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Disclaimer 
This document has been prepared by Ebbwater Consulting Inc. for the exclusive use and benefit of the 
Fraser Basin Council, the Province of British Columbia and Kerr Wood Leidal Associates Ltd. It has been 
developed in accordance with generally accepted engineering practices and international best practice 
guidelines.  

The contents may be used and relied upon by the officers and employees of the Fraser Basin Council, the 
Province of British Columbia, and Kerr Wood Leidal Associates Ltd. However, Ebbwater Consulting Inc. 
denies any liability to other parties who access and use this report. 

 

Copyright 
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 (i.e., you must include the name of the provider (see citation 
below) and a license notice. 

• You may not use the material for commercial use 
• You are not allowed to remix, transform, or build upon the material (no derivatives).  

 

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. (2020): Risk Assessment of BC’s Orphaned Flood Protection Structures  
Appendix B: Provincial Risk Summary Report – Final Report. Prepared for the Fraser Basin Council and 
the Province of British Columbia. 
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Executive Summary  
Project Background and Objectives 

The province of British Columbia (BC), with its long coastline, mountainous regions, and many rivers, is an 
area with substantial and diverse flood and geohazard. Traditionally, the population and economic centres 
of BC have mitigated the risk posed by this hazard through the construction of protection structures such 
as dikes, berms, erosion protection, and related structures. As a result, there are approximately 900 km 
of dikes regulated under the Dike Maintenance Act [1996] (DMA). In addition, there are more than 100 
known (non-private) dikes and related structures without a diking authority. The Province of BC describes 
structures that are “not maintained by a local diking authority” as orphaned1.  

There is much variability in the original design standards and the subsequent care and maintenance of 
these orphaned protection structures. Many of the structures were constructed under emergency 
conditions and lack adequate planning and engineering design. Further, these structures are neither 
consistently inspected nor maintained. Given these concerns, the assets located behind these structures 
are at risk. 

Recognising this risk, the Fraser Basin Council (FBC) administered a comprehensive project, conceived of 
and supported by the Province of British Columbia, through the BC Ministry of Forests, Lands, Natural 
Resource Operations and Rural Development (MFLNRORD) to provide an engineering assessment and risk 
assessment for known orphaned protection structures. Kerr Wood Leidal Associates Ltd. (KWL) partnered 
with Ebbwater Consulting Inc. (Ebbwater) to support the FBC and the Province in this project.  

The overall goal of this project is to better understand the existing risk associated with each orphaned 
structure, as well as the overall picture and relative risk presented by orphaned structures. This 
information will support both local decisions, as well as strategic province-wide decisions. 

Approach 

The overall approach for this project was mindful of the need to develop a comprehensive and robust 
assessment of more than 100 structures located all around the province.  We developed a methodology 
to suit the end result with the following principles: 

1. Precautionary.  
2. Consistent.  
3. Transparent.   
4. Repeatable. 
5. Robust. 
6. Well documented. 

 

1  https://www2.gov.bc.ca/gov/content/environment/air-land-water/water/drought-flooding-dikes-dams/integrated-flood-
hazard-management/dike-management/flood-protection-structures 

https://www2.gov.bc.ca/gov/content/environment/air-land-water/water/drought-flooding-dikes-dams/integrated-flood-hazard-management/dike-management/flood-protection-structures
https://www2.gov.bc.ca/gov/content/environment/air-land-water/water/drought-flooding-dikes-dams/integrated-flood-hazard-management/dike-management/flood-protection-structures
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An overview of the risk assessment approach is provided in Figure 1, and fully documented methods are 
provided within this report.   

Figure 1: Process diagram of risk assessments conducted for this project.  

In summary, the process included the following steps: 

1. Protected hazard extents were delineated for each orphaned protection structure. For this, two 
different delineation protocols were used, depending on the dominant hazard at the structure 
(clearwater flooding or debris floods and debris flows). The latter are referred to as geohazards 
for brevity in this report.  

2. Exposure was determined for 6 holistic indicators (affected people, mortality, economy, critical 
infrastructure and disruption of basic services, environment and culture) using consistent, BC-
wide spatial data.  

3. Consequence scoring was determined based on the calculated exposure in the protected hazard 
extent of each structure and scoring rules. 

4. The structure failure likelihood was determined as the larger of the breaching likelihood and 
overtopping likelihood for clearwater flooding sites, and as the breaching likelihood for geohazard 
sites. Breaching and overtopping likelihoods were determined by KWL as part of their field 
condition assessment and hydrology and hydraulics analysis.  

5. Lastly, risk was calculated as the product of consequence and likelihood scores.  

The above process was repeated (through an automated R and R-markdown code) to produce pdf 
summary reports for each site (see example in Figure 2, and example maps extracted from a report in 
Figures 3-5). The automated processing using programming ensured a consistent, robust, and scientifically 
reproducible approach. 
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Figure 2: Example first two pages of structure risk report. 

 

Figure 3: Example PFP delineation map for orphaned protection structure 201, indicating also the extent of the FDRP flood 
map, and structure 207, which also protects the hazard extent. Background: Bing Satellite Imagery. 
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Figure 4: Example economy indicator map, indicating the building values per parcel exposed to flooding in the PFP of structure 
201. Background: OpenStreetMap ©OpenStreetMap contributors, cartography license CC-BY-SA). 

 

Figure 5: Example map for the environment indicator, indicating location of contamination sources and environmentally 
sensitive areas in the PFP of structure 201. Background: OpenStreetMap ©OpenStreetMap contributors, cartography license 
CC-BY-SA). 
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Comparative Risk Results 

In addition to the site-specific risk assessment reports, a comparative risk analysis across all 113 assessed 
structures was conducted to provide further guidance on prioritization of orphaned protection structures 
for risk reduction measures.  

Figure 6 indicates how the risk distribution across structures varied from indicator to indicator, and 
Figure 7 visualizes risk for all structures in risk matrices for the 6 indicators. This figure shows the value of 
a risk-based approach (with consideration of both consequence and likelihood), where for example in this 
case, higher risks are generally a function of higher likelihoods (i.e. fragile structures), although in a few 
instances high risks are derived primarily from the potential consequences of failure. 

