assessments 
Risk assessment can be conducted at many different scales, ranging from high-level and nation-wide to 
detailed and local (Figure 5). For example, the national All-Hazards Risk Assessment (AHRA) is a qualitative 
high-level tool that helps to identify, analyze, and prioritize a full range of potential threats (Public Safety 
Canada, 2012). This type of tool can be developed relatively quickly and inexpensively at a national scale 
and is invaluable for prioritization exercises. However, making decisions to reduce risk locally, in particular 
through the use of land use policy, requires a more robust methodology—ideally a fine-scale quantitative 
risk assessment. The quantification of risk, although at times cumbersome, provides invaluable 
information for risk reduction through the provision of robust, transparent data for planning and decision-
making. 
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Figure 5: Scales of risk assessment. 

3.3.4 Scenario-based Versus Probabilistic Approaches 
Risk as a function of likelihood and consequence can be defined in different ways. Two approaches with 
different outcomes that serve different purposes are outlined below. 

Scenario-Based Risk 

If a single event likelihood (e.g., an extreme event) is used to calculate damages and losses, this is called 
a risk scenario. This is the most common type of assessment completed in Canada, as it is relatively 
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straightforward and requires only one hazard event be calculated and mapped. Scenarios are commonly 
used for emergency response planning, where large probable maximum events are used for exercises on 
the assumption that a plan for a catastrophic event will also be valid for smaller events. Scenarios have 
also traditionally been used to support hazard mitigation decisions because this simple standards-based 
approach is relatively straightforward to calculate.  

Probabilistic-Based Risk 

A probabilistic assessment is one that considers a range of hazard events and damage outcomes. The area 
under a curve (with likelihood and consequence as the axes) is integrated to give a full picture of risk. This 
approach is rarely used at present, but is quickly being considered best practice, as it provides an 
understanding of the impacts of frequent small events, as well as infrequent large events. Probabilistic 
assessments can be resource intense; however, updates in technology and methods are slowly reducing 
the relative effort to conduct them. This report includes a probabilistic assessment for coastal flood hazard 
because data was available to support this approach.  

Scenario Versus Probabilistic Approaches 

Scenario approaches are the most commonly used—primarily because of the relative effort. However, 
probabilistic approaches are becoming more common and are generally considered best practice. This is 
especially true with climate change, as some smaller and medium events become more common. 
Decisions can be affected by the approach taken (Lyle, 2016), and it is therefore important to choose an 
appropriate approach given the available resources, data, and time. 

3.3.5 Direct and Indirect Consequences 
Flood hazards may lead to direct and indirect consequences. Direct consequences describe all harm that 
is caused by the direct physical contact of water with people, infrastructure, or the environment (Figure 
6) (AIDR, 2015). This includes, for example, damage to buildings and other assets through floodwaters, 
damage to the environment through contaminated floodwaters, or loss of human life. 

It is important to also think about indirect consequences, which can be somewhat more complex. Indirect 
consequences will increase the spatial and temporal extent of the consequence, meaning that an area 
larger than where the hazard occurs can experience disruption in some form. They are typically 
consequences that are caused by the disruption of the physical and economic links in the region, as well 
as the costs associated with the emergency response to a hazard. As shown in Figure 6, when, for example, 
road access is affected by a natural hazard, schools or other buildings may become inaccessible and 
emergency services may not be able to reach certain areas or may need to travel longer distances. Another 
example is business losses because of interruption of normal activities. Disruption of critical 
infrastructure, such as electrical power lines, can lead to cascading consequences for many sectors (also 
referred to as systemic risk).  
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Figure 6: Direct and indirect consequences of flood hazards. 

The effects of a coastal hazard event on the environment, human or community health, or loss of life are 
difficult to quantify in terms of financial values and are therefore considered to be intangible impacts. On 
the other hand, the tangible dollar losses from a damaged building or ruined infrastructure are more easily 
calculated. This does not mean that tangible losses are more important than the intangibles, just that they 
are easier to quantify and assess. The inclusion of intangible impacts is desirable for the development of 
a robust risk assessment (Frank Messner et al., 2006). Table 2 provides examples of direct/indirect and 
tangible/intangible impact typologies. Not all of these consequence types are easy to estimate, but that 
does not mean they should not be considered. At a minimum, it is important to recognize what types of 
consequences have been considered in a risk assessment and to be explicit about those that have not. 

Table 2: Examples of hazard consequence typologies (based on Messner et al., 2006). 

Hazard Impact Tangible Intangible 
Direct • Building damage 

• Infrastructure damage 
• Injury

• Health effects

Indirect • Loss of business
• Traffic disruption
• Emergency response costs

• Inconvenience of event 
recovery

• Increased vulnerability of
survivors

3.3.6 Indicators for Risk Assessments  
Risk assessment is shaped by the types of exposed elements that are considered. However, it is important 
to think about what can be measured. Given that the consequences of coastal hazards are often 
widespread and diverse, best practice suggests that a broad spectrum of consequences should be 
considered. Historically, risk assessments have often focused on economic damages alone (e.g., dollar-
value damages to buildings), but in a more holistic approach, social and environmental consequences 
should also be considered. To quantify and summarize diverse consequences in a consistent way, 
indicators are typically used. The United Nations document on indicators for disaster risk reduction 
(United Nations, 2016) suggests inclusion of a wide range of indicators, which include mortality, affected 
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people, economic loss, damage to critical infrastructure, and disruption of basic services. These indicators 
were each based on the targets for disaster risk reduction as formulated in the Sendai Framework 
(UNISDR, 2015b). The Australian risk assessment guidelines also recommend inclusion of consequences 
to the environment and to the cultural identity of a community (AIDR, 2015). Similarly, the BC climate risk 
assessment, which is currently underway, includes a holistic approach to risk management, where health, 
environment, and economic consequences are considered (ICF, 2018). While there is a movement 
towards a more holistic approach, many of these indicators remain difficult to quantify (see also above 
section on direct/indirect and tangible/intangible consequences), and in practice, many risk assessments 
still tend to focus on assessing economic values alone.  

3.4 Limitations to Risk Assessment Methods 
Although widely accepted as best practice for natural hazards management, risk-based planning and the 
requisite risk assessments are a relatively new concept in Canada. Traditionally, natural hazards have been 
managed based on specific hazard standards (e.g., a 0.5% AEP flood event or a factor-of-safety on 
engineered designs in coastal hazard areas). As we transition from a factor-of-safety approach for coastal 
hazards to more holistic quantitative risk assessment methods, there is a need to develop new methods 
to understand the interactions between the hazards and the assets at risk. For the most part, methods for 
this type of detailed assessment are in their infancy. 

Further, the impacts of coastal hazards are widespread, and affect people, infrastructure, the economy, 
culture, and the environment. Damage estimation, however, has traditionally been the domain of 
engineers, and, as such, has focused on economic valuation of infrastructure and building losses, leaving 
a large gap in knowledge regarding intangible impacts (Messner and Meyer 2006). This gap has 
increasingly been acknowledged, but there is still limited validated research available, and tools to look at 
intangible impacts are largely undeveloped. It is known that when damages are monetized, buildings 
become priorities for hazard mitigation, whereas when damage is expressed as the number of people 
affected by an event (through stress or inconvenience), road damage and associated disruption become 
a mitigation priority (Veldhuis, 2011). The metrics chosen for assessing damage can deeply affect 
subsequent planning decisions. In effect, the non-inclusion of intangible impacts can affect priorities. The 
methods used in this project (further described in Chapter 4) aim to be as holistic and robust as possible 
given the limitations of the project and data. 

3.5 Resilience 
Resilience is the ability of a system, community, or society exposed to hazards to resist, absorb, 
accommodate, adapt to, transform, and recover from the effects of a hazard in a timely and efficient 
manner (UNISDR, 2015a). It can be framed around the ability to withstand and bounce back from both 
acute shocks (natural and human-induced), such as floods, earthquakes, hurricanes, wildfires, chemical 
spills, and power outages, as well as chronic stresses occurring over longer time scales, such as sea level 
rise or socio-economic issues like homelessness and unemployment. 

The Sendai Framework is the new global blueprint for building disaster resiliency supported by the United 
Nations (UNISDR, 2015a), and it has been adopted by the Government of BC (see Section 2.6.2). The goal 
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of the framework is to prevent new and reduce existing disaster risk. This is promoted through four 
priorities for action: 

1. Understanding disaster risk.
2. Strengthening disaster risk governance. 
3. Investing in disaster risk reduction for resilience.
4. Enhancing disaster preparedness. 

Sendai provides a framework to support all levels of government, including local governments, to increase 
their resilience to both chronic and acute shocks. 

Lastly, community resilience refers to “the capacity of individuals, communities, institutions, businesses, 
and systems within a [community] to survive, adapt, and grow no matter what kinds of chronic stresses 
and acute shocks they experience.5” A resilient community can be thought of as having strength in four 
areas: natural and built environment; leadership and strategy; human health and well-being; and social, 
economic, and cultural fabric.  

Resilience is an important concept as it helps to frame natural hazard management in a way that supports 
action to reduce risk. Recommendations later in this report (see Chapter 8) are presented within a 
resilience framework. 

5 100 Resilient Cities, http://www.100resilientcities.org/  

http://www.100resilientcities.org/
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4 Methods 
A quantitative probabilistic risk assessment is considered best practice but is still in its infancy in Canada 
and internationally. There are currently no regulated Canadian guidance documents on how 
consequences from natural hazards should be estimated or on how risk should be calculated. There are, 
however, international documents on methods and practice that can be used to inform our methods. In 
particular, we considered the following frameworks and documents for our analysis: 

1. The Sendai Framework for Disaster Risk Reduction (UNISDR, 2015b) and further guidelines 
developed in recent years by UNDRR that are based on the Sendai Framework (UNISDR, 2009,
2016, 2017c).

2. The Global Facility for Disaster Risk Reduction Riskier Future Framework (GFDRR, 2016).
3. The International Standards Organization (ISO) Standard 31000 – Risk Management (ISO, 2018).

Other resources from around the world, particularly from the Australian Institute for Disaster Resilience 
(AIDR), were also used. The AIDR provides insight into the use of stakeholder knowledge and expert 
elicitation to support the estimation of intangible and indirect impacts, as well as discussion of 
consequence scoring methods (AIDR, 2015). Finally, methods were derived from recent experience 
completing natural hazard risk assessments for other communities (also under the NDMP). Over time, 
these have evolved based on experience and data availability.  

The methods applied to this project all considered forthcoming guidance on natural hazard risk 
assessment currently being developed by various agencies6 in Canada. Specifically: 

1. Defence Research and Development Canada/Public Safety Canada, who are developing a
“Methodological Approach to Canada’s National Risk Profile”. 

2. Natural Resources Canada/Public Safety Canada, who are developing flood risk assessment
guidelines as part of the Federal Flood Mapping Framework initiative. 

3. National Research Council, who are developing coastal flood risk assessment guidelines.
4. Natural Resources Canada, who are developing risk-based land use guidelines among other

documents.

Each of the above guidelines are on different timelines, but all follow the basic frameworks for natural 
hazard risk assessment described in the international documents. 

The ISO 31000 Risk Management Guidelines (ISO, 2018) and the BC Risk Assessment Guidelines 
(Government of BC, 2019a) also recommend high-level risk management steps. This study was situated 
within this risk management framework, focusing on the risk assessment component. We provided some 
recommendations towards risk evaluation, risk treatment, and monitoring and review in line with ISO 
31000, but these last steps ultimately lay in the hands of the DoT and its residents. Communication and 
consultation with local stakeholders, as recommended in the ISO 31000 risk management guidelines, the 

6 Ebbwater is involved either as an author, advisor, or reviewer for each of the above guidelines. There may be other 
initiatives that are not yet public, and therefore not included in this l ist. 
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BC risk management guidelines, and international best practice were, however, a big component of this 
project. Throughout the project duration, we held multiple workshops and engagement events to 
communicate our process and collect input from local stakeholders. These workshops were essential for 
informing the local context, adding qualitative information to our quantitative analysis, and highlighting 
key areas that should be considered in the risk assessment.  

The following sections provide an overview of our methods, and details are provided in Appendix B.  

4.1 Data Gap Analysis and Assembly 
As a first step in this risk assessment, we conducted a systematic data gap analysis and assembly. Based 
on the gap analysis, we took the initiative to fill key data gaps, such as cooperating with university students 
to collect building survey data. We sourced data from the DoT, from public provincial and national 
datasets, as well as through workshops (Section 4.2). Hereby, we included not only tangible and direct 
consequences to flooding, but also indirect and more intangible aspects.  

We also established relationships with federal government agencies, academia, and other consultants 
that are conducting coastal flood risk assessments including tsunami modelling, vertical evacuation 
assessments, and community vulnerability studies (see Section 2.5). The efforts to share information 
among these projects will help maximize outputs from this and other publicly funded initiatives. 

4.2 Workshops 
An important component of our flood risk assessment process was holding workshops with local 
stakeholders. The workshops served two objectives. First, they provided a means to communicate and 
consult with stakeholders throughout the process and gain feedback. Second, the workshops were 
designed to gather relevant local information about potential direct and indirect consequences of coastal 
flooding to incorporate into the flood risk assessment. The goal was to learn about community values and 
potential flood consequences to better understand exposure and ensure that the flood risk assessment 
fully captured the local context. The workshops also allowed for gathering information on less tangible 
consequences, such as emotional stress, for which no hard datasets exist. Further details on the two 
workshops, as well as on a public engagement event, are provided in Appendix A.  

4.2.1 Qualitative Consequences Reporting 
During workshop 1, participants were asked to mark on maps the location and type of consequence that 
they had experienced in the past or felt they might experience in the future. Direct and indirect 
consequences were marked in different colours, and the indicator category (i.e., people, economy, etc.) 
was inferred from the information provided, if it was not explicitly indicated by the stakeholder. After the 
workshop, this information was categorized and transferred to a digital geographic information system 
(GIS) database. In workshop 2, participants provided feedback on the assessed consequences, and further 
marked additional consequences on the provided maps. The feedback and mark-ups are summarized in 
Appendix A; they were used to refine and update the digitized consequence layers in the GIS database.  

Considering the qualitative character of the reported information, we presented the information using 
hotspot maps. Hotspot maps show the general location of consequences and provide an understanding 
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of where consequences may be spatially concentrated. These hotspot maps can be read by looking for 
the most intense colour, which shows areas with the greatest consequence and/or exposure. The 
reported consequences were also used to inform the subsequent quantitative risk assessment.  

4.3 Quantitative Consequence Indicators and Proxies 
In an effort to provide a holistic flood risk assessment, we included a wide range of potential economic, 
social and environmental consequences to coastal flooding. To quantify and summarize these diverse 
consequences consistently, indicators are typically used (see Section 3.3.6). We based the consequence 
indicators on recommendations for the revised Canadian risk profile (Stantec Consulting Ltd. & Ebbwater 
Consulting Inc., 2017). These indicators were in turn developed based on the UN document on “Indicators 
for Disaster Risk Reduction” (United Nations, 2016), which encompasses the targets for disaster risk 
reduction as formulated in the Sendai Framework (UNISDR, 2015b), and informed by the Australian risk 
assessment guidelines (AIDR, 2015). Based on these resources, we assessed the following 6 different 
indicator categories (Figure 7). Descriptions are provided in Table 3. These indicators also fully meet the 
needs of the existing NDMP Risk Assessment Information Template (RAIT) form.  

Figure 7: Indicators for flood hazard consequences assessed in this report. 

Table 3: Descriptions of indicators for flood hazard consequences that were assessed in this report. Based on (AIDR, 2015; 
Stantec Consulting Ltd. & Ebbwater Consulting Inc., 2017; UNISDR, 2016). 

Indicators for Flood 
Consequences 

Description 

1. Mortality The number of deaths and missing persons due to a hazard event. 

2. Affected People The number of people who are directly or indirectly affected by a flood hazard.  
Directly affected people are people who are injured or suffer other health 
effects, are evacuated or displaced, or suffer direct damages to their l ivelihoods 
(e.g., their house is damaged).  
Indirectly affected people suffer from the cascading effects of a disaster, such 
as disruption to basic services, economy, and critical infrastructure.  



 48 District of Tofino Comprehensive Coastal Flood Risk Assessment – Final Report 
 

Indicators for Flood 
Consequences 

Description 

3. Economy An indicator used to represent economic losses that result from a flood hazard. 
This primarily includes direct damage and reconstruction costs to public and 
private buildings. It can also include indirect economic losses, such as emergency 
response costs and economic losses due to disruption of business operations.  

4. Damages to critical
infrastructure and disruption
of basic services

This is an indicator that describes consequences that can potentially have more 
widely spread cascading effects on society, such as damage to critical 
infrastructure and disruption of basic services. This can include damages to 
health facil ities, emergency response facil ities, governmental facil ities, 
educational facil ities, transportation infrastructure, roads, electrical systems, 
etc.  

5. Environment This indicator is used to describe environmental consequences resulting from 
flood hazard and is often considered to include both environmentally sensitive 
areas that are directly exposed (e.g., are within the coastal flood hazard area), 
and the effects of contaminants that are released into the coastal hazard area 
when industrial or other hazardous sites are affected. This indicator tends to be 
reported qualitatively, although new methods are being developed to monetize 
both the ecological value of the affected site and the cost of clean-up. 

6. Culture This indicator is used to describe consequences to cultural sites and includes 
both Indigenous and non-Indigenous areas and items. This indicator tends to be 
reported qualitatively. 

For a quantitative risk assessment, proxies are typically used to describe measurable consequences for 
each of the indicators where direct data is not available. Proxies can be quantitatively assessed for 
different flood scenarios (e.g., number of people in a flood hazard area, or economic value of buildings in 
flood hazard area). While these proxies do not fully capture all direct and indirect, tangible and intangible 
flood consequences to a community and to ecosystems, they still provide a good starting point for review 
and discussion, especially given that most indirect and intangible impacts are difficult to quantify and to 
monetize. 

However, data availability is a major limitation even when defining proxies. This becomes particularly 
challenging when conducting a spatially detailed risk assessment where often the data needed for such 
an assessment is not available at that spatial resolution (e.g., census population is typically reported in 
dissemination areas, which are relatively small for city centres, but the DoT only has 3 dissemination 
areas). Therefore, assumptions need to be made, and thus, each proxy dataset typically comes with 
different levels of confidence in data quality. To display this information and highlight potential 
uncertainties in datasets, we assigned confidence levels to each proxy dataset. These were based on the 
Australian AIDR guidelines (AIDR, 2015), and confidence levels are described in Appendix B. 

In Table 4, we provide an overview of indicator categories and associated proxies, including the measure 
that was used in the quantitative risk analysis, inherent assumptions, and data confidence levels. The 
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calculation of these proxies (and their input datasets) are described in more detail in Appendix B. It is 
important to highlight here that proxies were deeply informed by the workshops with local stakeholders.  

Table 4: Consequence indicator categories and the proxies that were used to quantify them, including assumptions and data 
confidence levels for the quantitative measures. Details on proxies and input datasets in Appendix B.  

Consequence Indicator and 
Proxies 

Quantitative Measure Assumption Confidence 
Level 

Indicator 1: Mortality 

Coastal Storm: Assume no 
mortality 

Not presented separately from 
Affected People 

Low mortality due to 
existing warning systems 
for coastal storm flooding 
and historic evidence 

N/A 

Tsunami: Residents, tourists, 
seasonal workers in flood 
hazard area 

Mortality fractions (low, 
moderate, high) of summer 
nighttime population (# of people) 

Flood hazard event occurs 
in a busy summer night 
(worst-case scenario); 
mortality fractions based 
on l iterature 

Lowest 

Indicator 2: Affected People 

Residents, tourists, seasonal 
workers in flood hazard area 

Summer nighttime population 
distributed over buildings and 
campgrounds (# of people) 

Flood hazard event occurs 
in a busy summer night 
(worst-case scenario) 

Moderate 

Indicator 3: Economy 

Building value in flood extent Total improved value for all  
buildings in flood extent ($ value) 

Total building damage 
(conservative estimate) 

Moderate 

Indicator 4: Critical infrastructure and disruption of basic services 

Critical infrastructure/basic 
services buildings in flood 
extent  

# of critical infrastructure/basic 
services buildings in flood extent 

Buildings/infrastructure 
damaged 

High 

Roads in flood extent Length of flooded roads (m) Flooding damages road High 
Indicator 5: Environment 

Contamination sources in 
flood extent 

# of fuel/propane sites, and # of 
sewer pump stations 

Flooding causes damage 
to tanks or pump stations, 
and causes contamination 

High 

Indicator 6: Culture 

Culturally important sites in 
flood extent 

# of cultural sites (including 
archaeological and heritage sites 
as available in public databases) in 
flood extent 

Cultural sites can be a 
proxy for flood 
consequences to culture 
of a community 

Moderate 

4.4 Coastal Storm Flood Risk Methods 
For the coastal storm flood risk assessment, we used a probabilistic approach. This means, that we 
analyzed flood hazard and risk not just for one single scenario (as is more commonly done because of data 
or resource limitations), but for multiple scenarios, and calculated risk by using exceedance probability 
curves and estimating the average annual loss (see Appendix B). This allows a much wider assessment of 
risk, where not only one catastrophic flood scenario is considered, but also more frequent scenarios.  



 50 District of Tofino Comprehensive Coastal Flood Risk Assessment – Final Report 
 

It is important to note here is that we did not analyze thousands of scenarios and their uncertainties using 
a Monte-Carlo-type approach, as is done in some probabilistic natural hazard assessments. As also noted 
in the UN “Words into Action Guidelines” for Disaster Risk Assessments (UNISDR, 2017b), probabilistic risk 
assessments for flooding can be complex because the hydraulic modelling of the flood hazard is time and 
resource intensive and this limits the number of flood hazard scenarios that can be modelled in detail. 
Therefore, we analyzed 5 hazard likelihoods for each sea level rise scenario and used this to develop 
assumed relationships for a full suite of likelihoods.  

This study focused on coastal flood hazards, but did not analyze riverine floods, overland flow (resulting 
from extreme precipitation events), sewer backup, or groundwater-induced flooding, nor did it analyze 
erosion. Analyzing these flood hazards would have been beyond the scope of this study, which focused 
on coastal flood hazards alone (i.e., coastal storms, as discussed in this section, and tsunamis, discussed 
in Section 4.5).  

4.4.1 Coastal Storm Flood Hazard 
Coastal storm flood hazards were based on a previous study (Ebbwater Consulting Inc. and Cascadia Coast 
Research Ltd., 2019). From this study, a total of 5 probability scenarios were available (6.67%, 2%, 1%, 
0.5%, and 0.2% AEPs; 1:15, 1:50, 1:100, 1:200, and 1:500 years indicative return period, respectively). 
These 5 AEP scenarios were considered for each of 4 relative sea level rise scenarios (RSLR 0 m, 0.5 m, 
1 m, and 2 m), resulting in a total of 20 storm hazard scenarios. A brief overview of the coastal flood hazard 
methods and data is provided in Appendix B, and details on hazard modelling and limitations can be 
obtained from the District of Tofino Coastal Flood Mapping report (Ebbwater Consulting Inc. and Cascadia 
Coast Research Ltd., 2019).  

4.4.2 Coastal Storm Flood Risk Assessment 
To quantitatively assess flood consequences, we used proxies as described in Section 4.3. To quantify the 
exposure to coastal flooding, we overlaid the spatial exposure data with the flood hazard extents to 
identify the assets within the hazard area. These were mapped for selected hazard scenarios, and we also 
provided total numbers for each indicator for each of the 20 hazard scenarios in Appendix C. Considering 
limited data availabilities, we discussed vulnerability qualitatively for each indicator, and provided 
supporting data, where available.  

We also provided discussion of consequences (e.g., how many people would be affected by different 
depths of flooding). For these consequence discussions, we used hazard vulnerability categories as 
classified in the Australian guidelines (Figure 8; see Appendix B for more details) (AIDR, 2017; Smith et al., 
2014).  

We then assessed probabilistic risk, using the method described in Appendix B. Lastly, we scored the 
exposed assets, according to the scoring methods presented in Appendix B, and developed risk matrices 
from these results.  
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Figure 8: Hazard vulnerability classification (H1 to H6), based on limiting still water depth (D) in metres (m) and velocity (v) in 
metres per second (m/s), from Australian Disaster Resilience Guideline 7-3 Flood Hazard (AIDR, 2017), CC BY 4.0. 

4.5 Tsunami Risk Methods 
4.5.1 Tsunami Hazard 
The tsunami hazard assessed in this study focused on a “worst-case” scenario, a fault rupture of the 
Cascadia Subduction Zone (CSZ), similar to the 1700 CSZ fault rupture event. It was based on single-
scenario tsunami modelling conducted as part of the District of Tofino Coastal Flood Mapping study 
(Ebbwater Consulting Inc. and Cascadia Coast Research Ltd., 2019). Four RSLR scenarios (0 m, 0.5 m, 1 m, 
and 2 m) were also considered. The assessed tsunami scenario is just one of many ways that a tsunami 
could occur in the DoT. A full Probabilistic Tsunami Hazard Assessment (PTHA) would provide more 
comprehensive information on potential tsunami hazards in the DoT and their probabilities. As part of this 
project, a critical literature review of currently available tsunami hazard studies was conducted (Appendix 
E).  

4.5.2 Tsunami Risk Assessment 
Similar to the coastal storm flood risk assessment, we conducted a holistic tsunami risk assessment, noting 
however that, as only one tsunami scenario was available, this was not based on a probabilistic approach.  
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For the risk assessment, we used the 6 indicators described in Section 4.3. and quantitatively assessed 
proxies for each indicator. We quantified the exposure to the CSZ tsunami scenario by overlaying the 
spatial exposure data with the tsunami hazard extents of the 4 RSLR scenarios and provided total numbers 
for each proxy. Lastly, we scored the results of our analysis (i.e., number of exposed assets) according to 
the scoring methods presented in Appendix B and developed risk matrices for each of the 6 indicator 
categories.  

4.5.3 Tsunami Building Damage Scenario for Tofino 
To provide more information on potential building damage due to a tsunami, the EPICentre team assessed 
potential building damages for the tsunami scenario. This analysis was based on the 2018 UVic student 
building survey conducted in the DoT and drew upon empirical data from the 2011 Japanese earthquake 
to relate tsunami flood depth with building damage. The field data collection methods are summarized in 
Appendix B, and further details on the high-level assessment methodology are provided in Appendix E.  

4.6 Risk Matrices (Risk Scoring) 
An important goal of a risk analysis is to provide a means to compare risks (UNISDR, 2017b) across spatial 
and temporal scales, as well as hazard types and indicator categories. Comparing risk can help to prioritize 
funding and disaster prevention strategies to target locations, hazards, and indicators with the highest 
risk. To achieve this, typically, a spatially distributed risk analysis is conducted (as described in the previous 
sections for coastal storms and tsunamis). Next, the outputs of the risk analysis are aggregated, which, 
considering the complexity of risk indicators, is not a straightforward process (UNISDR, 2017b). Different 
techniques exist for risk aggregation (UNISDR, 2017b):  

• When conducting a probabilistic risk analysis, one of the main outputs is the exceedance
probability curve (see Appendix B). This curve allows the calculation of the risk or average annual 
loss (i.e., the integrated area under the curve) for different hazards or time periods. 

• When conducting a scenario-based (deterministic) risk analysis, risk can be calculated as the 
product of the two dimensions of risk: consequence and likelihood. Here, it is important to select 
scenarios as broadly as possible (i.e., to consider both frequent and rare events). 

• Lastly, in the index-based approach, likelihood and consequence are each represented by an index
score, and actual risk is then calculated as the product of the two scores. Scoring is applied to
each indicator, following a set of pre-determined rules that are ideally consistent across a country 
or region. A benefit of scoring is its simplicity for comparing relative risk between different
indicators, hazards, and regions. Typically, the results are provided in a risk matrix of likelihood 
and consequence (see below), which helps to visualize and prioritize risks.

For this risk assessment, considering that we used a probabilistic approach for coastal storm flooding and 
produced exceedance probability curves, we provided overall risk for coastal storm flood as the average 
annual loss for each of the indicators for each of the 4 RSLR scenarios.  

Further, to allow better comparison across regions and between the six indicators, we also used an index-
based approach for both coastal storm and tsunami flooding, where we associated hazard likelihood and 
consequence with an index score and presented results in a risk matrix. Details on our scoring methods 
are provided in Appendix B.  
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4.7 Software and Data Processing 
For data processing and mapping, we predominantly used open-source software tools. We developed a 
set of programming codes that allowed automated processing of the large datasets. Automated 
processing enables a robust scientific approach that is repeatable and well documented. We used the 
open-source coding software R (R Core Team, 2019), and specifically, incorporated functions from the R 
packages indicated in Appendix B. For mapping, we used the open-source GIS software QGIS (QGIS 
Development Team, 2019).  

4.8 Limitations 
As with any risk assessment, there are a number of limitations that should be noted.  

First of all, there are uncertainties related to the hazard assessment, as discussed in the District of Tofino 
Coastal Flood Mapping report (Ebbwater Consulting Inc. and Cascadia Coast Research Ltd., 2019). These 
include uncertainties related to historical data, modelling, and future scenario assumptions (e.g., 
uncertainties in the rate of sea level rise), though the best available data and scientific literature were 
used in the study. For tsunami modelling, only one catastrophic scenario was analyzed, which referred to 
one fault rupture type of the Cascadia Subduction Zone, while there are many other tsunami sources and 
fault rupture types that could lead to tsunami-related flooding within the DoT. Studies on other possible 
tsunami sources are reviewed in Appendix E.  

While we considered dynamic risk in the form of climate change (and sea level rise scenarios), we assumed 
a constant exposure. However, in our dynamic world, it is likely that exposure will change in the future. 
This might be through land use change, population growth (increasing exposure), or also through 
adaptation measures (reducing exposure). However, it would have been beyond the scope of this study 
to explore a range of future exposure scenarios, and this could be addressed in a future study.  

We discussed assumptions and limitations for each of the consequence indicators and their proxies in 
Appendix B and indicated confidence levels based on the associated uncertainties. These include 
uncertainties related to the total population number (assumed as the total summer nighttime population, 
which is currently being updated), and the method of population distribution across the DoT. For 
economic exposure, we did not have the building value data available for all buildings. Further, 
considering limitations in available building survey data and appropriate depth-damage curves, we 
presented total exposed value (in contrast to damage), in an effort to provide clear communication and 
avoid potentially incorrect damage estimates. For environmental and cultural consequences, only limited 
datasets were available.  

While we discuss indirect and intangible consequences qualitatively, it would have been out of the scope 
of this study to provide a detailed quantitative estimate of cascading effects (i.e., indirect consequence). 
Cascading effects resulting from disrupted critical infrastructure could be considered in future studies.  

Lastly, risk scoring and the presentation of risk in risk matrices is dependent on the methodology used. As 
there is currently no published and established Canada-wide methodology on risk scoring, we used a 
scoring system that is based on best international practice and will inform the revised national risk 
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assessment template. Within this context, readers should understand that results from future studies will 
differ and will not necessarily be easily comparable if different methodologies are used.  
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5 Stakeholder Input — Reporting from the Workshops 
Stakeholder workshops comprised an essential component of this project. We held two interactive 
workshops in the DoT. The first workshop focused on setting the stage, gathering input on what 
stakeholders care about, and learning about the local context. The second workshop focused on ground-
truthing our flood consequence mapping, gathering further inputs, and engaging the community on 
processes and trade-offs involved in planning and decision-making for disaster risk reduction.  

The following sections summarize what we learned from local stakeholders on what living on the coast 
means to them (Section 5.1), what direct and indirect consequences to coastal flooding they have 
experienced in the past or think might occur in the future (Section 5.2), and lastly, what for them should 
be the elements of a flood-resilient community (Section 5.3). More details on the workshops are also 
provided in Appendix A.  

5.1 Community Understanding 
As part of the first workshop, participants shared one word that described what living on the coast meant 
to them. The results are summarized in Figure 9 as a word cloud, in which frequent words appear larger. 
The word cloud highlights concepts and values that residents associated with their surroundings. Many 
people felt, for instance, that connection, lifestyle, and community were important, as was the pristine 
and wild natural environment. They also recognized that living on the coast means living in a dynamic 
setting, both geographically and socially. Tofino was also described as living on the edge, or the end of the 
road, where people were familiar with the storms of the Pacific Ocean and were part of a remote 
community. People cared deeply about their local beaches and environment, as was noted in the second 
workshop by a participant: “All beaches are cultural sites—as they represent the place we all love”. 

Figure 9: Key words from stakeholders on what living on the coast in Tofino means to them. 
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5.2 Qualitative Consequence Mapping 
As part of the workshops, participants identified direct and indirect flood consequences that they had 
experienced in the past or that they anticipated might occur in the future. They labelled these on the map, 
and Figure 10 displays the digitized results as hotspot maps. A detailed list of comments, upon which these 
maps are based, is provided in Appendix A. 

Figure 10: Qualitative direct and indirect consequences to coastal flooding, as reported by local stakeholders, for (a) affected 
people, (b) economy, (c) critical infrastructure and disruption of basic services, (d) environment, and (e) culture.  

For the indicator category of Affected People, local stakeholders highlighted that flooding will likely affect 
permanent residents, seasonal workers, First Nation lands, as well as visitors in resorts and on 
campgrounds (direct consequences). Homes might be flooded, people displaced, and beach access 
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restricted. It was mentioned that Chesterman Beach is a particularly high-risk area, both geographically 
due to its low elevation, and socially as there are many visitors in the area. For tsunamis specifically, 
stakeholders voiced their concerns on potential loss of life, mass evacuation, and potential seismic 
damage to evacuation shelters. As potential indirect consequences, stakeholders listed the loss of access 
to food, loss of access to emergency services, that first responders might be overwhelmed, and that 
flooding might lead to trauma for people. They also highlighted the importance of Tofino as a hub for the 
region, as many of the coastal outlying communities of Clayoquot Sound rely on its services and might be 
indirectly affected if services are interrupted due to flooding in Tofino. The mapping displays these reports 
spatially, where direct consequences were centred along the beaches of the west coast; whereas flooding 
could lead to indirect consequences in the village centre, as well as on outlying islands (Figure 10a).  

For Economy, stakeholders mentioned direct consequences, such as property damage and major impacts 
to assets and infrastructure, which were spatially centred around the marina and docks of the northern 
tip of the Esowista Peninsula, as well as along the west coast beaches (Figure 10b). But they also 
mentioned many indirect consequences to the economy, such as tourism impacts (impacts on Tofino as a 
tourism destination, loss of tourism money, damage to the beach economy, loss of potential revenue from 
events), decrease in property values and tax base, and business impacts (business closures and 
interruptions, lack of access to work, and slowing of the fishing industry). Again, these indirect 
consequences were indicated as spatially widespread throughout the village centre and across the 
peninsula.  

For Critical Infrastructure and Disruption of Basic Services, stakeholders indicated potential direct flood 
consequences to power infrastructure, communication, highway and roads, sewer and water pump 
stations, the docks and maritime facilities, and overall potential loss of public infrastructure. Spatially, 
these direct consequences were indicated primarily along Chesterman Beach and the docks along the 
northern tip of the peninsula (Figure 10c). Many cascading effects of disrupted critical services (i.e., 
indirect consequences) were also indicated, such as potential loss of water supply and wastewater 
treatment with power outage. The community was considered quite vulnerable due to its isolation and 
“end-of-the-road” location, as the Pacific Rim Highway provides the only main vehicle access route to 
Tofino. Damage to the highway could thus disrupt access to the community and cut it off from access to 
health services, food, and supplies. Further, other linear infrastructure in this area, such as power lines 
and telecommunication lines, are also mostly non-redundant with limited resilient capacity in case of 
storm or tsunami damage.  

For potential consequences to the Environment, stakeholders highlighted the sensitive coastal 
environment and temperate rainforest that characterize Tofino’s shorelines (Figure 10d). Floodwaters can 
be particularly damaging to these ecosystems when they are contaminated. Stakeholders indicated a 
range of potential contamination sources, such as sewer backups, flooding of septic fields (which was 
previously experienced), oil, gas, and debris. Indirect consequences, such as damage resulting from 
flooding of fish farms, were also indicated.  
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Lastly, for Culture, stakeholders highlighted the potential impacts to cultural sites, such as archaeological 
sites and culturally modified trees, flooding of the cemetery, and the beaches overall, which are an 
important component of Tofino’s identity and culture (Figure 10e).  

Recording this qualitative information allowed us to explicitly incorporate local knowledge and target the 
subsequent quantitative risk assessment accordingly. The qualitative comments provide a rich source of 
local information and could capture details that may have otherwise been discounted. Further, the 
mapping showed spatially where direct and indirect impacts are expected to be most prominent. Most 
direct consequences were, for example, expected along the west coast and the northern tip of the 
peninsula, with cascading effects for the wider community across the Esowista Peninsula and in the village 
centre where most people live.  

While the qualitative information provides essential information, it should also be noted that there are 
limitations to this approach, as the diversity and number of stakeholders will affect the outcome. For this 
project, a large and diverse stakeholder group attended the two workshops, and the information 
presented above is considered relatively robust, although the assessment of cultural consequences could 
be improved.  

5.3 Elements of a Resilient Community 
To encourage discussion for moving forward from flood impacts towards a flood-resilient community, 
workshop participants were asked in the first workshop what they identified as elements of a safe, 
prosperous, and resilient community. Stakeholders reported many diverse aspects, which highlighted 
redundancy in infrastructure, diversity of resources and respect of social and ecological limits, leadership 
from government and local champions, and access to information and the sharing of knowledge that is 
already accumulated in the region (Table 5). Similar to what was indicated in the sharing exercise from 
Section 5.1, participants highlighted that as a coastal community, they had a deep understanding of the 
coast and how to live in relationship with it, and were willing to accept that there may be some impacts. 
Overall, the connectedness of the community was highlighted as an essential component of a resilient 
community.  

Table 5: Elements of a safe, prosperous, and resilient community, as identified by stakeholders. 

Category Stakeholder Comments 
1. Natural and Built Environment • Diversity of social, ecological, and economic resources. 

• Respect for social and ecological l imits—knowing where the l imits are 
and being aware when these are being stressed.

• Redundancy in infrastructure (e.g., power, road, water supply, disaster
back-up communication).

• Understanding of natural hazards, and a commitment to reducing
exposure and vulnerabil ity.

2. Leadership and Strategy • Support from all  levels of government (funding, policy, other
resources). 

• Prioritizing coastal hazard risk, making this part of the fabric.
• Multiple champions to carry the momentum.
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Category Stakeholder Comments 
• Engagement between communities, different levels of government

agencies, and across scales.
• Available and accessible information, being shared effectively with the 

community and other stakeholders.
• Making use of experiential knowledge accumulated in the region over

the years. 
• Sharing knowledge and information effectively with the community.
• Effective use of tools, assets, and available technology (e.g., buoys, 

sirens).

3. Human Health and Well-Being • Culture of safety. 
• Deep understanding of the coast and how to l ive in relationship with

it. 
• Willingness to accept that there will  be impacts, and to l ive

knowledgeably with that risk.