Comparison of highest risk scores across indicators highlights the need to consider a holistic range of 
indicators in a risk assessment, as the structures with the highest risk score typically varied across 
indicators (e.g., if structures are prioritized for action solely based on an economic indicator, structures 
with the highest culture score might be missed). Lastly, we also provided risk maps for BC (Figure 8), as 
well as for each of MFLNRORD’s Natural Resource Regions. Most of the structures with high risk are in the 
Thompson-Okanagan region.  

 

 

 

 

 

 

 

 

 

Figure 6: Histograms of risk per indicator for all assessed structures.  Figure 7: Visualization of risk for all assessed 
structures in risk matrix.  
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Figure 8: Risk for the 6 indicators for all assessed structures in BC.  

As an example of how this information can be used to inform prioritization of actions to reduce risk, 
Table 1 below lists the highest risk structures for each indicator. 
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Table 1: IDs for the structures with highest risk scores for each of the indicators. Note that a maximum of 15 structures was 
included in this list. For some indicators (e.g., Economy, Critical Infrastructure), the group of structures with the next highest 
score would have included many more structures, and would thus exceed the maximum of 15 structures shown here. More 
details are available in the accompanying database (Attachment 1). 

1. Affected 
People 

2. Mortality 3. Economy 4. Critical 
Infrastructure 

5. Environment 6. Culture 

ID Risk ID Risk ID Risk ID Risk ID Risk ID Risk 

175.002 20 216.002 9 175.002 20 332.005 15 310 15 167 16 
214 20 153 8 213 20 201 12 332.005 15 201 16 
167 16 347.001 8 167 16 175.002 10 350.001 15 165 15 
165 15 347.003 8 201 16 189.002 10 350.002 15 174.001 15 
174.001 15 169.002 6 165 15 310 10 145 12 175.002 15 
176.001 15 182 6 174.001 15 350.001 10 147 12 176.001 15 
184 15 216.001 6 176.001 15 350.002 10 149 12 184 15 
185 15 216.002 9 184 15 147 9 167 12 189.002 15 
213 15 153 8 185 15 219.001 6 200 12 189.003 15 
310 15 347.001 8 189.002 15 181.002 6 201 12 214 15 
175.001 12 347.003 8 211 15 210.001 6 202 12 329 15 
200 12 169.002 6 214 15   206 12 350.001 15 
201 12 182 6 310 15   327 12 350.002 15 
206 12 216.001 6     336.002 12   
327 12           

 

Prioritization Recommendations and Next Steps 

The analysis provided in this report, as well as in the site-specific risk assessment reports, allows a risk-
based approach to flood and geohazard risk reduction of orphaned protection structure failure in BC. A 
consistent approach was applied across all structures, which allows comparability. Risk scoring results, 
which incorporate both the consequences and likelihood of structure failure, can be used to prioritize 
structures for action.   

Prioritization recommendations:  

• Use the information provided to identify high-risk structures and manage them proactively. 
• Consider the risk for all indicators, as different structures can have the highest risk for different 

indicators. If for instance risk reduction measures are only implemented following the highest 
economic risk (as was traditionally done), the high environmental or cultural risk at other 
structures would not be considered.  

• Consider risk scores (not consequences or likelihood) for prioritization, to ensure not only 
structures with major consequences but with potentially low likelihood of event occurrence are 
included.  
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Next Step Recommendations:  

To inform the options for risk reduction measures at individual structures, a cost-benefit analysis could be 
conducted. There are essentially three options forward for a structure:  

1. Do nothing. 
2. Upgrade the structure (and ensure continued maintenance of structure). 
3. Managed retreat coupled with structure removal. 

The appropriate measure for a structure depends on the risk, and the costs of upgrading a structure or 
buy-out of properties for retreat. The information in this report, coupled with the structure upgrade costs 
calculated by KWL (2020) could be used to inform on preferred actions at each site.  For each of the actions 
above a cost per risk reduction could be calculated.   

Option Proposed Calculation Method 
Do nothing Cost: 0 

ΔRisk:  No Change 
Upgrade Cost: Structure upgrade cost (KWL 2020) 

ΔRisk: Current risk less updated risk using adjusted likelihood score 
(downward) 

Retreat and Remove Cost: Nominal land and structure value calculated in this report 
ΔRisk: Current risk less0 

 

When weighing these different options in a cost-benefit analysis, it is important to not only weigh the 
economic indicator (i.e., property costs) against the costs of structure upgrades, but also to consider the 
other more intangible indicators (e.g., environment and culture). Possible benefits of risk reduction 
measures (e.g., the retreat option potentially offering space for natural flood-dependent ecosystems, and 
reduction of downstream flood hazard) should also be included.  

Closing 

This project and report show that it is possible to develop a province-wide approach to tackling flood 
management issues.  And that with the use of comprehensive data sets and automated processing, it is 
possible to develop robust transparent analyses to support multiple levels of decision-making. 
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1 Introduction 
The province of British Columbia (BC), with its long coastline, mountainous regions, and many rivers, is an 
area with substantial and diverse flood and geohazard. Traditionally, the population and economic centres 
of BC have mitigated the risk posed by this hazard through the construction of protection structures such 
as dikes, berms, erosion protection, and related structures. As a result, there are approximately 900 km 
of dikes regulated under the Dike Maintenance Act [1996] (DMA). In addition, there are more than 100 
known (non-private) dikes and related structures without a diking authority. The Province of BC describes 
structures that are “not maintained by a local diking authority” as orphaned2.  

There is much variability in the original design standards and the subsequent care and maintenance of 
these orphaned protection structures. Many of the structures were constructed under emergency 
conditions and lack adequate planning and engineering design. Further, these structures are neither 
consistently inspected nor maintained. Given these concerns, the assets located behind these structures 
are at risk. 

Recognising this risk, the Fraser Basin Council (FBC) administered a comprehensive project, conceived of 
and supported by the Province of British Columbia, through the BC Ministry of Forests, Lands, Natural 
Resource Operations and Rural Development (MFLNRORD) to provide an engineering assessment and risk 
assessment for known orphaned protection structures. Kerr Wood Leidal Associates Ltd. (KWL) partnered 
with Ebbwater Consulting Inc. (Ebbwater) to support the FBC and the Province in this project.  

The overall goal of this project is to better understand the existing risk associated with each orphaned 
structure, as well as the overall picture and relative risk presented by orphaned structures. This 
information will support both local decisions, as well as strategic province-wide decisions. 

1.1 Project Objectives 
Given the project goal, two related technical objectives were explored in this project: 

1) Identify the risk associated with the failure of individual orphaned protection structures across 
the province. 

2) Provide information to support understanding of relative risk and potential prioritization of 
actions to mitigate risks. 

Towards these objectives, KWL has conducted the engineering and condition assessment (KWL 2020) of 
the orphaned protection structures, while Ebbwater provided the risk assessment and prioritization 
component. For each orphaned structure, Ebbwater produced individual site-specific risk assessments, 
that assessed the risk due to failure of that structure for social, economic, environmental, and cultural 
indicators. We note that at the outset of the project, the structures were assumed to primarily support 
risk reduction from flood hazards (i.e., clearwater flooding). However, over the course of the project, the 

 

2  https://www2.gov.bc.ca/gov/content/environment/air-land-water/water/drought-flooding-dikes-dams/integrated-flood-
hazard-management/dike-management/flood-protection-structures 

https://www2.gov.bc.ca/gov/content/environment/air-land-water/water/drought-flooding-dikes-dams/integrated-flood-hazard-management/dike-management/flood-protection-structures
https://www2.gov.bc.ca/gov/content/environment/air-land-water/water/drought-flooding-dikes-dams/integrated-flood-hazard-management/dike-management/flood-protection-structures
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scope was expanded to differentiate between structures that primarily experience clearwater flooding 
from those that would be subject to debris floods and debris flows. 

This project will support varied end-users. Specifically, individual orphaned structure reports will be 
provided to local governments to inform discussions related to long-term maintenance and/or ownership 
of the structures. The Province on the other hand will use both the individual reports as well as the overall 
prioritization to inform next steps. Given this, the following communication objective was considered: 

3) Provide individual orphaned structure reports that are in plain English, are standalone and self-
explanatory. 

KWL identified a total of 101 orphaned structures for which corresponding engineering reports were 
developed by KWL and risk assessments developed by Ebbwater. As part of these orphaned structures, 
there were an additional 12 multipart structures (i.e., substructures), for which risk assessments were 
completed. Therefore, a total of 113 risk assessments was completed. For the purposes of this provincial 
risk summary report, we will be referring to all 101 structures and 12 substructures as structures.  

1.2 Report Structure 
This report forms Appendix B3 to the main project report produced by KWL which details the field and 
engineering assessment of the structure conditions (KWL 2020). This report provides background, 
methods, and comparative risk results analysis of the screening-level risk assessments that Ebbwater 
conducted for each of the 113 orphaned protection structures. The site-specific risk assessment reports 
are included as Attachment 2 to the site-specific engineering reports.  

In addition to this introduction, this summary report contains the following sections: 

• Section 2 provides a brief background on the considered hazards, protection structure failure, and 
risk. 

• Section 3 sets out the methodology for identification of consequence, likelihood, and risk. 
• Section 4 provides an overview of the site-specific risk assessment. 
• Section 5 provides comparative risk results across the 113 assessed structures. 
• Section 6 provides recommendations for prioritization and next steps.  
• Section 7 provides the report conclusion, Section 8 a glossary, and Section 9 the references. 

• Attachment 1 includes a database with detailed exposure, consequence, likelihood and risk 
results for each of the 113 assessed structures.  

 

 

 

 

3 In earlier drafts, this report formed Appendix A.  References to Appendix A are made within the individual structure reports, 
which were completed prior to this change. 
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2 Flood and Geohazard Risk Primer 
This section provides a brief introduction to flood and geohazards, protection structures, and the risk 
assessment process. It provides background materials to support the understanding and interpretation of 
the main body of the report. Further information can also be found in the main project report (KWL 2020). 

2.1 Understanding Floods and Geohazards 
Protection structures in BC largely address flood and geohazards. In the context of this study these hazards 
are as defined below. 

2.1.1 Floods 
Floods occur when surface water reaches higher-than-normal levels and water overflows onto land that 
is normally dry. Floods can be caused by climatic drivers (snow melt, rain-on-snow events, coastal storms, 
etc.) in combination with land cover management (e.g., impervious surfaces with fast surface runoff), 
inadequate or slow drainage of rainfall, high groundwater tables, blocked drains and sewers, or flood 
protection structure failure. Clearwater floods are defined as floods with relatively little suspended 
material (Jakob and Jordan 2001). 

2.1.2 Geohazards 
Geohazards form a spectrum based on the concentration and weight of suspended material in the 
geohazard and the rate at which they move (Jakob and Jordan 2001). This spectrum ranges from 
clearwater floods (see above) with little to no suspended material to fast moving rock avalanches with 
little to no fluid material. This study focuses on debris floods and debris flows, which are saturated surface 
material that move rapidly through channels to their outlets (i.e., to creek fans). The high-water content 
of these geohazards allows them to flow downhill as slurry, often resembling wet concrete. 

Debris floods and debris flows commonly grow larger as they move downstream, picking-up material 
within the channel. Debris floods and debris flows are controlled by an intricate balance of geomorphic 
and climatic factors and are commonly triggered by a mechanism such as a heavy rainfall event. Protection 
structures are generally built to divert debris floods and debris flows, or to encourage them to stay within 
the channel until they pass the protected area. For brevity, debris floods and debris flows are referred to 
in this report as geohazards. 

2.1.3 Protection Structure Failure  
Protection structures can reduce the flood hazard or geohazard and protect the assets behind these 
structures. However, these structures only work well while intact. When failure occurs, they can fail 
dramatically. There are many examples of protection structures failure in the province – multiple dike 
failures along the Lower Fraser River were recorded during the 1948 flood (Watt 2006), the Airport Dike 
in Bella Coola failed in 2010, and more recently a protection structure failed in Grand Forks in May 2018.  

Dike breaches 4  are often sudden and quickly widen as water erodes the edges of the failure. For 
clearwater floods, fast-flowing, often deep water quickly fills the areas immediately behind the structure. 