4. Social, Economic, and Cultural
Fabric 

• Connected community.
• Diversity of community members makes the community vibrant and

strong. 
• Role of business operators and their interconnections.
• Including the role of visitors in how we understand and think about 

the system and the impacts of hazards.
• Positive, constructive attitude (this is a core value in the community).

Overall, the workshops provided valuable inputs for the qualitative risk assessment and recommendations 
for steps towards resilience, which are discussed in the next chapters.  
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6 Coastal Storm Flood Risk and Resilience 
This chapter focuses on coastal storm flood hazard, risk, and resilience (in contrast to tsunami flood 
hazard, which is captured in Chapter 7). First, we briefly present the coastal storm flood hazard scenarios 
that were used to assess risk. Next, we assess coastal storm flood risk and describe both direct 
consequences (which are quantified), as well as indirect consequences (which are discussed qualitatively). 
Both direct and indirect consequences were deeply informed by the workshops held in the District of 
Tofino.  

Importantly, we assess dynamic risk, that is, we not only address current-day risk, but also account for 
future changes in hazard—specifically, we explored consequences of different sea level rise scenarios. 
Another important component of dynamic risk are changes in exposure (e.g., population growth, changes 
population densities, changes in land use, etc.) and vulnerability (e.g., changes in building design to 
become more floodproof, etc.). To explore a full range of possible exposure changes in combination with 
different future hazard levels would require an extensive analysis that is out of the scope for this project, 
but we do qualitatively discuss potential changes in exposure and vulnerability.  

A key component of any risk assessment is an understanding of what is in the way of the hazard (the 
exposure), as well as an understanding of how each of the exposed assets will react and recover (the 
consequences). Earlier in this report, we described the importance of capturing a range of consequences 
and to provide a holistic assessment that not only addresses economic damages, but also social aspects 
(e.g., affected people and culture), critical infrastructure, and environmental aspects. What is measured 
matters, and therefore it is important to measure as many potential consequences as possible, and not 
to simply rely on easily calculated indicators. Therefore, we also explored some of the more difficult 
intangible and indirect consequences that result from natural hazards. As described in Section 4.3, we 
grouped the direct and indirect consequences broadly into 5 indicator groups: 

• Affected people
• Economic consequences
• Critical infrastructure and disruption of basic services
• Environmental consequences
• Cultural consequences

Drawing on such a wide range of quantitative and qualitative data meant that we worked with many 
different dataset types. In line with best practice (AIDR, 2015), we associated each of the datasets with a 
confidence level.  

6.1 Coastal Storm Flood Hazard 
As mentioned previously, we used multiple coastal storm flood hazard scenarios, based on the District of 
Tofino Coastal Flood Mapping report (Ebbwater Consulting Inc. and Cascadia Coast Research Ltd., 2019). 
The scenarios include both frequent scenarios with high likelihood of occurrence (e.g., a 6.67% AEP 
scenario), as well as rare scenarios (e.g., the 0.2% AEP). In total, we used 5 AEP scenarios for 4 RSLR 
scenarios (i.e., a total of 20 hazard scenarios) as input for our risk assessment (Table 6).  
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To calculate risk scores, we associated each of the hazard scenarios with a likelihood score, based on the 
AEP of the scenario and the likelihood scoring rules presented in Appendix B.5. Highest scores were 
assigned for frequent events, which have a high probability of occurring (high AEPs). For the likelihood 
score category of 3.5, two hazard scenarios were available (1% and 2% AEP). For the scoring, we used the 
more extreme 1% AEP for a conservative estimate.  

For each of the 4 time periods (present-day, and future time periods with RSLR), the 4 AEPs were 
associated with the same likelihood score (Table 6). While the flood extent and depth will be larger, for 
instance, for a 6.67% AEP in a future period with RSLR than in the present-day, the likelihood that this 
event occurs in this future period is, by definition, the same as that a 6.67% AEP event occurs in the 
present-day.  

Table 6: Hazard likelihood scoring for coastal storm flood hazard scenarios in the DoT. 

Level Likelihood Scoring Annual Exceedance 
Probability (AEP) Range 

Coastal Storm Flood Hazard Scenarios 
(DoT) AEP 

Almost certain 5.0 > 33.3% n/a 
4.5 10% to 30% n/a 

Likely 4.0 3.3% to < 10% 6.67% 
for RSLR 0 m, 0.5 m, 1 m and 2 m 

3.5 1% to < 3.3% 1% 
for RSLR 0 m, 0.5 m, 1 m and 2 m 

Unlikely 3.0 0.33% to < 1% 0.5% 
for RSLR 0 m, 0.5 m, 1 m and 2 m 

2.5 0.1% to < 0.33% 0.2% 
for RSLR 0 m, 0.5 m, 1 m and 2 m 

Rare 2.0 0.033% to < 0.1% n/a 
1.5 0.01% to < 0.033% n/a 

Very rare 1.0 0.0033% to < 0.01% n/a 
0.5 0.001% to < 0.0033% n/a 
0.0 < 0.001% n/a 
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6.2 Affected People 
Affected people are people who are directly or indirectly affected by floodwaters. Directly affected people 
come into direct contact with floodwaters, while indirectly affected people are affected through the 
cascading effects of a flood event (e.g., interruption of critical services). In this risk assessment, we first 
quantitatively assess directly affected people, and then qualitatively discuss indirectly affected people.  

6.2.1 Directly Affected People 
Exposure 

Tofino is a major tourism hotspot where the population triples in the summer with the influx of seasonal 
workers and visitors. This was accounted for by considering the average total summer nighttime 
population in our assessment of directly affected people. For this, we estimated the number of people 
whose permanent residence or temporary accommodation is within the flood hazard area (Table 7). We 
note that this is a conservative approach given that storm events more commonly occur in the winter. 

The results showed that even for a relatively small and frequent event, such as the 6.67% AEP, around 
350 people would be directly affected. This is an event which has a ~60% probability to occur over a 25-
year period, and a ~80% probability to occur over a 50-year period. In the future, such a relatively frequent 
event (6.67% AEP) might directly affect more than triple the people it affects today—due to RSLR and the 
consequently larger flood hazard area. Flood events with a lower likelihood to occur (e.g., 0.2% AEP) 
typically have more catastrophic effects, and would directly affect ~480 people in the present-day, and 
~1,350 people in a future with climate change.  

While about 40% more people are directly affected by a catastrophic event in comparison to a frequent 
event in the present-day, sea level rise has a much stronger effect on exposure than the size of a storm. 
Even the “small” and more frequent storms will lead to more flooding in a future with sea level rise than 
today’s “big” and rare storms. This is driven by the increase in flood hazard extents with sea level rise, 
which, as discussed in the Coastal Flood Mapping report (Ebbwater Consulting Inc. and Cascadia Coast 
Research Ltd., 2019), is much more substantial than differences in flood extents between different coastal 
storm frequencies. 

Table 7: Number of affected people in coastal storm flood hazard area for select scenarios (rounded). Results for all scenarios 
are provided in Appendix C. 

Scenario Number of Directly Affected People 
Present-day (0 m RSLR); frequent (6.67% AEP) 350 
Present-day (0 m RSLR); rare (0.2% AEP) 480 
Future (1 m RSLR); frequent (6.67% AEP) 1,120 
Future (1 m RSLR); rare (0.2% AEP) 1,350 

When looking at the spatial distribution of exposure throughout the DoT, we can see that the areas around 
MacKenzie Beach, Chesterman Beach, and Cox Bay have large numbers of directly affected people (Figure 
11). These areas are characterized by campgrounds in close vicinity of the beach at MacKenzie Beach, as 
well as major tourism accommodations along Chesterman Beach and Cox Bay. The present-day frequent 
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(6.67% AEP) scenario shows flooding of some residences and tourism accommodations in the first row off 
the beach. However, with rising sea levels, flooding extends to include almost all homes on the first row 
and some second row residences along Lynn Road and Chesterman Beach Road (Chesterman Beach), Cox 
Bay, and the east coast of the Esowista Peninsula (Figure 11). Due to the higher elevation of the Village of 
Tofino, the number of directly affected people is much lower in this area. But residences and tourism 
accommodations in the vicinity of the docks are impacted (Figure 11).  

Figure 11: Directly affected people (considering the summer nighttime population) in the coastal storm flood hazard area, 
showing a present-day scenario (6.67% AEP), and a future scenario (0.2% AEP  and 1 m RSLR).  

Importantly, the estimates for future numbers of affected people do not yet account for any changes in 
exposure, but assume that population densities remain the same throughout the next decades. If we 
consider potential population growth and increases in tourism, we can expect the number of affected 
people to grow. For instance, population growth rates of the permanent population are estimated to 
almost double by 2040 (in comparison to 2016) (DoT, 2019). Similarly, the visitor population is estimated 
to increase by almost 60% from 2016 to 2040 (DoT, 2019). The “transient” population (including seasonal 
workers, day visitors, people living in vans and RVs, etc.) are difficult to account for today and estimate 
into the future, but growth is also expected here (DoT, 2019). Thus, in future, we will likely not only see 
increasing numbers of affected people due to climate change and sea level rise, but also due to changing 
exposure (increasing population densities), if no specific adaptation strategies are employed to reduce 
overall exposure.  
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Vulnerability 

How badly people will be affected by flooding depends largely on their vulnerability. Vulnerability 
describes the “characteristics… of a community… that make it susceptible to the damaging effects of a 
hazard” (UNISDR, 2009). Typically, the following population groups are considered to be particularly 
vulnerable to flood hazards (“social vulnerability”) (AIDR, 2009): 

• The elderly, who might not be able to respond as quickly or without assistance. 
• People with low income, as they might not have the resources and capacity to prepare or respond. 
• Families with young children, as children are more susceptible to be injured by deep floodwaters, 

and evacuation might be challenging for parents with many children.
• Newcomers or tourists, who might not be aware of flood hazards or evacuation routes.
• People with different cultures or languages, who might have difficulties understanding emergency

announcements, and where special attention should also be paid to ensure that emergency
actions do not offend cultural sensitivities.

• People who have limited mobility, due to illness or lack of transportation.

There is also a psychological component to flooding, where some people might deny flood risk or are 
complacent about it, some might act purposefully in case of a flood event, while others might react 
irrationally (AIDR, 2009). 

In the DoT, three distinct population groups exist: permanent residents, seasonal workers, and visitors. 
Vulnerability characteristics for permanent residents were drawn from the 2016 census dissemination 
areas (DAs) (Table 8, ), which do not include residents on the Tin Wis First Nation reserve. Children and 
the elderly are particularly vulnerable to flooding, and in the DoT, 11–16 % of the population are children 
(0–14 years old), and 11–18% are seniors (older than 65 years). The highest percentage of children are in 
the village, and the highest percentage of seniors are along the west coast, where most flooding occurs. 
Most permanent residents speak English as their mother tongue (85–87%), and thus, for residents, it can 
be assumed that most people would be able to understand emergency announcements (even though care 
should be taken to ensure that all cultural and language communities are included).  

Table 8: Vulnerability characteristics of permanent residents in the DoT, based on 2016 Census. UID = Unique Identification 
Number (Statistics Canada, 2016).  

UID Description Total 
Population 
# 

Children 
(0–14 yrs) 
% 

Seniors 
(65+ yrs) 
% 

Families 

# 

Mother Tongue 
English 
% 

59230087 DA 1 - NW Coast 
and Vil lage 

667 16 11 165 85 

59230089 DA 2 - SW Coast 372 11 18 70 86 
59230090 DA 3 - N and E 

Coast, and Vil lage 
893 13 12 215 87 
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Figure 12: 2016 Census dissemination areas. 

The average summer nighttime population estimates, obtained from the DoT, also yielded 
some information on the transient population and (multi-day) visitors (Table 9, Figure 13). Most visitors 
and most of the transient population (e.g., seasonal workers) are located along the southwest coast, 
which has the largest flood hazard exposure. These populations are particularly vulnerable to flooding, 
as they might not be familiar with the local flood hazards and evacuation routes. Along the southwest 
coast, there are also the highest numbers of children and seniors, who are especially vulnerable to 
flooding. A more detailed discussion of social vulnerability in the District of Tofino can also be found in 
a study by Fehr (2010).  

Table 9: Vulnerability characteristics of residents, transient population and (multi-day) visitors in the DoT, based on average 
summer nighttime population estimates provided by the DoT.  

Zone Description Total 
Population 
# 

Residents 

# 

Transient 

# 

Visitors 

# 

Children 
(0–14 yrs) 
# 

Seniors
(+65 yrs) 
# 

1 SW Coast 3,000 850 650 1,500 534 345 

2 NW Coast 200 150 50 0 36 23 
3 Village 1,500 1,200 0 300 267 172 

4 E Coast 1,300 1,000 300 0 231 149 

Consequences 

The consequences of flooding will depend both on the vulnerability of the exposed people, as well as flood 
intensity (e.g., flood depth). Direct consequences will be much more substantial for deep floodwaters, 
where it is no longer safe for people. We used the Australian (AIDR) guidelines’ classification of flood 
depth (AIDR, 2017; Smith et al., 2014) to estimate how many people will be affected by different flood 
depths for the 0.2% AEP and 1 m RSLR scenario (as one extreme example) (Table 10, Figure 14). While for 
this flood scenario, ~18% of affected people would experience floodwaters that are generally considered 
safe for people (< 0.3 m), about 35% would experience flooding that is considered unsafe for children and 
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the elderly, and another 42% would face deep floodwaters (> 1.2 m) that are considered unsafe for 
anyone. Of concern is that 20% of affected people are located in areas with 2–4 m of flood depths and 6% 
in waters deeper than 4 m, which can be extremely dangerous to people.  

People within the flood hazard area will experience direct and tangible consequences of flooding, such as 
danger to life and injuries or other health effects. They might need to evacuate and be displaced, or suffer 
direct damages to their livelihoods (e.g., their home is damaged). They might also face more intangible 
consequences, such as emotional stress due to evacuation. For residents, emotional stress could also 
result from the loss of or damage to their home and the loss of or damage to memorabilia (e.g., family 
photos) that they have stored in their home. 

Table 10: Percentage of directly affected people located in each of the 6 AIDR hazard vulnerability classifications for the 
0.2%AEP/1 m RSLR scenario, categorized according to AIDR guidelines (AIDR, 2017; Smith et al., 2014). 

H1 – Generally 
safe (< 0.3 m) 

H2 – Unsafe for 
small vehicles 
(0.3–0.5 m) 

H3 – Unsafe for 
children and the 
elderly 
(0.5–1.2 m) 

H4 – Unsafe for 
people      
(1.2–2.0 m) 

H5 – Unsafe for 
people     
(2.0–4.0 m) 

H6 – Unsafe 
for people  
(> 4.0 m) 

18% 5% 35% 16% 20% 6% 

Figure 13: Population estimate zones. 
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Figure 14: Affected people (summer nighttime population) within the flood hazard vulnerability zones for the 0.2% AEP and 1 
m RSLR scenario, categorized according to AIDR guidelines (AIDR, 2017; Smith et a l., 2014). 

Risk 

Risk is the combination of flood consequences and the likelihood for a flood hazard to occur. We portrayed 
probabilistic risk (i.e., risk for many likelihoods) by developing exceedance probability curves for each of 
the 4 RSLR scenarios (Figure 15). These curves display the total number of affected people, for each of the 
modelled flood scenarios. Through interpolation between data points, they also provide estimates of 
affected people for each AEP by reading the figure from the x-axis (AEP) to the y-axis value (affected 
people) for each of the 4 curves. Or, the curves can inform the other way around (i.e., reading from y-axis 
to x-axis), on how likely it would be that a specific number of people would be affected by a flood event.  

Overall, the curves provide a visualization on how the number of affected people changes from rare and 
extreme events (0.2% AEP) to smaller and more frequent events (6.67% AEP). We can see that the number 
of affected people drops for all 4 curves relatively steeply from rare and extreme events, but that changes 
overall for different storm intensities (AEPs) are relatively minimal in contrast to the effect of rising sea 
levels that substantially increase the number of affected people. As was discussed earlier in this section, 
even the “small” and frequent 6.67% AEP scenario with RSLR affects more people than the present-day 
rare and extreme event.  
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Figure 15: Exceedance probability curves (risk curves) for directly affected people for 4 relative sea level rise (RSLR) scenarios. 

Next, we can use these exceedance probability curves to calculate risk as the product of likelihood and 
consequence (which, for probabilistic risk assessments, is calculated as the area under the curve, as all 
possible likelihoods are considered). This risk value is presented as an average annual loss, and in this 
case, describes the approximate long-term average of directly affected people on an annualized basis. 
Thus, for the present-day scenario, on average over a long time period, 26 people would be affected every 
year (Table 11). Of course, this does not mean that every year, exactly 26 people are affected, but that 
potentially one year, many people are affected due to a catastrophic scenario, while the next year maybe 
none or only minor flooding occurs (resulting in a lower average over many years). As it is with statistics, 
it might also happen that two (seemingly) rare events occur in subsequent years. This possibility serves to 
remind us that just because a rare flood event has occurred in the near past, it does not mean that it will 
not happen again in the near future. In summary, these risk values have a mostly statistical meaning. But 
they do show that overall risk will increase dramatically with sea level rise, tripling from the present-day 
to 1 m RSLR, and increasing to almost fivefold from present-day to 2 m RSLR (Table 11).  

Table 11: Probabilistic risk (average annual loss) for directly affected people for 4 RSLR scenarios. 

0 m RSLR 0.5 m RSLR 1 m RSLR 2 m RSLR 
Probabilistic Risk (Average Annual Loss) 

for Directly Affected People 
~ 26 ~ 48 ~ 80 ~ 127 

The spatial distribution of risk across the DoT is visualized in risk maps for 0 m and 1 m RSLR (Figure 16; 
Figure 17, respectively). Already in the present-day, there are locations of moderate to very high risk along 
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the docks in the Village of Tofino, along MacKenzie Beach, and along Chesterman Beach. In the future 
with rising sea levels, moderate to very high risk can be found along much of the DoT coastline. In 
particular, Chesterman Beach emerges as a high-risk hotspot, that is, as a location where many people are 
located and where the likelihood of flooding is high. But some locations along MacKenzie Beach (in 
particular the campgrounds), in Cox Bay, along the north coast of the Esowista Peninsula, and along the 
southeastern coast also show high risk with 1 m RSLR.  

Figure 16: Risk map for directly affected people (summer nighttime population) for the present-day (0 m RSLR).  
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Figure 17: Risk map for directly affected people (summer nighttime population) for 1 m RSLR.  

Lastly, in an effort to aggregate the results for affected people and make them comparable to other 
jurisdictions across Canada, we developed a risk matrix for directly affected people. Note that risk scoring 
is no longer taking into account probabilistic risk (i.e., all possible likelihoods), but instead uses a scenario-
based approach, where only the 4 deterministic flood scenarios are scored. Furthermore, as discussed 
previously, scoring results are strongly dependent on the scoring method that has been used, and are only 
comparable to jurisdictions where the same scoring methods have been used. For this, we used the 
likelihood and consequence scoring as described in Appendix B.5. This results in the hazard, consequence, 
and risk scores presented in Table 12 (for the present-day) and Table 13 (for a future with 1 m RSLR), 
which are visualized in a risk matrix in Figure 18.  

The relatively small differences between flood extents of different AEPs for one time period (i.e., same 
RSLR scenario) result in relatively small differences in consequences. Therefore, given the logarithmic 
scaling of the scores, consequences for all likelihoods of the present-day result in a consequence score of 
4, and all likelihoods for the future (1 m RSLR) result in a consequence score of 5 (Figure 18). For the 
present-day, risk scores range from 16 for the frequent event (due to the higher likelihood of occurrence, 
and thus, a higher likelihood score) to 10 for the rare event; these are classified as “extreme risk” and 
“high risk”, respectively. For a future with 1 m RSLR, risk scores increase, and range from 20 (“extreme 
risk”) for a frequent event to 12.5 (“high risk”) for a rare event. Risk confidence levels were calculated 
based on the combined confidence levels of the likelihood and the consequence, according to Appendix 
B.1.
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Table 12: Hazard, consequence, and risk scoring for the present-day (0 m RSLR) for directly affected people, according to the 
scoring method presented in Appendix B. 

Present-Day (0 m RSLR) 

AEP Likelihood Score # of Affected 
People 

Consequence 
Score 

Risk Score 

6.67% AEP 4 (l ikely) 350 4 (major) 16 (extreme risk) 

1% AEP 3.5 (l ikely) 430 4 (major) 14 (high risk) 

0.5% AEP 3 (possible) 450 4 (major) 12 (high risk) 
0.2% AEP 2.5 (possible) 480 4 (major) 10 (high risk) 

Confidence Level High Moderate Moderate 

Table 13: Hazard, consequence, and risk scoring for a future with 1 m RSLR for directly affected people, according to the scoring 
method presented in Appendix B. 

Future (1 m RSLR) 
AEP Likelihood Score # of Affected 

People 
Consequence 
Score 

Risk Score 

6.67% AEP 4 (l ikely) 1,120 5 (catastrophic) 20 (extreme risk) 
1% AEP 3.5 (l ikely) 1,250 5 (catastrophic) 17.5 (extreme risk) 

0.5% AEP 3 (possible) 1,290 5 (catastrophic) 15 (high risk) 

0.2% AEP 2.5 (possible) 1,350 5 (catastrophic) 12.5 (high risk) 
Confidence Level Moderate Moderate Moderate 
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Figure 18: Risk matrix for directly affected people for present-day (0 m RSLR) and a future with 1 m RSLR. 

6.2.2 Indirectly Affected People 
In the previous section, we discussed directly affected people who suffer from flood consequences due to 
direct contact with floodwaters. However, consequences of flooding can be much more far reaching and 
also indirectly affect people who are located out of the direct flood hazard area. These indirect aspects 
were also important to stakeholders and were raised in discussions during the workshops.  

The cascading effects of flooding, such as interruption of basic services, might indirectly affect everyone 
on the Esowista Peninsula, even if they are not located in the flood hazard area. Flooding may cause 
disruptions of roads and electricity supply (see Section 6.4) or affect the economy (see Section 6.3), which 
in turn could lead to negative consequences for local residents. Tourists might also be affected, if they 
have to cancel their holidays due to flooding, or if beaches are closed and cannot be visited during their 
stay. Furthermore, Tofino acts as an important coastal hub for the region, and many coastal and First 
Nation communities depend on its services (Figure 19). Thus, these communities could feel the indirect 
consequences of flooding, if Tofino’s services are interrupted, or if the docks, which provide the main 
connection points for the coastal communities that are often only reachable by water, are flooded or 
damaged. Thus, flooding is not only a concern for people close to the shoreline, but for the entire regional 
community.  
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Figure 19: Remote coastal and First Nation communities. 

6.2.3 Towards Resilience 
The previous sections highlighted how flooding may affect people in Tofino and its coastal neighbours, 
today and in the future. This information can help to guide steps for reducing flood consequences for 
people and moving towards resilience.  

One important step towards reducing future flood consequences for people is to reduce today’s exposure, 
and in particular, to ensure that exposure does not increase in future. Predictions of population growth 
and tourism growth are quite substantial for the DoT, and typically, people in a coastal town prefer to be 
located along the coastline, especially for tourism accommodations. However, higher population densities 
in coastal areas dramatically increase exposure, especially when considering the growing flood extents 
with sea level rise. Thus, reducing future exposure of people to flooding can be one of the main avenues 
for risk reduction. This can be done through land use planning strategies and limiting further development 
in flood hazard areas (discussed in more detail in Chapter 8), which can be directed in particular at areas 
of high risk for people, such as MacKenzie Beach, Chesterman Beach, and Cox Bay. The future planning of 
a campground on Cox Bay (as communicated by stakeholders in workshop) can potentially be a good land 
use strategy, as campgrounds can relatively easily be evacuated and no damage to structures would occur. 
This, however, would require effective communication strategies and enough warning time for storms, 
as, if not properly warned and evacuated, people on a campground would be particularly vulnerable to 
flooding, as they would not have the protection of a building structure.  
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Reducing the vulnerability of people to flooding can also help to reduce flood risk. Here, first of all, it is 
important to inform and educate people and disclose potential flood hazards, so that people can be aware 
of what to do in a flood and to prepare. For instance, the CoastSmart program is a good example of 
educating people on the potential hazards of coastal storms. Another component is considering 
vulnerable populations, such as residents and tourists with young children or the elderly, many of whom 
are located close to flood hazard areas in the DoT. Information campaigns can be targeted at these 
vulnerable populations (i.e., child care centres, senior homes), and emergency management should be 
aware where vulnerable populations are located and might need help in case of evacuation. Other 
vulnerable populations are tourists and newcomers. Here, it is essential to ensure that tourist 
accommodations and campgrounds provide information to tourists. Local residents can also reduce their 
vulnerability by preparing their homes, and, for example, removing memorabilia (e.g., photos) and 
valuables from their crawl spaces, basements, or lower floors, where they might easily become damaged 
in a flood event.  

Overall, flood consequences will vary strongly with flood depth, where deep water can be particularly 
dangerous to people. Therefore, using flood depth information (as provided in Figure 14 and in flood 
hazard data layers and maps) to target flood preparation and response is another important component 
of reducing consequences to people. Current and future flood risk to people is particularly high at 
Chesterman Beach, as well as parts of MacKenzie Beach and Cox Bay, the mudflats across the peninsula 
from Chesterman Beach, and some parts of the northern tip of the Esowista Peninsula. Risk reduction 
strategies should prioritize these areas.  

6.3 Economy 
This indicator describes potential economic loss resulting from a flood disaster. This can include direct 
damage and reconstruction costs for private and public buildings, but also indirect economic losses, such 
as emergency response costs and economic losses due to disruption of business operations. Here, we 
assessed potential direct economic consequences quantitatively, and discussed indirect economic 
consequences qualitatively.  

6.3.1 Direct Economic Consequences 
Exposure 

As a proxy for direct economic consequences, we assessed the total property (building) value exposed in 
the flood hazard area. This provided a conservative estimate for potential economic costs, as buildings 
may not be fully damaged in a storm flood hazard.  This proxy is widely use as an indicator for economic 
loss across BC. 

The results of our analysis showed that, for the present-day, the sum of all exposed building values across 
the flood hazard area increased from a frequent (6.67% AEP) to a rare (0.2% AEP) flood scenario from 
$55M to $61M (Table 14). With 1 m RSLR and assuming no changes in building density nor building value, 
the exposed building values doubles in comparison to the present-day.  
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Table 14: Exposed total building value in millions of Canadian dollars ($M) in coastal storm flood hazard area for selected 
scenarios. 

Scenario Exposed total building value in $M 
Present-day (0 m RSLR); frequent (6.67% AEP) 55 
Present-day (0 m RSLR); rare (0.2% AEP) 61 
Future (1 m RSLR); frequent (6.67% AEP) 117 
Future (1 m RSLR); rare (0.2% AEP) 124 

Mapping of building footprints and flood hazard extents showed that during the frequent (6.67% AEP) 
present-day flood hazard scenario, some buildings along the docks in the Village of Tofino and some 
buildings in the first row off the beach along Chesterman Beach and mid-Cox Bay are exposed to flooding 
(Figure 20). However, with rising sea levels and considering a more extreme (0.2% AEP) flood scenario, 
many more buildings become exposed to flooding. This included, first and foremost, many buildings along 
Chesterman Beach, where not only almost all first-row buildings became flooded, but also some second-
row buildings. In the low-lying areas of Jensen’s Bay (along the mudflats) and in Cox Bay, many buildings 
along the coast also become flooded. Exposed building values were particularly high in Cox Bay and 
northern Chesterman Beach (Figure 20).  

Figure 20: Economic exposure in the coastal storm flood hazard area, showing a present-day scenario (6.67% AEP), and a future 
scenario (0.2% AEP and 1 m RSLR). Note that total building values are shown for land parcels where one or more buildings are 
inundated by the future flood scenario.  
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Vulnerability 

The vulnerability of buildings to flooding depends mostly on the following structural characteristics (AIDR, 
2009):  

• Construction type and material. Some building materials, such as wood, are more susceptible to
flooding than others, for example, concrete constructions. 

• Age of structures, as older buildings might be more susceptible.
• Maintenance, as poorly maintained structures may be more susceptible to structural failure. 
• Degree of floodproofing structures, such as flood barriers, which might reduce direct flood

damage to buildings and contents.

The 2018 student building survey provided some information on building characteristics. Almost all of the 
surveyed buildings in the DoT are timber construction (93%), with another 3% being log constructions, 
and the rest are timber/aluminum, unreinforced masonry, steel/concrete, timber/steel, reinforced 
concrete, or timber/brick constructions (Figure 21a). Most of the buildings are 2-storey and 1-storey 
buildings (Figure 21b). Overall, buildings are dominantly single-detached houses, with some semi-
detached houses, and smaller apartment buildings (Figure 22) (Statistics Canada, 2016). 

Figure 21: Statistics of building units surveyed during the 2018 student survey. (Figure from EPICentre, see Appendix E).  
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Figure 22: Statistics of occupied dwelling characteristics in Tofino, based on (Statistics Canada, 2016). (Figure from EPICentre, 
see Appendix E). 

Consequences 

Along with building vulnerability, flood intensity (e.g., depth of floodwaters) determines the 
consequences of flooding to buildings. As an example for the 0.2% AEP and 1 m RSLR scenario, we 
provided the percentages of buildings located within the 6 hazard vulnerability zones defined by the AIDR 
(Table 10), as well as mapping of buildings by material (Figure 23). About 24% of buildings are in areas 
with a flood depth below 0.3 m, for which damage to buildings would be minimal. However, 35% of 
buildings are located in areas with 0.5–1.2 m of flood depth and 15% in 1.2–2 m depth, for which extensive 
building damages could be expected. Concerningly, 10% of buildings are in areas with 2–4 m of flood 
depth, and 5% are located at flood depths of even more than 4 m, when most buildings are considered 
vulnerable to complete failure. Thus, significant damage to buildings could result from coastal storm 
flooding under this scenario; in particular, as most buildings in the flood hazard areas along Chesterman 
Beach and Cox Bay were surveyed as timber constructions, and as such, are potentially more vulnerable 
to flooding (Figure 23).  

Table 15: Percentage of buildings located in each of the 6 AIDR hazard vulnerability classifications for the 0.2%AEP/1 m RSLR 
scenario. 

H1 – Generally 
safe for 
buildings 
(< 0.3 m) 

H2 – Unsafe for 
small vehicles 
(0.3–0.5 m) 

H3 – Damage to 
buildings 
(0.5–1.2 m) 

H4 –Damage to 
buildings 
(1.2–2.0 m) 

H5 – Buildings 
require special 
engineering 
design and 
construction 
(2.0–4.0 m) 

H6 – All 
buildings 
considered 
vulnerable to 
failure 
(> 4.0 m) 

24% 11% 35% 15% 10% 5% 
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Figure 23: Building materials according to 2018 student building survey, and flood hazard vulnerability zones for the 0.2% 
AEP and 1 m RSLR scenario, categorized according to AIDR guidelines (AIDR, 2017; Smith et al., 2014). 

Risk 

Next, we assessed the risk for the economic indicator, which, as discussed before, is the combination of 
flood consequences and likelihood. We developed exceedance probability curves for the 4 RSRL scenarios 
(Figure 24). For each time period (or RSLR), the curves show estimates for total exposed building values 
for each flood scenario, and through interpolation, for any hazard likelihood in between. We can see that 
exposed building values drop from rare to more frequent events. In particular, the exposed building values 
decrease substantially from the 1% AEP to the 2% AEP scenario for 0.5 m RSLR, and from 0.5% AEP to 1% 
AEP for 2 m RSLR, indicating that extreme events would have a much higher economic impact than smaller 
and more frequent flood events. However, similar to what we have seen for the affected people indicator, 
differences between storm intensities (AEPs) are minimal in comparison to changes with sea level rise, 
where again a frequent event in the future may lead to more economic damage than a rare and extreme 
event today—and these numbers are not yet accounting for potential changes in exposure, such as 
increasing building density or increasing building value.  
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Figure 24: Exceedance probability curves (risk curves) for total exposed building value in millions of Canadian dollars ($M) for 
4 relative sea level rise (RSLR) scenarios. 

Next, we calculated the average annual loss, which describes the approximate long-term average of total 
building values exposed to flooding on an annualized basis. Thus, for the present-day scenario, on average 
over a very long time, approximately $4M are found to be exposed to flooding every year, which doubles 
in a future with 1 m RSLR (Table 16).  

Table 16: Probabilistic risk (average annual loss) for total exposed building values in millions of Canadian dollars ($M) for 4 
RSLR scenarios.  

0 m RSLR 0.5 m RSLR 1 m RSLR 2 m RSLR 
Probabilistic Risk (Average Annual Loss) 
Of Total Exposed Building Values in $M 

~4 ~5 ~8 ~10 

The Risk maps for 0 m and 1 m RSLR are shown in Figure 25 and Figure 26, respectively. In the present-
day, there are a few locations of moderate to high risk mainly along Chesterman Beach, as well as along 
the docks in the Village of Tofino and other beaches. In the future with rising sea levels, moderate to high 
risk is more pronounced in the areas mentioned above, and there are additional areas of risk on the 
eastern (inlet side) of the Esowista Peninsula. Compared to the 0 m RSLR risk map (Figure 25), the 1 m 
RSLR risk map (Figure 26) shows more areas at risk in Cox Bay, and one grid cell in that area has a very 
high risk—meaning that local assumed building values are high and they are likely to flood frequently. 
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Figure 25: Risk map for economy for the present-day (0 m RSLR). 
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Figure 26: Risk map for economy for 1 m RSLR. 

Risk Matrix 

To aggregate our spatial risk results and provide them in a format that is comparable to other jurisdictions, 
we used the consequence scoring method provided in Appendix B.5 to calculate risk scores for direct 
economic damages. Please note here that we used total exposed building values (i.e, not building 
damage), which results in higher values. On the other hand, we reported these damages relative to the 
GDP of Vancouver Island, which results in lower values than if only considering the GDP of the DoT. As 
discussed in the methods chapter, risk scoring results depend largely on the scoring methods used, and 
therefore, are typically not directly comparable between studies, if different methods have been used.  

Overall, however, our analysis showed that consequence scores stay at moderate (score 3) for both 
present-day and future (1 m RSLR) scenarios, due to the logarithmic consequence score scaling, resulting 
in “high” risk scores for the more frequent events, and “medium” risk scores for the lower likelihoods 
(Table 17; Table 18). The risk scoring was also visualized in a risk matrix (Figure 27). 
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Table 17: Hazard, consequence, and risk scoring for the present-day (0 m RSLR) for direct economic exposure, according to the 
scoring method presented in Appendix B. 

Present-Day (0 m RSLR) 

AEP Likelihood Score Exposed total 
building value 
$M 

Consequence 
Score 

Risk Score 

6.67% AEP 4 (l ikely) 55 3 (Moderate) 12 (high risk) 

1% AEP 3.5 (l ikely) 59 3 (Moderate) 10.5 (high risk) 

0.5% AEP 3 (possible) 60 3 (Moderate) 9 (medium risk) 
0.2% AEP 2.5 (possible) 61 3 (Moderate) 7.5 (medium risk) 

Confidence Level High Moderate Moderate 

Table 18: Hazard, consequence, and risk scoring for a future with 1 m RSLR for direct economic exposure, according to the 
scoring method presented in Appendix B. 

Future (1 m RSLR) 

AEP Likelihood Score Exposed total 
building value 
$M 

Consequence 
Score 

Risk Score 

6.67% AEP 4 (l ikely) 117 3 (Moderate) 12 (high risk) 

1% AEP 3.5 (l ikely) 122 3 (Moderate) 10.5 (high risk) 

0.5% AEP 3 (possible) 123 3 (Moderate) 9 (medium risk) 
0.2% AEP 2.5 (possible) 124 3 (Moderate) 7.5 (medium risk) 

Confidence Level Moderate Moderate Moderate 
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Figure 27: Risk matrix for direct economic exposure for present-day (0 m RSLR) and a future with 1 m RSLR. 

6.3.2 Indirect Economic Consequences 
Apart from the direct economic consequences due to building damage, as discussed in the previous 
sections, there are also many indirect economic consequences that could result from a flood event. These 
can, for instance, include emergency response costs, loss of revenue due to disruption of business 
operations or lack of access to work, and loss of revenue due to impacts on tourism. Table 19 provides an 
overview, for different categories, of the number of businesses that are located in the flood hazard area 
and potentially affected by flooding.  

Table 19: Number of different business types located in the flood hazard area. 

Scenario Tourist 
Accom-
modation 

Transpor-
tation 
Businesses 

Food 
Services 

Industrial 
Businesses 

Com-
mercial 
Businesses 

Contrac-
tors 

Present-day (0 m RSLR);  
frequent (6.67% AEP) 

13 0 0 4 8 0 

Present-day (0 m RSLR); rare 
(0.2% AEP) 

21 0 0 4 10 0 

Future (1 m RSLR); frequent 
(6.67% AEP) 

75 0 2 6 18 3 

Future (1 m RSLR); rare 
(0.2% AEP) 

100 0 2 7 23 3 



 84 District of Tofino Comprehensive Coastal Flood Risk Assessment – Final Report 
 

6.3.3 Towards Resilience 
To reduce direct economic consequences of flooding, it is first and foremost important to reduce exposure 
in the flood hazard area and ensure that exposure is not increasing in the future due to new building 
construction. Next, buildings located in the flood hazard area can be designed in a more flood-resilient 
way to reduce their vulnerability to flooding. The British Standards Institution developed, for instance, a 
standard for flood resistant and resilient construction, which could serve as a guidance (BSI, 2015). It 
recommends a hierarchy of building protection options that are associated with a decreasing residual 
flood risk (as those options are being implemented) with “avoidance” as the preferred option, followed 
by “resistance”, “resilience”, and “repairability” (Bowker et al., 2007; Tagg, 2017; Tagg et al., 2016). 
Avoidance includes, first of all, the strong recommendation to not build in a flood hazard area (or at least, 
to build in areas of least hazard) via land use planning tools (Tagg et al., 2016). If complete avoidance is 
not possible, it is recommended to prescribe elevating buildings above the flood level. This can be 
achieved by introducing a flood construction level (FCL), which ideally would target a future flood level 
with sea level rise to start preparing for a future with sea level rise. The professional guidelines in BC, for 
instance, recommend to plan for an FCL with 1 m of sea level rise (indicative of 2100) (APEGBC, 2017).  

The following three building protection options target design at the building level (Tagget al., 2016). 
Resistance includes measures to stop floodwaters from entering the building (barriers, flood doors, water-
resistant material, such as waterproof renders). The next level of building construction, resilience, aims to 
reduce the impact of floodwaters by building measures that enable easier and faster drying and cleaning, 
so that buildings would be more resilient to entering floodwaters and would not sustain permanent 
damage. Lastly, repairability is similar to resilience, but targets more building design components that 
make replacement and repairs easier.  