 

4 A breach is a technical term to describe the failure of a structure that results in water passing across the structure. 
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From the initial breach location, the flood water continues to spread in all directions, although at a lower 
speed. Structure failure occurs by a few mechanisms as shown in Figure 1. Structures can overtop with 
flood waters or debris flow if levels exceed the design height. However, it is common for structures to fail 
well before water crests the top of the structure. Even advanced protection structures can fail when 
impacted and saturated by high water levels, or by large wave and surge forces, which can cause erosion 
or sliding failures. Erosion may occur during high flow, and sliding may occur during rapid draw down. 
Failures may also arise as a result of ‘piping’ when water works through a crack in the dike, often created 
by tree roots or burrowing animals.  

 
Figure 1: Protection structure failure for clearwater floods.  

2.2 Understanding Risk 
2.2.1 What is Risk? 
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 section provides some context on the 
terminology used in the field of disaster risk reduction, as understanding the nuances of the terminology 
is key to understanding the process of risk assessments, which are used later in the analysis.  

Risk is a function of both the likelihood of an event occurring (in this case a combined likelihood of dike 
failure and a flood or geohazard) and the consequences if that event occurs (Figure 2). Consequence is 
defined as a function of the hazard (where and how big 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. 
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Figure 2: Risk as a function of likelihood and consequence (simplified).  

Risk matrices can provide a visualization of risk, as a function of the hazard likelihood (horizontal axis) and 
the consequence (vertical axis) (Figure 3). Risk is indicated by the colour range in Figure 3a, where for 
instance blue indicates very low risk and red indicates very high risk. Figure 3b shows that an almost 
certain event with insignificant consequences (nuisance event, which occurs often) can have the same risk 
as a major event with extreme consequences, which is however rarely occurs. A risk assessment can be 
used to compare both the impacts and the potential benefits of design and mitigation options for the 
whole spectrum of nuisance to major events. Risk assessments therefore provide a rigorous, logical, and 
defensible basis on which to make informed investment, planning and design decisions. 

 
Figure 3. Risk as a function of likelihood and consequence— (a) indicates increasing risk and (b) compares event risk. 



 

  

6 Risk Assessment of BC’s Orphaned Flood Protection Structures  
Appendix B: Provincial Risk Summary Report 
 

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, e.g., land-use decisions, which may affect exposure and vulnerability. 
Figure 4 demonstrates schematically how risk can increase with time. 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 (Figure 4). 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. Note that the screening-level risk assessment conducted for this project 
focussed on present-day risk alone, but for future, more detailed site-specific studies, dynamic risk should 
be considered.  

 

Figure 4: Dynamic risk with climate change and increased development. 

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, and then combining this consequence information with 
likelihood of a hazard event to occur.  
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2.2.2 Consequences Types 
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 
5) (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. Indirect 
consequences are those that our outside the direct spatial and temporal extent of the consequence.  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. Disruption of critical 
infrastructure can lead to cascading consequences for many sectors (also referred to as systemic risk).  

The effects of a flood 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 (Messner et al. 2006). Figure 5 provides examples of direct/indirect and 
tangible/intangible consequences. While not all consequence types are easy to estimate, they should still 
be considered. At a minimum, it is important to recognize what types of consequences have been included 
in a risk assessment and to be explicit about those that have not. 

 

Figure 5: Types of consequences to flooding (Figure from Murphy et al. 2020). 
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2.2.3 Indicators and Proxies 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 flood 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 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 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 2015). 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 includes a holistic approach 
to risk management, where health, environment, and economic consequences are considered (BC MECCS 
2019). 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.  

In a quantitative risk assessment, where direct measures are not possible, proxies can used for each 
indicator. A proxy is a measurable quantity which can be analyzed as part of a quantitative risk assessment 
(e.g., number of affected people, or buildings in a floodplain) and that is a reasonable representation of 
the indicator. The availability of consistent data can vary widely for different risk studies. Detailed 
information on which indicators and proxies were used in this project are presented in Section 3.1.2.  

2.2.4 Risk Aggregation and Risk Scoring 
An important goal of a risk assessment is to provide a means to compare risks (UNDRR 2017) across spatial 
and temporal scales, as well as hazard types and indicator categories. Comparing risks 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. Next, the outputs 
of the risk analysis are aggregated, which, considering the complexity of risk indicators, is not a 
straightforward process (UNDRR 2017). Different techniques exist for risk aggregation, one of which is a 
index-based approach (UNDRR 2017). Other methods include the calculation of the average annual loss 
for a full-statistical accounting of risk, which is however not possible for a screening-level assessment, 
such as this one. 

In the index-based approach, likelihood and consequence are each represented by an index score, and 
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 risk between different indicators, hazards, and regions. Typically, the results 
are provided in a risk matrix of likelihood and consequence, which helps to visualize and prioritize risks. 



 

 

Risk Assessment of BC’s Orphaned Flood Protection Structures  
Appendix B: Provincial Risk Summary Report 

9 

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 framework to create such consistency. In the absence of a consistent 
framework, it is important to highlight that risk score results are strongly dependent on the method that 
has been used. In the case of this risk assessment, risk is compared across the province of BC, with 
consistent scoring applied throughout all assessed sites.    

Risk scores have not been aggregated across indicators.  This is intentional.  As described above, indicators 
and proxies are used to present a holistic picture of risk. Aggregation of these indicators should only be 
conducted after careful consideration of the relative weighting of each indicator.  Weightings should only 
be applied with a full understanding of the project or structure context – for example, one community 
might value cultural assets above critical infrastructure, whereas in another community economic 
considerations dominate. If aggregated scores are desired to better inform on relative prioritization of 
individual structures, then weightings should be developed.  This should reflect the values of decision-
makers and elected officials and would generally require a significant and thoughtful effort to establish.  
Please refer to project next steps (Section 6) for additional information. 
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3 Methods 
This section describes the methods used for the site-specific risk assessments for the 113 orphaned 
protection structures assessed in this project.  

Figure 6 provides a process diagram for the analysis conducted in this project, based on the risk diagram 
shown in the Risk Primer. In Section 3.1, consequence methods are described, with methods on the 
delineation of hazard extents in Section 3.1.1, exposure analysis in Section 3.1.2, and consequence scoring 
in Section 3.1.3. Likelihood methods are provided in Section 3.2, where the structure failure likelihood 
score is described. In Section 3.3, the final risk methods are addressed (with calculation of risk as the 
product of the consequence score and the likelihood score). Lastly, in Section 3.4, it is described how the 
113 site-specific risk assessments were conducted for each of the orphaned protection structures.  

 

Figure 6: Process diagram of risk assessments conducted for this project.  

3.1 Consequence Methods 
As discussed in Section 2.2, consequences are a function of hazard characteristics (represented in this case 
by the hazard extent), the exposure (assets located within the hazard extent), and vulnerability (note that 
for this screening-level assessment, vulnerability is provided as additional information only) (Figure 6). 
Methods for characterizing hazard, exposure and consequence are described below.  

3.1.1 Hazard Extent 
The overall intent of this step is to establish the area that may be subject to a flood or geohazard if a 
structure fails. This first requires that the dominant hazard type is identified. Once this is established a 
consistent methodology is applied to estimate the hazard extent as described below. 

Many orphaned protection structures are located on riverine or coastal floodplains, where the dominant 
hazard (that they are protecting from) are clearwater floods. However, there are also structures, which 
are located on creek fans and which may therefore be subject to a range of geohazards (see Section 2.1.2). 
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As part of the structure assessment, KWL assessed sites located on creek fans for potential of debris floods 
and debris flows (referred to here for brevity as geohazard), using a three-step process of determining 
the Melton ratio (Wilford et al., 2004), a field review, and an air photo review for type of landform on 
which the structure is located (KWL 2020). Based on this, they identified sites where geohazards are the 
dominant hazard (i.e., the protected area is more likely to be affected by geohazards than by clearwater 
floods).  

Geohazards have a different hazard profile than clearwater floods (and also a different consequence 
profile, as discussed in Sections 3.1.2 and 3.1.3). Therefore, two different hazard approaches were 
considered for clearwater floods and geohazards.  

The overall hazard approach for this screening-level risk assessment focused on the hazard extent, as 
more detailed hazard characteristics such as flood water depth, suspended materials, or flow velocity are 
not available. The hazard extent described in this project is defined as the area behind the orphaned 
protection structure that might be affected due to structure failure. This area is termed the protected 
hazard extent (PHE), and specifically, the protected floodplain (PFP) for structures with clearwater flooding 
as the dominant hazard, and protected geohazard extent (PGE) for structures with geohazards as the 
dominant hazard.  

As the protected hazard extents are individual to each structure alignment, they were delineated for this 
project based on existing information. The guiding principles for the protected hazard extent delineation 
were: 

7. Precautionary principle 
8. Consistency across structures  
9. Transparent 
10. Repeatable 
11. Robust 
12. Well documented 

Further, the underlying assumption for all delineations was a worst-case scenario of structure failure 
(conservative approach), assuming an infinite supply of flow to cover the hazard extent. It was also 
assumed that no other, adjacent structures would fail at the same time.  

For each of the two dominant hazard types (clearwater floods and geohazards), a detailed protocol was 
developed to guide the delineations and ensure consistency across the many assessed structures. The 
protocol considered the dominant hazard type, the geographical and topographical setting, information 
obtained from KWL (field reports and flood water levels), and any pre-existing information (e.g., flood 
maps). Parts of the delineation protocol followed the same approach for both clearwater floods and 
geohazards, which are listed below. Specifics for each hazard types are discussed in Section 3.1.1.1 for 
clearwater floods and in Section 3.1.1.2 for geohazards.  
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The following steps were common to both PFP (protected floodplain) and PGE (protected geohazard 
extent) delineations: 

1. Extents were initially identified using the spatial alignment of the protection structure in the 
provided digital file for its location within BC, as well as for the riverward boundary of the 
delineated extent. We note that these alignments were provided by KWL (who adapted data from 
the Province), and any error in these alignments would be propagated through the extent 
delineation process. Some dike alignments were identified as being suspicious through this 
process; these have been identified in accompanying digital files. 

2. Where available, flood maps were used to establish the hazard area. For this, primarily, historical 
flood mapping from the Flood Damage Reduction Program (FDRP) of the 1980s-90s (BC, 2019a) 
was used. While FDRP maps are quite old and likely outdated, they form the only consistent flood 
dataset currently available, and for many locations in BC, also remain the sole available flood map. 
FDRP maps contain both riverine/coastal clearwater flood maps, as well as some alluvial fan maps.  

3. If no FDRP maps were available, a brief search was done of other available hazard maps based on 
the team’s knowledge of hazard mapping in BC. 

4. Where existing maps were not available: 
a. Delineations were developed using topographical maps and satellite imagery. Open 

source maps were used in this review, including OpenTopoMap, Bing satellite imagery, 
and Google satellite imagery. Using multiple data sources in this manner allowed cross-
checking information, and identifying features not included in all sources. An attempt was 
made to use satellite imagery that was less than 5 years old, as rivers shift over time 
through both natural and man-made causes. A note was made where recent imagery was 
not available if this was cause for concern. 

b. The field reports and photos provided by KWL were also used to aid delineation.  
c. The flood water levels provided by KWL were assessed relative to elevation contours in 

combination with expert judgement to define the protected hazard extent. Consistent, 
high-resolution elevation contours throughout all of BC is not available (for instance, the 
Canadian Digital Elevation Model (CDEM) has a minimum horizontal resolution of 0.75 
arc-seconds, this does not allow for the processing of higher resolution elevation 
contours; and higher resolution LiDAR data is not consistently available throughout BC). 
Therefore, digital topographical maps were used to guide the delineations, specifically, 
the OpenTopoMap (10 m elevation contours) and ESRItopo (10 ft contours). 

5. Hazard-specific assumptions were applied (as detailed in Sections 3.1.1.1 and 3.1.1.2).  
6. Delineations were reviewed for any geometry errors in spatial features, and the delineation 

methodology and any assumptions or limitations were recorded.  
7. A detailed peer-review was conducted (Section 3.1.1.4).  

There were 4 instances (structures 162, 199, 361 (clearwater floods) and 334 (geohazard)), where there 
was no information available regarding the structure, and the structure design was not consistent with 
other information (e.g., the ground elevation behind the structure was above the reported flood water 
level). In these instances, the protected hazard extent was delineated by applying a 10 m buffer to the 
structure alignment on the landward side of the structure. This method only needed to be applied for 
these 4 structures, and they were all located in rural areas with little exposure. An example is presented 
for structure 334 in Figure 7. 
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Figure 7: An example of a delineation based on a 10 m buffer for structure 334 (due to limited available data for this location).  