These concepts, although difficult to implement given high-level government mandates and regulations 
(i.e., Canada and BC Building Codes) should be considered. In the first instance, local residents can be 
incentivised and educated to consider these concepts if and when they are building or renovating. 
Secondly, the DoT can work with others to advocate to high-level governments to both incentivize and 
support these concepts, and to update codes and regulations to mandate these improvements in future. 

6.4 Critical Infrastructure and Disruption 
This indicator describes potential damage to critical infrastructure and disruption of basic services, which 
can have cascading effects on the wider society.  

6.4.1 Direct Critical Infrastructure Consequences 
Exposure 

We quantitatively assessed flood exposure for critical infrastructure (CI) buildings and roads, as indicators 
of disruption. Results showed that even in today’s frequent (6.67% AEP) and rare (0.2% AEP) flood events, 
many buildings are flooded (Table 20). This includes mostly dock buildings and the marina, which are 
considered critical infrastructure as they are a transportation hub and the point of connection to essential 
services for the remote communities throughout Clayoquot Sound. However, emergency response 
buildings (Tofino Lifeboat Station and Canadian Coast Guard Station), further transportation sites (Tofino 



85 District of Tofino Comprehensive Coastal Flood Risk Assessment – Final Report 

Air), as well as one sewer pump station are also within the flood hazard areas (Table 20; Figure 28). With 
sea level rise, most of sewer pump stations along Lynn Road and Chesterman Road would be affected by 
flooding.  

Table 20: Number of critical infrastructure buildings (including docks) in coastal storm flood hazard area for selected scenarios. 

Scenario # of Exposed Critical Infrastructure Buildings (including docks) 
Present-day (0 m RSLR); 
frequent (6.67% AEP) 

37 
(32 dock buildings, Canadian Coast Guard Station, marina, sewer pump station 
(Olsen Road PS-3), Tofino Air, Tofino Lifeboat Station) 

Present-day (0 m RSLR); rare 
(0.2% AEP) 

37  
(33 dock buildings, Canadian Coast Guard Station, marina, sewer pump station 
(Olsen Rd PS-3), Tofino Air, Tofino Lifeboat Station) 

Future (1 m RSLR); frequent 
(6.67% AEP) 

45 
(33 dock buildings, Bay St Pump House (water supply), Canadian Coast Guard 
Station, marina, 6 sewer pump stations (Olsen Rd PS-3, Lynn-8 PS-8, Lynn-9 PS-
9, Lynn-10 PS-10, Lynn-11 PS-11, Maltby PS-13), Tofino Air, Tofino Lifeboat 
Station) 

Future (1 m RSLR); rare (0.2% 
AEP) 

46 
(33 dock buildings, Bay St Pump House (water supply), Canadian Coast Guard 
Station, marina, 7 sewer pump stations (Olsen Rd PS-3, Lynn-8 PS-8, Lynn-9 PS-
9, Lynn-10 PS-10, Lynn-11 PS-11, Chesterman Rd PS-12, Maltby PS-13), Tofino 
Air, Tofino Lifeboat Station) 

Further, flooding can impact roads, power lines, and other linear infrastructure. Specifically, the present-
day scenarios lead to ~400 m and ~800 m of flooded residential roads for the 6.67% AEP and the 0.2% AEP 
scenarios, respectively (Table 21). For the present-day, flooding mostly affects the northern part of 
Lynn Road (Figure 28). However, in a future with 1 m RSLR, flooding extends to almost all of Lynn Road, 
Chesterman Beach Road, residential roads along Cox Bay and roads leading down to the docks. 
Concerningly, however, with SLR, parts of the Pacific Rim Highway were also flooded in the southern DoT 
close to Maltby Road and close to Jensen’s Bay, potentially cutting off road access to most of the DoT 
(Figure 28). In these areas, overhead power lines might also be affected by flooding, should their poles 
become damaged, which could interrupt electricity in the DoT (Figure 28).   

Table 21: Length of roads in metres in coastal storm flood hazard area for selected scenarios. 

Scenario Residential Roads 
(length in m) 

Secondary Roads 
(length in m) 

Arterial Roads 
(length in m) 

Total Roads 
(length in m) 

Present-day (0 m RSLR); 
frequent (6.67% AEP) 

392 0 0 392 

Present-day (0 m RSLR); 
rare (0.2% AEP) 

758 0 0 758 

Future (1 m RSLR); 
frequent (6.67% AEP) 

2,011 0 0 2,011 

Future (1 m RSLR); rare 
(0.2% AEP) 

2,849 0 2 2,851 
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Figure 28: Critical infrastructure buildings, roads, and primary overhead power lines in the coastal storm flood hazard area, 
showing a present-day scenario (6.67% AEP), and a future scenario (0.2% AEP and 1 m RSLR). 

Vulnerability 

The vulnerability of critical infrastructure buildings depends on building construction and material (as also 
described in Section 6.3.1), and the floodproofing of design components. Furthermore, vulnerability of 
critical infrastructure is also built around redundancy. If, for example, water or sewer pump stations fall 
out due to flooding, are there other stations that can take over? Are there other emergency services, if 
the Canadian Coast Guard Station cannot operate from its building due to flooding?  

For roads and power lines, much of their vulnerability also depends on their design. For instance, unpaved 
roads are typically more vulnerable to flood damages, even though flooding can also substantially damage 
paved roads. Transmission power lines with metal poles are typically not that vulnerable to coastal storm 
flooding, where flow velocities are often not that high (in comparison to, for example, a tsunami). 
However, neighborhood distribution lines are typically constructed with wooden poles and are more 
vulnerable to damages from flooding.  

Consequences 

The consequences of critical infrastructure flooding can be substantial and cascade throughout the wider 
community. Damages to a water pump station, for instance, could interrupt water supply to many 



87 District of Tofino Comprehensive Coastal Flood Risk Assessment – Final Report 

residents and tourists, even if their accommodation itself is located out of the flood hazard area. Similarly, 
flood damages to sewer pump stations, such as along Lynn Road, can have far-reaching consequences for 
many residents and business owners. Flooding of arterial roads and potential damages to power lines 
would interrupt access to Tofino with significant economic and social consequences, in particular 
considering Tofino’s “end-of-the-road” location, where access is limited to the Pacific Rim Highway and 
one central power line. Figure 29 sets critical infrastructure into the context of the flood hazard 
vulnerability zones for the 0.2% AEP and 1 m RSLR scenario. Most flooding of roads, sewer pump stations 
and power lines occurs in zones H1 to H3, where floodwaters remain below 1.2 m. However, some roads 
and sewer pump stations along Lynn Road also experience deeper flooding (2–4 m), where substantial 
damage to infrastructure could occur.  

Figure 29: Critical infrastructure and flood hazard vulnerability zones for the 0.2% AEP and 1 m RSLR scenario, categorized 
according to AIDR guidelines (AIDR, 2017; Smith et al., 2014). 

Risk 

Next, we assessed risk and explored consequences in the context of the likelihood of a flood hazard to 
occur. The exceedance probability curves show that for the present-day, the same number of critical 
infrastructure buildings are exposed to flooding, regardless of hazard likelihood (Figure 30). For 0.5 m and 
1 m RSLR, the number of exposed critical infrastructure buildings decreases for more frequent (and less 
severe) flood scenarios, whereas for 2 m RSLR, another threshold is reached, and the number of flooded 
buildings stays constant. Exceedance probability curves for the lengths of flooded roads show generally 
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higher flooded road lengths for the rare (and more severe) flood scenarios, but consistently higher 
flooding with rising sea levels (Figure 31).  

Figure 30: Exceedance probability curves (risk curves) for critical infrastructure for 4 relative sea level rise (RSLR) scenarios. 
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Figure 31: Exceedance probability curves (risk curves) for length of affected roads in kilometres for 4 relative sea level rise 
(RSLR) scenarios. 

Based on the exceedance probability curves, we calculated the average annual loss, or here, specifically, 
the long-term annualized average of the number of flooded critical infrastructure buildings and lengths of 
road (Table 22). For critical infrastructure, risk increases by 20% from the present-day to a future with 1 
m RSLR, while for roads, it increases to almost fourfold over this time period.  

Table 22: Probabilistic risk (average annual loss) for critical infrastructure buildings and total road length (in metres) for 4 RSLR 
scenarios.  

0 m RSLR 0.5 m RSLR 1 m RSLR 2 m RSLR 
Probabilistic Risk (Average Annual Loss) 

for Critical Infrastructure Buildings 
~2.5 ~2.8 ~3.0 ~3.1 

Probabilistic Risk (Average Annual Loss) 
for Total Road Length in m 

~39 ~63 ~153 ~492 

Lastly, we aggregated our risk results and scored them according to the method presented in Section 4.6 
(Table 23; Table 24). Risk scoring was done for critical infrastructure buildings. Disruption (represented by 
flooded road length) was not scored, as there are no established methods, and typically, the focus of 
scoring is on critical infrastructure for this indicator. Consequence scores for critical infrastructure for the 
present-day and a future with 1 m RSLR scored as “major” (Score 4), resulting in “extreme” to “high” risk. 
Lastly, we visualized the risk in a risk matrix (Figure 15).  
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Table 23: Hazard, consequence, and risk scoring for the present-day (0 m RSLR) for critical infrastructure, according to the 
scoring method presented in Appendix B. 

Present-Day (0 m RSLR) 

AEP Likelihood Score Critical 
Infrastructure (#) 

Consequence 
Score 

Risk Score 

6.67% AEP 4 (l ikely) 37 4 (major) 16 (extreme risk) 

1% AEP 3.5 (l ikely) 37 4 (major) 14 (high risk) 

0.5% AEP 3 (possible) 37 4 (major) 12 (high risk) 
0.2% AEP 2.5 (possible) 37 4 (major) 10 (high risk) 

Confidence Level High High High 

Table 24: Hazard, consequence, and risk scoring for a future with 1 m RSLR for critical infrastructure, according to the scoring 
method presented in Section 4.6. 

Future (1 m RSLR) 
AEP Likelihood Score Critical 

Infrastructure (#) 
Consequence 
Score 

Risk Score 

6.67% AEP 4 (l ikely) 45 4 (major) 16 (extreme risk) 
1% AEP 3.5 (l ikely) 46 4 (major) 14 (high risk) 
0.5% AEP 3 (possible) 46 4 (major) 12 (high risk) 
0.2% AEP 2.5 (possible) 46 4 (major) 10 (high risk) 
Confidence Level Moderate Moderate Moderate 
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Figure 32: Risk matrix for critical infrastructure for present-day (0 m RSLR) and a future with 1 m RSLR. 

6.4.2 Indirect Critical Infrastructure Consequences 
Flooding can potentially lead to many indirect consequences for critical infrastructure. For instance, 
damage to roads could impact the import of food supplies and other essential resources. Loss of power 
due to damage to power lines could cascade through the community, and affect critical infrastructure, 
such as hospitals, emergency operation centres, and water and sewer pump stations. Similarly, flood 
damage to water pump stations could affect water supplies in critical infrastructure buildings.  

In the event of a coastal storm, it is likely that not only roads and power lines may be affected by flooding, 
but also the Pacific Rim Highway and the power transmission lines that connect the DoT to the rest of 
Vancouver Island may be damaged. This could result in longer power outages and the DoT being cut off 
from access to essential supplies.  

6.4.3 Towards Resilience 
Overall, the DoT is already relatively resilient in terms of critical infrastructure (CI), as most of its CI 
buildings, including health services (Tofino General Hospital, Tonquin Medical Clinic, pharmacies), 
emergency response locations (DoT Municipal Hall, fire department, RCMP buildings, the Community 
Hall), water reservoirs, the new water treatment plant, and some of the sewer pump stations are located 
at higher elevations and out of the flood hazard areas. However, as discussed above, these critical 
infrastructure buildings could still be impacted by the cascading consequences of flooding, such as power, 
water supply, or road access interruptions. Thus, preparation and redundancy are essential here, for 
example, by ensuring back-up generators and stored food supplies.  
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To increase the resiliency of critical infrastructure buildings in the flood hazard area, the building 
protection options discussed for buildings in general (Section 6.3.3) can be used as guidance. Typically, 
higher design standards are applied for critical infrastructure than for residential and commercial 
buildings. For instance, in the United States design standards are based on risk, and the higher the 
consequences of building failure, the higher the design requirements for the building, with the highest 
design requirements for critical infrastructure buildings, such as hospitals and emergency operation 
centres, through design standards ASCE 7-16 and ASCE 24-14 (ASCE/SEI, 2016; ASCE, 2015). This means in 
practice that critical infrastructure buildings in the US need to be designed to a more extreme flood 
scenario (a higher flood construction level) than other buildings.  

6.5 Environment 
This indicator is used to describe potential negative environmental consequences resulting from coastal 
hazard and is often considered to include both damage to environmentally sensitive areas that are directly 
exposed to floodwaters (i.e., are within a coastal flood hazard area) and the effects of contaminants that 
are released into the coastal hazard area when industrial or other hazardous sites are affected by flooding. 

6.5.1 Direct and Indirect Environmental Consequences 
Exposure, Vulnerability, and Consequences 

Tofino is surrounded by sensitive coastal ecosystems (salt marshes, eelgrass meadows, and beaches) and 
temperate rainforest, which are an essential component of the area and provide habitat to many species 
(Figure 33). The Tofino Mudflats Wildlife Management Area (WMA) extends through Jensen’s Bay on the 
east side of the Esowista Peninsula, and covers 1,645 hectares of wetlands with critical habitat for 
migratory water fowl (Vital Signs, 2016). The seashore along the west coast with long beaches, the 
intertidal zone, and dunes has a high level of biodiversity, as do the coastal lowland rainforests with their 
old-growth trees and abundant wildlife. These coastal ecosystems have evolved with the ebb and flow of 
tides and storms and depend on these coastal dynamics. 

However, coastal storms and resultant flooding can have increasingly negative consequences for these 
sensitive ecosystems. One concern is the deposition of marine debris, such as microplastics, along the 
beaches in the aftermath of a storm (Vital Signs, 2016). Furthermore, sea level rise is threatening shoreline 
habitat through coastal squeeze and the increasing erosion of sand dunes. With higher sea levels, the area 
that currently forms the intertidal zone will eventually become permanently under water. However, due 
to human land use and development pressures inland of the current coastline, there is limited room for 
the intertidal zone to extend landward, leading to the shrinking of the intertidal habitat (coastal squeeze).  

Floodwaters can also become contaminated through anthropogenic (human-related) contamination 
sources, such as fuel or propane tankers, sewer pump stations, or septic tanks. Contaminated floodwaters 
may then have devastating consequences for vulnerable coastal ecosystems. 

Therefore, as a proxy for environmental consequences in this risk assessment, we quantitatively assessed 
how the number of anthropogenic contamination sources changes with storm intensities and sea level 
rise. The present-day scenarios show 22–28 potential contamination sources for the frequent (6.67% AEP) 
and the rare (0.2% AEP) flood scenarios, respectively, which mostly includes fuel and propane storage 
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tanks, as well as one sewer pump station (Figure 33; Table 25). However, with rising sea levels, potential 
contamination sources more than triple in comparison to the present-day. For a future with 1 m RSLR, 
70–80 fuel and propane tanks, as well as 5–6 sewer pump stations are located in the flood hazard area.  

Figure 33: Environmental contamination sources in the coastal storm flood hazard area, showing a present-day scenario (6.67% 
AEP), and a future scenario (0.2% AEP and 1 m RSLR). 

Table 25: Number of environmental contamination sources in the coastal storm flood hazard area for selected scenarios. 

Scenario Contamination Sources # 
Present-day (0 m RSLR); frequent (6.67% AEP) 22 (21 fuel/propane tanks; 1 sewer pump station) 
Present-day (0 m RSLR); rare (0.2% AEP) 28 (27 fuel/propane tanks; 1 sewer pump station) 
Future (1 m RSLR); frequent (6.67% AEP) 75 (70 fuel/propane tanks; 5 sewer pump stations) 
Future (1 m RSLR); rare (0.2% AEP) 87 (81 fuel/propane tanks; 6 sewer pump stations) 

Figure 34 also provides context on the flood hazard vulnerability zones for the extreme 0.2% AEP and 1 m 
RSLR scenario. It visualizes where environmental contamination sources are located in particularly deep 
and hazardous waters, and thus are more likely to become damaged and leak into the sensitive 
environment. In particular, this includes areas in mid-Cox Bay, as well as the northern part of Chesterman 
Beach. 
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Figure 34: Environmental contamination sources and flood hazard vulnerability zones for the 0.2% AEP and 1 m RSLR scenario, 
categorized according to AIDR guidelines (AIDR, 2017; Smith et al., 2014). 

Risk 

Exceedance probability curves for the total number of contamination sources in the flood hazard area 
visualize how the risk of contamination increases substantially with sea level rise (Figure 35). Total 
probabilistic risk values indicate that the long-term annualized average is approximately 2 contamination 
sources exposed to flooding per year in the present-day. Risk of contamination more than doubles with 1 
m RSLR (Table 26).  

Table 26: Probabilistic risk (average annual loss) for environmental contamination sources for 4 RSLR scenarios. 

0 m RSLR 0.5 m RSLR 1 m RSLR 2 m RSLR 

Probabilistic Risk (Average Annual Loss) 
for Environmental Contamination Sources (#) 

~2 ~3 ~5 ~7 



95 District of Tofino Comprehensive Coastal Flood Risk Assessment – Final Report 

Figure 35: Exceedance probability curves (risk curves) for environmental contamination sources for 4 relative sea level rise 
(RSLR) scenarios. 

Lastly, to calculate risk scores and visualize results in a risk matrix, we associated consequence scores with 
the potential environmental consequences due to flooding. Environmental consequence scoring is done 
qualitatively (Appendix B.5). For the present-day, we assigned a consequence score of 3 (“moderate 
damage to the environment”), due to the relatively high number of contamination sources and the 
sensitive coastal ecosystems in the DoT. Differences between AEPs were relatively small, and considering 
the logarithmic scaling for the other indicators, we assumed the same consequence score for all 
present-day flood scenarios (Table 27). For a future with 1 m RSLR, we assumed a consequence score of 
4 (“major damage to the environment”), considering that the number of contamination sources more 
than triples and that further, coastal squeeze due to rising sea levels will likely lead to negative 
consequences for ecosystems (Table 28). This resulted in “medium” to “high” risk for the present-day, and 
“high” to “extreme” risk for the future. The risk matrix shows this increase in risk for the environment 
from the present-day to a future with sea level rise (Figure 36).  

Table 27: Hazard, consequence, and risk scoring for the present-day (0 m RSLR) for environmental consequences, according to 
the scoring method presented in Appendix B.5. 

Present-Day (0 m RSLR) 

AEP Likelihood Score Environmental 
Contamination 
Sources (#) 

Consequence 
Score 

Risk Score 

6.67% AEP 4 (l ikely) 22 3 (moderate) 12 (high risk) 
1% AEP 3.5 (l ikely) 24 3 (moderate) 10.5 (high risk) 

0.5% AEP 3 (possible) 25 3 (moderate) 9 (medium risk) 

0.2% AEP 2.5 (possible) 28 3 (moderate) 7.5 (medium risk) 
Confidence Level High High High 
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Table 28: Hazard, consequence, and risk scoring for a future with 1 m RSLR for environmental consequences, according to the 
scoring method presented in Appendix B.5. 

Future (1 m RSLR) 

AEP Likelihood Score Environmental 
Contamination 
Sources (#) 

Consequence 
Score 

Risk Score 

6.67% AEP 4 (l ikely) 75 4 (major) 16 (extreme risk) 

1% AEP 3.5 (l ikely) 83 4 (major) 14 (high risk) 

0.5% AEP 3 (possible) 84 4 (major) 12 (high risk) 
0.2% AEP 2.5 (possible) 87 4 (major) 10 (high risk) 

Confidence Level Moderate High Moderate 

Figure 36: Risk matrix for environmental contamination for present-day (0 m RSLR) and a future with 1 m RSLR. 

6.5.2 Towards Resilience 
To protect the DoT’s sensitive ecosystem from negative consequences of flooding, a first step would be 
to reduce potential contamination sources in the flood hazard area. Many of the DoT’s residents and 
tourism accommodation have fuel storage for back-up generators, in order to be prepared in the case of 
a power outage. While this is good practice in terms of the resilience of the people, these same fuel 
storage containers may lead to negative environmental consequences, if they become damaged in a flood 
and contaminate floodwaters and ecosystems. Thus, the DoT could communicate to residents within the 
flood hazard areas to ensure that their fuel is stored in a robust manner that is unlikely to become 
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damaged during a flood and potentially not only contaminate nearby sensitive ecosystems, but also their 
own property.  

Another contamination source is septic fields. While we were not able to quantitatively assess the number 
of septic fields exposed to flooding (as there was no data available on septic field locations), stakeholders 
reported that they had previously experienced septic field contamination after flooding. Similarly, the DoT 
could communicate this concern and encourage residents in the flood hazard area to use a flood-resilient 
design of septic tanks (e.g., see WTE Ltd (2019) for some discussion of flood-resilient sewage system 
design). The Government of BC also provides some resources on what to do before, during, and after a 
flood to minimize damage due to septic tanks (Government of BC, 2019b). Floodwater contamination due 
to septic tanks is not only a concern for ecosystems, but also a serious concern for human health.  

Any hazardous material that is within a flood hazard area should be securely stored (or ideally, removed 
from the flood hazard area). In the US, for instance, the ASCE 7-16 building standard requires not only 
higher flood design requirements for critical infrastructure buildings, but also for buildings that store 
substantial amounts of toxic and hazardous material (ASCE/SEI, 2016; ASCE, 2015). 

Lastly, to reduce the impacts of coastal squeeze with rising sea levels, land use planning should ensure 
that building density along the coastline does not increase in the future, leaving room for coastal 
ecosystems to expand inland along with rising water levels. Furthermore, to counter the effects of coastal 
squeeze and reduced intertidal habitat, additional intertidal habitat could be restored or created in some 
locations. For example, this was done in Vancouver, where a salt marsh was created in New Brighton Park. 
Salt marshes also serve an important function as a buffer to waves and storm surges.  

6.6 Culture 
This indicator describes potential negative consequences of flooding to the cultural identity of a 
community.  

6.6.1 Direct and Indirect Cultural Consequences 
Exposure, Vulnerability, and Consequences 

As proxies for the quantitative risk assessment, we assessed the number of cultural sites in the flood 
hazard area. These cultural sites included art galleries, museums, libraries and centres of worship, as well 
as archaeological and heritage sites. The archaeological and heritage sites were obtained from the public 
database of the Archaeology Branch of Ministry of Forests, Lands, Natural Resource Operations and Rural 
Development (MFLNRO). While the dataset contains “archaeological Indigenous sites” identified by the 
Government of BC (which were not mapped in this assessment), the data does not contain any Indigenous 
cultural sites reported directly by local First Nation communities. It is important for any cultural sites that 
are significant to the local First Nations to be given the same consideration as other identified cultural 
sites.   

These cultural sites can obviously only capture part of what forms the culture of a community, but they 
can provide an indication of potential cultural consequences of flooding.  
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Our analysis showed that for the present-day, 15 to 18 cultural sites are located in the flood hazard area 
(constituting 25–31% of all assessed sites) (Table 29). With rising sea levels, 20 of the publicly identified 
Indigenous archaeological sites may be flooded during a frequent (6.67% AEP) flood scenario, and 23 
Indigenous archaeological sites and 1 temporary Indigenous art gallery may be flooded during a more 
extreme scenario (0.2% AEP). This result means that for the extreme flood scenario with RSLR, 41% of all 
analyzed sites would be flooded. Considering the sensitive character of most archaeological, heritage, and 
Indigenous cultural sites (which were therefore not included on the map), the cultural exposure mapping 
only visualized one cultural site in the flood hazard area (Figure 37).  

Table 29: Number of cultural sites in coastal storm flood hazard area for selected scenarios. Results for all scenarios are 
provided in Appendix C 

Scenario # of Cultural Sites 
Present-day (0 m RSLR); frequent (6.67% AEP) 15 (15 Indigenous archaeological sites); 25% of all  assessed sites 
Present-day (0 m RSLR); rare (0.2% AEP) 18 (18 Indigenous archaeological sites); 31% of all  assessed sites 
Future (1 m RSLR); frequent (6.67% AEP) 20 (20 Indigenous archaeological sites); 34% of all  assessed sites 
Future (1 m RSLR); rare (0.2% AEP) 24 (23 Indigenous archaeological sites; 1 Indigenous art gallery); 

41% of all  assessed sites 

Figure 37: Exposure of cultural sites in the coastal storm flood hazard area, showing a present-day scenario (6.67% AEP), and 
a future scenario (0.2% AEP and 1 m RSLR). Note that archaeological and heritage sites are not mapped, as they are sensitive 
data. 
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These results are of particular concern, as most cultural sites exposed to flooding are Indigenous 
archaeological sites from before the arrival of European settlers, and therefore, constitute extremely 
valuable and irreplaceable cultural heritage. Some of these sites are indicated as located in the subsurface, 
but flooding and erosion could nevertheless lead to the potential damage of these sites. Further, some of 
the sites also indicated that cultural items were located on the surface, making them more vulnerable to 
flooding.  

Risk 

The exceedance probability curves visualize how risk for loss of cultural sites increases with hazard 
likelihood (storm intensity), but mostly, with sea level rise (Figure 38). Probabilistic risk (i.e., the long-term 
annualized average of flooded cultural sites) increases by 27% from the present-day to a future with 1 m 
RSLR (Table 30).  

Table 30: Probabilistic risk (average annual loss) for cultural sites for 4 RSLR scenarios. 

0 m RSLR 0.5 m RSLR 1 m RSLR 2 m RSLR 

Probabilistic Risk (Average Annual Loss) 
for Cultural Sites 

~1.1 ~1.2 ~1.4 ~1.7 

Figure 38: Exceedance probability curves (risk curves) for cultural sites for 4 relative sea level rise (RSLR) scenarios. 

Lastly, we assigned qualitative consequence scores to calculate a risk score. Considering the potential 
major damage to cultural sites, we assigned a consequence score of 4 (“major”) for the present-day (Table 
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31). While there was an increase in affected cultural sites, the number of sites stayed within the same 
order of magnitude, and therefore, we also assigned a consequence score of 4 (“major”) to the future 
scenario (Table 32). The resulting risk scores are visualized in the risk matrix in Figure 39.  

Table 31: Hazard, consequence, and risk scoring for the present-day (0 m RSLR) for cultural sites, according to the scoring 
method presented in Section 4.6. 

Present-Day (0 m RSLR) 

AEP Likelihood Score Cultural Sites (#) Consequence 
Score 

Risk Score 

6.67% AEP 4 (l ikely) 15 4 (major) 16 (extreme risk) 

1% AEP 3.5 (l ikely) 16 4 (major) 14 (high risk) 

0.5% AEP 3 (possible) 17 4 (major) 12 (high risk) 
0.2% AEP 2.5 (possible) 18 4 (major) 10 (high risk) 

Confidence Level High Moderate Moderate 

Table 32: Hazard, consequence, and risk scoring for a future with 1 m RSLR for cultural sites, according to the scoring method 
presented in Section 4.6. 

Future (1 m RSLR) 

AEP Likelihood Score Cultural Sites (#) Consequence 
Score 

Risk Score 

6.67% AEP 4 (l ikely) 20 4 (major) 16 (extreme risk) 
1% AEP 3.5 (l ikely) 22 4 (major) 14 (high risk) 

0.5% AEP 3 (possible) 22 4 (major) 12 (high risk) 

0.2% AEP 2.5 (possible) 24 4 (major) 10 (high risk) 
Confidence Level Moderate Moderate Moderate 
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Figure 39: Risk Matrix for cultural sites for present-day (0 m RSLR) and a future with 1 m RSLR. 

6.6.2 Towards Resilience 
Study results showed that many Indigenous archaeological sites along the coastline of the DoT are at risk 
of flooding, especially due to climate change and rising sea levels. The potential loss of archaeological sites 
due to sea level rise is a concern for many coastal cultural sites around the world. For instance, in the 
southeastern United States, over 13,000 archaeological sites might be lost with a 1 m SLR (Anderson et 
al., 2017). UNESCO has also recognized the potential threat of climate change on world heritage properties 
(UNESCO, 2008). Preservation of archaeological sites from sea level rise typically demands prioritization 
of sites, as not all sites may be able to be adapted at once, due to financial and human capital constraints 
(Fatorić & Seekamp, 2019). 

Considering that the archaeological sites at risk from flooding in the DoT are Indigenous cultural sites, 
adaptation measures related to these sites would need to be led by First Nation communities.  
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7 Tsunami Risk and Resilience 
This chapter focuses on tsunami hazard, risk, and resilience. Specifically, we first briefly describe the 
tsunami hazard that was used as an input to the risk assessment. Then we provide a tsunami flood risk 
assessment, where we investigate potential consequences for people (mortality and affected people), 
economy, critical infrastructure and disruption, environment, and culture for a single worst-case scenario. 
Next, we draw on the EPICentre team analysis that explored a tsunami building-damage scenario for the 
DoT. Lastly, we provide a discussion of tsunami preparedness and evacuation measures, based on the 
EPICentre report (Appendix E). 

7.1 Tsunami Hazard and Likelihood 
The DoT is exposed to both near-source and distant tsunamis generated by earthquakes primarily 
occurring along the “Ring of Fire”, named for the abundant earthquakes and volcanic eruptions in the 
region (see Section 2.3.2). For this tsunami risk assessment, we focused on one “worst-case” scenario—a 
fault rupture of the Cascadia Subduction Zone (CSZ)—and used a simulation of a tsunami similar to the 
CSZ event from 1700. The CSZ is close to the DoT, and the modelled tsunami therefore presented a near-
source (or local) tsunami. We used the tsunami depth and velocity data for 4 RSLR scenarios based on the 
District of Tofino Coastal Flood Mapping report (Ebbwater Consulting Inc. and Cascadia Coast Research 
Ltd., 2019) to support this risk assessment. 

For risk aggregation and the development of risk matrices, we needed to assign a likelihood scoring to the 
CSZ tsunami event. The 1700 CSZ tsunami occurred after ~500 years of locking and stress accumulation, 
and we therefore assume a 0.2% AEP (1:500 year indicative return period), with a likelihood scoring of 
2.5. However, it should be noted that a full probabilistic7 tsunami hazard assessment (PTHA) would be 
necessary to better associate this tsunami event with a probability. Further, considering that 319 years 
have passed since the 1700 CSZ tsunami, the current likelihood of an earthquake and tsunami of that 
magnitude to occur is much higher. Recent research has indicated that the probability of a CSZ event in 
the next 50 years is roughly 1 in 3 (Goldfinger et al., 2012). We assigned the same likelihood scoring to all 
RSLR scenarios, however, depending on when a CSZ tsunami would occur, these likelihoods could differ 
in the future.  

7 Please note that here probabilistic describes the process of conducting a Monte-Carlo-type analysis, 
where numerous tsunamigenic sources are considered. 
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Table 33: Hazard likelihood scoring for the assessed tsunami flood hazard scenario in the DoT. 

Level Likelihood 
Scoring 

Annual Exceedance Probability 
(AEP) Range 

Tsunami Flood Hazard Scenario (DoT) 
AEP 

Almost certain 5.0 > 33.3% n/a 
4.5 10% to 30% n/a 

Likely 4.0 3.3% to < 10% n/a 

3.5 1% to < 3.3% n/a 
Possible 3.0 0.33% to < 1% n/a 

2.5 0.1% to < 0.33% 0.2% 
for RSLR 0 m, 0.5 m, 1 m, and 2 m 

Unlikely 2.0 0.033% to < 0.1% n/a 
1.5 0.01% to < 0.033% n/a 

Rare 1.0 0.0033% to < 0.01% n/a 
0.5 0.001% to < 0.0033% n/a 
0.0 < 0.001% n/a 

7.2 Tsunami Risk Assessment 

7.2.1 People (Mortality and Affected People) 
We assessed the potential number of people directly affected by a CSZ tsunami using the estimated 
summer nighttime population, thus including permanent residents, transient residents, and overnight 
visitors for the peak tourism time. Results showed that for a present-day tsunami, about 3,650 people 
could be affected (Table 34). Consequence mapping indicates that most of these people would be located 
in Hazard Vulnerability Zone H6 (Figure 40), which is considered unsafe for vehicles and people, and where 
all building types are vulnerable to failure, according to the Australian guidelines (AIDR, 2017). With rising 
sea levels, about 5% more people would be affected by a CSZ tsunami (Table 34). Considering the extreme 
extents of the CSZ tsunami event, the difference between present-day and future tsunami consequences 
is relatively minimal, when assuming no changes in exposure (i.e., same population density/land use for 
the future as for the present-day).  

We also estimated the potential mortality for these tsunami scenarios. Considering the many 
uncertainties related to empirical tsunami mortality curves (see Appendix B), we provided estimates of 
low, moderate, and high mortality, based on the reported range of mortality fractions from Japanese and 
Indonesian tsunamis (Nakahara & Ichikawa, 2013; Smith & Rahman, 2016). Concerningly, the mortality 
estimates indicate that, empirically, loss of life could potentially be between 40 and 1,100 people in a 
present-day CSZ tsunami (Table 35). These numbers, of course, depend strongly on many local factors, 
such as warning time, evacuation procedures, and much more. For risk scoring, we also associated the 
number of affected people and the estimated mortality with a consequence score. Consequences are 
scored as “catastrophic” for affected people and as “medium to catastrophic” for mortality. Risk (also 
taking the likelihood into account) is therefore scored as “high”. Risk matrices for all indicators are 
provided in Section 7.2.6. 
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Similar to the discussion provided for coastal storm flood hazard, the vulnerability of the population (e.g., 
age, familiarity with local evacuation routes, etc.) also plays a major role for tsunami consequences. 
Further, on top of the directly affected people, most people throughout the DoT and the surrounding 
remote coastal communities would feel the cascading effects of a tsunami, as critical services would likely 
be interrupted.  

Table 34: Tsunami hazard, consequence, and risk scoring for the present-day (0 m RSLR) and future (1 m RSLR) for directly 
affected people (rounded), according to the scoring method presented in Appendix B. 

Scenario Likelihood Score # of Affected 
People 

Consequence 
Score 

Risk Score 

CSZ Tsunami Scenario; 
0 m RSLR 

2.5 (possible) 3,650 5 (catastrophic) 12.5 (high risk) 

Confidence Level Moderate Moderate Moderate 

CSZ Tsunami Scenario; 
1 m RSLR 

2.5 (possible) 3,820 5 (catastrophic) 12.5 (high risk) 

Confidence Level Low Moderate Moderate 

Table 35: Tsunami hazard, consequence, and risk scoring for the present-day (0 m RSLR) and future (1 m RSLR) for mortality 
estimates (rounded), according to the scoring method presented in Appendix B. 

Scenario Likelihood 
Score 

Mortality 
Estimate 
Low 
(1%) 

Mortality 
Estimate 
Moderate 
(15%) 

Mortality 
Estimate 
High 
(30%) 

Consequence 
Score 

Risk Score 

CSZ Tsunami 
Scenario; 0 m RSLR 

2.5 
(possible) 

40 550 1,100 3 to 5 7.5 to 12.5 
(high) 

Confidence Level Moderate Lowest Low 

CSZ Tsunami 
Scenario; 1 m RSLR 

2.5 
(possible) 

40 570 1,150 3 to 5 7.5 to 12.5 
(high) 

Confidence Level Low Lowest Lowest 
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Figure 40: Flood hazard vulnerability zones for directly affected people (summer nighttime population) for a present-day CSZ 
tsunami, categorized according to AIDR guidelines (AIDR, 2017; Smith et a l., 2014). 

7.2.2 Economy 
As a proxy for direct economic consequences, we assessed the total building values in the CSZ tsunami 
flood hazard area. Considering that few buildings will be able to withstand a tsunami, this can provide an 
estimate of potential costs associated with building damage and reconstruction. For the present-day, total 
building values of approximately $254 million Canadian ($M) are exposed to the tsunami hazard, 
increasing to $260M for a future with 1 m RSLR. Most of these buildings are located in Hazard Vulnerability 
Zone H6, where all building types are considered vulnerable to failure (Figure 41). More details on building 
vulnerability and potential tsunami damages to buildings are provided in Section 7.3. For the aggregation 
of risk, consequence scores are “major”, according to the scoring method presented in Appendix B, 
resulting in a “high” risk score when taking the hazard likelihood into account, for both the present-day 
and a future with 1 m RSLR.  

It is important to consider that many indirect economic consequences will also result from a tsunami 
disaster, including emergency response costs, post-disaster costs (health centres, evacuation centres), 
and disruption of businesses. These are not represented quantitatively in the current assessment due to 
data limitations. 
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Table 36: Tsunami hazard, consequence, and risk scoring for the present-day (0 m RSLR) and future (1 m RSLR) for exposed 
total building value in millions of Canadian dollars ($M), according to the scoring method presented in Appendix B. 

Scenario Likelihood Score Exposed total 
building value in 
$M 

Consequence 
Score 

Risk Score 

CSZ Tsunami Scenario; 
0 m RSLR 

2.5 (possible) 254 4 (major) 10 (high risk) 

Confidence Level Moderate Moderate Moderate 

CSZ Tsunami Scenario; 
1 m RSLR 

2.5 (possible) 260 4 (major) 10 (high risk) 

Confidence Level Low Moderate Moderate 

Figure 41: Flood hazard vulnerability zones for buildings for a present-day CSZ tsunami, categorized according to AIDR 
guidelines (AIDR, 2017; Smith et al., 2014). 

7.2.3 Critical Infrastructure and Disruption  
We also assessed potential damage to critical infrastructure and disruption of basic services, which could 
have cascading effects on the wider community. Results show that 50 critical infrastructure buildings 
could potentially be damaged by a CSZ tsunami (Table 37). This includes mostly dock buildings and the 
marina, which provide essential connection points for remote coastal communities. However, 
concerningly, both the Bay Street Pump House and the Sharp Road Pump House are located in the tsunami 
hazard area, and damages to these pump houses may impact the water supply in the DoT, though the 
water reservoirs are located outside of the tsunami hazard area. Emergency response buildings, such as 
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the Canadian Coast Guard Station and the Tofino Lifeboat Station, are also exposed to tsunami flooding. 
Furthermore, 10 sewer pump stations (mostly along Lynn Road and Chesterman Road) would likely be 
damaged by a tsunami. Scoring indicates “major” consequences, resulting in a “high” risk for both a 
present-day and a future with RSLR (Table 37).  

We also assessed the length of roads that would be within the tsunami hazard area and likely to be 
damaged (Table 38). Importantly, parts of the Pacific Rim Highway are within the tsunami hazard area, 
and damage would likely disconnect Tofino from further supplies (Figure 42). Overhead power lines along 
the Pacific Rim Highway and distribution lines into many neighborhoods would also likely be damaged by 
a tsunami (Figure 42), leading to power outages for much of the DoT.  

Overall, the DoT is relatively resilient in terms of critical infrastructure, as most of its essential services 
(e.g., the hospital and the emergency operation centres) are at higher elevations in the village and out of 
the tsunami hazard area. However, disruption of road access and power could have cascading effects on 
the operability of these critical services.  