3.1.1.1 Protected Floodplains (PFP) Delineations 

Protected Floodplain delineations were based on historic and contemporary flood maps (as described 
above) in combination with the dike alignment as provided by KWL. This resulted in the development of 
flood extents that represent the area that could be subject to the hazard upon the failure of the protection 
structure (as opposed to the larger floodplain area as described in the previous section).  

For PFP delineation, the following methodology was applied: 

Processing 
• The PFP was ‘snapped’ in the Geospatial Information System (GIS) to the associated structure to 

ensure there were no gaps or overlaps between the structure and the delineated PFP. Where 
existing flood maps were used, these were clipped to the structure line.  

• The PFP was delineated in a clockwise direction to ensure consistency in approach. 
• The floodplain extent was based on a 0.5% annual exceedance probability (AEP) flood plus a 0.6 m 

freeboard (with no structures in place). This event (often referred to as the design flood) is 
commonly used in BC, where there is no larger historic event, for the design of flood mitigation 
and in regulation and policy, such as defining flood construction levels. It was also used in the 
FDRP mapping. 

Boundaries 
• The riverward boundary of the PFP was assumed as either along the structure, or as the river 

boundary if there was no consecutive flood protection structure downstream. The river boundary 
was based on the most recent satellite imagery.  
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• The upstream boundary of PFP was assumed as either the intersection of flood map extents with 

the structure or, where flood maps were not available, as the upstream end of structure extended 
perpendicularly to the river flow line, see Figure 9. 

• The landward boundary of the PFP was assumed to run along the flood map extents (where 
available) or defined by an impeding geographical features such as a watercourse, major roadway 
(e.g., highway), or a change in gradient.  

• The downstream boundary of the PFP was assumed as either the intersection of the structure with 
flood map extents (where available) or defined by impeding geographical features.  

Further Assumptions 
• If a small part of the structure was outside of the FDRP floodplain, it was still assumed that 

flooding only occurs within the area defined by the FDRP floodplain. It was assumed that these 
small differences may have been due to digitizing errors of FDRP floodplains. 

• For structures that protect flat, low-lying areas, the upstream PFP extent may extend beyond the 
upstream end of downstream of the structure, perpendicular to the structure, to include a larger 
area. This assumption was made to maintain a conservative approach, see Figure 10 and Figure 
11. 

The following examples are provided to illustrate the PFP delineation protocol and different decisions 
taken for different structures. Figure 8 provides an example of protected floodplain delineation for a 
location, where FDRP flood maps were available, and could be used to guide most of the delineation 
process. Figure 9 to Figure 11 illustrate different applications of the upstream boundary in delineating the 
PFP based on different conditions. Figure 9 shows two adjacent structures, which apply this boundary 
differently. For structure 219.001, the upstream boundary is defined as the intersection with the FDRP 
extent, whereas for structure 219.002, the upstream boundary has been extended upstream 
perpendicular to the river boundary.  
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Figure 8: Protected floodplain delineations for orphaned structures in Keremeos.  

 

Figure 9: The upstream boundary for 219.001 is defined by the intersection with the FDRP extent. The upstream boundary of 
219.002 has been extended to the upstream structure, perpendicular to the river boundary. 

Figure 10 and Figure 11 present areas where the upstream boundary (and the downstream boundary in 
the case of Figure 11) was extended significantly due to extensive areas of flat low-lying land. The 
upstream boundaries were based on FDRP extents. 
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Figure 10: The upstream boundary of structure 211 has been extended substantially upstream due to a large area of low-lying 
land. The boundary is defined by the FDRP map. 

 

Figure 11: The upstream and downstream boundaries of structure 183 have been extended upstream and downstream 
substantially due to a large area of low-lying land. The boundary is defined by the FDRP map. 

Figure 12 presents the protocol as applied to a string of structures, on Mission Creek. The PFP is based on 
historic floodplain mapping and topographic features. 
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Figure 12: The delineation protocol as applied to a string of structures on Mission Creek.  

3.1.1.2 Protected Geohazard Extent (PGE) Delineations 

Protected Geohazard Extents are delineated for flood protection structures located on creek fans with 
geohazards as the primary hazard. Delineations assume a typical fan triangle-shape and reference 
topographic maps, satellite imagery, and flood water levels estimates for further guidance.  

The delineation methodology for the PGE was as follows: 

Processing 
• Delineations were ‘snapped’ to structure lines with digitizing starting at the upstream end of the 

structure and moving in a downstream direction.  
• For alluvial fans identified in FDRP maps, the original map reports and other associated 

information were reviewed for information to support delineation.  

Boundaries 
• The riverward boundary of the PGE was assumed as either along the structure, or as the river 

boundary if there was no consecutive structure downstream (the river boundary was based on 
the most recent satellite imagery).  

• It was assumed that the upstream boundary of the PGE was either the intersection of flood map 
extent with the structure or as the upstream end of structure if there was no intersecting flood 
map.  

• It was assumed that the landward boundary of the PGE, within the hazard map extents if available, 
was defined by geomorphic features. If there was no boundary or topographic obstruction, it was 
assumed that the landward boundary extended over level ground at an angle of 45 to 60 degrees. 
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This angle is based on research of the typical spread of debris fans. The PGE was shaped around 
topographical obstacles such as changes in gradient or major highways.  

• It was assumed that the downstream boundary of the PGE was either a watercourse (see Figure 
14 and Figure 16), a major roadway (see Figure 15), or a change in gradient.  

• For structures, which form a consecutive series, it was assumed that these structures are 
dependent on each other. For this reason, these structures were grouped so that the PGE started 
at the upstream end of the most upstream structure, and continued for the length of the series, 
(see Figure 15 and Figure 16).  
 

The following examples are provided to illustrate the PGE delineation protocol and different decisions 
taken for different structures. Figure 13 shows an example of a structure with an associated FDRP map. 
There are structures on both sides of the watercourse. The PGE extends from the upstream end of the 
structure at an angle and the downstream extent is defined by the FDRP map extent. 

 

Figure 13: The upstream limit of the PGE is the upstream end of the structure. This extends over flat ground at an angle, also 
guided by geomorphic features, to the downstream boundary which is defined by the river boundary from satellite imagery. 

Figure 14 presents an example of the PGE being shaped by topographical features for the structures on 
both sides of Duhamel Creek. The landward extent of the structure 347.001 is adjusted based on the 
topographical obstruction caused by a major highway. The downstream extent is formed by a watercourse 
at the end of the alluvial fan. 
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Figure 14: For structures 347.001 and 347.003, the PGE is defined by the major highway and the watercourse at the 
downstream end of the alluvial fan. 

Figure 15 and Figure 16 are examples of consecutive structures in a series. As presented in Figure 15 for 
Horse Creek, there were a series of structures on the left bank and a single structure on the right bank. 
For structures 336.002 and 336.003 on the left bank, the PGE extends from the upstream point of the 
most upstream structure (336.002) along the length of the two structures; the downstream boundary is 
formed by a major highway. It was assumed that structure 336.001 only provides protection along its 
length. As presented in Figure 16 for structure 335 the PGE extends at an angle from the upstream end of 
the most upstream structure (as in Figure 15), and the downstream boundary is defined by the 
watercourse at the end of the fan. 
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Figure 15:. The PGE for structures 336.002 extends the length of the structure series to 336.003. The downstream limit of the 
PGE is defined by a major highway. 

 

Figure 16: The upstream limit of the PGE is defined by the most upstream structure segment in the series. This runs the length 
of the segments before reaching the watercourse at the end of the fan. 
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3.1.1.3 Uncertainty - Delineation Confidence and Sensitivity Ratings 

While consistent delineation methodology and boundary assumptions were applied across all structures, 
there are substantial uncertainties associated with most delineations, as no hydraulic structure breach 
modelling was conducted. The extents of the protected hazard extent should therefore not be used for 
any purposes other than this project. To quantify uncertainty for the resulting delineations, a delineation 
confidence rating and a delineation sensitivity rating were assigned during processing. Further, a trigger 
for updating the delineation was also developed.  

The delineation confidence rating indicates how much reliable information was available to guide the 
delineation of the protected hazard extent. It ranges from very low (1) to very high (5) confidence (Table 
1). Each delineation was assigned a confidence rating. For instance, if reliable supporting information such 
as historical flood maps were available, and the landward and downstream boundaries of the protected 
hazard extent could be clearly identified, the confidence level rating would be high. In contrast, when no 
hazard maps existed and delineation solely relied upon geomorphic assessment and screening flood water 
levels, the confidence score would be low or very low.  

Table 1: Delineation confidence rating descriptions and criteria.  

Delineation 
Confidence Rating 

Description Criteria 

5 Very High Hazard map exists and protected hazard extent is surrounded 
by structures and hazard map extents. 

4 High Hazard map exists and protected hazard extent is mostly 
surrounded by structures and hazard map extents. 

3 Moderate Hazard map exists, but downstream boundary of protected 
hazard extent is uncertain.  

2 Low No hazard map exists, but delineation is relatively straight-
forward. 

1 Very Low No hazard map exists, and major delineation uncertainties 
exist.  

 

The delineation sensitivity rating indicates how sensitive the estimation of consequences is to the 
delineation of the protected hazard extent. If the majority of consequences are expected in a part of the 
protected hazard extent that is more certain to be impacted, then the sensitivity rating is low (Table 2). 
Whereas, if most consequences are expected in part of the protected hazard extent that was included as 
a precautionary measure, then the sensitivity rating is high.  
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Table 2: Delineation sensitivity rating descriptions and criteria.  

Delineation Sensitivity 
Rating 

Description Criteria 

5 Very High All exposure is located far away from structure in uncertain 
area of protected hazard extent.  

4 High Most exposure is located far away from structure in uncertain 
area of protected hazard extent. 

3 Moderate Some exposure is located in an uncertain area of protected 
hazard extent.  

2 Low Hardly any exposure is located in an uncertain area of 
protected hazard extent; most exposure is directly behind 
structure in more certain area. 

1 Very Low Exposure is mostly directly behind structure.  

 

Lastly, a trigger for review was also noted for each delineated protected hazard extent. This trigger 
indicates when the protected hazard extent delineation should be reviewed, especially for protected 
hazard extents with low delineation confidence and high sensitivity ratings. For instance, if new and better 
hazard mapping becomes available for these locations, the protected hazard extent extents should be 
reviewed and potentially updated.  

3.1.1.4 Review Process 

After the initial delineation according to the protocol had been completed, we applied a thorough double 
review process of each delineation, including a senior engineer review (i.e. each extent was reviewed by 
3 unique analysts). The review process was documented in detail in a spreadsheet database. Any issues 
were marked for discussion and solved with senior engineer advice in a manner that considered the 
conservative approach and the consistency across different structures. As indicated in the section above, 
delineation confidence and sensitivity ratings were assigned to inform on uncertainties with delineations.  

3.1.2 Exposure 
As discussed in Section 2.2, consequences to flood and geohazard events can vary widely – from 
direct/tangible consequences to indirect/intangible consequences. They can also affect many different 
aspects, including society, economy, culture, and environment. To summarize diverse consequences in a 
consistent way, indicators are typically used. Based on national and international best practice (UNDRR 
2015, 2016, 2017; AIDR 2015; BC MECCS 2019, see Section 2.2.3), we selected a set of six indicators, aimed 
to provide a holistic view of potential consequences (Table 3). Note that these are not listed in order of 
importance; as weightings should be derived separately (see Section 2.2.4). 
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Table 3: Indicators for flood and geohazard consequences assessed in this report. Based on Stantec Consulting Ltd. and 
Ebbwater Consulting Inc. (2017); AIDR (2015); UNDRR (2016). 

Indicator Description 
1. Affected People 

 
This indicator portrays the number of people who are directly affected by a 
clearwater flood or geohazard. This may include people who are injured or 
suffer other health effects, are evacuated or displaced, or suffer direct damages 
to their livelihoods (e.g., their house is damaged). It does not include loss of life 
(which is assessed via the mortality indicator). 

2. Mortality 

 

This indicator describes the estimated number of deaths and missing persons 
due to a flood or geohazard caused by structure failure. 