Table 37: Tsunami hazard, consequence, and risk scoring for the present-day (0 m RSLR) and future (1 m RSLR) for critical 
infrastructure, according to the scoring method presented in Appendix B. 

Scenario Likelihood 
Score 

# of Critical Infrastructure Consequence 
Score 

Risk Score 

CSZ Tsunami Scenario; 0 
m RSLR 

2.5 
(possible) 

50 (dock buildings, Bay St Pump House, 
Sharp Rd Pump House, Canadian Coast 
Guard Station, marina, 10 sewer pump 
stations 8 , Tofino Air, Tofino Lifeboat 
Station) 

4 (major) 10 (high 
risk) 

Confidence Level Moderate Moderate Moderate 
CSZ Tsunami Scenario; 1 
m RSLR 

2.5 
(possible) 

50 
(same as above) 

4 (major) 10 (high 
risk) 

Confidence Level Low Moderate Moderate 

Table 38: Length of roads in kilometres (km) in tsunami flood hazard area for selected scenarios. 

Scenario Residential Roads 
(length in km) 

Secondary Roads 
(length in km) 

Arterial Roads 
(length in km) 

Total Roads 
(length in km) 

CSZ Tsunami Scenario; 
0 m RSLR 

19 1 4 24 

CSZ Tsunami Scenario; 
1 m RSLR) 

21 1 4 26 

8 Sewer pump stations in tsunami hazard area: Abraham Rd PS-5, Hellesen Dr PS-6, Olsen Rd PS-3, Lynn-7 PS-7, 
Lynn-8 PS-8, Lynn-9 PS-9, Lynn-10 PS-10, Lynn-11 PS-11, Chesterman Rd PS-12, Maltby PS-13. 
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Figure 42: Flood hazard vulnerability zones for critical infrastructure for a present-day CSZ tsunami, categorized according to 
AIDR guidelines (AIDR, 2017; Smith et a l., 2014). 

7.2.4 Environment 
As a proxy for potential environmental consequences of a tsunami, we quantitatively assessed the number 
of contamination sources within the CSZ tsunami flood hazard area. Concerningly, results indicate more 
than 200 contamination sources, including both fuel and propane storage, as well as sewer pump stations 
(Table 39). Tsunami consequences are scored as “catastrophic”, resulting in “high” risk scores for both the 
present-day and the future. 

Most of these tanks are located in high hazard vulnerability zones (Figure 43), indicating that they would 
experience high flood depth and velocities, and thus, likely be damaged. Damage of fuel tanks due to a 
tsunami would contribute to polluting floodwaters, which then could damage the sensitive coastal and 
forest habitat in the DoT. Furthermore, tsunamis could also lead to erosion and other environmental 
impacts.  

Table 39: Tsunami hazard, consequence, and risk scoring for the present-day (0 m RSLR) and future (1 m RSLR) for the 
environment, according to the scoring method presented in Appendix B. 

Scenario Likelihood Score # of 
Contamination 
Sources 

Consequence 
Score 

Risk Score 

CSZ Tsunami Scenario; 
0 m RSLR 

2.5 (possible) 219 5 (catastrophic) 12.5 (high risk) 

Confidence Level Moderate Moderate Moderate 
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Scenario Likelihood Score # of 
Contamination 
Sources 

Consequence 
Score 

Risk Score 

CSZ Tsunami Scenario; 
1 m RSLR 

2.5 (possible) 232 5 (catastrophic) 12.5 (high risk) 

Confidence Level Low Moderate Moderate 

Figure 43: Flood hazard vulnerability zones for environmental contamination sources for a present-day CSZ tsunami, 
categorized according to AIDR guidelines (AIDR, 2017; Smith et al., 2014). 

7.2.5 Culture 
As a proxy for cultural consequences of a tsunami, we assessed the number of cultural sites that would 
be affected. Many cultural sites are within the tsunami hazard area and could potentially be damaged by 
a tsunami (Table 40). This includes 21 Indigenous archaeological sites from before the arrival of European 
settlers, that constitute important and irreplaceable cultural heritage, as well as 3 Indigenous cultural sites 
that are still currently used, and 8 Indigenous traditional-use sites with culturally modified trees. 
Furthermore, an Indigenous art gallery, as well as the visitor centre, and a building from the Botanical 
Gardens might be damaged by a tsunami in the present-day. With 1 m RSLR, more buildings at the 
Botanical Gardens (and likely therefore also plants and exhibits), as well as the northern part of the 
Seaview Cemetery would be within the tsunami flood hazard area. Consequences are scored as 
“catastrophic” for both a present-day and a future tsunami, resulting in “high” risk scores.  
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Potential cultural consequences of a tsunami could therefore be catastrophic, with substantial losses of 
cultural sites, both Indigenous and non-Indigenous, throughout the DoT.  

Table 40: Tsunami hazard, consequence, and risk scoring for the present-day (0 m RSLR) and future (1 m RSLR) for cultural  
sites, according to the scoring method presented in Appendix B. 

Scenario Likelihood 
Score 

# of Cultural Sites Consequence Score Risk Score 

CSZ Tsunami 
Scenario; 
0 m RSLR 

2.5 
(possible) 

35  
(First Nation art gallery, 1 Botanical 
Gardens building,visitor centre, 3 
First Nation traditional-use sites, 8 
First Nation traditional-use sites 
with culturally modified trees, 21 
First Nation archaeological sites) 

5 (catastrophic) 12.5 (high risk) 

Confidence 
Level 

Moderate Moderate Moderate 

CSZ Tsunami 
Scenario; 
1 m RSLR 

2.5 
(possible) 

41 
(First Nation Art Gallery, 6 
Botanical Gardens buildings, 
Seaview Cemetery, visitor centre, 3 
First Nation traditional-use sites, 8 
First Nation traditional-use sites 
with culturally modified trees), 21 
First Nation archaeological sites) 

5 (catastrophic) 12.5 (high risk) 

Confidence 
Level 

Low Moderate Moderate 

Considering that most cultural sites cannot be mapped due to the sensitivity of data, we did not provide 
a tsunami consequence map. 

7.2.6 Tsunami Risk Matrices 
In Figure 44, we provide tsunami risk matrices for the 6 indicators. As discussed before, it is important to 
note that scoring results depend largely on the scoring methods used, and for some indicators 
(environment, culture), only qualitative scoring was possible.  

Overall, results indicate that mortality and affected people should be the primary focus for tsunami 
preparation, as well as potential environmental and cultural consequences. Considering that much of 
Tofino’s critical infrastructure is located at higher elevations in the Village of Tofino, the DoT is (slightly) 
more resilient in terms of critical infrastructure. However, interruption of road access and power due to 
a tsunami could have cascading consequences for the operability of critical infrastructure.  
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Figure 44: Risk matrices for tsunami flood hazard in the DoT for the present-day and a future with 1 m RSLR, according to the 
scoring methods presented in Appendix B. For confidence levels, please refer to scoring tables in previous sections.  
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7.3 Tsunami Building Damage Scenario for Tofino 
In addition to the risk assessment in the previous sections, this section provides an assessment of potential 
building damage due to a tsunami. This analysis was conducted by the EPICentre team and is summarized 
below. Details are provided in Appendix E.  

7.3.1 Exposure and Vulnerability Assessment 
Building exposure and vulnerability for the DoT was discussed in Section 6.3, and a brief summary is 
provided here. According to the 2016 Census, the DoT had 1,037 private dwellings, of which 765 were 
occupied by usual residents (i.e., permanently residing) (Statistics Canada, 2016). Building types ranged 
from single-detached houses to apartments in buildings with fewer than 5 floors (see Figure 22). The vast 
majority of buildings are timber structures, and there are some buildings made of other materials, 
including log, steel, concrete, masonry, or a combination of these materials (see Figure 21). The number 
of storeys ranges from 1 to 4, with most of the units having 2 or fewer.  

Tsunami fragility functions relate tsunami flood depth to building damage and are typically developed 
empirically based on post-tsunami building surveys. Currently, no tsunami fragility functions exist for 
buildings in the DoT or British Columbia. Hence, in the scope of this report, empirical tsunami fragility 
functions from the 2011 Japanese tsunami were used (Appendix B.4). The vulnerability assessment did 
not include the impact of the preceding earthquake. Due to the modern nature of construction and the 
high tsunami flood depth predictions for the DoT, it is likely that a tsunami is going to dominate the risk. 
Therefore, a seismic assessment of buildings was not carried out. It is important to note that the tsunami 
fragility functions for Japan inherently contain data accounting for the cumulative damage of tsunami and 
earthquake in sequence. 

7.3.2 Possible Tsunami Impact on Buildings in Tofino 
A preliminary tsunami risk assessment for the DoT was carried out for the “worst-case” CSZ tsunami 
hazard scenario, considering 1 m RSLR (see Section 7.1). The study combined the flood depth of this 
hazard, the exposure, the information gathered for the surveyed buildings, and the vulnerability functions 
from Japan to produce risk maps showing the likelihood of collapse of the building stock (Figure 45). Four 
risk levels were plotted: high (exceeding 70% building collapse probability, shown in red), medium (> 50% 
collapse probability, shown in orange), low (> 30%, shown in pale orange), and none (< 30%, shown in 
green). 
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The map shows that a large majority of the 
structures in the DoT’s low-lying areas will 
likely suffer collapse when hit by a 
tsunami. It is not feasible to retrofit all 
these structures for tsunamis, and hence 
a priority for the area must be evacuation. 
It is noted that this risk assessment did not 
aim to provide building-by-building 
damage risk estimates, but can help in 
understanding the potential impact on 
buildings overall.  

Collapse likelihood of buildings was 
strongly influenced by the hazard 
component in the DoT, indicating the 
tsunami hazard maps themselves could 
provide a reasonable estimate of tsunami 
risk. Figure 46 shows the distribution of 
buildings for the 4 different risk levels, 
indicating that nearly half of the surveyed 
buildings are at high risk of collapse. 
Relatively lower risk levels were found for 
steel buildings and for buildings having 
more than 2 storeys. 

Figure 45: Potential collapse damage in the DoT, based on the 1 m RSLR tsunami scenario (figure from EPICentre, see Appendix 
E).  
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Figure 46: Distribution of tsunami collapse probabilities for surveyed buildings (figure from EPICentre, see Appendix E). 

As discussed in the methods, there were significant limitations to this analysis. Specifically, the empirical 
fragility functions were specific to the 2011 Japanese tsunami and Japanese wood constructions are 
significantly different from those in the DoT or Canada in general. Further simplifications were made 
regarding the building characteristics, and the possible preceding earthquake damage was not included. 
Also, the tsunami scenario flood map used was not based on its probabilistic evaluation.  

7.4 Towards Resilience — Tsunami Evacuation and Mitigation Measures 
Most of the buildings in the DoT’s low-lying areas around Chesterman Beach and Cox Bay will likely suffer 
collapse in the case of a tsunami. Considering that it is not feasible to retrofit all of these structures for 
tsunamis, evacuation for the area should be a priority. The next section discusses tsunami evacuation 
procedures, vertical evacuation structures, and recommendations. Tsunami risk can also be reduced by 
appropriate land use planning and zoning, discussed in the subsequent section. The last section provides 
some guidance on the design of critical buildings.  

7.4.1 Evacuation Procedures 
Although a tsunami cannot be prevented, the impact of a tsunami can be mitigated through community 
preparedness, timely warnings, and effective response.  

Any evacuation procedure first requires a suitable warning system. An earthquake often acts as a natural 
warning signal for the subsequent tsunami. When coastal residents feel an earthquake, they may respond 
without necessarily relying on public warning systems. In the case of a remotely generated tsunami, the 
earthquake may have been many 10s to 100s of kilometres away, and so will not be felt by residents. In 
this case, residents will be far more dependent on reliable public tsunami warning systems. 



115 District of Tofino Comprehensive Coastal Flood Risk Assessment – Final Report 

For tsunamis generated further afield, a combination of deep-ocean assessments and tide gauge readings 
would provide a warning of possible flooding. For the DoT, this warning would be received and handled 
by Emergency Management BC (EMBC). If necessary, they will activate the Provincial Emergency 
Notification System 9 , which notifies local communities and agencies. Emergency response plans are 
initiated at the local level as required. Throughout the event, official emergency information should be 
broadcast by radio, television, telephone, text message, door-to-door contact, social media, weather 
radios, and outdoor sirens. 

A survey of residents after the tsunami warning and evacuation 
in the nearby Alberni Valley (Reynolds & Tanner, 2018) stressed 
that clear, consistent, and regular communications from 
authorities are critical during emergencies, and that affected 
municipalities should take all reasonable efforts to connect with 
residents where residents are looking for information. Television, 
radio, government websites, and social media are a good start, 
but variable messaging road signs can also be helpful and can be 
adapted to changing conditions. 

Once a tsunami warning is received, the safest course of action 
for affected people is to evacuate to high ground. This may be 
natural high ground (i.e., up a slope), or it may be a suitably tall 
building, that can be trusted to withstand the forces of tsunami 
and has the capacity to host evacuated people at a height outside 
the tsunami flood extent. The existing evacuation map for the 
DoT is shown in Figure 47. The tsunami hazard areas in the plan 
are based on the simple 20-m elevation, as recommended by 

EMBC. It is not based on a site-specific tsunami flood study. 

Local authorities will need to consider how local services (e.g., 
public transport, schools, etc.), businesses, and public administration may be affected by a tsunami, and 
develop response plans. In the case of an evacuation drill, an independent organization could be called 
upon to act as an observer and to provide an assessment of the effectiveness of the drill. The press and 
the media play an important part in raising hazard awareness and in the dissemination of information in 
the case of an evacuation. These should be included in the evacuation exercises to simulate the 
communication pathways in the case of a real emergency. 

At 2 a.m., January 23, 2019, an earthquake occurred off the coast of Alaska that triggered an evacuation 
notice to DoT residents. The majority of residents responded quickly and appropriately to the evacuation 

9 www.emergencyinfobc.gov.bc.ca/test-bc-emergency-alerting-system/ 

Figure 47: Tsunami Evacuation Map for 
the DoT - figure from DoT (2016b). 

http://www.emergencyinfobc.gov.bc.ca/test-bc-emergency-alerting-system/
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notice, and Tofino Mayor, Josie Osborne, declared the evacuation a success 10 . Tofino’s manager of 
community sustainability, Aaron Rodgers, stated that although “in the end, we think we did a good job 
[…] I think, there is a lot of room for improvement”11, notably that a few residents were expected to be 
warned by the beach sirens, but missed them because they “depend on the weather to be heard”. As was 
reported by Reynolds and Tanner (2018), public engagement with emergency planners in the DoT is 
exceptionally good. This, combined with organized events, such as the High Ground Hike 12 , greatly 
increases the likelihood that the public will swiftly and effectively respond to a tsunami warning. 

However, a response time of two hours would not be suitable for a tsunami generated from a proximal 
CSZ earthquake, and the DoT is currently reassessing the evacuation procedure to address this. One 
possible solution, which has been successfully trialled in Japan, is designating Tsunami Evacuation 
Buildings near low-lying areas, where natural high ground is difficult to access. These buildings can either 
be bespoke vertical evacuation buildings, or buildings that perform other purposes for most of the time, 
but have been constructed to withstand tsunami loads such that in the case of tsunami, they can provide 
a safe haven. In the case of the DoT, it might be possible, for example, to build a hotel, multi-floor parking 
complex or office building that is suitably tall, is designed according to the most recent tsunami design 
codes (e.g., ASCE 7-16 (ASCE/SEI, 2016)), is located in an accessible location within easy reach of those 
residents furthest from high ground, and is equipped with an accessible roof for use in tsunami 
evacuation. Equally, an existing building could be assessed for its adequacy for use in tsunami evacuation, 
in terms of both its location and tsunami resistance (or could be strengthened to meet tsunami resistance 
requirements). 

7.4.2 Training and Education 
Public outreach programs are a critical component of efforts to get a community ready to evacuate before 
a tsunami strikes. When a tsunami is coming, people may find out about it in a variety of different ways. 
Education and outreach programs can give people in a community the knowledge and confidence to make 
good choices about when and how to evacuate, but also to help people recognize tsunamis as a normal 
part of coastal living; something that can be prepared for and overcome. 

In Appendix E, discussion and guidance material for effective training and education is provided.  

The format and dissemination of education products will vary based on the intended audience. The ability 
of an individual to anticipate and react to a natural hazard may depend on age, income, or educational 
background (Blaikie et al., 2005). Therefore, this consideration should be accounted for when designing 
evacuation signs and public education efforts. 

10 www.cbc.ca/news/canada/british-columbia/alaska-earthquake-tsunami-1.4499558 

11 www.westerlynews.ca/news/tsunami-evacuations-offer-learning-opportunities-in-tofino-and-ucluelet/ 

12 An event organized by Keith Orchiston and the District of Tofino to help residents learn and remember their 
quickest route to safety, https://tourismtofino.com/event/high-ground-hike-drop/.  

http://www.cbc.ca/news/canada/british-columbia/alaska-earthquake-tsunami-1.4499558
http://www.westerlynews.ca/news/tsunami-evacuations-offer-learning-opportunities-in-tofino-and-ucluelet/
https://tourismtofino.com/event/high-ground-hike-drop/
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Effective tsunami education is built upon an understanding of what the target audience already knows 
and believes. An education campaign designed for residents will capitalize on their familiarity with their 
surroundings, emphasize household preparedness strategies, and could be delivered through existing 
social networks. Many researchers have used experience from past major disasters to address the 
question of how to enhance what the public knows and to motivate them to take actions to prepare for 
future hazards (Mileti et al., 1992; Mileti & Fitzpatrick, 1992; National Research Council, 2006). 

The National Research Council (2011) gives the following recommendations for maximizing the 
effectiveness of tsunami public education, based on social science evidence (Mileti & Sorenson, 1990) and 
lessons learned from tsunami education efforts in Hawaii (Alexandra et al., 2009; Robertson, 2015) and 
Oregon (Connor, 2005):  

• Use evidence-based approaches.
• Brand the message and work with other information providers to eliminate inconsistent

messages.
• Use multiple sources, forms, dissemination channels, and settings because the public will be more 

likely to prepare if they receive the same information multiple ways and times.
• Focus the messages on what the public should do, how their actions can reduce their risk, and

where to seek additional information, instead of only focusing on convincing people that they are
at risk.

• Customize education by identifying levels of knowledge of and preparedness for the hazard, and 
the special needs of the intended audience (e.g., language translation), and by incorporating
personal stories of tsunami survivors to provide context.

• Encourage people to talk about readiness with each other and to practice protective actions,
because this dialog results in people owning ideas about what to do to get ready and builds
community capacity, which greatly facilitates taking action.

• Sustain education efforts because effective education is an ongoing process.
• Position physical and social cues around the community because people copy each other’s

behaviour.
• Designate a lead entity for the public education program, as multiple parties with different

priorities will have difficulty providing standardized, consistent messages delivered through
multiple channels. 

• Evaluate efforts by measuring the baseline of public awareness and preparedness and subsequent 
changes to determine program effectiveness and to revise efforts.

When dealing with tourists, the education campaign should focus on easily identifiable landmarks, 
assuming that individuals would have no local friends or relatives to assist them in an evacuation. It is 
expected that evacuation information would be delivered by employees in the tourist industry, through 
information booklets disseminated by tourist information centres and in tourist accommodations, and 
through posted information on road-side signage, along coastlines, and in commercial establishments. 
The challenge of having employees serve as tsunami educators was made clear in a recent survey of hotel 
employees along the southwest Washington coast. This indicated that only 22% of interviewees said they 
had been trained about how to respond to tsunamis and had tsunami-related information available for 
guests (Johnston et al., 2007). 
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The DoT are working with the majority of hotels in the area in order to train staff in tsunami response 
procedures. “A Guide to Tsunamis for Hotels” (UNESCO, 2012a), published together with a leaflet for hotel 
guests (UNESCO, 2012b), gives details of activities and measures that can be taken by hotel managers in 
advance of an event, to ensure effective response to the impact of hazards, including the issuance of 
timely and effective early warning, as well as the temporary evacuation of people and property from 
threatened locations. Further details on how hotels can best prepare for tsunamis are provided in 
Appendix E.  

7.4.3 Land Use Planning and Zoning 
Tsunami risk can be mitigated most effectively by avoiding or minimizing the exposure of people and 
property through land use planning. Land use planning in communities guides the location, type, and 
intensity of development and can be used to reduce the community’s exposure to tsunami hazards.  

The US National Tsunami Hazard Mitigation Program (NTHMP) and the Department of Land Conservation 
and Development (DLCD), in Oregon, US, have both released comprehensive guidelines for land use 
planning to mitigate loss of life and infrastructure due to tsunami flooding (DLCD, 2015; NTHMP, 2001). 
The advice from these two guidelines can be summarized as follows:  

• Avoid new development in tsunami runup areas to minimize future tsunami losses.
• Design and construct new buildings to minimize tsunami damage. This can include allowing

exceptions to regulatory building height limits in cases where this would provide vertical
evacuation in areas that are far from high ground.

• Take special precautions in locating and designing infrastructure and critical facilities to minimize 
tsunami damage.

• Limit waterfront areas to water-dependent uses that need to be adjacent to the ocean, and
incorporate designs for structures that can better withstand tsunami forces. 

• Develop other commercial and industrial uses in higher areas, which although still subject to
larger tsunami events, are closer to high ground, where good tsunami evacuation planning can be 
effective. Building design and construction practices that increase resilience to a tsunami event is 
also important in this area. 

• Develop housing, tourism, and government facilities above tsunami flood areas, and design and
build them to better withstand the severe ground-shaking of a subduction zone earthquake event. 

The following are specific recommended land use planning strategies that a community can use to reduce 
tsunami risk. It is recognized that these do not apply well to locations like Tofino that are already well 
developed. However, they are highlighted for consideration in the future development of the DoT:  

• Designate tsunami hazard areas for open-space uses. The designation and zoning of tsunami
hazard areas for open-space uses, such as agriculture, parks, and recreation is recommended as
the first land use planning strategy to consider. 

• Acquire tsunami hazard areas for open-space uses. Acquisition ensures that the land will be 
controlled by a public agency or non-profit entity, and it removes any question about a regulatory 
compliance.



119 District of Tofino Comprehensive Coastal Flood Risk Assessment – Final Report 

• Restrict development through land use regulations. Strategically controlling the type of
development and uses allowed in hazard areas, and avoiding high-value and high-occupancy uses 
to the greatest degree possible. 

• Support land use planning through budgeting. A major factor in determining future development 
patterns is where a local jurisdiction chooses to extend sewer and water lines, roads, and other
public facilities and services. Urbanization follows infrastructure, and infrastructure development 
can be used instrumentally to promote development in certain areas rather than others. 

• Adapt other programs and requirements. Existing flood hazard area restrictions, hillside, and 
landslide controls, and environmental, scenic, recreational, and wildlife-protection requirements 
can help address tsunami hazards and should be modified for that purpose. 

Disasters, when they happen, can create an opportunity to reshape existing patterns of development to 
minimize future losses. On the other hand, they can also create enormous pressure to rebuild the 
community quickly and exactly as it was before the disaster. These rebuilding issues should be addressed 
through the land use planning process before a disaster strikes, so that a community is prepared to deal 
with rebuilding issues in the event of a disaster; this is priority 4 of the Sendai Framework. In Japan, after 
the 2011 tsunami, there was a paradigm shift in designing coastal protection, leading with a new concept 
of potential tsunami levels. Prevention (Level 1) and Mitigation (Level 2) levels were created according to 
the level of “protection”. Seawalls were designed with reference to a Level 1 tsunami scenario, a potential 
tsunami of approximately 0.67% AEP (1:150–year indicative recurrence interval), ensuring that coastal 
protection will prevent tsunamis from penetrating inland, in order to protect lives and properties (or 
economic activities). Comprehensive disaster management measures including coastal protection, urban 
planning, evacuation, and public education referred to a Level 2 tsunami, the largest-possible tsunami 
level of more than 0.67% AEP, the so-called extreme event (e.g., the 2011 Tohoku event), to protect 
human lives and to reduce the losses and damage (Koshimura & Shuto, 2015). 

7.4.4 Design of Critical Buildings 
The National Building Code of Canada (2015) does not give any provision or guidance for ensuring that a 
building (critical or not) can withstand a tsunami. A world-leading example of such guidance would be the 
ASCE-7-16 (2017) building regulations, which gives a framework for determining a hierarchy of criticality, 
and methods for assessing and mitigating tsunami hazard (ASCE/SEI, 2016). ASCE-7-16 (2017) gives the 
following tsunami Risk Categories for buildings and other structures:  

• Risk Category I: Up to 2 persons affected (e.g., agricultural and minor storage facilities, etc.). 
• Risk Category II: Approximately 3 to 300 persons affected (e.g., office buildings, condominiums, 

hotels, etc.).
• Risk Category III: Approximately 300 to 5,000 affected (e.g., public assembly halls, arenas, high-

occupancy educational facilities, public utility facilities, etc.). 
• Risk Category IV: More than 5,000 persons affected (e.g., hospitals and emergency shelters,

emergency operations centres, etc.).
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8 Recommendations — Steps Towards a Flood-Resilient Community 
In this chapter, we provide recommendations for steps that the DoT can take towards becoming a flood-
resilient community. First, we discuss general approaches to flood management, based on Canadian and 
international best practice. Next, we highlight five high-risk areas in the DoT that have emerged 
throughout the analysis of coastal storm flood and tsunami risk. Actions recommended throughout this 
chapter should first and foremost centre on these areas. We then highlight priority actions that focus 
primarily on tsunami preparedness. We next discuss actions that can be implemented relatively easily 
through education, communication, and policies, and lastly, we discuss the longer-term planning needed 
to prepare for sea level rise.  

8.1 Best Practice for Flood Management 
Flood management is a classic “wicked problem”13. It has a high degree of technical complexity, multiple 
dimensions of uncertainty, and multiple objectives. This is made worse by high stakes and high emotions, 
as there is often intense political scrutiny. More often than not, it is also limited by available resources 
(data, methods, time, money, and personnel). 

Natural hazard risk is a challenging issue, especially in an era of changing climate. Best practice hazard 
management and risk reduction requires a paradigm shift in thinking and management when compared 
to how natural hazards have been generally managed in Canada. The approach described below works 
towards a best practice approach, as informed by experience working in a Canadian context. 

8.1.1 Plan with Resilience in Mind 
Resilience is the “ability of a system, community, or society exposed to hazards to resist, absorb, 
accommodate, adapt to, transform, and recover from the effects of a hazard” in a timely and efficient 
manner (UN, 2016). 

It can be framed around the ability to withstand and bounce back from both acute shocks (natural and 
human-induced), such as floods, earthquakes, debris flows, wildfires, chemical spills, and power outages, 
as well as chronic stresses occurring over longer time scales, such as increased average temperatures 
resulting from climate change, or socio-economic issues, such as homelessness and unemployment.  

Using resilience as a framework allows for a focus on positive solutions and the end result of a healthy 
and thriving community, as opposed to a reliance on planning for hazards and risk, which are inherently 
negative. Further, a resilience framework allows for the consideration of multiple hazards, multiple 
likelihoods, and a wide variety of impacts, all over multiple time horizons. Resilience is the gold standard 
for this field, but involves considerable resources, political will, and effort to achieve. In particular, striving 
for resilience requires foundational effort in the understanding of hazard and risk, which in itself requires 
considerable effort and resources. 

13 A “wicked problem” is one that is difficult to solve because of contradictory or changing requirements. It was first 
described in 1967 by C. West Churchman. 
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8.1.2 Plan for Risk, not Hazard 
International best practice in the form of the Sendai Framework, which the Government of BC has 
adopted, provides some guidance on how to mitigate risks and increasing costs associated with natural 
disasters. A major tenet of this framework is a risk-based approach to disaster management, where 
hazard, likelihood, vulnerability, and consequence all play a role (Figure 48). This is a shift away from how 
hazards have historically been managed in Canada, where design standards—based on a single hazard, 
often the 0.5% AEP event for flood—are the norm. 

Figure 48: Components of natural hazard risk (figure adapted from GFDRR, 2016). 

Common sense clearly dictates that an understanding of what is at stake (exposure and consequence) 
should play a role in any hazard planning.  

Further, it is important to not only consider the impacts from future very rare events, but to also consider 
the impacts of much more frequent but lower-magnitude flood events of various likelihoods (AEPs). These 
might have less impact individually, but the cumulative impact of multiple smaller flood events over time 
could be just as significant. For instance, for the DoT, flood extents for the smaller and more frequent 
coastal storm flood events were found in this analysis to be not that much smaller than for extreme and 
rare events—highlighting the importance of planning for the cumulative effects of these more frequent 
events.  

A further challenge related to the dynamic hazard is that with a rising sea level, flooding will occur due a 
rise in the still water level, especially at high-tide conditions. Sea level rise is a major driver of change for 
the DoT where even future small and frequent flood events will be much larger than today’s extreme 
events. Flooding may also be caused by water carried inland by storms. This effectively creates two design 
conditions that need to be considered in any analysis. 

The full range of hazards, from frequent small events to rare large events, as well as the changing baseline, 
all need to be considered in adaptation planning.  
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8.1.3 Reduce Risk as Practicable; Manage the Rest 
Once a solid understanding of risk is established, it is possible to consider pathways forward. In some 
cases, it is possible to reduce the risk by managing the hazard, exposure, or vulnerability. However, this 
often comes at a great cost, and therefore, there are necessary trade-offs that need to be understood 
(e.g., is reducing the risk worth X number of dollars?). This is often managed through the concept of risk 
tolerance (sometimes also called a risk threshold), which divides acceptable risk from unacceptable risk 
(Figure 49). Unacceptable risk can then be reduced through risk reduction measures, and any remaining 
residual risk can be managed through response, financing, and other such measures.  

Forms of Risk Acceptance 

Unacceptable risk is the level of risk at which, given costs and benefits associated with 
further risk reduction measures, action is deemed to be warranted at a given point in time. 

Acceptable risk, or tolerable risk, is the extent to which a disaster risk is deemed acceptable or 
tolerable, and depends on existing social, economic, political, cultural, technical, and environmental 
conditions.  

Residual risk is the disaster risk that remains even when effective disaster risk reduction measures 
are in place, and for which emergency response and recovery capacities must be maintained. The 
presence of residual risk implies a continuing need to develop and support effective capacities for 
emergency services, preparedness, response, and recovery, together with socio-economic policies, 
such as safety nets and risk transfer mechanisms, as part of a holistic approach. 

Figure 49: Risk tolerance, as the line between acceptable and unacceptable risk. 
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8.1.4 Define Risk Tolerance 
Defining risk tolerances is a key component of developing risk reduction measures—as it is not possible 
to reduce all risk. However, establishing risk tolerance to natural hazards is a challenging process. This is 
because the problem is complex, but also because everyone will have difference tolerances based on their 
experience, knowledge, and other diverse factors. These are reflective of personal risk tolerance and 
decisions we make every day. In our daily lives some of us are comfortable with certain risks (surfing or 
cycling in traffic, for example) and some of us are not. In addition, there are a variety of processes that 
can be employed to develop risk tolerances that can also be used to develop policy. To develop risk 
tolerances for policy development, it is best to engage a broad audience, allow for sufficient time for the 
key concepts to be understood, and make sure that the questions being asked are put into context.  

8.1.5 Stop Fighting Nature 
The approach to dealing with natural hazards has evolved with time. During the International Decade of 
Natural Disaster Risk Reduction, the UN expressed the view that the approach to disaster management 
was too compartmentalized, and that protection and defences in isolation was no longer appropriate 
(Office of the United Nations Disaster Relief Coordinator, 1991). Complete protection from floods through 
the construction of hard infrastructure, for example, is often too expensive and an inefficient use of 
resources. A more integrated resilience approach is increasingly being adopted (Schanze et al., 2006). 
Resilience refers to the resistance to a particular shock and the speed of recovery. Focusing on appropriate 
and cost-effective resistance to flooding combined with increased speed of recovery should be the focus. 
Coastal storms will continue to happen, and flooding cannot be prevented, however, communities can 
become more resilient to these events. 

8.1.6 Embrace Uncertainty 
Climate is changing; this fact is known. However, the rate of sea level rise and of changes in storminess in 
the region is not clear. This is best managed by acknowledging the uncertainty, and then explicitly 
designing for it. For example, for structural works, uncertainty should be included in freeboard 
calculations. Further, the structural responses should be designed to change over time (e.g., by purchasing 
larger rights-of-way for dikes, so that they can be raised and widened in future). All responses should be 
designed with the idea of “safe failure” and multiple benefits, so that even if the infrastructure does not 
function for its initial purpose, it continues to provide value to the community. 

8.1.7 Listen to Stakeholders and Consider Local Values 
Communities do not want elaborate flood-control infrastructure, they want safe and prosperous places 
to live; this should be at the heart of any flood mitigation plan. Local values differ from place to place—
what we heard in our workshops in the DoT was that stakeholders appreciate the wild coast and natural 
environment that makes the area so unique (Chapter 5). Incorporating local stakeholders, the general 
public, and business partners early on in resilience planning will ensure that strategies reflect local values.  
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8.1.8 Make Good Decisions Based on More than Dollars and Cents 
Risk reduction measures need to be cost effective, but sound decision-making needs to be based on more 
than just the price tag. Flood infrastructure should also provide benefits and minimize impacts to social, 
environmental, and cultural assets. If only direct losses to buildings are considered in a benefit-cost 
assessment, then the result is generally the construction of dikes or seawalls. However, when ecological, 
recreational, and cultural values are considered meaningfully, the preferred mitigation option is rarely a 
piece of hard infrastructure that has an impact on the environment, blocks views, and requires long-term 
maintenance. Flood studies will often only consider direct impacts of flooding indicating the overlap 
between properties and water levels. However, considering the impact of flooding on critical 
infrastructure and emergency services is important for both more effective response planning, and for 
prioritizing the protection of key assets. Often these indirect impacts are intangible and cannot be 
monetized and are therefore discounted. A thoughtful decision process is imperative to create a 
community and coastline that will thrive into the future. 

8.1.9 Consider Governance and Financing  
It is common sense that without the ability to implement mitigation or management concepts for disaster 
risk reduction, risk will not be reduced. And therefore, in addition to addressing the more technical aspects 
of risk and risk reduction (e.g., a risk assessment), it is equally important to consider governance, finance, 
and policy mechanisms that can be used to implement solutions.  

8.1.9.1 Strengthen Disaster Risk Governance  

It is important to have a strategy that is strongly rooted in risk science, but also reflects an understanding 
of the need for strengthened disaster risk governance. There are many challenges associated with creating 
appropriate governance models, especially for local governments, who often lack resources. The DoT is 
well positioned to take a leadership role in bringing together partners along the west coast of Vancouver 
Island to create a governance framework to support disaster risk reduction, as all west coast communities 
are facing similar challenges in terms of tsunami and sea level rise. A platform could be created to convene 
stakeholders from the public sector, private sector, non-governmental organizations, institutions, and 
First Nations to ignite discussions and chart a collaborative path forwards to increasing community 
resilience.  

8.1.9.2 Investing for Resilience and Enhancing Preparedness 

Without funds to invest in risk reduction and resilience, there will be no action. At a local government 
level, it is challenging to find appropriate funding and resources to support meaningful risk reduction. 
Large investments are generally in the domain of senior-level governments, but local governments can 
play a role through advocacy. Further, there is a role for local governments to act as an intermediary 
between insurers and individuals within their jurisdiction. 

8.1.10 Develop a Disaster Risk Reduction Strategy based on the “Ten Essentials” for Resilience 
Ultimately, the goal for the DoT is to build resilience to flood hazards—now and into the future. This is 
very much in line with international goals for disaster risk reduction and best practice. In an effort to 
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support communities that are building resilience to disasters, the United Nations Office for Disaster Risk 
Reduction has outlined “Ten Essentials for Making Cities Resilient”, which is an operational framework for 
implementing the Sendai Framework at a local level. While the ten essentials are framed for cities, they 
are relevant to the DoT and other smaller communities as well. They provide an excellent framework for 
long-term strategic planning for disaster risk reduction and are presented here to guide the DoT in their 
efforts to develop a Disaster Risk Reduction Strategy for the region. The ten essentials are listed in Figure 
50. These essentials for resilience include actions that fall into three general categories: (1)
corporate/city/local governance, (2) integrated planning, and (3) response planning.

Figure 50: Ten essentials for making cities disaster resilient (UNISDR, 2017a). 

8.1.11 Evaluate Trade-Offs  
The obstacles to making progress on disaster risk reduction pose a challenge to decision makers, as there 
are always trade-offs between different risk reduction options. One approach to address is Structured 
Decision Making (SDM), which is a deliberative planning process where trade-offs between alternatives 
are explicitly considered. This is particularly effective for problems where tough, values-based decisions 
will need to be made, given available (likely limited) resources. The SDM process involves engaging 
stakeholders throughout the process to identify objectives (“the things that matter”). Once the objectives 
have been defined, alternative solutions can be evaluated against the objectives. The advantage of an 
SDM process is that it makes the trade-offs between alternatives explicit and strives to create the best 
possible alternative.  

8.1.12 Best Practice Summary 
Flood hazard management is an inherently challenging problem. There are clear pathways to reduce 
disaster risk or manage residual risk, including: 

• Improving the base understanding of risk, which is being achieved for the DoT through this
project.

https://www.unisdr.org/campaign/resilientcities/home/toolkitblkitem/?id=1
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• Creating appropriate governance and policy to support disaster risk reduction.
• Financing actions.
• Pre-disaster planning for building back better.

These four ideas are consistent with the four Sendai Framework priorities. 

8.2 High Flood Risk Areas 
For the DoT, throughout the risk assessment for coastal storm flood and tsunami hazards, five locations 
have emerged with a particularly high risk for people, buildings, critical infrastructure, the environment, 
and cultural sites. These areas should receive primary attention for resilience planning, and the 
recommendations provided throughout this chapter should be applied first and foremost in these areas. 
Importantly, floodwaters may be quite deep in some of these high-risk areas, exposing people and assets 
to high hazards. Thus, it is also recommended to consider flood depth information in resilience planning. 

High Flood Risk Area 1: Chesterman Beach 

1. Highest Coastal Flood Risk
• Flood hazard is high along Chesterman Beach (Lynn Road and Chesterman Beach Road), both for 

coastal storm floods and tsunamis. Further, the high density of people, buildings, critical
infrastructure (sewer pump stations), and environmental contamination sources make this area
the highest flood risk area of the DoT. 

• People will be particularly vulnerable, as there are high concentrations of tourists who might not 
be familiar with evacuation routines 

• Buildings will be vulnerable, as there are mostly timber structures in this area.

2. High Tsunami Risk
• Chesterman Beach is within highest hazard vulnerability zone (H6) during a tsunami, which is 

considered very unsafe for people. 
• Most buildings have a > 70% probability of collapse during a tsunami.

3. Deep Floodwaters at Northern Chesterman Beach 
• Along the northern parts of Chesterman Beach, floodwaters during coastal storms will be

particularly deep, putting people and buildings at higher risk. 

4. Sea Level Rise Effects
• Along Chesterman Beach, the effects of sea level rise are becoming particularly evident. While 

mostly the first-row buildings along the beach will be affected in today’s coastal storm floods, in
the future with a 1 m RSLR, many of the second-row buildings will be flooded too. 

5. Critical Infrastructure at Risk
• With sea level rise, or with a current-day tsunami, sewer pump stations along Chesterman Beach 

are at risk, as are Lynn Road and overhead power lines.
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6. Many Environmental Contamination Sources
• Along Chesterman Beach, many potential environmental contamination sources have been

identified within the flood hazard areas. This includes fuel storage, sewer pump stations, and 
(communicated by stakeholders) septic fields. 

High Flood Risk Area 2: Cox Bay 

1. High Coastal Flood Risk
• The northern parts of Cox Bay along Chesterman Beach Road have a high flood risk, due to high 

flood hazard and the high density of people, buildings, and environmental contamination sources 
in this area. 

2. High Tsunami Risk
• Cox Bay is within the highest hazard vulnerability zone (H6) during a tsunami, which is considered 

very unsafe for people. 
• Most buildings have a > 70% probability of collapse during a tsunami.

3. Deep Floodwaters During Coastal Storms
• Floodwaters during coastal storms might be particularly deep at mid-Cox Bay (south of Sunset

Point), putting people and buildings at higher risk. 

4. Cultural Sites Potentially Flooded
• Indigenous cultural sites are at risk of flooding.

High Flood Risk Area 3: MacKenzie Beach 

1. High Tsunami Risk
• MacKenzie Beach is within highest hazard vulnerability zone (H6) during a tsunami, which is

considered very unsafe for people. 
• Most buildings have a > 70% probability of collapse during a tsunami.

2. Campgrounds at High Risk During a Tsunami
• Campgrounds can provide a good land use strategy for flood hazard areas, as no buildings would 

be damaged by flooding. However, they depend on effective communication and evacuation
strategies to ensure that people can be evacuated in time. 

• There is a high density of people during the summer months on the 3 campgrounds at MacKenzie
Beach, who are potentially vulnerable to flooding, especially as there are limited buildings that
could provide some protection, and as tourists might be less familiar with evacuation routines. 

3. Cultural Sites Potentially Flooded
• Indigenous cultural sites are at risk of flooding.
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High Flood Risk Area 4: Docks (Village of Tofino) and Water Pump Stations (East Coast) 

1. Flooding of Docks
• The flooding of the docks in the Village of Tofino is likely, even in today’s small and frequent

coastal storm events, and buildings, people, critical infrastructure, and environmental
contamination sources in this area should be prepared for flooding. 

• Flooding of the docks is particularly concerning, as they provide an important connection point
for remote coastal communities throughout Clayoquot Sound that depend on Tofino for critical
services (e.g., health, food, education). 

2. Critical Infrastructure at Risk
• The Canadian Coast Guard Station, Tofino Air, the Tofino Lifeboat Station, and the Olsen Road 

Sewer Pump Station are at risk of flooding during coastal storms.

3. Environmental Contamination Sources
• Many potential contamination sources have been identified in the flood hazard area along the 

docks, including fuel and propane storage. 

4. Water Pump Houses at Risk
• The Bay Street Pump House is at risk of flooding during coastal storms with sea level rise.
• During a present-day tsunami, both the Bay Street and the Sharp Road Pump Houses are at risk

of flooding. 

High Flood Risk Area 5: Jensen’s Bay 

5. High Tsunami Risk
• Southern Jensen’s Bay is within highest hazard vulnerability zone (H6) during a tsunami, which is

considered very unsafe for people. 
• Most buildings have a > 70% probability of collapse during a tsunami.

8.3 Priority Actions — Tsunami Preparedness 
Recommendations for priority actions focus on tsunami preparedness, considering the high risk to life 
that tsunamis pose. Recommendations for improving tsunami resilience are categorized into actions 
related to hazard, vulnerability/exposure, and tsunami evacuation/preparedness. They are based on 
recommendations provided by the EPICentre team (see also Appendix E). Some of the listed actions are 
considered more medium- to long-term activities (indicated in parentheses). 

Hazard 

1. Improve Tsunami Hazard Data
• Conduct a probabilistic tsunami hazard assessment for the DoT, including both local and distal

tsunami sources. This will likely require collaboration with senior-level governments but will also
benefit all coastal communities.
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2. Generate Knowledge on Earthquake Hazard (medium- to long-term activity)
• For local earthquake sources that generate tsunamis, scenarios should be generated that provide 

information on likely ground-shaking preceding a tsunami. These will better inform the
development of building and infrastructure damage evolution across the two hazards, and
consequently evacuation strategies. 

Exposure/Vulnerability 

1. Minimize Critical Infrastructure Impacts in Tsunami Zone
• Introduce new planning regulations to avoid the placing of new critical facilities in tsunami zones. 
• If new critical facilities are required to be built within the tsunami zone, these must be designed 

in accordance with the latest tsunami design regulations, with ASCE 7-16 being currently
recommended. 

Tsunami Evacuation and Preparedness 

1. Focus Attention on Evacuation Plan
• It will not be feasible to strengthen existing low- to mid-rise timber housing for tsunami resilience. 

Other hazards will dominate the design of residential housing in the DoT (e.g., wind, earthquakes) 
and international practice would not advise the tsunami-resistant design of residential housing
due to the rarity of tsunami events. However, this highlights the crucial importance of tsunami 
evacuation as a resilience measure, and we therefore recommend focusing attention on updating 
the evacuation plan. 

• Evacuation must be the primary measure for reducing tsunami impact on the population of the
DoT.

2. Re-Assess Evacuation Zone Designations
• Revise evacuation zones in light of new tsunami flood maps developed for local tsunami sources

(Cascadia Subduction Zone tsunamis).
• Revise these evacuation zones regularly to incorporate new tsunami flood maps and changes in

urban texture and infrastructure in the DoT.

3. Update Tsunami Emergency Management Plan 
• Incorporate the new tsunami flood and consequence maps into local emergency management

plans and preparation for tsunamis.
• The new tsunami flood and consequence mapping can help, for example, in identifying where to 

place centres for the stocking of food, drinking water, blankets, essential medicines, and other
items to support evacuees in the case of a tsunami. They can also be used to assess which areas 
of the DoT are likely to be isolated from the mainland for long periods of time after a tsunami,
and consequently for the development of communication plans.

• The results of this study can further highlight where people, buildings, and critical infrastructure 
are most at risk, what consequences can be expected from a tsunami, and thus inform the update 
of the tsunami emergency management plan. 
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4. Continue Work on Vertical Evacuation Structure (underway)
• Work should continue on the scoping, design, and construction of one or more tsunami

evacuation structures.
• Evacuation buildings should be multi-purpose and designed according to the latest tsunami design 

regulations, with ASCE 7-16 currently recommended. Any tsunami evacuation structures should 
be built in the regions of the DoT that lie in the tsunami flood zone, but are farthest from high
ground.

5. Continue Promotion of Tsunami Hazard Awareness Activities for Residents and Tourists
• Exercises such as the Hike to High Ground should be repeated annually. Tsunami drills should be

carried out, and International Tsunami Awareness Day (November 5) could be capitalized upon to
remind people of tsunami risk and the need to evacuate. 

6. Inform Tourists and Train Staff
• Information on tsunami evacuation should be available to tourists from information centres,

campgrounds, other tourism accommodations (guesthouses, Airbnb), and hotels. This has 
recently been implemented by some hotels in the DoT and has been well received by guests. It is 
suggested that such information could be provided along with arrival packages in hotel rooms, 
campsites, and other tourism accommodations. 

• Training is recommended for hotel, guesthouse, and campground staff on what to do in the case 
of tsunami warning, and how to help tourists evacuate. Tsunami drills are recommended for staff 
in hotels and campgrounds and should consider both the daytime and nighttime occurrence of
tsunami events. Campgrounds are particularly vulnerable to tsunamis as they are located close to 
the ocean, and no protection is offered by buildings. 

8.4 Quick Wins and No-Regrets Actions 
Many flood mitigation planning strategies take time and/or money to implement. However, there are 
some no-regrets actions that can be taken by the DoT in the near future. These will serve to reduce risk 
and also ensure that the momentum built throughout this process is not lost. 

Reduce Exposure 

1. Use Land Use Planning Tools
• Key to reduce future risk is to avoid increasing exposure by limiting future development in coastal

flood hazard areas.
• This can be done as part of the current OCP update, land use zoning, and in the form of

Development Permit Areas (DPA) or bylaws.

2. Use Development Permit Areas (DPAs)
• DPAs provide a good planning tool that could be designated as part of the DoT OCP update.
• Designation purposes could include: 
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o The protection of the natural environment, its ecosystems, and biological diversity.
o The protection of development from hazardous conditions.

• Tofino’s DPA 8 (Foreshore Development Permit Area) can be leveraged to implement effective 
non-structural measures to reduce flood risk in the DoT. It can also help to limit development
along the DoT’s shoreline.

3. Implement Flood Construction Levels (FCLs)
• The next step, after avoiding development in the flood hazard area in the first place, is to

introduce FCLs to improve building resilience to flooding. 
• FCLs describe the minimum elevation that the underside of a wooden floor system (or top of 

concrete slab) should be built at for habitable buildings. It is composed of the total water level for 
a design flood and a freeboard to account for uncertainty. 

• It is recommended, in accordance with the Professional Practice Guidelines in BC, and in
preparation for rising sea levels, that FCLs are introduced for the 0.5% AEP and 1 m RSLR event
(which have been provided as part of the Coastal Flood Mapping report).

Reduce Vulnerability 

1. Educate and Disclose Flood Hazards
• Reducing vulnerability of people to flooding also helps to reduce flood risk. Education about flood 

risk can help the community build their own personal capacity and resilience to flooding. 
• Here, first of all, it is important to inform and educate people and disclose potential flood hazards, 

so that people can be aware of what to do in a flood and prepare. For instance, the CoastSmart
program in the DoT provides a good example of educating people of the potential hazards of 
coastal storms on beaches.

• Awareness helps local residents know what to expect, what they can do if their property might be 
exposed, and how to prepare for recovery. The materials presented in this report can provide a
starting point for any education. These could be made available to stakeholders and the public.
Further, simple efforts to improve public awareness could be made by developing online tools, 
such as a StoryMap, which mixes flood hazard and risk information with simple actions to improve 
personal resiliency. 

2. Consider the Young and the Elderly
• Another component is considering vulnerable populations, such as residents and tourists with

young children or the elderly, many of whom are located close to flood hazard areas in the DoT. 
Information campaigns can be targeted at these vulnerable populations (i.e., child care centres, 
senior homes), and emergency management should be aware where vulnerable populations are
located and who might need help in case of evacuation.

3. Inform Tourists
• Other vulnerable populations are tourists, seasonal workers, and newcomers. Here, it is essential 

to ensure that tourist accommodations and campgrounds provide hazard and evacuation
information to tourists, and that staff are trained for evacuation procedures.
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4. Recommend Easy Steps for Local Residents
• Local residents can reduce their vulnerability by preparing their homes for coastal flooding, and

for example, removing memorabilia (e.g., photos) and valuables from their crawl spaces,
basements, and lower floors, where they might easily become damaged in a flood.

5. Encourage Homeowners to Floodproof Their Homes
• Homeowners whose properties are located in coastal storm flood hazard areas should be

encouraged to floodproof their homes. There are many (and some of them simple and cost-
effective) ways to reduce the impact a flood can have on a house. 

• Building protection options can target design at the building level (Tagget al., 2016). Resistance
includes measures to stop floodwaters from entering the building (e.g., barriers, flood doors,
water-resistant material, such as waterproof renders). Resilience aims to reduce the impact of 
floodwaters by building measures that enable easier and faster drying and cleaning. Lastly,
repairability is similar to resilience, but targets more building design components that make
replacement and repairs easier.

Improve Critical Infrastructure Resilience 

1. Plan for Cascading Effects
• While most of the critical infrastructure in the DoT is located out of the flood hazard areas, 

cascading effects, such as power interruption and loss of road access, may still affect operability 
of critical infrastructure in the Village of Tofino (e.g., the hospital, emergency operation centres, 
etc.). Thus, it is essential that these critical facilities are prepared for these potential
consequences of flooding. 

2. Plan to Improve Critical Infrastructure Design at Risk from Flooding
• Consider floodproofing the design of critical infrastructure at risk from flooding.

Work with the Tla-o-qui-aht First Nation to Protect Cultural Sites 

1. Initiate Conversations with the Tla-o-qui-aht First Nation
• Many Indigenous cultural sites on the Esowista Peninsula are at risk from flooding during coastal

storms, today and even more so in the future with sea level rise. 
• The DoT should initiate conversations with the Tla-o-qui-aht First Nation, and support them if they 

decide to move ahead on protection measures. 
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Reduce Potential Environmental Impacts 

1. Consider a Bylaw for Safe Fuel Storage
• Many fuel tanks have been identified as potential environmental contamination sources. The DoT 

should communicate with residents and business owners to ensure robust storage of fuel tanks. 
• They could also consider developing a bylaw to require flood-resilient fuel storage in the coastal 

flood hazard area.

2. Consider a Bylaw for Septic Fields
• Flooding of septic fields can lead to environmental contamination and hazardous human health 

effects.
• To reduce the consequences, the DoT should communicate with residents and business owners

in the flood hazard area to improve their septic fields/septic tank set-ups. The DoT could consider 
developing a bylaw. 

3. Floodproof Sewer Pump Stations
• In particular along Lynn Road, many sewer pump stations are becoming increasingly exposed to

coastal flooding with sea level rise. Therefore, the DoT should consider a flood-resilient design of
this infrastructure to reduce harmful environmental and human health consequences. 

Collaborate with Other Coastal Communities and Partners and Engage the Public 

1. Collaborate with Coastal Communities
• The DoT is not alone—coastal communities on the west coast are all facing similar issues. The

DoT can work together with these neighbouring communities to develop and share resources 
and jointly make their communities more flood-resilient. Many collaborations are already 
underway today, such as the CoastSmart program. 

2. Develop and Nurture Connections with Partners (e.g., Business Owners and Developers)
• Working with local partners, such as business owners, hotel managers, and land developers, will

help make the implementation of future policies smoother. All of these groups have an effect on 
flood risk through influencing exposure and vulnerability, and, on the other hand, would also 
profit from reducing flood consequences. 

3. Engage the Public Early
• There are many advantages to engaging the public early and seeking input to ground any future

policy within the local community.

Initiate First Steps Towards Adaptation 

1. Defining Risk Tolerances
• To begin the conversation around bigger flood adaptation strategies, in particular in the light of 

sea level rise, it is important to start thinking about the risk tolerances of the community. There



 134 District of Tofino Comprehensive Coastal Flood Risk Assessment – Final Report 
 

will always be residual risk, and infrastructure-related flood mitigation measures will come with 
trade-offs.  

8.5 Planning for Sea Level Rise 
Sea level rise will become a key issue for the DoT. Even the small and frequent coastal storm floods will 
become more devastating in the future with sea level rise than today’s rare and extreme events. The 
differences between storm intensities (AEPs) from the present-day scenarios diminish in comparison to 
sea level rise effects, where flood extents and depths are becoming much larger. Coastal storm flood 
hazards, in particular, are increasing, but tsunami hazards also become higher with higher sea levels. 

Thus, it is paramount for the DoT to start planning for sea level rise, and to prepare for higher flood 
hazards. Best practice recommendations, such as those provided in Section 8.1, should guide and frame 
this process. Based on previous experience with local governments, we have adapted standard planning 
and adaptation processes into a clear 8-step process for flood risk reduction, as outlined in Figure 51. The 
DoT has already moved through steps 1 to 4 with this risk assessment and the previous hazard 
identification work.  

Overall, the development of a Sea Level Rise Planning Framework can guide the process of adapting to 
rising sea levels. The longer time frames of sea level rise can also support strategic and opportunistic 
actions. For example, when properties in high hazard areas come up for sale, the DoT could consider 
buyouts, and thus, over time, slowly reduce exposure in the flood hazard areas. On the other hand, when 
planning for sea level rise, it is important to consider that adaptation and preparation will take time. This 
is especially true when planning major infrastructure projects, which take time to finance and plan, and 
where the in-service date may be many years after planning starts. Thus, it is important to incorporate 
potential future sea level rise early on in an infrastructure project.  
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Figure 51: 8-Step planning process for flood risk reduction (source: Ebbwater). 
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9 Conclusions 
The DoT faces coastal storm and tsunami flood risk and seeks to reduce this risk to the community. The 
DoT is taking a proactive approach to understanding flood hazard risk in a changing climate. This 
approach is in line with the priorities of the Sendai Framework for Disaster Risk Reduction, which the 
Government of BC has adopted. This project, along with work previously conducted by the DoT, lays the 
groundwork for mitigating flood risks. The main goal of this project was to provide an understanding of 
flood risk in the DoT, which then can be used to inform disaster risk reduction and resilience strategies. 
Specifically, we assessed coastal storm and tsunami flood risk in a holistic way that considered a wide 
range of social, economic, cultural, and environmental consequences, following international best 
practice, and provided detailed recommendations for the DoT to move towards becoming flood-
resilient. 
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10 Glossary 
Term Definition Source 

All Hazards Referring to the entire spectrum of hazards, whether they are natural 
or human-induced. For example, hazards can stem from geological 
events, industrial accidents, national security events, or cyber events. 

PSC 

All-Hazards 
Approach 

An emergency management approach that recognizes that the actions 
required to mitigate the effects of emergencies are essentially the 
same, irrespective of the nature of the incident, thereby permitting an 
optimization of planning, response, and support resources. 

PSC 

Annual Exceedance 
Probability (AEP) 

The probability of an event of a given magnitude to occur, or to be 
exceeded, in any given year, expressed as a percentage. 

Asset-At-Risk Refers to those things that may be harmed by hazard (e.g., people, 
houses, buildings, or the environment). 

RIBA 

Critical 
Infrastructure (CI) 

Processes, systems, facil ities, technologies, networks, assets, and 
services essential to the health, safety, security, or economic well-
being of Canadians and the effective functioning of government. 

The ten CI sectors in Canada are: Health; Food; Finance; Water; 
Information and Communication Technology; Safety; Energy and 
Util ities; Manufacturing; Government; Transportation. 

PSC 

Exposure The situation of people, infrastructure, housing, production 
capacities, and other tangible human assets located in hazard-prone 
areas. 

UNDRR 

Flood Overflowing of water onto land that is normally dry. It may be caused 
by overtopping or breach of banks or defenses, inadequate or slow 
drainage of rainfall, underlying groundwater levels, or blocked drains 
and sewers. It presents a risk only when people and human assets are 
present in the area where it floods. 

RIBA 

Flood Construction 
Level (FCL) 

The FCL is the flood construction reference plane plus the allowance 
for freeboard. This is used to establish the elevation of the underside 
of a wooden floor system or top of concrete slab for habitable 
buildings. 

(MWLAP, 2004) 

Freeboard A vertical distance added to the actual calculated flood level to 
accommodate uncertainties (hydraulic and hydrologic variables). 

(APEGBC, 2017) 

Frequency The number of occurrences of an event in a defined period of time. PSC 
Coastal Hazard A hazard of natural geological or meteorological origin along the 

coastline (i.e., this does not include biological hazards). 
Hazard A potentially damaging physical event, phenomenon, or human 

activity that may cause the loss of l ife, injury, property damage, social 
and economic disruption, or environmental degradation. Hazards can 
include latent conditions that may represent future threats, and can 
have different origins: natural (geological, hydrometeorological, and 
biological) or be induced by human processes. Hazards can be single, 
sequential, or combined in their origin and effects. Each hazard is 
characterized by its location, intensity, frequency, and probability. 

UNDRR 

Hazard Assessment Acquiring knowledge of the nature, extent, intensity, frequency, and 
probability of a hazard occurring. 

Modified 
(NDMP) 

(Natural) Hazard Natural process or phenomenon that may cause loss of l ife, injury, 
other health impacts, property damage, loss of l ivelihoods and 
services, social and economic disruption, or environmental damage. 

UNDRR 
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Likelihood A general concept relating to the chance of an event occurring. 
Likelihood is generally expressed as a probability or a frequency of a 
hazard of a given magnitude or severity occurring or being exceeded 
in any given year. It is based on the average frequency estimated, 
measured, or extrapolated from records over a large number of years, 
and is usually expressed as the chance of a particular hazard 
magnitude being exceeded in any one year. 

RIBA 

Probability In statistics, a measure of the chance of an event or an incident 
happening. This is directly related to likelihood. 

PSC 

Quantitative Risk 
Assessment 

A risk assessment that is completed using quantified or calculated 
measures of risk. 

UNDRR 

Relative Sea Level 
Rise (RSLR) 

The rate of sea level rise relative to a specific location, considering the 
combination of sea level rise and ground uplift (ground levels rising) 
or subsidence (ground levels sinking).  

Resilience The abil ity of a system, community, or society exposed to hazards to 
resist, absorb, accommodate, and recover from the effects of a hazard 
in a timely and efficient manner, including through the preservation 
and restoration of its essential basic structures and functions. 

UNDRR 

Risk The combination of the probability of an event and its negative 
consequences. 

UNDRR 

Risk Assessment A methodology to determine the nature and extent of risk by 
analyzing potential hazards and evaluating existing conditions of 
vulnerabil ity that together could potentially harm exposed people, 
property, services, l ivelihoods, and the environment on which they 
depend. 

Risk assessments (and associated risk mapping) include: a review of 
the technical characteristics of hazards, such as their location, 
intensity, frequency, and probability; the analysis of exposure and 
vulnerabil ity, including the physical, social, health, economic, and 
environmental dimensions; and the evaluation of the effectiveness of 
prevail ing and alternative coping capacities, with respect to l ikely risk 
scenarios. This series of activities is sometimes known as a risk analysis 
process. 

Sea Level Rise (SLR) The increase in sea level over time, associated with the impacts of 
cl imate change. The two major causes of global SLR are thermal 
expansion caused by warming of the ocean (since water expands as it 
warms) and increased melting of land-based ice, such as glaciers and 
ice sheets. 

(NOAA, 2013) 

Storm Surge A change in water level caused by the action of wind and atmospheric 
pressure variation on the sea surface. The magnitude of a storm surge 
on the BC coast will  be dependent on the severity and duration of the 
storm event in the North Pacific, its track relative to the BC coast, and 
the seabed bathymetry at the site. 

Risk Management The systematic approach and practice of managing uncertainty to 
minimize potential harm and loss. 

UNDRR 

Vulnerability The characteristics and circumstances of a community, system, or 
asset that make it susceptible to the damaging effects of a hazard. 

UNDRR 
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Appendix A – Workshops and Public Engagement Events 
This appendix provides additional information on the stakeholder workshops and public engagement 
events that were part of the District of Tofino Comprehensive Coastal Flood Risk Assessment project.  

Appendix A.1 gives an overview of the three events. Appendix A.2 provides details on the non-mapping 
activities conducted in Workshop 1, and Appendix A.3 provides information from the qualitative 
consequence reporting from Workshop 1 and 2.  

A.1 Events Overview
Throughout the project, two stakeholder workshops and one public engagement event were held, as 
summarized in Table A - 1. The events are described at a high level in the following sections. 

Table A - 1: Workshop and public engagement event summary. 

Event Name Purpose Date Location 
Workshop 1 – Setting 
the Stage 

Initial project-specific event 
with stakeholders 

October 26, 2018 Council Chambers 

Plan-a-Palooza Public 
Engagement 

DoT event to engage 
community on array of 
planning initiatives 

November 24, 2018 Community Hall 

Workshop 2 – Ground 
Truthing 

Follow-up project-specific 
event with stakeholders 

May 9, 2019 Tin Wis Resort 

Workshop 1 – Setting the Stage 
The project team hosted the first workshop, titled “Setting the Stage: Understanding Flood Risk in Tofino”, 
in collaboration with the DoT. The objectives of this first workshop were to: 

• Foster an understanding of coastal flood hazard in the study area including tides, storm surge,
waves, sea level rise, and tsunami.

• Explore the fundamental concepts of flood hazard, exposure, and risk including the risk
assessment methods applied in this project.

• Facilitate a discussion of flood impacts for different types of hazards and ask local stakeholders
about their understanding and experience of the issues.

The workshop provided participants with context on what the project aimed to achieve and where that 
fits into the longer process of disaster risk reduction for the area. Workshop participants were then invited 
to share in which part of the disaster management cycle they work, and what resilience means to them, 
i.e., what they think is required for a safe, prosperous, and resilient community.
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Next, workshop participants were provided with background materials on flood risk assessment and flood 
consequence indicators. They were asked to mark on maps the location and type of consequence that 
they had experienced or felt they might experience in the future (Figure A - 1).  

Figure A - 1: Workshop participants discussing and locating flood impacts in Tofino on October 26, 2018 (Photo Credit: 
Ebbwater). 

In the workshop, Ebbwater also displayed a physical coastal 
tsunami model that allowed workshop participants to see the 
effects of a tsunami wave (Figure A - 2).  

The workshop was well attended by many local stakeholders, 
including hotel managers, Tourism Tofino, local stores, Clayoquot 
Biosphere Trust, District of Tofino (Emergency Preparedness, 
Community Sustainability, Planning, Engineering), BC Emergency 
Health Services, Royal Canadian Mounted Police (RCMP), Western 
Canada Marine Response Corporation, Tofino General Hospital, BC 
Hydro, Canadian Coast Guard, Pacific Rim National Park, Westcoast 
Inland Search and Rescue, Emergency Management BC, Emergency 
Social Services (ESS), and Ucluelet Community Planning. There were 
no First Nation representatives in the session; however, members 
of local First Nation communities expressed interest in participating 
in the workshop and the project as a whole. Capacity and travel 
logistics were cited as barriers for workshop attendance.  

Public Engagement Event 
Building on Workshop 1, Ebbwater participated in a public 
engagement event in November 2018, as this was an opportunity 

to present the project to the general public. The event was organized by the DoT to engage with the public 
on a variety of planning initiatives that are currently underway, including multi-modal traffic studies, 

Figure A - 2: Physical coastal tsunami 
model, developed by Ebbwater. (Photo 
Credit: Ebbwater). 
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official community plan update, and wastewater treatment implementation. As there were many 
different planning initiatives ongoing, the event was named “Plan-a-Palooza” by the DoT.  

At Plan-a-Palooza, Ebbwater presented a summary of the information from Workshop 1 in a “Coastal 
Flood Hazard” booth. Here, Ebbwater interacted with approximately 30 members of the public in 
discussing the different types of hazards, answering questions, and collecting feedback. The booth was 
shared with the DoT, which had posters and information related to tsunami preparedness and evacuation 
as shown in Figure A - 3. 

The Coastal Flood Hazard booth consisted of the following: 

• A looping slideshow presentation that summarized information and outputs from Workshop 1.
• The same working coastal flood hazard maps that were shared at Workshop 1.
• The physical coastal tsunami model.

Figure A - 3: Engaging with the public at the Plan-a-Palooza event on November 23, 2018 (Photo Credit: Ebbwater). 

Workshop 2 – Ground Truthing 
The objectives of the second workshop, titled “Ground Truthing: Moving from Flood Risk to Adaptation in 
Tofino” were to: 

• Reconvene with project stakeholders and provide an update on project work and progress since
Workshop 1.

• Gather feedback to refine preliminary flood consequence maps.
• Learn about the leading edge of tsunami science for tsunami resilience and mitigating damage.
• Engage with a range of information and scenarios, making trade-offs and the importance of

collaboration for building resilience.

Stakeholders were updated on the project process since Workshop 1, and context on the overall project 
was provided for attendees who had not participated in the first workshop. Maps with qualitative direct 
and indirect consequences as reported during Workshop 1 were also shown.  
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The first part of the workshop focused on the coastal storm flood risk assessment, when preliminary maps 
with exposure to coastal storm flood hazards were provided to stakeholders. In small groups, stakeholders 
were asked to discuss maps, and provide feedback on the presented information (i.e., is the necessary 
information shown? Are there relevant datasets missing that should be added?). The discussion was 
recorded on the maps to update the preliminary exposure maps and inform the quantitative risk 
assessment. In an effort to introduce “probabilistic” risk assessments and show examples on how to use 
a range of scenarios to inform decision making, two scenario narratives were presented by Ebbwater and 
discussed in small groups by stakeholders. The scenarios were a ‘frequently occurring nuisance flood 
event with sea level rise’, as well as a ‘major coastal flooding event with sea level rise’, and stakeholders 
were asked to discuss preparation and response to these events.  

The second part of the workshop focused on tsunami flood hazard. Here, experts from EPICentre 
presented on tsunami generation, local and distant tsunami sources for the DoT coastline, tsunami 
warning systems, emergency response, tsunami evacuation structures, and the structural response of 
buildings to tsunami waves.  

Lastly, a board game called “Game of Floods”1 was played in small groups (Figure A - 4). This game was 
designed by the County of Marin, U.S. to explore adaptation options (and their trade-offs) to sea level 
rise. Playing the game provided participants with a means to tie together the many flood aspects that had 
been discussed in the workshop, and to reflect on flood risk and the overall need for collaboration 
between stakeholder groups.  

                                                                 

1  County of Marin. 2019. “Game of Floods.” County of Marin, United States. Weblink: 
https://www.marincounty.org/depts/cd/divisions/planning/csmart-sea-level-rise/game-of-floods. 
Accessed April 6, 2019. 

https://www.marincounty.org/depts/cd/divisions/planning/csmart-sea-level-rise/game-of-floods
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Figure A - 4 : Participants playing Game of Floods at the second stakeholder workshop. (Photo Credit: Ebbwater). 

A.2 Details on Workshop 1 Non-Mapping Activities 
This section describes the background and non-mapping activities that were conducted during Workshop 
1 in more detail, compared to what is presented in the main report. 

Background 
Workshop 1 began with a presentation of best practices in natural hazard management. Best practice 
dictates that it is best to manage for risk and enable resilience. Managing risk requires a foundation of 
first understanding risk, which includes the components of exposure and vulnerability (Figure A - 5). 
Information disclosure is a key component of risk assessment, and it is a natural way of building trust and 
understanding in the community; increasingly, stakeholders (from developers to insurers to business 
owners) are demanding that local governments share information to support decision making. 
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Figure A - 5: Risk as a function of hazard, exposure, and vulnerability 

Microscale Resilience Building 
There were 24 workshop participants and the organizations represented included:  

• Pacific Sands Resort 
• Wickaninnish Inn  
• Long Beach Lodge Resort  
• Tourism Tofino 
• SurfSister 
• Clayoquot Biosphere Trust 
• Tofino Councillor 
• Tofino – Emergency Preparedness 
• Tofino – Community Sustainability 
• Tofino – Planning 
• Tofino – Engineering 
• BC Emergency Health Services 

• Royal Canadian Mounted Police (RCMP) 
• Western Canada Marine Response 

Corporation 
• Tofino General Hospital 
• BC Hydro 
• Canadian Coast Guard 
• Pacific Rim National Park (2 people) 
• Westcoast Inland Search and Rescue 
• Emergency Management BC 
• Emergency Social Services (ESS) 
• Ucluelet Community Planning (2 people) 

 

As part of the workshop introductions, participants were asked to pair up to introduce themselves and 
discuss which phase of the disaster management cycle they work in. The results of this exercise are 
presented in Figure A - 6. The placement of the gray dots represents a stakeholder and the location 
indicates the phase of the disaster management cycle in which they work.  



 

7 
 

Appendix A District of Tofino Comprehensive Coastal Flood Risk Assessment – Appendix A – Stakeholder and 
Engagement Events 

 

Figure A - 6: Disaster management cycle with dots showing the phase that stakeholders are working in. 

It was found that many people attending the workshop were focused on the first two phases of prevention 
and mitigation (phase I) and preparedness (phase II). This may be due to the presence of government 
agencies whose work is more focused on early phases of the disaster management cycle. Also, many of 
the participants are focused on more than one phase (i.e. they positioned themselves in the middle of the 
cycle). This is often characteristic of small communities, like Tofino, where people take on multiple 
responsibilities with their roles. There was a noticeable lack of representation from people who work in 
the recovery phase of the disaster management cycle. It was noted that this may be due to the lack of 
paid positions for this type of work. 

Participants were also asked to share one word that describes what living on the coast means to them. 
The results of this exercise are shown in Figure A - 7.  
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Figure A - 7: Key words from stakeholders on what living on the coast in Tofino means to them. 

The word cloud highlights concepts, features, and values that residents associate with their surrounding 
environment. If words were reported more often, then they appear larger in the cloud. In this case, a 
number of people felt that connection and lifestyle were strong values associated with living in Tofino. 
They associated living on the coast with a fresh ambiance and recognized that it is a dynamic setting in 
many respects, including physically and socially.  

Definition of a Resilient Community 
Community resilience refers to “the capacity of individuals, communities, institutions, businesses, and 
systems within a [community] to survive, adapt, and grow no matter what kinds of chronic stresses and 
acute shocks they experience.2” A resilient community can be thought of as having strength in four areas: 
natural and built environment; leadership and strategy; human health and well-being; and social, 
economic, and cultural fabric (Figure A - 8). 

                                                                 

2 100 Resilient Cities, http://www.100resilientcities.org/  

http://www.100resilientcities.org/
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Figure A - 8: A resilient community framework 3 

Independent from the framework shown in Figure A - 5, workshop participants were asked to articulate 
what they think is required for a safe, prosperous, and resilient community. Ideas from participants 
covered the four component areas shown in Figure A - 5, with an emphasis on the area of leadership and 
strategy (Table A - 2). Moving forward, the community can build on these ideas and apply them to the 
context of coastal flooding, based on the output from the risk assessment. 

Table A - 2: Elements of a safe, prosperous, and resilient community, as identified by stakeholders. 

Component Ideas Shared 
Natural and 
Built 
Environment 

• diversity of (social, ecological, and economic) resources  
• respect for social and ecological limits – knowing where the limits are and being 

aware when these are being stressed 
• redundancy in infrastructure (e.g., power, road, water supply, disaster backup 

communication)  
• understanding of natural hazards, and a commitment to reducing exposure and 

vulnerability 

                                                                 

3 (Adapted from: the Rockefeller Foundation Resil ient City Framework; the City of Vancouver Healthy City Strategy; 
the Building Resil ient Neighbourhoods Toolkit; and Zurich Insurance Community Flood Resil ience Measurement) 
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Leadership 
and Strategy 

• support from all levels of government (funding, policy, other resources) 
• prioritizing coastal hazard risk, making this part of the fabric 
• multiple champions to carry the momentum 
• engagement between communities, different levels of government agencies, 

and across scales  
• available and accessible information, being shared effectively with the 

community and other stakeholders 
• making use of experiential knowledge accumulated in the region over the years  
• sharing knowledge and information effectively with the community 
• effective use of tools, assets and available technology (e.g., buoys, sirens) 

Human 
Health and 
Well-Being 

• a culture of safety  
• a deep understanding of the coast and how-to live-in relationship with it 
• willingness to accept that there will be impacts, and to live knowledgeably with 

that risk 

Social, 
Economic & 
Cultural 
Fabric 

• a connected community 
• diversity of community members makes the community vibrant and strong 
• role of business operators and their interconnections  
• including the role of visitors in how we understand and think about the system 

and the impacts of hazards 
• positive, constructive attitude (this is a core value in the community) 

 

Thoughts on Adaptive Capacity 
In the context of coastal flood hazards, adaptive capacity describes the community’s ability to address the 
hazards, including their changing nature. To close the workshop, SHIFT led a discussion with the whole 
group to capture key thoughts around adaptive capacity to help stakeholders progress the project 
objectives in the months ahead. Participants shared that coordination will be important to achieve 
efficiency and consistency of information dissemination. In this context, key topics that were discussed 
are explained below. 

• Disclosure: One stakeholder representing one of the resorts shared that their business recently 
decided to actively share information about tsunami hazard with their guests (a large number of 
whom travel from areas of the world where tsunamis are not well known). The resort staff now 
informs its guests about emergency response procedures. Feedback from the guests has been 
overwhelmingly positive, leading the resort to wonder if it could have taken this approach years 
ago. Following the sharing of this story, other stakeholders in the room nodded in agreement, and 
shared similar stories expressing the need to disclose information. Everyone agreed that in the 
past there was a fear in the community that disclosure would scare tourists away, but that this no 
longer seems to be the case. 

• Preparedness and Response: Residents of the DoT and tourists visiting the area typically frequent 
other nearby jurisdictions, including Pacific Rim National Park and the District of Ucluelet. 
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Therefore, communications about hazards need to be clearly, consistently, and seamlessly 
disseminated throughout these areas. This can potentially include communicating the level of 
preparedness of each jurisdiction, as well as emergency response procedures (e.g. using road 
signage, information boards, and other media). Any knowledge or impressions gained (e.g. hazard 
mapping and lessons learned from emergency response exercises) could be shared among 
jurisdictions. Preparedness and response plans need to be revisited when new knowledge is 
obtained. 

• Recognize Progress: Engaging with hazard management can be challenging, and it’s important to 
consider the progress that has been made in recent years. It is certain that coastal flood hazards 
are now being assessed in greater detail; knowledge is power and can be used to plan and make 
responsible decisions. Also, the community is used to addressing hazards, partly because the 
area’s remoteness forces them to do so. As a result, some say that addressing hazards is now a 
characteristic of the local culture - one stakeholder mentioned “that’s what we do”. The 
community’s positive and constructive attitude regarding the management of coastal flood risk is 
an important asset in this work moving forward.  

A.3 Qualitative Consequence Reporting from Workshops 1 and 2 
As part of the workshops, participants were asked to report on flood consequences that they had 
experienced in the past or anticipated in the future. The exercises were based on preliminary hard-copy 
maps that were presented and provided in Workshop 1 (preliminary hazard maps) and Workshop 2 
(preliminary hotspot maps that were based on feedback from Workshop 1). The comments are 
summarized in Table A - 3.  

Table A -  3: Qualitative consequence reporting, as documented during workshops 1 and 2.  

Direct Consequences Indirect Consequences 
1. Mortality  
Tsunami-specific Tsunami-specific 
Loss of l ife Delayed rescue 
People can’t get to high ground  
2. Affected People  
Permanent residents and seasonal workers affected Loss of food access 
Resorts flooded Loss of access to emergency services 
First Nation reserve lands flooded Evacuation zone cut-off 
People displaced Trauma 
Beach access restricted Open Emergency Social Services (ESS) 
Accommodations flooded First responders overwhelmed 
Homes flooded Tofino as coastal hub – people on surrounding islands 

depend on DoT services 
Closed beach First Nation communities on islands 
Campsites affected All  people in Clayoquot Sound whose transport docks 

are impacted (Docks) 
Floating homes in Tofino Need for public education & actions 
Chesterman Beach – High risk area geographically and  
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Direct Consequences Indirect Consequences 
socially (low elevation and primarily visitors) 
Planned campground in Cox Bay  
  
Tsunami-specific Tsunami-specific 
Seismic damage to shelter Long-term stranding of people 
Mass evacuation Food access 
  
3. Economy  
Waterfront facil ities affected Loss of economic opportunity 
Property damage Loss of tourism money 
Debris management issue Decrease in property value & tax base 
Major impacts to assets/infrastructure Effect on Tofino as tourism destination 
 Fish farm industry impacted 
 Economic environmental impact 
 Loss of tax base 
Tsunami specific Damage to beach economy 
Earthquake subsidence Loss of usable land 
Damaged businesses  Economic impact 
 Business closures 
 Small business disruption 
 Slow/stop to fishing industry 
 Lack of access to work 
 Loss of jobs/small businesses 
 Loss of potential revenue from festivals or events 
  
4. Critical Infrastructure & Disruption of Basic Services  
Emergency Management – Evacuation route flooded Emergency Management – Access to evacuation centre 

disrupted 
Highway, public parking lots affected Access to community disrupted 
Dock and maritime facil ities Loss of water and wastewater treatment with power 

outage 
Power infrastructure Delayed recovery due to loss of highway 
Water and wastewater pumping stations affected Cut-off from hospital/health 
Util ity failure School closure 
Lift stations Highway closure 
Loss of public infrastructure Power outage 
Road flooded Access highway to Tofino cut-off 
Disruption of sewage outflow pipe Important infrastructure & transportation hub 
Sewer pump stations Long Beach washout could cut off all  access to Tofino 
Town drainage  
Bay Str Chlorination Station  
Barge landing to service remote communities  
A Water Treatment Plant  
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Direct Consequences Indirect Consequences 
Communications  
Road flooding during rain events  
  
Tsunami-specific Tsunami-specific 
Long-term damage Isolation 
Hospital 65 yrs old & seismic rating of 4.6 Communications out 
 Hospital helipad 
 Delay in supplies 
 Long-term power outage 
  
5. Environment  
Sensitive marine environments Impact on water quality 
Sensitive forests Impacts on salmon 
Loss of estuary Sewage contamination 
Sewage outflow backup  
Shore bird impacts  
Septic fields – previous issues with flooding  
Ice plant with ammonia at dock sites  
Hatchery  
Fish farm impact  
Dune erosion  
Sewer infrastructure - contamination  
Debris management issues  
Tsunami-specific  
Environmental damage, oil, gas, debris  
  
6. Culture  
Cemetery flooded  
No beach access  
Cultural sites directly affected Loss of access to cultural sites 
Culturally modified trees l ikely in most forested areas  
All  beaches are cultural sites – as represent the place 
we all  love 
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Appendix B - Method Details 
This appendix provides details on the coastal storm and tsunami flood risk assessment methods.  

B.1 Data Confidence Levels 
Confidence levels for datasets and risk results provide an indication of the robustness of the risk 
assessment (AIDR 2015). This is essential, as risk assessment outputs inform decisions, and decision 
makers should be aware of potential uncertainties in data. Further, data availability is a limitation in most 
risk assessments, and often, simplified proxies have to be used to describe an indicator. Confidence levels 
can display and communicate the different data quality levels in the risk assessment results.  

Specifically, confidence describes the reliability and relevance of the data used, and how up-to-date a 
dataset is (AIDR 2015). Confidence can be assessed for consequence and hazard/likelihood data 
separately, and can be combined to provide an overall risk confidence level. We used five confidence 
levels in our analysis (Table B - 1), which were loosely based on the AIDR guidelines (AIDR 2015), but 
simplified for the purposes of this risk assessment (for instance, no reference to historical events was 
made, as no quantitative data were available on consequences of historical flood events).   

Table B - 1: Confidence levels for consequence, hazard, and risk data, simplified from (AIDR 2015). 

Confidence Level Descriptor  Supporting evidence 
Highest Almost no uncertainty Quantitative modelling/analysis with highest quality and 

length of data relating directly to the affected community 
and assessed hazard scenario. 

High Some uncertainty Quantitative modelling/analysis with sufficient quality 
and length of data directly relevant to assessed hazard 
scenario. 

Moderate Significant uncertainty Quantitative modelling/analysis with reasonable 
extrapolation of data required to derive results of direct 
relevance to the event being assessed. 

Low Major uncertainty Quantitative modelling and analysis with extensive 
extrapolation of data required to derive results of 
relevance to the event being assessed. 

Lowest Fundamental uncertainty No historical events or quantitative modelled results to 
support the levels. 

 

Considering that risk is the product of consequence and likelihood, the resulting risk confidence level is 
also calculated by combining consequence confidence levels with likelihood confidence levels (Table B - 
2) (AIDR 2015). 
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Table B - 2: Risk confidence level, as combination of consequence confidence level and likelihood confidence level (AIDR 2015).  

 Consequence Confidence Level 
  Lowest Low Moderate High Highest 

Li
ke

lih
oo

d 
Co

nf
id

en
ce

 
 

Highest Moderate Moderate High Highest Highest 
High Moderate Moderate Moderate High Highest 
Moderate Low Moderate Moderate Moderate High 
Low Lowest Low Moderate Moderate Moderate 
Lowest Lowest Lowest Low Moderate Moderate 

 

B.2 Consequence Indicators 
The following sections provide details on the consequence indicators and proxies which were used for the 
quantitative risk assessment. They also include reference to input data that were used, discussion of 
limitations and confidence level rating.  

Indicator 1: Mortality 
Mortality describes the number of deaths and missing persons due to a natural disaster. It is typically 
determined in the aftermath of a disaster. Numbers of mortality due to disaster events over time and for 
different countries is then used to assess progress towards disaster risk reduction under the Sendai 
framework (in the Sendai framework, reduction of loss of life is the first target). However, for risk 
assessments that consider future scenarios, it remains challenging to estimate mortality for a potential 
hypothetical scenario. In most studies, empirical data from a past disaster event is used, the counts of 
mortality are related to flood water depth, and an empirical curve is fitted (Smith and Rahman 2016). With 
these mortality curves, potential loss of life for a specific flood depth is then estimated. However, these 
curves are strongly place- and event-dependent, and they are only valid for the location and type of event 
from which the data originated. Another location, such as Tofino, might have a completely different 
relation between water depth and potential mortality, as many factors such as warning time and 
response, population vulnerability, and velocity determine the mortality outcome of a disaster event.   

Coastal Storm Flooding 

For riverine and coastal flooding in Canada, mortality rates are typically low and not many fatalities have 
historically been recorded (Public Safety Canada, 2013). Further, no empirical mortality curves are 
available for Canada or for a geographical context that would represent the local conditions in the DoT. 
For coastal storm flood hazard, mortality was not assessed separately from the total number of affected 
people. This was based on the  assumption that there is typically enough warning time for a coastal storm 
flood events exists and that emergency response and evacuation routines in  the DoT are sufficiently rapid 
to avoid loss of life due to storm surges, In this context, it should be noted that there is a risk for loss of 
life for all affected people (see Indicator 2).  
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Tsunami Flooding 

Loss of life due to tsunamis can be very high, as seen during the 2011 tsunamis in Japan. However, again, 
the mortality depends on many different factors, such as tsunami warning time (distant or local tsunami 
trigger), emergency response and evacuation routines, and time of year (i.e., are there many tourists on 
the beaches who may not be as aware of tsunami evacuation procedures as local residents?). A number 
of empirical tsunami mortality curves exist, which were developed based on actual tsunami events in 
other locations around the world (Smith and Rahman 2016). A mortality curve provides the mortality 
fraction, i.e. the portion of a population exposed to a tsunami for whom the tsunami might be fatal.  

To calculate the total number of potential fatalities in the DoT, we needed to define the total population 
in the tsunami flood hazard area at the time of the event. We used a ‘worst-case’ scenario approach, and 
used a population estimate for the ‘summer nighttime population’, similar to what was assumed for 
Indicator 2 (Affected People).  

Considering the uncertainties of mortality curves, we used a conservative approach and estimated 
potential mortality by assuming low, moderate, and high mortality fractions. This approach was based on 
Indonesian and Japanese empirical mortality data. The approach allows gauging the potential ranges of 
mortality that may be expected, based on tsunamis that have occurred in other locations around the 
world.   

We used three data sources to define the low, moderate, and high mortality fractions. One study was 
based on the 2004 Indian Ocean tsunami, where mortality fraction was reported to have ranged between 
0.129 and 0.17 of people across the affected areas (Smith and Rahman 2016). The second study was based 
on historical statistics of Japanese tsunamis (prior to the 2011 Japanese tsunami) (Smith and Rahman 
2016). This study  developed a mortality curve as a function of wave height (Smith and Rahman 2016). For 
tsunami wave heights between 1 m and 6 m (the range of wave heights in the DoT), resultant mortality 
fractions ranged from 0.04 to 0.11. The third study was based on the 2011 Japanese tsunami. In this study, 
higher mortality fractions were reported and ranged from 0.01 to 0.39 for different regions and 
population groups (Nakahara and Ichikawa 2013).  

Based on these datasets, we defined the following three estimates of mortality fractions, based on the 
percentage of the population that was assumed to be in the flood hazard area (i.e. ‘Directly Affected 
People’):  

• Low: 0.01 (1%) 
• Moderate: 0.15 (15%) 
• High: 0.30 (30%) 

  

Indicator 2: Affected People 
This indicator category describes the number of people who are directly or indirectly affected by flood 
waters. Directly affected people are in direct contact with flood waters, are injured or suffer other health 
effects, are evacuated or displaced, or suffer direct damages to their livelihoods (such as when their home 
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is damaged). In contrast, indirectly affected people suffer from the cascading effects of a disaster, such as 
disruption to basic services, economy, and critical infrastructure.  

For this risk assessment, we quantified and assessed directly affected people, and qualitatively discussed 
indirect effects on people. Census data for Tofino is disaggregated into only 3 fairly large dissemination 
areas. This resolution is challenging to use for a detailed, quantified risk assessment, as analysis is done at 
a much finer scale than the 2-5 km2 of the dissemination areas. Furthermore, considering the role of 
Tofino as a tourism hub, it is not only year-round residents that may be affected, but also seasonal workers 
(transient population) and visitors; that population demographic is not captured within census 
information.  

Considering these points, we chose to use estimates from the DoT for the average summer nighttime 
population (Figure B - 1). These were used conservatively to assume a storm or tsunami to occur when 
population is highest, during the peak tourism season in the summer. These population estimates include 
residents, transient seasonal workers, as well as visitors who stayed overnight in the DoT. The nighttime 
estimate allowed us to distribute the location of people based on residential and tourism accommodation 
building locations. This was completed with consideration for total building floor area.  

The population estimate was derived using cursory methods and several data sources from recent studies 
completed for the DoT. A more detailed and robust estimate of spatial and temporal population 
distribution is currently underway. However, considering the timeline of this study and discussions with 
the DoT, it was decided to use the estimates in Figure B - 1 as they provide the best data currently 
available.  
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Figure B - 1: Estimated summer nighttime population in the DoT (Figure obtained from DoT). 

As shown in Figure B - 1, population data were provided at the level of Flood Construction Level (FCL) 
zones. To estimate the affected population, we distributed the total population of one FCL zone over all 
buildings with residential or tourism accommodation designation (i.e., buildings with bedrooms where 
people would reside overnight) and campground sites in this FCL zone. For buildings, we distributed the 
population based on total building footprint area and number of floors, under the assumption that a larger 
building footprint or more floors will likely mean a higher population per building. For camp sites, we 
assumed an average number of people per camp site (see below). 

Details on the building footprint layer are provided in a later section. No dataset existed however for the 
3 campgrounds within the DoT (Bella Pacifica Campground, Mackenzie Beach Resort and Crystal Beach 
Resort). We obtained camp site maps, and digitized the sites (as best as possible, considering the hand-
drawn character of the campground maps), where we typically aggregated 1-3 camp sites in one spatial 
polygon. We contacted the campground managers and obtained estimates of the total number of people 
per site during a summer night, which was then divided by the number of sites to obtain the average 
number of people per site (2.65, 3, and 3.42 people per site for Bella Pacifica Campground, Mackenzie 
Beach Resort, and Crystal Beach Resort, respectively). This number was then assigned to all sites of the 
campground.  
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Figure B - 2: Digitized campsites in the DoT. (Prepared by Ebbwater, based on information obtained from campgrounds at 
Mackenzie Beach).  

We discussed vulnerability of the population based on the summer nighttime population estimates of the 
DoT (e.g., age characteristics), as well as analysis of the 2016 census data (Statistics Canada 2016),  
obtained via the CensusMapper (Von Bergmann and Cervantes 2019). 

The population estimates, the buildings and campgrounds footprints, and the population disaggregation 
and distribution method yield a number of uncertainties related to the nighttime. As a result, we assigned 
a confidence level of ‘moderate’ to this proxy. Despite this confidence level, the proxy provides the best 
available and spatially distributed dataset currently available.  

Indicator 3: Economy  
This indicator represents potential economic loss resulting from a flood hazard. This primarily includes 
direct damage and reconstruction costs to public and private buildings. It can, however, also include 
indirect economic losses such as emergency response costs and losses due to disruption of business 
operation. This indicator is typically reported in dollars.  

In this study, we quantitatively assessed the direct economic consequences related to exposed buildings. 
We also qualitatively assessed the indirect consequence of business interruption (and other indirect 
economic consequences. To estimate building damage in dollars, depth-damage curves are often used. 
These curves relate water depth and building damage, based on building characteristics (such as building 
material, number of floors, presence of a basement, etc.). However, this method requires detailed and 
reliable data, which were not available consistently for all buildings throughout the study area (see below). 
Furthermore, existing depth-damage curves were developed for other jurisdictions in Canada (IBI Group 
2015) and in the US (FEMA 2008), UK, where local conditions and building types are much different from 
the DoT, and they are therefore not readily transferable to the DoT context. Based on the methodological 
limitations of these data, we decided to use total values of buildings in the flood hazard zone as a simple 
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proxy for economic consequences. This assumes total building damage by flooding, which in most cases 
can be avoided, and thus provides a conservative estimate on the high-end of expected damages. 

We obtained building footprints from the DoT, upon which we conducted a quality control and improved 
with information gained from site surveys. We then joined the improved building footprints layer with a 
land parcel layer that was also obtained from the DoT, and which was based on the PID (Parcel Identifier). 
The land parcel layer contained information from the BC Assessment Authority on total land and building 
value. However, building values were not available for all buildings in the DoT (Table B - 3). As a result, the 
total exposed value that we calculated was less than all affected property values combined.  

Table B - 3: Number of buildings with property values, and with no data, in the DoT. Based on BC Assessment Authority data, 
obtained from the DoT.  

# of all Buildings # of Buildings with 
Property Values 

# of Buildings with no 
Property Value 

# of Buildings with No 
Data 

1594 1349 37 208 
 

The Tla-o-qui-aht First Nation Tin Wis reserve is directly adjacent to the DoT. Therefore, we wished to 
include this reserve in our economic analysis.  The BC Assessment Authority dataset, however, does not 
include land and building value information for First Nation reserves. To include the property values of 
the Tin Wis reserve land in the risk analysis, we obtained the total property value for the relevant buildings 
directly from Tla-o-qui-aht First Nation. Considering that the reserve is a similar size to some of the larger 
land parcels, this information was used similarly to the land parcels.  

To calculate total potential economic exposure for a flood hazard scenario, the building value (total 
improved value) of a land parcel (or the Tin Wis reserve land) was included if one or more building 
footprints within the parcel were within the flood hazard zone. Land value was not included, with the 
assumption that land value would not decrease due to a flood. It should be noted that this assumption 
may have less validity in the future due to repeated flooding and changing flood extents caused by sea 
level rise and climate change.  

Considering the limitation in data availability and the fact that we were only able to account for total 
building damages, we assigned a confidence rating of ‘moderate’ to this proxy.  

Building damage will largely depend on the vulnerability of the building to flooding. Vulnerability is 
determined by building characteristics such as building material, presence of basements, number of 
floors, flood-proofing features, etc. No building survey was available with this level of detail prior to this 
study. Building survey data were collected in cooperation with the University of Victoria (UVic) as part of 
a students’ field course in Tofino. 
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2018 Student Building Survey  

In conjunction with Prof. Dr. Cameron Owens from 
the Geography Department of UVic, undergraduate 
students conducted a field assessment of building 
characteristics on January 11, 2019. Ebbwater 
provided guidelines for surveying, and students 
wrote assignment reports. Students provided 
information on building type, building material, 
windows, as well as other observations (e.g., 
presence of fuel tanks and stored boats, etc.). 
These building characteristics were then digitized 
into a GIS program and used for further analysis. 
The survey covered all zones of the District, with a 
focus on the low-lying areas that are more exposed 
to coastal flooding (Figure B - 3). In total, 820 
building units were surveyed. 

Indirect effects – Business disruption 

In addition to the quantified analysis above, we also 
assessed the indirect economic effect of business 
interruption. For this, we joined business license 
information with building footprints via their PID. 
For buildings where no business licenses were 
available, we used land use zoning to identify the 
type of building use. We defined the following 
categories:  

• ‘Tourism’ included tourism accommodations (based on business licenses and zoning) 
• ‘Transportation’ included business related to transport, such as Marine Based Transportation or 

Services, and Marine/Air/Land Charters. 
• ‘Food Services’ included restaurants and grocery stores. 
• ‘Commercial’ included commercial business based on business licenses and zoning. 
• ‘Industrial’ included industrial business based on business licenses and zoning. 
•  ‘Contractors’ was based on business licenses. 

The remaining categories were based on zoning, where no business licenses were available:  

• ‘Recreational’ Zoning. 
• ‘Residential’ Zoning. 

We then calculated the total number of buildings in each category that were within the extents for each 
of the flood hazard scenarios.  

Figure B - 3: Buildings surveyed during the 2018 student 
building survey in the DoT. Figure from EPICentre, see 
Appendix E.  

Figure B - 
 



 

22 
 

Appendix B District of Tofino Comprehensive Coastal Flood Risk Assessment – Appendix B – Method Details 

Indicator 4: Critical Infrastructure & Disruption of Basic Services 
This indicator describes damage to critical infrastructure and disruption of basic services, which can 
potentially have more widely spread cascading effects on society. This can include damages to health 
facilities, emergency response facilities, governmental facilities, educational facilities, transportation 
infrastructure, roads, electrical systems, sewer pumps, etc.  

We used a range of proxies to measure direct consequences for this indicator (Table B - 4). We also 
discussed qualitatively indirect and cascading consequences for the larger region. Datasets were obtained 
from the following sources and processes: 

• District of Tofino. 
• OpenStreetMap data layer downloads. 
• Digitizing based on existing maps (OSM 2019).  
• Previous high-level coastal risk assessment (EmergeX Planning Inc. 2006). 
• Report on the DoT Sanitary Conveyance System (OPUS, 2017). 
• Input reported during the workshops.  

Specifically, we included the following data for critical infrastructure (and their categories are indicated in 
brackets): Docks (hubs for outlying islands); pharmacies and hospital (health); fire department, municipal 
hall, community hall, Canadian Coast Guard station, and RCMP (emergency management); and air and 
bus routes (transportation) (Table B - 4). We also identified locations of water reservoirs and pump houses 
based on the EmergeX Planning Inc. (2006) report, and sewer pump stations based on OPUS (2017).  

We further included overhead primary power lines and roads. Roads were classified into the three 
categories of artery, secondary and residential. These were based on the following road classifications: 
artery (RH2), secondary (RA2), and residential/other (RLO, RRS, RRT, RST, RSV, RU), based on the GeoBC 
data catalogue 4. 

We assigned a confidence level of “high” to this indicator dataset, as we considered the data obtained 
from the DoT to be high-quality, and we were able to quality-control the dataset using up-to-date OSM 
and Google Streetview information.  

Table B - 4: Overview of critical infrastructure and basic services datasets that were included as proxies for this study.  

Critical Infrastructure/Basic 
Service 

Category Spatial Feature Data Source 

Canadian Coast Guard Station Emergency Response Building Footprint DoT, OSM, EmergeX  
Tofino Lifeboat Station Emergency Response Building Footprint DoT, OSM 

                                                                 

4https://catalogue.data.gov.bc.ca/dataset/bb060417-b6e6-4548-b837-
f9060d94743e/resource/2e2a8314-e619-45a1-a5e1-fd1a9e1de91c/download/dgtlroadatlas-public-
delivery-data-dictionary.pdf 

 

https://catalogue.data.gov.bc.ca/dataset/bb060417-b6e6-4548-b837-f9060d94743e/resource/2e2a8314-e619-45a1-a5e1-fd1a9e1de91c/download/dgtlroadatlas-public-delivery-data-dictionary.pdf
https://catalogue.data.gov.bc.ca/dataset/bb060417-b6e6-4548-b837-f9060d94743e/resource/2e2a8314-e619-45a1-a5e1-fd1a9e1de91c/download/dgtlroadatlas-public-delivery-data-dictionary.pdf
https://catalogue.data.gov.bc.ca/dataset/bb060417-b6e6-4548-b837-f9060d94743e/resource/2e2a8314-e619-45a1-a5e1-fd1a9e1de91c/download/dgtlroadatlas-public-delivery-data-dictionary.pdf
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Critical Infrastructure/Basic 
Service 

Category Spatial Feature Data Source 

DoT Municipal Hall Emergency Response Building Footprint DoT, OSM, EmergeX 
Fire Department Emergency Response Building Footprint DoT, OSM, EmergeX 
RCMP Buildings Emergency Response Building Footprint DoT, OSM, EmergeX 
Community Hall  Emergency Response Building Footprint DoT, OSM, EmergeX 
Tofino General Hospital Health Building Footprint DoT, OSM, EmergeX 
Tonquin Medical Clinic Health Building Footprint DoT, OSM, EmergeX 
Pharmacies (Pharmasave, 
Tofino Pharmacy) 

Health Building Footprint DoT, OSM, EmergeX 

Sharp Road Pump House Water Supply Building Footprint DoT, OSM, EmergeX 
Water Reservoirs (Fourth St) Water Supply Building Footprint DoT, OSM, EmergeX 
Bay Street Pump House Water Supply Building Footprint DoT, OSM, EmergeX 
Water Reservoir (Industrial 
Way) 

Water Supply Building Footprint DoT, OSM, EmergeX 

Sewer Pump Stations (Main St 
PS-1, First St PS-2, Olson Rd PS-
3, Esso PS-4, Abraham Rd PS-5, 
Hellesen Drive PS-6, Lynn Rd 
PS-7, Lynn-8 PS-8, Lynn-9 PS-9, 
Lynn-10 PS-10, Lynn-11 PS-11, 
Chesterman Rd PS-12, Maltby 
PS-13) 

Sewer Pump Stations Polygon Feature OPUS 

Wickanninnish School Education Building Footprint DoT, OSM, EmergeX 
Bus Depot Transportation Building Footprint DoT, OSM 
Docks Transportation Building Footprint DoT, OSM 
Tofino Air Transportation Building Footprint DoT, OSM 
Marina Transportation Building Footprint DoT, OSM 
BC Hydro Primary Overhead 
Power Lines (only mapped) 

Electricity Line Feature DoT 

Roads Transportation Line Feature BC DATA 
  

Indicator 5: Environment 
This indicator is used to describe potential negative environmental consequences. The indicator is often 
considered to include both environmentally sensitive areas that are directly exposed to (potentially 
contaminated) flood waters and the effects of contaminants that are released when industrial or other 
hazardous sites are affected by flooding. 

Environmentally sensitive areas were described by a park layer that was obtained from the DoT. It includes 
the beaches along the west coast, as well as along the east coast of the peninsula. Considering that these 
ecosystems are naturally shaped by coastal processes, are primarily coastal habitat, and flood in most of 
the scenarios, we did not quantify the area flooded for each scenario.  
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However, we quantitatively assessed the number of contamination sources for each of the scenarios, as 
contamination of flood waters could have significant negative consequences for natural ecosystems. 
During the student building survey, buildings with on-site fuel storage were mapped. We also added 
businesses with fuel or propane storage that were identified in the EmergeX Planning Inc. (2006) report. 
Considering that the report was 13 years old, we only included fuel sources from businesses that were 
still in operation today (as checked by comparison with business license information and OSM). Lastly, we 
included all buildings with business licenses that likely store toxic materials. These included the following 
business categories: motor vehicle/equipment/machinery related business, marine transportation, 
industrial/manufacturing use, contractor, charter operations, transportation miscellaneous, and lumber. 
The Sharp Road Fish Hatchery was also included as a potential contamination source, as stakeholders 
indicated that chlorine is stored on the site. We also added sewer pump stations (as reported for the 
Critical Infrastructure Indicator) as stakeholders indicated this as potential contamination sources.  

For the contamination sources dataset, we assigned a confidence level of ‘high’, considering that we were 
able to draw from different datasets and include field survey data. There are likely more fuel storage 
containers or other contamination sources, which have not been mapped. Out of the storage containers 
that were mapped, there is likely a range of potential contamination that could ensue based on how 
secure the containers are. Those that are more securely stored have a reduced potential of leading to 
contamination in the case of a flood event), and vice versa.  

Indicator 6: Culture 
This indicator describes potential loss of culturally important sites and includes both indigenous and non-
indigenous sites.  

For the quantitative risk assessment, we included cultural sites such as art galleries, museums, libraries 
and centres of worship, as well as archaeological and heritage sites. While these sites can only capture 
part of what forms the culture of a community, they can provide a proxy for cultural impacts to a 
community.  

We digitized cultural sites such as art galleries and museums from a tourism map (Schramm Design 2018), 
as well as selected sites from OSM data and business licenses obtained from the DoT (Table B - 5). We 
also obtained archaeological and heritage sites from the Archaeology Branch of Ministry of Forests, Lands, 
Natural Resource Operations and Rural Development (MFLNRO). For the DoT, this dataset included 24 
“archaeological Indigenous sites” that are no longer used, 3 “archaeological Indigenous sites” that are 
used currently, 9 sites with culturally modified trees, and 2 heritage sites (shipwrecks). However, 
archaeological and heritage sites present sensitive information. We only used the data to calculate totals 
of cultural sites affected for each flood scenario, and we did not present their locations on maps.  

For cultural sites, we assigned a confidence level of ‘moderate’. The datasets that we have are reliable; 
however, there are likely many more sites that are of cultural importance to the community.  
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Table B - 5: Culturally important sites included in the risk assessment.  

Name Category Data Source 

Pina Art + Clothing Art DoT, Schramm Design (2018), OSM 
Village Gallery Art DoT, Schramm Design (2018), OSM 
Mark Hobson Gallery Art DoT, Schramm Design (2018), OSM 
Tofino Art Glass Art DoT, Schramm Design (2018), OSM 
Rubio Art Art (First Nation) DoT, Schramm Design (2018), OSM 
Roy Henry Vickers Gallery Art (First Nation) DoT, Schramm Design (2018), OSM 
House of Himwitsa Gallery Art (First Nation) DoT, Schramm Design (2018), OSM 
Tofino Botanical Garden Botanical Garden DoT, Schramm Design (2018), OSM 
Vancouver Island Regional Library Library DoT, Schramm Design (2018), OSM 
Tofino Heritage Museum Museum DoT, Schramm Design (2018), OSM 
Visitor Centre Tourism DoT, Schramm Design (2018), OSM 
St Columba Church Worship DoT, Schramm Design (2018), OSM 
Seaview Cemetery Cemetery DoT, Schramm Design (2018), OSM 
Pre-contact archaeological Sites 
(24 sites) 

First Nation Archaeological 
Sites 

MFLNRO 

Pre-contact & Traditional Use Sites 
(3 sites) 

First Nation Archaeological 
Sites 

MFLNRO 

Culturally-modified Trees Sites (9 
sites) 

First Nation Traditional Use 
Sites 

MFLNRO 

Shipwrecks (2 sites) Heritage Sites MFLNRO 

B.3 Coastal Storm Flood Risk Assessment Methods
The following sections provide method details on the coastal storm flood risk assessments, in addition to 
the information provided in the main report.  

Coastal Storm Flood Hazard 
Coastal storm flood hazards were based on a previous study (Ebbwater Consulting Inc. and Cascadia Coast 
Research Ltd. 2019). In that study, storm-induced coastal flood hazard was modelled using a joint 
probability (continuous simulation approach), where the total water level components are jointly 
analyzed over a historical period. Tides, wind set-up, storm surge, wave conditions, and wave effects were 
hind-cast over a historical period of 40 years using measurements, or using modelling where no 
measurements were available. With the resulting dataset and extreme value analysis, the 6.67%, 2%, 1%, 
0.5%, and 0.2% annual exceedance probabilities (AEPs) (1:15, 1:50, 1:100, 1:200, and 1:500 years 
indicative return period, respectively) were determined. These 5 AEP scenarios were considered for each 
of 4 relative sea level rise scenarios (RSLR 0 m, 0.5 m, 1 m, and 2 m), resulting in a total of 20 scenarios 
that were modelled and mapped along the coastline of the DoT. An RSLR of 0.5 m, 1 m and 2 m could 
approximately be associated with a time period of 2050, 2100, and 2200, respectively. In the professional 
practice guidelines of British Columbia, a 1 m RSLR by 2100 is recommended for flood hazard mapping 
(APEGBC 2017). However, as sea levels are likely rising faster than anticipated (Garner et al. 2018), the 
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RSLR scenarios were considered independent of any specified year of occurrence. This range of RSLR 
scenarios can support both short- and long-term planning. Further details on hazard modelling and 
limitations can be obtained from the District of Tofino Coastal Flood Mapping report (Ebbwater Consulting 
Inc. and Cascadia Coast Research Ltd. 2019).  

Considering the detailed modelling of coastal storm flood hazards in the previous study, we assigned a 
confidence level of ‘high’ for the present-day scenarios, and a confidence level of ‘moderate’ for the future 
scenarios.  

Hazard Vulnerability Classifications  
For discussion of coastal storm flood consequences, we provided hazard vulnerability zones, based on the 
Australian guidelines (AIDR 2017; Smith, Davey, and Cox 2014). The categories take potential 
consequences for people and buildings into account (such as identifying when water depths are no longer 
safe for children or the elderly) (Table B - 6). The categories are given as a function of both depth and 
velocity. However, considering that only depth data for coastal storm floods were available for the study 
area, we used the limiting still water depth in Table B – 6 exclusively. 

Table B - 6: Hazard vulnerability classification (H1 to H6), based on limiting still water depth (D) in meters (m) and velocity (v) 
in meters per second (m/s), from Australian Disaster Resilience Guideline 7-3 Flood Hazard (AIDR, 2017), CC BY 4.0. 

Hazard vulnerability classification Classification Limit 
(D and V in 
Combination) 
m2/s 

Limiting still 
water depth  
m 

Limiting 
Velocity (V) 
m/s 

H1 – Generally safe for people, vehicles and 
buildings 

D * V ≤ 0.3 0.3 2.0 

H2 – unsafe for small vehicles D * V ≤ 0.6 0.5 2.0 
H3 – unsafe for vehicles, children and the elderly D * V ≤ 0.6 1.2 2.0 
H4 – unsafe for people and vehicles D * V ≤ 1.0 2 2.0 
H5 – unsafe for vehicles and people. All buildings 
vulnerable to structural damage. Some less robust 
building types vulnerable to failure 

D * V ≤ 4.0 4 4.0 

H6 – unsafe for vehicles and people. All building 
types considered vulnerable to failure.  

D * V > 4.0 > 4 > 4.0

Probabilistic Risk Calculation Methods 
To estimate risk from coastal storm flood hazards, we used a probabilistic approach, where we did not 
only consider one hazard likelihood for the risk assessment, but a range of scenarios. As described above, 
we calculated exposure for each of the 20 hazard scenarios. Next, we developed exceedance probability 
curves, which relate the hazard likelihood (i.e., AEP) with an associated exposure level, such as the number 
of affected people. The relationship can also be used to estimate the probability for any number of people 
to be affected in a given year (UNISDR 2017) (Figure B - 4). The ‘loss’ that is associated with 
a corresponding likelihood is described in terms of its annual probability of exceedance (UNISDR 
2017). 
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We developed an exceedance probability curve for each indicator for each of the 4 RSLR scenarios, 
by linearly interpolating between the 5 AEPs for each RSLR.  

Figure B - 4: Example of an exceedance probability curve. 

Next, we calculated the average annual loss (AAL), which is the ‘long-term expected loss on an annualized 
basis, averaged over time’ (UNISDR 2017). The AAL describes the average expected loss over a long period, 
which takes into account frequent events with potentially little loss, as well as infrequent events with 
potentially larger losses. In terms of dollar values, the AAL could represent the ‘amounts of funds that 
need to be put aside annually in order to cumulatively cover the average disaster loss over time’ (UNISDR 
2017). The AAL refers to the total risk (as a product of likelihood and consequence for each of the  
scenarios), and is calculated as the total area under the exceedance probability curve (Figure B - 5). We 
calculated the total risk for each of the indicators for each of the 4 RSLR scenarios.  

Figure B - 5: Total risk (or average annual loss), calculated as area under the exceedance probability curve. (Figure from (UNISDR 
2017).  

Finally, to present probabilistic risk (as the product of likelihood and consequence) spatially throughout 
the DoT, we developed risk maps for the ‘Affected People’ and ‘Economy’ indicators, for each of the RSLR 
scenarios. We generated a grid with spatial resolution of 50 m x 50 m. For each grid cell, we calculated 
the probable maximum loss, developed the exceedance probability curve, and calculated total risk 
(average annual loss) as the integrated area under the curve.  
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The ‘Affected People’ and ‘Economy’ indicators used building footprints as proxies, and the assumption 
was required to address cases where building footprints extended over 2 or more grid cells. The centroids 
of buildings were used to assign them to a single grid cell location. This avoided double-counting the 
buildings proxy. 

B.4 Tsunami Risk Assessment Methods
This section provides details on the tsunami risk assessment methods, in addition to the overview 
provided in the main report. Further details on tsunamis are provided in the EPICentre report in Appendix 
E.  

Tsunami Hazard 
The tsunami hazard assessed in this study focused on a ‘worst-case’ scenario: a fault rupture of the 
Cascadia Subduction Zone (CSZ), similar to the 1700 CSZ fault rupture event. It was based on tsunami 
modelling of a single-scenario conducted as part of the District of Tofino Coastal Flood Mapping study 
(Ebbwater Consulting Inc. and Cascadia Coast Research Ltd. 2019). For that study, Cascadia Coast Research 
Ltd. created a numerical model of a CSZ fault deformation, using the two-dimensional RiCOM software, 
and assuming a fault deformation profile based on that published by Wang et al. (2003). The tsunami 
inundation depth included the maximum tsunami wave amplitude, high tide (Higher High Water Large 
Tide; HHWLT), as well as a land surface subsidence of 2 m. Four RSLR scenarios (0 m, 0.5 m, 1 m and 2 m) 
were also considered.  

The assessed tsunami scenario is just one of many ways that a tsunami could occur in the DoT. A full 
Probabilistic Tsunami Hazard Assessment (PTHA) would provide more comprehensive information on 
potential tsunami hazards in the DoT and their probabilities. As part of this project, a critical literature 
review of currently available tsunami hazard studies was conducted (Appendix E). The review provides 
more information on potential near-source and distal tsunami sources that could affect the DoT.  

Tsunami Hazard Vulnerability Classifications 
We also mapped the exposure data within the tsunami hazard zone, using the AIDR Hazard and 
Vulnerability Zone classifications (Table B - 6) from  AIDR (2017) and Smith, Davey, and Cox (2014). For 
tsunami, both inundation depth and velocity data were available. Therefore, for each 1 m x 1 m resolution 
grid cell we defined the Hazard and Vulnerability Zone classification based on the combination of the 
limiting depth and velocity, as given in Table B - 6. 

Overview of Methods for Tsunami Building Damage Assessment 
To provide more details on potential building damage due to a tsunami, the EPICentre team conducted a 
tsunami risk assessment for buildings, and their methods are summarized below. Further details on their 
methodology are provided in Appendix E.  

Building characteristics for the assessment were based on the 2018 student building survey. To assess 
potential building damage in relation to tsunami inundation depth, empirical tsunami fragility functions 
from Japan were used, as no fragility functions currently exist for Tofino, or British Columbia. The Japanese 
fragility curves were based on post-disaster assessment surveys after the 2011 Japanese Tohoku tsunami 
(empirical curves). In the post-disaster surveys, buildings were classified on a six-level damage scale based 
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on their structural material (e.g, reinforced concrete, steel, wood, etc.) and their number of floors (MLIP 
2012). Based on this extensive database, fragility curves were developed that relate tsunami depth 
thresholds to probability of building collapse (Suppasri et al. 2013; Charvet et al. 2014). For this 
assessment, the tsunami depth thresholds presented in Figure B - 6 were used for the evaluation of 
potential damage to different structure types. Based on this analysis, the probability of collapse was 
determined for each building for which building survey data were available.  

 

Figure B - 6: Tsunami depth thresholds for probabilities of collapse of wood structures, based on fragility curves by Suppasri et 
al., (2013) and Charvet et al. (2014) (Figure from EPICentre, see Appendix E).  

The vulnerability assessment did not include the impact of the earthquake that would precede the 
tsunami. Due to the modern nature of construction in Tofino and the high local tsunami hazard 
predictions, it is likely that tsunami consequences would dominate the risk compared to the preceding 
earthquake. Within this context, a seismic assessment of buildings was not warranted as part of this 
project. However, it is important to note that the tsunami fragility functions developed for Japan 
inherently contain data accounting for the cumulative damage of tsunami and earthquake in sequence. 

Our approach had significant limitations, stemming primarily from the available data:  

• The empirical functions were specific to the 2011 Japan tsunami.  
• The possible preceding earthquake damage was not included.  
• A scenario inundation map was used as input for hazard, which was not based on its 

probabilistic evaluation.  
• Japanese wood constructions are significantly different from those in Tofino or Canada (e.g. 

joint detailing, foundation design).  
• The substantially wide range of wood-frame structures in Tofino (i.e. from large villas to small 

single-detached houses) was not captured by the exposure data.  
• Some exposure data were aggregated; in particular, the number of stories were rounded 

upward (e.g., one-storey split to two-storey); and hybrid construction materials (e.g., 
timber/steel) were reclassified assuming the most tsunami resistant material of the two (e.g., 
steel for timber/steel, and concrete for steel/concrete).  
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• The building survey was conducted by students, as part of a university course; while it provides 
some initial building material data, a professional and detailed building survey would be needed 
to improve input data quality. 
 

B.5 Risk Scoring Methods 
This section provides details on the hazard likelihood, consequence, and risk scoring that was applied to 
produce risk matrices.  

Index-based risk scoring approaches are intended to create consistency to more easily compare results of 
several risk assessments (e.g. across a country) to inform priority setting of resources. However, Canada 
does not currently have a consistent framework to create such consistency. In 2016, Public Safety Canada 
(PSC) initiated a process to revise the current risk assessment information template (RAIT), and to develop 
a consistent method to aggregate risk assessment outputs and facilitate comparisons (the ‘National Risk 
and Resilience Aggregation [NARRA]’ process) (Stantec Consulting Ltd. and Ebbwater Consulting Inc. 
2017). As part of this work, a risk scoring system was proposed for Canada, which is based on international 
best practice approaches (Stantec Consulting Ltd. and Ebbwater Consulting Inc. 2017), such as the Sendai 
Framework for Disaster Risk Reduction and related documents (UNISDR 2015, 2016), and the Australian 
Risk Assessment Guidelines (AIDR 2015). The AIDR guidelines are often used for risk assessments across 
the world and provide a scoring system for a range of indicators.  

An international symposium of disaster prevention and humanitarian aid organizations (including UNISDR, 
OCHA, GFDRR, etc.), led by the Joint Research Centre (JRC) of the European Union, has developed the 
INFORM method, which provides an index scoring method, but is targeted at people, their vulnerabilities, 
and coping capacities of government organizations (i.e., humanitarian disaster response and prevention 
aspects); it does not provide scoring for other indicators. Recently, the Province of British Columbia 
completed a provincial climate risk assessment. As part of this process, it developed a strategic climate 
risk assessment framework for the province, which included a scoring system for a range of indicators. At  
the time of this study, the final risk assessment has not yet been publicly released (ICF 2018).  

For this study, we based our scoring on the methods recommended for revising the Canadian national risk 
and resilience aggregation process (Stantec Consulting Ltd. and Ebbwater Consulting Inc. 2017). To our 
knowledge, the scoring system presented here is the best-known representation of current thinking by 
senior level governments and is based on international best practice. However, we would like to highlight 
again that risk score results are strongly dependent on the method that has been used – as such, they can 
really only provide a relative comparison between different indicators or time periods. Note that since we  
also provide the total numbers for each indicator, risk scores could easily be re-calculated in the future 
when a national risk scoring method has been finalized. Furthermore, the total numbers provided for each 
indicator can also be used to fill out the current RAIT form.  

For hazard likelihood and for the indicators of people, economy and critical infrastructure, we assigned 
quantitative scoring, while we used qualitative scoring for environment and culture indicators, which is 
international best practice for these indicators. For all quantitative scoring, we applied a logarithmic 
scoring scale (i.e., an ‘order of magnitude’ scaling). This approach is generally believed to better represent 
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the extreme value statistics associated with natural hazard events (Williamson 2015; Verga 2013). It is 
international best practice, given the uncertainties associated with estimating risk consequences. The 
likelihood, consequence, and risk scoring systems are described in more detail in the following sections.  

Likelihood Scoring  
Likelihood scoring associates the AEP of a hazard scenario with a score. Highest scores are assigned for 
frequent events, which have a high probability of occurrence (high AEPs). Low likelihood scores are 
assigned to rare events, which have a lower probability of occurrence (lower AEP). We used the likelihood 
scoring presented in Table B - 7, where the 5-point scale (or 11-point scale, when using 0.5 denominations, 
as proposed by Verga, 2013) is based on a logarithmic scale. This type of scale of hazard likelihood is being 
used by several federal agencies in Canada (Stantec Consulting Ltd. and Ebbwater Consulting Inc. 2017; 
Verga 2013), and is considered international best practice (AIDR 2015).    

Table B - 7: Hazard likelihood scoring, based on (Stantec Consulting Ltd. and Ebbwater Consulting Inc. 2017; Verga  2013; AIDR 
2015). 

Level Likelihood Scoring Annual Exceedance 
Probability (AEP) 

Average recurrence 
interval in years 
(indicative)  

Almost certain 5.0 >33.3% <1 
 4.5 10% to 30% 3 to < 10 
Likely 4.0 3.3% to < 10% 10 to < 30 
 3.5 1% to <3.3% 30 to < 100 
Unlikely 3.0 0.33% to <1% 100 to < 300 
 2.5 0.1% to <0.33% 300 to < 1,000 
Rare 2.0 0.033% to <0.1% 1,000 to < 3,000 
 1.5 0.01% to <0.033% 3,000 to < 10,000 
Very rare 1.0 0.0033% to <0.01% 10,000 to < 30,000 
 0.5 0.001% to <0.0033% 30,000 to 100,000 
 0.0 <0.001% > 100,000 

 

Consequence Scoring 
Similar to the likelihood scores, a consequence scoring system was drawn from materials created to 
support program development at several federal agencies (Public Safety Canada, Natural Resources 
Canada, National Research Council) (Stantec Consulting Ltd. and Ebbwater Consulting Inc. 2017; AIDR 
2015) (Table B – 8).  

For each consequence indicator, a score from 1 to 5 was assigned, where 1 demonstrated limited negative 
consequences, and 5 demonstrated catastrophic consequences. Like the likelihood scoring, the 
quantitative measures were represented on a logarithmic scale. The quantitative measures were also 
presented using spatially scalable systems, where consequence was considered relative to the spatial 
scale at which a coordinated response might be expected. In the case of this project, the spatial scale of 
Vancouver Island was used.   



 

32 
 

Appendix B District of Tofino Comprehensive Coastal Flood Risk Assessment – Appendix B – Method Details 

The number of affected people was thus considered relative to the total population of Vancouver Island 
(population of 748,937; Census 2016) (Statistics Canada 2016). The economic exposure was considered 
relative to the approximate Gross Domestic Product (GDP) of Vancouver Island (~39.51 $B [VIEA, 2017]).  

Scoring for critical infrastructure was considered for facilities exclusively (i.e. roads were not considered) 
as scoring methods were available for these features  (Stantec Consulting Ltd. and Ebbwater Consulting 
Inc. 2017; AIDR 2015). We provided length of roads in flood hazard areas as an additional indicator. 
However, we did not calculate a score for these features as there were no available methods to do so.  

Scoring for environmental and cultural consequences was scaled quantitatively, based on the number of 
potential contamination sources and of cultural sites, respectively. Scoring for each of the indicators was 
calculated or estimated based on the results of the exposure and vulnerability assessment described 
above. 

Table B - 8: Consequence ratings for risk assessment, based on (Stantec Consulting Ltd. and Ebbwater Consulting Inc. 2017; 
Verga  2013; AIDR 2015). 

Level Score Measure 

1. Mortality: Number of deaths and/or missing persons attributed to disasters per population of interest 
Catastrophic 5 Deaths greater than 100 in 100,000 people for population of 

interest 
Major 4 Deaths greater than 10 but less than 100 in 100,000 people for 

population of interest  
Moderate 3 Deaths greater than 1 but less than 10 in 100,000 people for 

population of interest 
Minor 2 Deaths greater than 0.1 but less than 1 in 100,000 people for 

population of interest 
Limited 1 Deaths less than 0.1 in 100,000 people for population of interest 
2. Affected People: Number of directly affected people exposed to disasters, per population of interest 
Catastrophic 5 Affected people greater than 100 in 100,000 people for population 

of interest 
Major  4 Greater than 10 (but less than 100) in 100,000 people for 

population of interest 
Moderate 3 Greater than 1 (but less than 10) in 100,000 people for population 

of interest  
Minor 2 Greater than 0.1 (but less than 1) in 100,000 people for population 

of interest 
Limited 1 Less than 0.1 in 100,000 people for population of interest 
3. Economic Consequences: Direct economic exposure attributed to disasters in relative to approx. GDP for 
region of interest 
Catastrophic 5 Direct economic exposure of 4% or more of GDP 
Major 4 Direct economic exposure of 0.4% to 4% of GDP 
Moderate 3 Direct economic exposure of 0.04% to 0.4% of GDP 
Minor 2 Direct economic exposure of 0.004% to 0.04% of GDP 
Limited 1 Direct economic exposure of <0.004% of GDP 
4. Critical Infrastructure and Disruption: Critical infrastructure exposure attributed to disasters 
Catastrophic 5 >100 of CI facil ities damaged or disrupted 
Major 4 >10 to 100 CI facil ities damaged or disrupted 
Moderate 3 >1 to 10 CI facil ities damaged or disrupted 
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Level Score Measure 

Minor 2 1 CI facil ity damaged or disrupted 
Insignificant 1 1 CI facil ity temporarily (< 6 hours) disrupted 
5. Environmental: Damage to the environment. 
Catastrophic 5 Catastrophic damage to environment. 
Major 4 Major damage to the environment. 
Moderate 3 Moderate damage to the environment. 
Minor 2 Minor damage to the environment. 
Insignificant 1 Insignificant damage to the environment. 
6. Cultural: Damage to cultural or heritage assets. 
Catastrophic 5 Catastrophic damage to cultural or heritage assets. 
Major 4 Major damage to cultural or heritage assets. 
Moderate 3 Moderate damage to cultural or heritage assets. 
Minor 2 Minor damage to cultural or heritage assets. 
Insignificant 1 Insignificant damage to cultural or heritage assets. 

 

Risk Scoring and Risk Matrix 
Once likelihood and consequence scores are determined for each of the scenarios, the risk score can be 
calculated as their product (Table B - 9). The resulting risk scores can be described as ‘very low’ to 
‘extreme’ (Figure B - 8) and it can be represented graphically in a risk matrix for communication (Figure B 
- 8).  

A risk matrix shows likelihood and consequence on two axes, and facilitates distinguishing between 
likelihood and consequence levels (UNISDR 2017). Note here again that rare events have a low likelihood 
score; therefore, even though the consequences may be catastrophic, the actual risk score will often be 
only medium to high, as their likelihood of occurring is low (Figure B - 8).  

Considering the uncertainties of estimating and scoring consequences, we also assigned confidence scores 
to the final risk score, as defined in Appendix B.1. 

Table B - 9: Risk scoring is calculated as the product of likelihood and consequence scores for each indicator.  

Element Hazard 
Likelihood 
Sc ore (LS) 

Consequence Score 
(CS) 

Risk Score (RS) 
 

1 . Mortality LS CS Mortality RS Mortality = LS x CS Mortality 
2. Affected People CS Affected People RS Affected People = LS x CS Affected People 
3. Economy CS Economy RS Economy = LS x CS Economy 
4. Critical 
Infrastructure  

CS Critical Infrastructure RS Critical Infrastructure = LS x CS Critical Infrastructure 

5. Environment CS Environment RS Environment = LS x CS Environment 
6. Culture CS Culture RS Culture = LS x CS Culture 
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Figure B - 7: Risk scoring and qualitative descriptions. Based on (AIDR 2015). 

 

 

Figure B - 8: Example of a risk matrix. Based on (AIDR 2015). 
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B.6 Software  
For this analysis, we used the open-source coding software R (R Core Team 2019), and specifically, 
incorporated functions from the following R packages: ‘sp’ (Pebesma and Bivand 2005; R. S. Bivand, 
Pebesma, and Gomez-Rubio 2013), ‘rgal’ (R. Bivand, Keitt, and Rowlingson 2019), ‘maptools’ (R. Bivand 
and Lewin-Koh 2019), ‘raster’ (R. Bivand and Lewin-Koh 2019), ‘rgeos’ (R. Bivand and Rundel 2019), and 
‘sf’ (Pebesma 2018). For mapping, we used the open-source GIS software QGIS (QGIS Development Team 
2019).  
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1.  Introduction  

The District of Tofino (Tofino) is a located on the west coast of Vancouver Island, in the Canadian province 

of British Columbia (Figure 1). Tofino sits at the northern tip of the Esowista Peninsula, surrounded by 

the UNESCO Clayoquot Sound Biosphere Region, and it lies adjacent to the Pacific Rim National Park 

Reserve. The western edge of the peninsula faces the Pacific Ocean.  

Figure 1: Map of Vancouver Island, showing Tofino (source OpenSteet Map) 

 

Coastal areas in Tofino are exposed to flood hazards from storms and tsunami. A recent study highlighted 

Tofino as being at high tsunami risk from the Cascadia Subduction Zone (CSZ), particularly given that they 

are resort communities where high number of tourists during peak seasons (Cheff et al, 2016) and that the 

arrival time of a tsunami triggered by the CSZ has been estimated at 20 minutes (BC Earthquake Alliance, 

2016). Tourism is the most significant contributor to the Tofino economy. Although there are only about 

2,000 permanent residents, Parks Canada estimates visitation at approximately 750,000 annually1. It is 

estimated that seasonal workers increase Tofino’s population by up to 4,000- 5,000 in the summer months, 

making up 60-70% of the peak tourism workforce. Almost half of Tofino’s population is between the ages 

of 25 to 44 – significantly higher when compared to the rest of BC whose population in that age range 

represents just over a quarter of the total2. 

                                                      
1 www.pc.gc.ca/en/docs/pc/attend 
2 tofino.ca/blog/view/2016-census-profile 

http://tofino.ca/blog/view/2016-census-profile
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In 2018, with the help of the Province of British Columbia through the Community Emergency 

Preparedness Fund, the District of Tofino (‘DoT’) commissioned Ebbwater Consulting Inc. to conduct a 

comprehensive coastal flood assessment of DoT. Ebbwater Consulting Inc. identified four main project 

objectives: 

1) Assess coastal storm and tsunami flood risk (including consideration of sea level rise) in a holistic 

way that explores a wide range of social, economic, cultural and environmental consequences. 

2) Provide recommendations for moving towards a flood-resilient community, and specifically for 

tsunami, provide recommendations for updating and improving emergency programs. 

3) Translate findings into meaningful input for local land development policy and planning. 

UCL EPICentre has worked with Ebbwater to provide expert advice on tsunami risk assessment and best 

practice in community resilience and preparation for tsunami. As part of this collaboration, EPICentre took 

part in a workshop in Tofino on May 9, 2019. The workshop, titled ‘Ground Truthing: moving from flood 

risk to adaptation in Tofino’, saw the active engagement of the local community, including the mayor and 

council leaders, planners, emergency officers, local First Nations, and members of the business community.  

EPICentre were subcontracted to provide expert advice, reviewing tsunami resilience materials in the form 

of a gap analysis, based on international best practice in tsunami hazard assessment and preparation. This 

report provides an overview of the literature and some basic analysis conducted by EPICentre to inform 

discussions on tsunami resilience for Tofino. To help the reader to understand the terminology used, 

Chapter 2 presents a brief introduction to tsunami, their nature and mechanism. Chapter 3 provides an 

overview of the latest tsunami risk assessment methodologies used internationally. Chapter 4 then describes 

tsunami risk in Tofino, providing a critical review of the available hazard data and the associated 

vulnerability of the exposed building stock. Chapter 5 presents a review of best practice in evacuation 

strategies, with considerations on the existing evacuation plan of the District. Finally a list of 

recommendations for improving tsunami resilience of Tofino is provided in Chapter 6. 

It is highlighted that the recommendations made are based on a desk study of existing tsunami hazard, 

exposure and risk studies of Tofino and from observations made by the EPICentre team during the 

workshop. This limited local insight, means that the recommendations are provided with the aim of 

promoting further discourse on possible approaches that could be followed for the tsunami resilience 

enhancement of Tofino, and are not intended to be a prescriptive. The authors also welcome feedback and 

comments.  
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2.  What is a Tsunami? 

Tsunami is a catch-all phrase referring to the generation of a free surface disturbance by an impulsive force 

or displacement over a large area. This free-surface disturbance can come from a variety of different 

sources, but the more substantial tsunami tend to be generated by earthquakes, volcano eruptions, 

landslides, or cliff / iceberg collapse. Tsunami can also be caused by rapid changes in barometric pressure 

(often called meteo-tsunami), but these tend to be less substantial. 

Historically, the most destructive tsunami have occurred due to major earthquake events at subduction 

zones, i.e. at the convergent boundaries of tectonic plates, where one plate moves under (subducts) under 

the other. Since 1900, all earthquakes of magnitude 9 or greater were subduction zone events, including the 

earthquakes that triggered the 2004 Indian Ocean tsunami and the 2011 Tōhoku tsunami. The major 

subduction zones are located around the Pacific “Ring of Fire”, a large circle of tectonic plate boundaries 

that circle the Pacific Ocean. (Figure 2). Amongst these is the Cascadia Subduction Zone, which lies along 

the west coasts of Canada and northern USA. 

Figure 2: The Ring of Fire surrounding the Pacific Ocean. Source: Encyclopædia Britannica, Inc. (2016) 

 

A large earthquake occurring on a subduction zone, is often associated with a fault rupture that has a 

significant vertical slip component. This vertical slip results in a sudden change in the Ocean bed, which 

can trigger the set up of a wave with very long wavelength: i.e. a tsunami. Areas that are close to the 
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subduction zone will feel the ground shaking, but will have the least time to evacuate to safety before the 

arrival of the tsunami. Due to their proximity to the tsunami source, they are also likely to experience the 

highest tsunami intensities. Those further away will have more time to evacuate and will experience a 

diminished (but still possibly destructive) tsunami. Figure 3 shows the typical pattern of height decay and 

travel time when a tsunami travels across the Pacific Ocean.  

Figure 3: Tsunami propagating away from a triggering earthquake epicentre: (left) 2014 Chile tsunami wave height decay; and 
(right) 1964 Alaska tsunami arrival times (in hours). 

  

Figure 4: A schematic of wave shoaling. As a wave travels up a slope, the water depth decreases. This causes a shortening of the 
wavelength and an increase in the wave height. Both of these effects increase the wave steepness.  

 

Tsunami generated by subduction zone earthquakes are characterized by having very long wavelengths and 

small wave heights when in the deep ocean. Tsunami are often no higher than wind-driven beach waves at 

the generation point, but can have wavelengths ranging from 10 to 500 km, and wave periods of up to an 

hour. When these waves approach a coastal region, water depth decreases rapidly, and wave energy is 
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focused by refraction. Combined with shoaling and possible local resonance effects, this results in a 

significant increase in wave height (see Figure 4). The size and shape of a tsunami will determine the type 

of inundation experienced by coastal infrastructure and communities. Once onshore, tsunami flow can be 

long duration and fast, and thus highly destructive. 

In fact, the size, shape and period of a tsunami is influenced by the generation mechanism. For earthquake-

generated tsunami, the amplitude of the tsunami is determined by the amount of seafloor displacement. 

Similarly, the wavelength and period of the tsunami are determined by the size and shape of the underwater 

disturbance. Because earthquake fault lines are often very large, earthquake-generated tsunami usually have 

the longest wave periods (upwards of half an hour). 

When volcano eruptions, landslides or cliff / iceberg collapse generate tsunami, the wave heights can be 

locally much larger than for an earthquake-generated tsunami, but the horizontal scale of water 

displacement is typically smaller, which results in a shorter period tsunami (usually minutes in length). 

The relative size of the wave height and period (i.e. the steepness) has a big influence on the state of the 

tsunami as it arrives onshore. As a tsunami travels towards a shoreline, the amplitude increases and the 

wavelength decreases, i.e. the tsunami steepens. Tsunami that began relatively steep, such as those generated 

by volcano eruptions, landslides or cliff / iceberg collapse, can steepen so much during shoaling that they 

break, forming vertical walls of turbulent water, called bores (see Figure 5). Longer period tsunami, such as 

those generated by earthquakes, do not usually result in bores. Rather, their inundation looks much like 

very strong and fast-moving tides (see Figure 6). 

Figure 5: A relatively small bore, created by the tide moving up the Qiantang River (Source MattB, Minnesota Museum of the 
Mississippi). Although a tide is generated by a different mechanism than a tsunami, the wave state seen in this photo is similar to 
that seen when a tsunami steepens and breaks into a bore. The water surface is flat ahead-of the bore, and behind, with a steep 
front at the leading edge of the wave. Also, although the wave front is steep, the wave is so long that its tail extends further 
seawards than can be seen in this photo. 
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Figure 6: Aerial photograph of the 2011 Japanese tsunami inundation, showing typical tide-like flow (Source: Associated Press) 

 

Figure 7: Key terms describing the nearshore propagation and onshore inundation of a tsunami (ASCE, 2017). 

 

Once a tsunami has passed the shoreline, it will continue to propagate onshore, possibly by several hundred 

metres. As the tsunami propagates onshore, it is likely to pass buildings and cause considerable damage. 

The vertical extent of onshore propagation is called the run-up. The vulnerability of a building to these 

loads is dependent predominately on its ground elevation, distance from shoreline, construction material, 

shape and orientation, inundation depth, and the surrounding flow velocity. These standard terms, and a 

few others, are shown graphically in Figure 7. The building response to these loads is described in more 

detail in Subsection 4.1.  
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3.  Overview of Tsunami Risk Assessment 

Global tsunami exposure is significant, with 6 out of the 8 most populous megacities at risk of being severely 

affected by tsunami (Sundermann et al., 2014). As shown by recent events, such as the 2011 Tohoku 

tsunami in Japan, many coastal communities are exposed to infrequent and devastating tsunami. To 

improve tsunami preparedness for these communities, a set of approaches have been developed for 

assessing tsunami risk. 

Tsunami risk, like any other disaster risk, is a function of three components: hazard, exposure and 

vulnerability. Tsunami hazard refers to the likelihood that a site will experience a given tsunami intensity 

within a specified time. The tsunami intensity is a measure of the characteristics of the tsunami or its 

inundation, that influence its potential for causing damage (N.B. in past studies tsunami inundation depth 

is often used to represent the tsunami intensity). Exposure relates to a quantification of the number and 

type of assets at the site being assessed, i.e. the human, built and natural elements (“assets”) at risk of 

inundation. The extent at which these elements are susceptible of loss or damage is strictly dependent on 

their vulnerability, i.e. how they perform when exposed to a tsunami of given intensity. The asset 

vulnerability is linked to a number of its characteristics (e.g. construction materials and number of openings 

in buildings). By integrating these three components (hazard, exposure and vulnerability) in an appropriate 

way, estimates can be obtained of the tsunami risk, which is usually expressed as the probability of a site 

sustaining a given level of loss (economic or life-loss) within a given timeframe. 

This chapter presents a brief overview of the state-of-the-art of assessment methodologies currently 

available for characterising tsunami hazard and evaluating the vulnerability of the exposed assets.  

3.1 Hazard Assessment 

Tsunami hazard assessment aims to assess the geographical extent of the tsunami affected area and the 

probability of the occurrence. This encompasses the following main steps:  

1. Identification of the possible tsunami sources. 

2. Analysis of the occurrence probability of different magnitude earthquakes, with particular emphasis 

on those magnitudes that can trigger tsunami.  

3. Generation of a stochastic event set of earthquakes from each source that represent the determined 

probabilities of occurrence. 

4. Modelling of the tsunami propagation and its inundation on land for each stochastic event, (N.B. 

this includes the determination of a number of physical parameters of the inundation e.g. inundation 

depths and velocities, run-up height). 
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5. Evaluation of the probabilities of occurrence of tsunami intensity measures (determined from the 

physical parameters of inundation evaluated in Step 4), and presentation of these through hazard 

maps. The latter show the spatial variation of the tsunami intensity values associated with a pre-

determined probability of occurrence or return period (e.g. the 2500 year return period tsunami 

height)  

The output and the quality of the tsunami hazard analysis are very much dependent on the available data 

and the methodological approach used. In general, the approaches range from simple empirical methods 

to sophisticated numerical simulations. The best-practice in hazard assessment is a site-specific multi-source 

approach, simultaneously assessing the hazard posed by tsunami from a number of possible sources. Good 

example studies include Tsunami Pilot Study Working Group (2016); Strunz, et al. (2010); and Horspool et 

al. (2014). The remainder of this subsection will briefly describe the different stages of producing a best-

practice site-specific multi-source hazard assessment. 

Source Specification  

Identify possible regional and distant sources of tsunami and assign their probability of occurrence.  Data 

can be gathered on past tsunami events, for instance, through the development of paleo-tsunami deposit 

mapping, the acquisition of historical records and eyewitness reports.  

This information should be collated to develop a database of the events triggering tsunami, their 

characteristics and recurrence (e.g. earthquake locations, magnitudes, and frequency of occurrence). This 

information should be collected for both local and far-field tsunami sources. 

Acquisition of Site Data 

Develop and maintain a comprehensive database of bathymetry, topology, land use, building construction 

types, tides, set-up, storm surge, and possible subsidence for the region. Accurate, high-resolution 

bathymetry data can be particularly expensive to acquire, but is imperative for accurate tsunami inundation 

predictions. 

Model Development, Testing and Application  

Develop tsunami hydrodynamic models that meet NOAA standards (Synolakis, 2007), to predict 

inundation levels for the database of source events. This modelling must include verification and validation 

by benchmarking against field, laboratory and analytical data. 

Commonly used modelling software that meet these criteria would be to use an ocean model such as MOST 

(Titov & Gonzalez 1997) or FUNWAVE (Bruno et al. 2009). 
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Probabilistic Analysis 

Develop a systematic procedure to process the study data and compute the distributions of annual rates of 

occurrence. In the case of probabilistic tsunami hazard analysis (PTHA), a stochastic event set of tsunami 

and their characteristics at triggering should be determined. The event set should represent the recurrence 

of different sized tsunami events generated at each source. For each source, the tsunami inundation at the 

site of assessment is calculated using an appropriate numerical simulation approach. The results of these 

multiple inundation scenarios are then statistically combined to evaluate the probability of a given 

inundation parameter (tsunami intensity measure) occurring at the site within a given timeframe. 

Many variations of PTHA exist in the literature, where different assumptions are made at each stage in the 

process (e.g. in how to generate the stochastic events, and how to determine tsunami characteristics from 

the triggering earthquake characteristics). A review of these is beyond the scope of this report. However, a 

good example study was published by Tsunami Pilot Study Working Group (2006). 

Multi-hazards 

In hazard assessment, the primary hazard is likely to trigger a series of sequential hazards that will 

themselves effect the vulnerability of buildings. Particularly in the case of tsunami, the impact of the 

preceding earthquake may significantly affect the ability of a building to withstand tsunami loading, Rossetto 

et al (2019).  When communicating hazard data, especially when they are being used to calculate vulnerability 

and risk, it is important to incorporate the impacts of sequential hazards. 

Generation of Hazard Maps 

Generate hazard maps to communicate the results of the tsunami hazard assessment. The map should show 

inundation levels for a given return period, based on the multi-scenario aggregation described in the 

previous section. The map frame should be designed according to the official topographic maps available 

in the region. Hazard areas should be linked to the tsunami warning levels used in the early warning systems. 

3.2 Vulnerability Assessment Methods 

While significant advances have been made for characterising tsunami hazard, the development of 

vulnerability assessment models has often been constrained by lack of data due to the infrequent nature of 

tsunami. Early assessment vulnerability models were qualitative index-based methods, e.g. Papathoma 

Tsunami Vulnerability Assessment (Papathoma and Dominey-Howes, 2003), which estimate a relative 

vulnerability score based on the structural characteristics and the ‘likely’ tsunami hazard, but do not provide 

a quantitative measure of vulnerability. The latter is defined as the likely damage or loss that will occur in 

an asset when a tsunami of given intensity strikes; examples of fragility curves are shown in Figure 11. 

However, following a number of devastating tsunami that have occurred in the last two decades, a large 
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quantity of observed damage and loss data has become available and has been used for developing 

vulnerability models. These can be classified into two types: (a) direct vulnerability models, which relate 

probable losses to tsunami intensity (e.g., inundation depth, tsunami force); and (b) fragility (or indirect 

vulnerability) models, which focus on the assessment of building damage, rather than the estimation of 

losses (Charvet et al., 2014). Fragility models are more detailed assessments, as they relate the probability 

for a building to reach or exceed a given damage state to a tsunami intensity measure.  

Figure 8: Tsunami-induced damage in buildings hit by the 2011 Tohoku tsunami (EEFIT, 2011) 

 

Fragility functions are classified according to how the data are collected: (a) empirical, when they derive 

from post-disaster assessment surveys; (b) judgement-based, when resulting from expert elicitation; and (c) 

analytical, if derived using numerical simulations. 

Post-tsunami assessment studies, primarily those for the 2011 Tohoku tsunami, have led to the 

development of empirical fragility functions for a wide range of building typologies and damage states. 

Ideally, fragility functions should be able to capture the full spectrum of tsunami-induced damage 

mechanisms, from non-structural damage to failure, as observed on the ground (Figure 8). This may not be 

easy to achieve since damage can be caused by forces of different nature. Much of the damage inflicted by 

tsunami is caused by hydrodynamic forces, buoyancy and floating debris. For this reason, the most 

destructive tsunami are usually those with the longest period, where the strong currents are exerted for a 

longer time. The building will act as a blockage to flow, and flow around the building will be similar to that 

seen around a bridge pier in a river.  Figure 9 shows a qualitative time series of a typical load time series as 

a tsunami passes a building. Initially, as the front of the tsunami arrives and passes the building, there will 

be a sharp rise in force, which will then plateau and be maintained for several minutes, depending on the 
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period of the wave and the proximity of the building to the shoreline. During this loading, there may be 

several short sharp spikes in loading, first from the impulsive impact of the wave front, and then from any 

debris impacts. The capacity of the building to withstand this loading will likely decrease during the course 

of inundation due to buoyancy forces increasing the combined loading, and scour undermining the 

foundations and increasing the hydrostatic loads. The impact of scour around the building can also have a 

considerable impact on the structural capacity of the building, by exposing the foundations and potentially 

leading to local collapse of vertical structural elements. 

Figure 9: Typical qualitative time series of loading on a building during tsunami inundation (Yeh et al , 2014) 

 

Most existing fragility functions are empirical in nature, with only a handful of analytical fragility functions 

having been developed to date. This is mainly due to the complexity of developing numerical models that 

can simulate realistic tsunami loading and capture the resulting building damage mechanisms. The next 

sections will present a brief overview of existing empirical and analytical fragility functions. 

Empirical Fragility Functions  

There are 30 fragility functions developed from data of previous tsunami, of which 19 based on the database 

for the 2011 Tohoku tsunami (Charvet et al., 2017). This reflects the unprecedented quality and quantity of 

data that have become available following the tsunami in Japan, when detailed field surveys were conducted 

by the Ministry of Land Infrastructure Tourism and Transport (MLIT) on over 250,000 buildings in the 

inundated areas (MLIT, 2012). Each building was classified based on a six-level damage scale defined by 

MLIT (Table 1), its structural material (reinforced concrete, steel, wood or other light material), and the 

number of stories. The vast majority of buildings were wooden structures, followed by steel and reinforced 

concrete (RC) structures (Figure 16). It should be noted that there are some shortcomings in the damage 

scale used by MLIT, since (a) it does not directly address global and local damage, but essentially only 

adopts the water depth in the building as a proxy for moderate to complete damage states (DS5 to DS3); 
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and (b) the damage states of ‘collapse’ and ‘washed away’ effectively represent different collapse modes 

(Charvet et al, 2014). Nonetheless, this database contains the most detailed and comprehensive collection 

of tsunami-induced damage data for buildings.  

Table 1: Damage scale defined by the Japanese Ministry of Land Infrastructure Tourism and Transport (MLIT) (Charvet et al, 
2017).  

Damage State (DS) Description Use 

0 – No damage No damage 
Promptly resuable without repair 
or floor cleaning  

1 – Minor damage 
Inundation below ground floor. The building can be 
reused by removing mud below the floor boards. 

Possible to use immediately after 
minor floor and wall cleanup 

2 – Moderate damage The building is inundated less than 1 m above the floor 
Possible to sue after moderate 
repairs 

3 – Major damage 
The building is inundated more than 1m above the 
floor (below the ceiling) 

Possible to use after major repairs 

4 – Complete damage The building is inundated above the ground floor level 
Major work in required for re-use 
of the building 

5 – Collapse 
The key structure is damaged and difficult to repair to 
be used as it was before 

Not repairable 

6 – Washed away 
The building is completely washed away except for the 
foundation 

Not repairable 

Figure 10: (Left) Distribution of tsunami-induced damage of 251,301 building data surveyed by MLIT (2012); (right) distribution 
of construction material of the buildings.  

 

Figure 10 illustrates graphically the distribution of building damage data gathered for the whole tsunami-

affected areas in Japan. It can be seen that, even for small inundation depths (between 0.5 and 1 m), more 

than 70% of the buildings sustained some extent of damage, requiring repair works for re-use. When 

affected by inundation depths between 3 and 4 m (i.e., reaching the first floor for most structures), around 

91%

6%
3%

Wood Steel RC
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80% of the buildings were washed away or collapsed. This reflects the fact that most of the buildings are 

wooden structures, which are vulnerable of being washed-away by the tsunami flow. For depths larger than 

4 m, collapse damage states were reached by the vast majority of the buildings (around 90% or more).  

The MLIT extensive database has been used for the development of empirical fragility curves in Suppasri 

et al. (2013) and Charvet et al. (2014), amongst others. The fragility curves shown in Figure 11 provide an 

insight on the expected damage of wooden structures when subjected to increasing tsunami inundation 

depths. From the fragility curves in Figures 11a-b, it can be seen that wooden structures are more likely to 

sustain damage under lower tsunami intensities than reinforced concrete structures, and are likely to collapse 

for depths larger than 3 m. In particular, one-storey wood buildings have very large probabilities of collapse 

(> 75%) when hit by a tsunami flow with inundation depths larger than 3 m (Figure 11b). This probability 

slightly reduces to 60% for two-storey wood structures (Figure 11c). Charvet et al. (2014) applied more 

sophisticated statistical models for developing the empirical fragility curves. As shown in Figure 11e, they 

found that wooden structures have 13% and 50% mean probabilities to be washed away when subjected to 

2 m and 3.5 m inundation depths, respectively. Table 2 provides a summary of tsunami depth thresholds 

of different building typologies based on the above fragility curves for collapse damage state (i.e., DS5 – 

‘orange’ curves in Figure 11). 

It should be highlighted that, while these predictions are very useful in providing an evidence-base for the 

fragility of wooden structures, they are affected by a series of limitations. First, they are specific to the event 

and location where damage data were gathered. Second, they use only the inundation depth as intensity 

measure, while recent studies have shown that the hydrodynamic tsunami force, dependent on both 

inundation flow and depth, is a more efficient intensity (Petrone et al. 2017). Thirdly, due to significant 

issues with the data collection, only the “collapse” and “washed-away” fragility functions can be relied upon 

(Rossetto et al., 2018). Finally, the building damage data from Japan, due to the close proximity of damaged 

areas to the tsunami source, are likely to reflect the cumulative damage of building subjected first to 

earthquake ground shaking and then the tsunami loading.  

Table 2: Tsunami depth thresholds for probabilities of collapse of wood structures, based on fragility curves by Suppasri et al. 
(2013) and Charvet et al. (2014). 

Probability 
of Collapse 

(DS5) 

Wood Structures 

Steel 
Structures 

Reinforced 
Concrete 
Structures 

Masonry 
Structures One 

storey 
Two-storey 

Three-storey 
or more 

30% h = 1.7 m h = 2.0 m h = 2.6 m h = 2.7 m h = 4.0 m h = 2.0 m 

50% h = 2.3 m h = 2.6 m h = 3.6 m h = 4.5 m h = 7.0 m h = 3.5 m 

70% h = 3.1 m h = 3.5 m h = 4.9 m h = 7.0 m h = 12 m h = 4.5 m 
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Figure 11: Empirical tsunami fragility curves: (a) reinforced concrete structures (RC); wood structures with (b) 1 storey, (c) 2 
storeys and 3-storeys Suppasri et al., 2013); (e) fragility curve for washed away/collapse states (Charvet et al. 2014).  
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Analytical Fragility Functions 

To overcome the aforementioned limitations of empirical fragility methods, efforts have been made to 

develop analytical fragility functions. Field observations from tsunami reconnaissance missions, combined 

with advances in physical modelling in laboratories, have led to a limited number of studies that have 

established new analysis tools, often combined with enhanced relationships for estimating tsunami loading. 

Petrone et al. (2017) developed novel analysis approaches that led to the first analytical fragility curve for a 

tall reinforced concrete in Japan, designated to be an evacuation centre. This structure showed a 40% 

collapse probability under a tsunami inundation depth of 30 m. As expected for a tsunami evacuation 

building, this is a much higher threshold than in the case of a normal residential reinforced concrete 

structure (i.e. with threshold of 7 m, as per Table 2). 

In Petrone et al. (2019), the same methods have been used for the study of a reinforced concrete frame 

subjected to earthquake and tsunami in sequence (Figure 12). Earthquake and tsunami records were selected 

from the study of Goda et al. (2017), which simulates several tsunami traces for the 2011 Tohoku tsunami 

using a consistent stochastically-generated earthquake source model.  

Figure 12: Analytical model of a prototype 5-storey reinforced concrete structure from Japan, subjected to earthquake and 
tsunami loading in sequence (Petrone et al., 2019). 
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Figure 13a shows the distribution of damage states under the two loadings in sequence (yellow marks 

indicate collapse state). For low tsunami forces, the damage progression is primarily defined by the structure 

response to the earthquake loading, while there is a clear threshold that defines collapse for larger tsunami 

forces. The results indicate the preceding ground motion only slightly influences the final earthquake and 

tsunami fragility curves. Such influence is negligible if the damage sustained during the ground shaking 

phase is less than moderate. The collapse fragility surface constructed for the cascading hazards (Figure 

13b) confirms that the intensity of the ground motion does not play a significant role on the tsunami 

response of the structure. This observation indicates that the fragility of seismically-designed structures can 

be approximated by assessing the earthquake and tsunami response separately. 

Figure 13: Fragility of a reinforced concrete building under sequential earthquake and tsunami: (a) damage state distribution; and 
(b) collapse surface (Petrone et al., 2019). 
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4.  Tsunami Building Damage Scenario for 

Tofino 

4.1 Tsunami Hazard Scenarios for Tofino 

The District of Tofino is exposed to both near-source and distal tsunami that could be generated by 

earthquakes occurring along the Ring of Fire. 

Near-source tsunami hazard 

Tofino is very close to the Cascadia Subduction Zone (CSZ), which is the boundary where the Juan de Fuca 

tectonic plate descends beneath the North American plate (Figure 14). The Cascadia fault runs off the coast 

of the Pacific Northwest, from Vancouver Island to Cape Mendocino in Northern California. The tectonic 

subduction formed an arc of nearly 20 volcanoes inland (the Cascade Range). Consequently, the main 

source of tsunami hazard for Tofino is represented by Cascadia subduction zone events. 

Figure 14: The Cascadia Subduction Zone: geometry and plate convergence rates (Guillas et al., 2018) 

 

The Cascadia margin has very low instrumental seismicity, unlike similar subduction zones along the Ring 

of Fire (e.g., in Japan and Chile). No earthquakes with magnitude MW greater than 8 and subsequent 
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destructive tsunami have been historically recorded. For this reason, until the 1970s, no threat of a major 

earthquake was associated with Seattle, Portland and Vancouver, and the hazard posed by tsunami to the 

Pacific Northwest coast was considered minimal. Following the 1980 eruption of Mount St. Helens in the 

State of Washington, which killed 57 people and caused $1.1 billion in property damage, the activity of the 

subduction zone became apparent to both the scientific community and the public (Yeats, 2015). Recent 

events associated with Cascadia subduction zone are the 1992 Cape Mendocino earthquake and tsunami 

(MW 7.1) and the 2001 Nisqually earthquake (MW 6.8). The latter struck the Puget Sound region, northeast 

of Olympia, Washington, causing $2 billion USD worth of damage.  

Geological evidence of subduction-zone earthquakes was first found by Atwater et al. (1991). Radiocarbon 

analysis of marsh grass and tree rings in coastal areas indicated that the most recent subsidence occurred 

around 1700. Based on detailed tsunami records found in Japan describing a tsunami of unknown source 

(‘orphan tsunami’), Satake et al. (1996) determined that a MW 9 earthquake occurred in CSZ on January 26, 

1700, at around 9pm. This was found consistent with the recorded oral legends from Native Americans 

about a tsunami accompanying an earthquake during a winter evening (Yeats 2012).  

Figure 15: Segmented rupture model based on marine and onshore paleoseismology data (Goldfinger et al. 2017). 
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Paleoseismologic studies on layers of sand (turbidites) from deep-sea floors have provided the history of 

earthquakes for the last 10,000 years (Goldfinger et al. 2012; Goldfinger et al. 2017). This is the longest 

subduction zone earthquake record ever reconstructed (Yeats 2015). Based on those data, Goldfinger et al. 

(2012) developed one of the most advanced segmented rupture models for Cascadia (Figure 15), which has 

been adopted by the USGS hazards team. Estimates of probabilities for each rupture scenario have been 

established. The full-length rupture (‘A’ in Figure 15), represented by 19-20 MW~9 events including the 

1700 Cascadia earthquake, has a recurrence interval of 530 years (standard deviation of 260 years), resulting 

in a time-independent probability3 of 7-11% for the period 2010-2060. 

For British Columbia, Leonard et al. (2014) estimated the probability of tsunami run-up greater than 3 m 

to be 10-30% in the next 50 years, in a MW 9 full subduction rupture earthquake scenario. Recently, Gao et 

al. (2018) developed a study to identify megathrust tsunami source scenarios for northmost Cascadia, 

including Vancouver Island. They considered different megathrust tsunami sources, from buried rupture 

(e.g., 2004 Indian Ocean earthquake) to splay-faulting and trench-breaching (Figure 16). The latter is 

thought to have occurred in the 2011 Tohoku earthquake. Splay-faults are common to many subduction 

zones but do not always rupture during a large subduction zone earthquake (USGS). Gao et al. (2018) 

estimated that, for a whole margin rupture with 500-year slip deficit, the splay-fault model generates the 

highest tsunami waves along the coast of British Columbia, in the region of 50-100% higher than the buried 

rupture (Figure 17).  

Figure 16: Rupture scenarios for tsunamigenic subduction zone earthquakes (Gao et al., 2018). 

 

                                                      
3 A time-independent probability is based on the Poisson model, i.e. any time interval has the same probability of an earthquake as 
any other.  
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Figure 17:Maximum water surface elevation in the first ten hours of the earthquake and tsunami for three rupture scenarios: (a) 
buried-rupture; (b) splay-fault; (c) trench-breaching (Gao et al, 2018). 

 

A small number of tsunami have been studied that were generated by sources other than earthquakes. Kirby 

et al (2016) performed numerical simulations of the April 27, 1975, landslide event in the northern extreme 

of Kitimat Arm, British Columbia. The event caused a tsunami with an estimated wave height of 8.2 m at 

Kitimat First Nations Settlement and 6.1 m at Clio Bay, at the northern and southern ends of Kitimat Arm, 

respectively. Rabinovich et al (2003) assessed the tsunami risk associated with hypothetical underwater slope 

failures in two coastal areas of British Columbia, along the strait of Georgia. Depending on the landslide 

site, there was between an 8-18 m inundation on the coasts of Mayne and Galiano Islands, but wave heights 

were much smaller on the mainland coast because of the reflection of the initial waves from Roberts Bank.  

Kulikov et al (1996) performed a numerical model study of a tsunami generated on November 3, 1994 in 

Skagway, Alaska, by an underwater landslide formed during the collapse of a cruise ship wharf undergoing 

construction at the head of Taiya Inlet. This event corresponded with extreme low tide, and so no damage 

was reported, but seiching in the harbour was recorded by tide gauges. This had an amplitude of 1 m and a 

period of 3 minutes. 

Thomson et al (2009) assessed the prevalence of tsunami caused by rapid changes in barometric pressure 

(often called meteo-tsunami) on British Columbia (BC) using data from newly deployed digital instruments, 

as part of an upgrade to the existing Tsunami Warning Stations (TWS) and Permanent Water Level Network 

(PWLN) stations on BC coast. They concluded that although meteo-tsunami in certain bays and harbours 

in the Global Ocean can reach 5–6 m, with accompanying currents that exceed 10–12 m/s, a 0.5 m wave 

height is more realistic for an extreme meteo-tsunami along the BC-Washington coast, with flow velocities 

about five times stronger than that generated by a typical 5-m tide. 

Ebbwater Consulting Inc. together with Cascadia Coast Research Ltd. (CCR) developed a Coastal Flood 

Mapping for Tofino. Tsunami hazard maps of Tofino were produced, as shown in Figure 18. CCR created 

a numerical model of a CSZ fault deformation, using RiCOM software (Walters, 2005), assuming a fault 

deformation profile based on that published by Wang et al (2003). Coincident to the tsunami event were 
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assumed high tide, storm set-up, and a ground subsidence of 2 m (Ebbwater Consulting Inc. and Cascadia 

Coast Research Ltd., 2019).  

The CCR modelling was useful for understanding the worst-case scenario tsunami inundation for Tofino. 

This study could be progressed by performing a PTHA, as described in Section 3.1, to give a better 

understanding of the likelihood of this worst-case, as well as the severity of other more likely events. 

Figure 18: A section of one of several tsunami hazard maps from the Coastal Flood Mapping project for Tofino (Ebbwater 
Consulting Inc. and Cascadia Coast Research Ltd., 2019) 

 

Distal Tsunami Hazard 

An earthquake capable of triggering a life threatening tsunami occurs worldwide roughly once every five 

years, and a large proportion of those occur along the Ring of Fire, see Figure 2. Any large thrust fault 

earthquake that occurs along the west coast of either South or North America has the potential to be a 

hazard to Tofino. A remotely triggered tsunami would have diminished slightly by the time it arrived at 

Tofino, and would allow more evacuation time, but would still pose a hazard and require evacuation. Table 

3 lists the distal tsunami heights recorded at Tofino in the period 1900-1983.  

Whether a tsunami generation site is “remote” is not strictly defined, but a key effect of a tsunami generation 

site that is much beyond the Cascadia Subduction Zone is the lack of forewarning from the triggering 

earthquake. Tofino residents will not feel the triggering earthquake, and so will rely solely on the early 

warning system to inform them of the impending threat. 
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Table 3: Tsunami recorded at Tofino, BC between 1900-1983. Height calculated from sum of displacements of maximum wave 
and successive trough from corresponding tide levels. Wigen (1983).  It should be noted that all these tsunami are distal, i.e. no 
significant locally-generated tsunami were recorded during this time. 

Year Day Source Height (m) 

1915 Nov-01 Japan 0.12 

1917 May-01 Kermadec Islands 0.12 

1918 Jul-18 Indonesia 0.16 

1918 Sep-07 Kuril Islands 0.16 

1919 Apr-30 Tonga 0.15 

1922 Nov-11 Peru 0.27 

1923 Feb-03 Kamchatka 0.27 

1923 Apr-13 Kamchatka 0.15 

1929 Mar-07 Aleutian Islands 0.11 

1933 Mar-02 Japan 0.23 

1934 Nov-30 Mexico 0.22 

1938 Nov-10 Aleutian Islands 0.27 

1944 Dec-07 Japan 0.12 

1944 Dec-27 New Hebrides (Vanuatu) 0.12 

1946 Apr-01 Aleutian Islands 0.58 

1952 Mar-04 Japan 0.12 

1952 Nov-04 Kamchatka 0.58 

1957 Mar-09 Aleutian Islands 0.52 

1957 Mar-11 Aleutian Islands 0.18 

1958 Nov-06 Kuril Islands 0.10 

1960 May-22 Chile 1.26 

1963 Oct-13 Kuril Islands 0.16 

1964 Mar-28 South-central Alaska 2.40 

1968 May-16 Japan 0.12 

1968 May-16 Japan 0.13 

 

4.1 Exposure Assessment of Tofino 

According to the 2016 Census4, the District of Tofino has 1,932 residents and 1,037 private dwellings5, of 

which 765 are occupied by usual residents (i.e., permanently residing). Building types range from single-

                                                      
4 Census Profile for Tofino (2016) 
5 'Private dwelling' refers to a separate set of living quarters with a private entrance either from outside the building or 
from a common hall, lobby, vestibule or stairway inside the building (Census Canada).  

https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/details/page.cfm?Lang=E&Geo1=CSD&Code1=5923025&Geo2=PR&Code2=59&Data=Count&SearchText=Tofino&SearchType=Begins&SearchPR=01&B1=All&GeoLevel=PR&GeoCode=5923025&TABID=1
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detached houses to apartments in buildings with fewer than five storeys. Figure 19 provides a summary of 

the characteristics of the 765 occupied private dwellings. 

Figure 19: Statistics of occupied dwelling characteristics in Tofino (2016 Census). 

 

In addition to the tsunami hazard assessment, Ebbwater Consulting Inc. collaborated with the District of 

Tofino and students from the Geography Department of University of Victoria to conduct a preliminary 

survey of buildings located in the tsunami hazard zone (see Figure 25). The survey covered 323 tax lots, 

corresponding to 820 building units. As illustrated in Figure 21a, the vast majority of buildings are wood-

frame structures. There are some buildings made of other materials, including log, steel, concrete, masonry 

or a combination of these materials (Figure 21b). The number of stories range from one storey to four 

storeys, with most of the units having two or fewer.  

The District of Tofino defined critical infrastructure as medical, law enforcement, fire and rescue entities 

and other relevant support systems that are vital to the smooth operation of emergency response and 

recovery with the local jurisdiction6. This critical infrastructure includes the following: Tofino RCMP 

Detachment; Canadian Coast Guard; District of Tofino Office; Tofino Fire Hall; Tofino General Hospital; 

Tonquin Medical Clinic; Wikaninnish Community School; and Community Hall (see Figure 24).  

 

 

                                                      
6 Appendix 9 of the Request for Proposal for the Coastal Flood Risk Assessment, i.e. Mapping Component of the 
Tsunami High Risk Coastal Community Project. 



Critical Review of Tsunami Risk, Mitigation, and Preparedness for the District of Tofino, BC 
Tsunami Building Damage Scenario for Tofino 

26 
 

Figure 20: Distribution map of building units surveyed by University of Victoria (Geography Department) students, with 
guidance and support from Ebbwater and the District of Tofino (2019). 
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Figure 21: Statistics of building units surveyed by University of Victoria (Geography Department) students, with guidance and 
support from Ebbwater and the District of Tofino (2019). 

 

4.2 Vulnerability Assessment of Tofino  

Currently, no tsunami fragility functions exist for buildings located in Tofino or British Columbia. Hence, 

in the scope of this report, the vulnerability component is based on the empirical tsunami fragility functions 

for Japan, presented in Section 3.2. Table 2 lists the tsunami depth thresholds used for the evaluation of 

different structures in Section 4.3. 

The vulnerability assessment does not include the impact of the preceding earthquake. Due to the modern 

nature of construction in Tofino and the high tsunami predictions in the local tsunami hazard, it is likely 

that tsunami is going to dominate the risk. Therefore, a seismic assessment of buildings has not been carried 

out. It is important to note that the tsunami fragility functions for Japan inherently contain data accounting 

for the cumulative damage of tsunami and earthquake in sequence.  

4.3 Possible Scenario of Tsunami Impact on 
Buildings in Tofino  

A preliminary tsunami risk assessment for the District of Tofino is carried out by combining the hazard, 

exposure and vulnerability components presented in Sections 4.2 and 4.3. In particular, the study is done 

using the tsunami hazard map with 1 m relative sea level rise (RSLR – accounting uplift occurring on 

Vancouver Island) from the flood hazard mapping done by Ebbwater Consulting Inc. and Cascadia Coast 

Research Ltd. (2019). Hazard data are combined with the information gathered for the surveyed buildings 

and the vulnerability functions from Japan, to produce risk maps showing the likelihood of collapse of the 

building stock (Figure 22). For this purpose, data are processed using ArcGIS. Four risk levels are plotted 
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on the maps: high (exceeding 70% building collapse probability, and shown in red), medium (>50% collapse 

probability, and shown in orange), low (>30%, and shown in pale orange) and none (<30%, and shown in 

green).  

Figure 22: Potential collapse damage in Tofino, based on Coastal Flooding Mapping project by Ebbwater Consulting Inc. and 
Cascadia Coast Research Ltd. (2019). 
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The map shows that a large majority of the structures in Tofino low-lying areas will suffer collapse when 

hit by the tsunami. It is not feasible to retrofit all these structures for tsunami, and hence a priority for the 

area must be evacuation. It is noted that this risk assessment does not aim to provide building-to-building 

damage risk estimates, but can help understand the potential impact on buildings.  

Collapse likelihood of buildings is strongly influenced by the hazard component in Tofino, indicating the 

hazard maps themselves could provide a reasonable estimate of tsunami risk. The distribution of units 

falling into the four different risk levels is shown in Figure 23. The statistics indicate that nearly half of the 

surveyed units are at high risk of collapse. Relatively lower risk levels are found for steel buildings and for 

buildings having more than two storeys.  

Figure 23: Distribution of tsunami collapse probabilities for surveyed buildings. 

 

This risk assessment does not include any of the critical buildings mentioned in Section 4.1, as they were 

not in the assessed area. However, as shown in Figure 24, they are not at risk of tsunami inundation, except 

for the Tofino Coast Guard Station.  

It is worth highlighting the significant limitations of the approach used to produce the map in Figure 22: 

a. The empirical functions are specific to the 2011 Japan tsunami. 

b. The possible preceding earthquake damage is not included. 

c. A scenario inundation map (based on a full rupture CSZ event) is used as input for hazard that is 

not based on its probabilistic evaluation. 

d. Japanese wood constructions are significantly different from those in Tofino or Canada (e.g. joint 

detailing, foundation design), with resulting uncertainty in the assessed vulnerability. 
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e. The substantially wide range of wood-frame structures in Tofino (i.e. from large villas to small 

single-detached houses) is not captured by the exposure data, leading to oversimplification of risk 

results. 

f. Some exposure data are aggregated; in particular, number of stories are rounded upward (e.g., one-

storey split to two-storey); and hybrid construction materials (e.g., timber/steel) are reclassified 

assuming the most tsunami resistant material of the two (e.g., steel for timber/steel, and concrete 

for steel/concrete). This could result in a conservative estimation of tsunami vulnerability of 

buildings. 

g. The building data derive from a non-professional survey carried out by students, which has 

limitations in terms of quantity of building features surveyed.  

Figure 24: Map of inundated buildings in downtown Tofino, based on Coastal Flooding Mapping project by Ebbwater 
Consulting Inc. and Cascadia Coast Research Ltd. (2019). 
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The authors do not believe that it is feasible to strengthen existing low- to mid-rise timber housing for 

tsunami resilience. Other hazards will dominate the design of residential housing in Tofino (e.g. wind, 

earthquakes) and international practice would not advise the tsunami resistant design of residential housing 

due to the (rarity) long return period of tsunami events. This highlights the crucial importance of tsunami 

evacuation as a resilience measure. 
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5.  Evacuation & Mitigation Measures 

5.1 Evacuation procedures  

Although a tsunami cannot be prevented, the impact of a tsunami can be mitigated through community 

preparedness, timely warnings, and effective response.  

Any evacuation procedure first requires a suitable warning system. An earthquake often acts as a natural 

warning signal for the subsequent tsunami. When coastal residents feel an earthquake, they may respond 

without necessarily relying on public warning systems. In the case of remotely generated tsunami, as 

mentioned in Section 4.1, the earthquake may have been many tens-to-hundreds of kilometres away, and 

so will not be felt by residents. In this case, residents will be far more dependent on reliable public tsunami 

warning systems.  

For tsunami generated further afield, a combination of Deep-ocean Assessment and Reporting of Tsunami 

(DART® - Bernard, E., and C. Meinig, 2011) and tide gauge readings will provide a warning of possible 

flooding. For Tofino, this warning would be received and handled by Emergency Management British 

Colombia. If necessary, they will activate the Provincial Emergency Notification System7, which notifies 

local communities and agencies. Emergency response plans are initiated at the local level as required. 

Throughout the event, official emergency information will be broadcast by radio, television, telephone, text 

message, door-to-door contact, social media, weather radios and outdoor sirens.  

A survey of residents after the tsunami warning and evacuation in the nearby Alberni Valley (Reynolds & 

Tanner, 2018), stressed that clear, consistent, and regular communications from authorities are critical 

during emergencies, and affected municipalities should take all reasonable efforts to connect with residents 

where residents are looking for information. Television, radio, government websites, and social media are 

an excellent start, but variable messaging road signs can also be helpful and can adapt to changing 

conditions. 

Once a tsunami warning is received, the safest course of action for affected people is to evacuate to high 

ground. This may be natural high ground (i.e. up a slope), or it may be a suitably tall building, that can be 

trusted to withstand the forces of tsunami and has the capacity to host evacuated people at a height outside 

the tsunami inundation range. The existing evacuation map for Tofino is shown in Figure 25. The tsunami 

hazard areas in the plan are based on the simple 20 m elevation, as recommended by Emergency 

Management BC. It is not based on a site-specific tsunami inundation study.  

                                                      
7 www.emergencyinfobc.gov.bc.ca/test-bc-emergency-alerting-system/ 
 

http://www.emergencyinfobc.gov.bc.ca/test-bc-emergency-alerting-system/
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Figure 25: The existing evacuation map, in the case of a tsunami alert. Those in the brown area, must make their way to higher 
ground, shown in green. Source: Tofino Council Website (http://www.tofino.ca/tsunami-information Last accessed: 9 July 2019) 

 

Local authorities will need to consider how local services (e.g. public transport, schools etc.), businesses 

and public administration may be affected by a tsunami, and develop response plans. In the case of an 

evacuation drill, an independent organisation could be called upon to act as an observer and to provide an 

assessment of the effectiveness of the drill. The press and the media play an important part in hazard 

awareness raising and in the dissemination of information in the case of an evacuation. These should be 

included in the evacuation exercises, to simulate the communication pathways in the case of a real 

emergency. 

At 2 am on 23rd January 2019, an earthquake occurred off the coast of Alaska that triggered an evacuation 

notice to Tofino residents. The majority of residents responded quickly and appropriately to the evacuation 

notice, and the Tofino Mayor Josie Osborne declared that “everything has proceeded in a really orderly 

http://www.tofino.ca/tsunami-information
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fashion”8. Tofino’s manager of community sustainability, Aaron Rodgers, stated that “in the end, we think 

we did a good job, probably a B or B-plus. But I think, there is a lot of room for improvement”9, notably 

that a few residents were expected to be warned by the beach sirens, but missed them because they “depend 

on the weather to be heard”. 

As was reported by Reynolds & Tanner, 2018, and seen by EPICentre during our workshop visit, public 

engagement in Tofino with emergency planners is exceptionally good. This, combined with organised 

events such as “High Ground Hike”10, greatly increases the likelihood that the public will swiftly and 

effectively respond to a tsunami warning. 

A response time of two hours would not be suitable for a tsunami generated from a Cascadia Subduction 

Zone earthquake, and the District of Tofino is currently reassessing the evacuation procedure to address 

this. One possible solution, that has been successfully trialled in Japan, is designating Tsunami Evacuation 

Buildings near low-lying areas, where natural high ground is difficult to access. These buildings can either 

be bespoke, such as the examples in Figure 26, or buildings that perform other purposes for most of their 

life, but have been constructed to withstand tsunami loads such that in the case of tsunami, they can provide 

a safe haven. Examples of such multi-purpose buildings are the Japanese office building in Figure 27 and 

the Indonesian shopping mall in Figure 28.  

Figure 26: Two examples of Tsunami Evacuation Buildings from Japan. 

  

In the case of Tofino, it might be possible, for example, to build a hotel, multi-storey parking complex or 

office building that is suitably tall, is designed according to the most recent tsunami design codes (e.g. 

ASCE7-16), is located in an accessible location within easy reach of those residents furthest from high 

ground, and which is equipped with an accessible roof for use in tsunami evacuation. Equally, an existing 

                                                      
8 www.cbc.ca/news/canada/british-columbia/alaska-earthquake-tsunami-1.4499558 
9  www.westerlynews.ca/news/tsunami-evacuations-offer-learning-opportunities-in-tofino-and-ucluelet/ 
10 An event organised by Keith Orchiston and the District of Tofino to help residents learn and remember their 
quickest route to safety, https://tourismtofino.com/event/high-ground-hike-drop/ 

http://www.cbc.ca/news/canada/british-columbia/alaska-earthquake-tsunami-1.4499558
http://www.westerlynews.ca/news/tsunami-evacuations-offer-learning-opportunities-in-tofino-and-ucluelet/
https://tourismtofino.com/event/high-ground-hike-drop/
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building could be assessed for its adequacy for use in tsunami evacuation in terms of both its location and 

tsunami resistance (or could be strengthened to meet tsunami resistance requirements). 

Figure 27: Mastubara Apartment building in Japan, built in 2007, as designated tsunami vertical evacuation refuge, that offered 
sanctuary during the 2011 tsunami (Robertson, 2019). 

 

Figure 28: A shoreline shopping mall in Palu, Indonesia, that offered sanctuary to many during the 2018 tsunami. This building 
was not designated a tsunami evacuation building, but the inherently porous design of a car park allowed water to flow through, 
and the building maintained its integrity throughout inundation. 

 

5.2 Training and Education 

Public outreach programs are a critical component of efforts to get a community ready to evacuate before 

a tsunami strikes. When a tsunami is coming, people may find out about it in a variety of different ways. 

Education and outreach programs can give people in your community the knowledge and confidence to 

make good choices about when and how to evacuate, but also to help people recognize tsunami as a normal 

part of coastal living; something that can be prepared for and overcome. 
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GeoHazards International have produced an extensive guide for local advocates for preparing a community 

for tsunami, Samant et al (2008), which includes a chapter on guidance for educating a community about 

tsunami preparedness.   

The “Handbook of Tsunami Evacuation Planning” (Scheer et al, 2011) states that local communities must 

be educated and trained on a regular basis concerning the existing tsunami evacuation plan. The 

communication plan, the equipment included in the evacuation plan, and the response level of the evacuees 

must be tested in the context of evacuation drills. Particular attention must be paid to organizing evacuation 

drills in public buildings, workshops for hotels in coastal regions, and information campaigns for minorities 

and vulnerable groups.  

The format and dissemination of education products will vary based on the intended audience. The ability 

of an individual to anticipate and react to a natural hazard may depend on age, income, or educational 

background (Blaikie et al., 2005). Therefore, this consideration should be accounted for when designing 

evacuation signs and public education efforts.  

Effective tsunami education is built upon an understanding of what the target audience already knows and 

believes. An education campaign designed for residents will capitalize on their familiarity with their 

surroundings, emphasize household preparedness strategies, and could be delivered through existing social 

networks. Many researchers have used experience from past major disasters to address the question of how 

to enhance what the public knows and to motivate them to take actions to prepare for future hazards (Mileti 

and Fitzpatrick, 1992; Mileti et al., 1992; National Research Council, 2006).  

Board and National Research Council. (2011) gives the following recommendations for maximizing the 

effectiveness of tsunami public education, based on social science evidence (Mileti and Sorenson, 1990) 

and lessons learned from tsunami education efforts in Hawaii (Alexandra et al., 2009) and Oregon (Connor, 

2005): 

• Use evidence-based approaches. 

• Brand the message and work with other information providers to eliminate inconsistent messages. 

• Use multiple sources, forms, dissemination channels, and settings because the public will be more 

likely to prepare if they receive the same information multiple ways and times. 

• Focus the messages on what the public should do, how their actions can reduce their risk, and 

where to seek additional information instead of only focusing on convincing people that they are 

at risk. 

• Customize education by identifying levels of knowledge of and preparedness for the hazard, and 

the special needs of the intended audience (e.g., language translation), and by incorporating 

personal stories of tsunami survivors to provide context. 
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• Encourage people to talk about readiness with each other and to practice protective actions, 

because this dialog results in people owning ideas about what to do to get ready and builds 

community capacity, which greatly facilitates taking action. 

• Sustain education efforts because effective education is an ongoing process. 

• Position physical and social cues around the community because people copy each other’s 

behaviour. 

• Designate a lead entity for the public education program, as multiple parties with different priorities 

will have difficulty providing standardized, consistent messages delivered through multiple 

channels. 

• Evaluate efforts by measuring the baseline of public awareness and preparedness and subsequent 

changes to determine program effectiveness and to revise efforts. 

When dealing with tourists, the education campaign should focus on easily identifiable landmarks, assuming 

that individuals would have no local friends or relatives to assist them in an evacuation. It is expected that 

evacuation information would be delivered by employees in the tourist industry, through information 

booklets disseminated by tourist information centres and in tourist accommodation, and through posted 

information on road-side signage, along coastlines, and in commercial establishments. The challenge of 

having employees serve as tsunami educators was made clear in a recent survey of hotel employees along 

the southwest Washington coast. This indicated that only 22 percent of interviewees said they had been 

trained about how to respond to tsunami and had tsunami-related information available for guests 

(Johnston et al., 2007).  

The DoT are working with the majority of hotels in the area in order to train staff in tsunami response 

procedures.  “A Guide to Tsunami for Hotels” (UNESCO, 2012a), published together with a leaflet for 

hotel guests (UNESCO, 2012b), gives details of activities and measures that can be taken by hotel managers 

in advance of an event, to ensure effective response to the impact of hazards, including the issuance of 

timely and effective early warning as well as the temporary evacuation of people and property from 

threatened locations. 

UNESCO (2012a) provide a checklist for hotels to assess their current state of tsunami preparedness:  

• Information Sources and Interpretation: the capacity to receive official tsunami warnings from the 

authority, interpret the warnings, and to disseminate the warning within the hotel. 

• Evacuation Procedures: the evacuation procedures from rooms, beach, and public places within 

the hotel.  

• Evacuation Route and Shelters: the evacuation route and signs, including the possible use of the 

hotel as vertical evacuation. 

• Community Relations: external relations with the communities surrounding the hotel. 

• Cooperation: the cooperation amongst hotels in the surrounding area.  
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• Post Tsunami: the preparation for post tsunami disaster requirements. 

Once a hotel has assessed their current state of tsunami preparedness, they can start to build their capacity 

to increase their tsunami preparedness. This can include:  

• Early warning systems: Hotels should be able to timely receive the warning (especially official 

warnings), understand the warning, and be able to further disseminate the warning to reach all parts 

of the hotel. All hotel guests, visitors, and staff need to be able to hear and receive the warning. To 

receive the warning, the hotels need to have a close cooperation with the national authorities who 

are responsible, at national level, for issuing the warning. 

• Evacuation and Shelter: This should be the primary concern of hotels, as guests might not be 

familiar with the local surroundings. A hotel ensure that all guests, visitors, and staff could be safely 

evacuated to a designated safe area. This safe area should large enough to accommodate all 

evacuees, even if the hotel is full. The hotel needs to assess if their building can be considered as 

vertical evacuation building (meeting all the criteria and standards) or not - in which they must 

evacuate all guests, visitors, and staff out of the hotel premises.  

• Emergency Command Function: In case of emergency hotels should have clear definition of the 

roles and responsibilities of each stakeholder. Each hotel unit / department should have a clearly 

defined function, who will do what and where, and to whom they should report.  

• Emergency Personnel and Resources: Hotels need to have procedures to mobilize staff as 

emergency personnel with specific roles and ensure that all emergency response is carried out 

according to plan. Hotels need to ensure that the emergency personnel have the knowledge and 

skill to perform their duties as emergency personnel. Hotels need to ensure that all resources 

necessary for emergency and during emergency are available throughout the day and night.  

• Communication and supplies: Public infrastructure might be paralyzed for several days after the 

disaster; communication may be cut off. Hotels need to make sure they have emergency 

communication equipment available, in working condition, and at hand, during and after the 

disaster. In some cases, emergency supplies (water, food, and medical) can take several days before 

they can get through. Hotels need to ensure that they will have supplies to support them during an 

emergency.  

• External Coordination: A hotel needs to coordinate with local administration and disaster 

management office (DMO) to developing an evacuation plan and emergency response. The hotel 

should form an alliance with other hotels and businesses in the area, to ensure coordination and 

cooperation, developing a common strategy in responding to disaster.  

• Department Close Down Procedure: Hotels commonly prepare Department Close Down 

Procedures for fire and weather-related emergency. These procedures should inform a tsunami 

Department Close Down Procedure, whilst accounting for the possibly very short amount of 

warning time available for tsunami arrival.    
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• Records Management: Hotels needs to ensure that all important documents and records are well 

secured during emergency. Guests hotel records will be required for post emergency response and 

relief, as well ensuring that all residents are accounted for. 

• Restoring main functions and plan for recovery: Hotels should have to have a plan to restore their 

primary functions (water, sanitary, electricity, and communication) for emergency use after the 

disaster, and have a short and midterm plan to recover from the disaster. 

Further details can be found in UNESCO (2012a). 

5.3 Land Planning and Zoning 

Tsunami risk can be mitigated most effectively by avoiding or minimizing the exposure of people and 

property through land use planning. Land use planning in communities guides the location, type, and 

intensity of development and can be used to reduce the community’s exposure to tsunami hazards. 

The National Tsunami Hazard Mitigation Program and the Department of Land Conservation and 

Development, in Oregon, USA, have both released comprehensive guidelines for land use planning to 

mitigate loss of life and infrastructure due to tsunami inundation (NTHMP 2001 and DLCD 2015, 

respectively). 

The advice from these two guidelines can be summarised as follows: 

• Avoid new development in tsunami run-up areas to minimize future tsunami losses. 

• Locate and configure new development that occurs in tsunami run-up areas to minimize future 

tsunami losses. 

• Design and construct new buildings to minimize tsunami damage. This can include allowing 

exceptions to regulatory building height limits in cases where this would provide vertical evacuation 

in areas that are far from high ground. 

• Protect existing development from tsunami losses through redevelopment, retrofit, and land reuse 

plans and projects. 

• Take special precautions in locating and designing infrastructure and critical facilities to minimize 

tsunami damage. 

• Limit waterfront areas to water dependent uses that need to be adjacent to the ocean, and 

incorporate designs for structures that can better withstand tsunami forces.  

• Develop other commercial and industrial uses in higher areas, which although still subject to larger 

tsunami events, are closer to high ground where good tsunami evacuation planning can be effective. 

Building design and construction practices which increase resilience to a tsunami event is also 

important in this area.  
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• Develop housing, tourism, and government facilities above tsunami inundation areas, designed and 

built to better withstand the severe ground shaking of a subduction zone earthquake event. 

The following are specific recommended land use planning strategies that a community can use to reduce 

tsunami risk. It is recognized that these do not apply well to locations, like Tofino, that are already well 

developed. However, they are highlighted for consideration in the future development of the District: 

• Designate tsunami hazard areas for open-space uses: the designation and zoning of tsunami hazard 

areas for open-space uses such as agriculture, parks and recreation is recommended as the first land 

use planning strategy to consider. 

• Acquire tsunami hazard areas for open-space uses: acquisition ensures that the land will be 

controlled by a public agency or nonprofit entity, and it removes any question about a regulatory 

compliance. 

• Restrict development through land use regulations: strategically controlling the type of 

development and uses allowed in hazard areas, and avoiding high-value and high-occupancy uses 

to the greatest degree possible. 

• Support land use planning through budgeting: a major factor in determining future development 

patterns is where a local jurisdiction chooses to extend sewer and water lines, roads, and other 

public facilities and services. Urbanisation follows infrastructure, and infrastructure development 

can be used instrumentally to promote development in certain areas rather than others. 

• Adapt other programs and requirements: existing floodplain restrictions, hillside and landslide 

controls, and environmental, scenic, recreational, and wildlife- protection requirements can help 

address tsunami hazards and should be modified for that purpose. 

The aftermath of a disaster can act as an opportunity to reshape existing patterns of development to 

minimize future losses; this is at the core of the “build back better” principle in priority 4 of the Sendai 

framework11 (). On the other hand, they can also create enormous pressure to rebuild the community 

quickly and exactly as it was before the disaster. These rebuilding issues should be addressed through the 

land use planning process before a disaster strikes so that a community is prepared to deal with rebuilding 

issues in the event of a disaster. In Japan, after the 2011 tsunami, there was a paradigm shift in designing 

coastal protection, leading with a new concept of potential tsunami levels: Prevention (Level 1) and 

Mitigation (Level 2) levels according to the level of ‘protection’. Seawalls were designed with reference to 

Level 1 tsunami scenario, a potential tsunami of approximately 150 year recurrence interval, ensuring that 

coastal protection will prevent tsunami from penetrating inland to protect lives and properties (or economic 

activities). Comprehensive disaster management measures including coastal protection, urban planning, 

evacuation and public education referred to Level 2 tsunami, the largest-possible tsunami level of the more 

                                                      
11 https://www.unisdr.org/files/53213_bbb.pdf 
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than 150 year recurrence interval, the so-called extreme event (such as the 2011 Tohoku event), to protect 

human lives and to reduce the losses and damage, Koshimura & Shuto (2015). 

5.4 Design of Critical Buildings 

The National Building Code of Canada (2015) does not give any provision or guidance for ensuring that a 

building (critical or not) can withstand a tsunami. A world-leading example of such guidance would be the 

ASCE-7-16 (2017) building regulations, which gives a framework for determining a hierarchy of criticality, 

and methods for assessing and mitigating tsunami hazard. 

ASCE-7-16 (2017) gives the following tsunami Risk Categories for buildings and other structures: 

• Risk Category I: Up to 2 persons affected (e.g., agricultural and minor storage facilities, etc.)  

• Risk Category II: Approximately 3 to 300 persons affected (e.g., Office buildings, condominiums, 

hotels, etc.)   

• Risk Category III: Approximately 300 to 5,000+ affected (e.g., Public assembly halls, arenas, high 

occupancy educational facilities, public utility facilities, etc.)   

• Risk Category IV: Over 5,000 persons affected (e.g., Hospitals and emergency shelters, emergency 

operations centres, etc.)   

ASCE-7 states that for Category II or III buildings or other structures, the inundation depth and velocity 

characteristics at can either be determined by using either the Energy Grade Line Analysis (French, 1982), 

or alternatively, a more rigorous site-specific Probabilistic Tsunami Hazard Analysis (PTHA). For Category 

IV buildings, both methods must be used, unless the Energy Grade Line Analysis predicts an inundation 

depth less than 3.66 m. For further information, please see Section 3.1.  
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6.  Recommendations 

Table 4 provides a summary of the recommendations based on the review of tsunami risk studies for Tofino 

presented in the preceding chapters. These recommendations are not prescriptive and not fully 

comprehensive. They highlight possible resilience measures that can be taken in the short term, and 

medium-to-long terms with the aim of promoting further discussion in District of Tofino around which 

are the appropriate resilience measures that should be adopted locally. 

 Timeframe of activities 

 Short-term activities: activities which could 

be carried out immediately and be completed as 

soon as possible 

 Medium/Long-term Activities: activities 

that could be implemented in the medium or 

long-term.  

 

Table 4. List of recommendations. 

Recommendations Timeframe 

Hazard 

Perform a tsunami probabilistic hazard assessment for Tofino, including both 

local and distal tsunami sources. 
 

Collect appropriate resolution bathymetric and topographical data for running 

tsunami inundation simulations –if this does not already exist. 
 

For local earthquake sources that generate tsunami, scenarios should also be 

generated that provide information on likely ground shaking preceding the 

tsunami inundation. These will better inform the development of building and 

infrastructure damage evolution across the two hazards, and consequently 

evacuation strategies. 

 

Vulnerability/Exposure 

New planning regulations should be introduced to avoid the placing of new 

critical facilities in tsunami inundation zones. 
 

If new critical facilities are required to be built within the tsunami inundation 

zone, these must be designed in accordance with the latest tsunami design 

regulations, with ASCE7-16 being currently recommended.   
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Evacuation and Tsunami preparedness 

Given the potential consequences of tsunami on the built environment, and the 

potentially large tsunami inundation, evacuation must be the primary measure for 

reducing tsunami impact on the population of Tofino. 

 

The tsunami evacuation zones should be re-assessed regularly revised in light of 

new inundation maps and as the urban texture and infrastructure in Tofino 

changes. 

 

Work should continue on the design and construction of one or more tsunami 

evacuation structures.  The evacuation building should be multi-purpose and 

designed according to the latest tsunami design regulations, with ASCE7-16 being 

currently recommended. 

 

Current activities by the District of Tofino for the promotion of tsunami hazard 

awareness should be continued. It is suggested that exercises such as the “High 

Ground Hike” could be repeated annually. Regular tsunami drills should be 

continued, and the International Tsunami Awareness Day (5th November) could 

be capitalised upon to remind people of tsunami risk and need to evacuate.  

 

Training should be provided to hotel and campground staff in how to assess their 

preparedness for a tsunami event as part of their induction and at regular 

intervals thereafter. Information on tsunami evacuation should be available to 

tourists from information centres, campgrounds and hotels. It is suggested that 

such information be included in hotel packs in hotel rooms/at campgrounds. 

 

An assessment of the tsunami emergency management plan for Tofino is outside 

the scope of this report. However, the new tsunami inundation and impact maps 

should inform local emergency management plans and preparation for tsunami. 

These can help, for example, in identifying where to place centres for the 

stocking of food, drinking water, blankets, essential medicines and other items to 

support evacuees in the case of a tsunami. They can also be used to assess which 

areas of Tofino are likely to be isolated from the mainland for long periods of 

time after a tsunami, and consequently for the development of communication 

plans. 
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7.  Conclusions 

A critical review of tsunami hazard and risk studies for the District of Tofino has been conducted. This has 

highlighted the high vulnerability to tsunami inundation of the low-lying coastlines in Tofino. It is expected 

that severe damage and collapse of residential housing would result from the occurrence of large tsunami, 

triggered by the Cascadia Subduction Zone full rupture. It is not feasible to strengthen this type of housing 

to resist tsunami inundation. The report also highlights the very high preparedness of the local community 

to tsunami, with significant activities having been undertaken by the District of Tofino to raise awareness 

and engage with stakeholders for improved tsunami resilience.   

The report proposes a series of recommendations focused around evacuation and preparedness, which 

build on current initiatives. It recommends the construction of tsunami evacuation buildings to improve 

response and recovery from future events. It also recommends that studies be performed towards a better 

(probabilistic) characterization of the tsunami hazard to enable the design of such structures and for 

enhanced evacuation planning. These recommendations are based on current understanding of the tsunami 

risk in Tofino and draw on international best practice. They are not prescriptive and are put forward with 

the aim of promoting further discussion amongst stakeholders in the District of Tofino. 

The authors of this report welcome any feedback, and can be contacted via e-mail at: t.rossetto@ucl.ac.uk . 

  

mailto:t.rossetto@ucl.ac.uk
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