3. Economy 
 

This indicator describes potential economic losses that result from a flood or 
geohazard. This includes the exposure of public and private buildings, as well as 
agricultural lands. 

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 facilities, emergency response facilities, governmental facilities, 
transportation infrastructure, roads, electrical systems, etc.  

5. Environment 
 

This indicator describes environmental consequences resulting from floods and 
geohazards. This includes the overflow or discharge of contamination sources 
into the receiving environment, in combination with damage to exposed 
environmental receptors such as sensitive areas that could be negatively 
affected. While flooding is an important component of many ecosystems and is 
a naturally occurring process, the contamination of flood waters by 
anthropogenic contamination sources as well as natural processes (e.g., erosion) 
can have detrimental consequences for sensitive ecosystems. 

6. Culture 
 
  

This indicator is used to describe consequences to the culture of a community; 
this includes both Indigenous and non-Indigenous cultural sites. 
 

 

In a quantitative risk assessment, where direct measures are not possible, proxies can used for each 
indicator. A proxy is a measurable quantity which can be analyzed as part of a quantitative risk assessment 
(e.g., number of affected people, or buildings in a floodplain) and that is a reasonable representation of 
the indicator. Proxies for each of the indicator are discussed in the sections below. Note that only 
province-wide datasets were used to ensure consistency across the province, and some local assets may 
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not be captured. Further, note that for these screening-level risk assessments, the focus of the assessment 
is on exposure in the protected hazard extent. Vulnerability information was provided, where available, 
as supporting information but was not further integrated in the consequence calculation.  

3.1.2.1 Affected people 

As a proxy for the affected people indicator, the number of people in the protected hazard extent was 
estimated based on census data, under the assumption that people are most affected where they live 
(Table 4). However, the smallest units that census data is provided in are dissemination areas. While 
dissemination areas are relatively small for urban centres (e.g., several blocks), they can be large in rural 
areas (spanning several small communities and including non-populated land as well). This makes the use 
of census data for risk assessments challenging. Given this challenge, Natural Resources Canada (NRCan) 
has been working on developing a Exposure Model for BC, which distributes census information to the 
areas of settlement (Journeay 2019). Settlement areas are determined using remote sensing imagery and 
other information. The initial release of the Exposure Model for BC was shared with us in August 2019 and 
allowed us to better estimate the number of affected people. As part of the NRCan Exposure Model, social 
vulnerability indices were also provided, which were incorporated in the analysis.  

Table 4: Data proxy details for the affected people indicator.  

1. Affected People Indicator 
 
Proxy Quantitative Dataset Assumption Limitations 
Number of 
people in 
protected 
hazard extent 
 

Population density 
from the NRCan 
Exposure Model 
(Journeay, 2019)5, 
based on the 2016 
census (Statistics 
Canada, 2016)6.  

• People are most 
affected where they 
live. 

• Census data representation issues in 
rural areas.  

• 2016 census is likely outdated in 
regions with rapid population growth. 

• Does not include indirect impacts on 
people outside the hazard extent, nor 
considers seasonally changing 
populations. 

Social 
Vulnerability*  
 

Social Vulnerability 
Indices from the 
NRCan Exposure 
Model (Journeay, 
2019)5, based on the 
2016 census 
(Statistics Canada, 
2016)6. 

• Demographic 
information can 
capture social 
vulnerability.  

• Social vulnerability encompasses 
many more dimensions than captured 
in census data.  

• 2016 census is likely outdated.  
• Census data representation issues in 

rural areas.  

*Social Vulnerability Indices considered: Low income, shelter cost > 30% of income, seniors (age > 65 years), 
children (age < 6 years), no English/French language skills.  

 

5 Journeay (2019). A Profile of Human Settlement in BC - NRCan Exposure/Vulnerability Models (Initial 
Release). Received from Natural Resources Canada (Date 2019-08-11). 
6 Statistics Canada (2016). 2016 Census Data Products. 
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Specifically, the number of affected people was estimated based on the reported population density of a 
spatial polygon (of the NRCan population density layer) and its area within the protected hazard extent. 
The total number of affected people was then calculated as the sum of all polygons within the hazard 
extent. Social vulnerability indices for the entire protected hazard extent were calculated as average of all 
spatial polygons within the protected hazard extent (taking their relative area within the hazard extent 
into account). Social vulnerability indices were described, as provided in the NRCan database (Table 5).  

Table 5: Social Vulnerability Indices descriptions, as provided by NRCan (Journeay 2019). 

Index Value Description 
0.5 – 1 Very High 
0.4 – 0.5 High 
0.3 – 0.4 Considerable 
0.2 – 0.3  Moderate 

0.0 – 0.2 Low 
 

While the NRCan Exposure Model provided substantial improvement over the census dissemination areas, 
there were still some rural areas, where population estimates were challenging. This issue becomes 
particularly obvious when comparing the estimated number of affected people to the number of buildings 
in the protected flood hazard extent. As discussed in Section 3.1.2.3, the number of buildings was 
estimated based on the 2019 BC Assessment data. The following differences between the two datasets 
likely let to the divergences in results: 

• Different age: Number of affected people is based on 2016 census data, while BC Assessment data 
is from 2019. 

• Different spatial coverage: Number of affected people is estimated based on large dissemination 
areas, while building data estimated from very localized dataset (BC Assessment data is available 
per land parcel).  

• Different classification: Not all buildings are residential, i.e., there might be no direct relation 
between number of affected people and buildings.  

The following examples provide some illustrations where challenges in estimating the number of affected 
people were met. For many of the rural geohazard sites with small protected geohazard extent, 
unrealistically low affected people numbers were estimated, especially when compared with building 
numbers (Figure 17). This was likely due to the challenges of census data in rural areas and a population 
density, which was defined for a larger settlement area, now being applied to a very small hazard extent, 
as well as to the differences between the 2016 census and 2019 BC Assessment data. Another issue was 
if settlement areas were not fully captured in the population density dataset (Figure 18). A problem also 
arose with the representation of a mobile home park in the census data (Figure 19), and the 
representation of a campground where the census data would suggest a low number of affected people, 
but where many tourists could be affected by flooding (Figure 20). For sites where such data issues were 
encountered, respective notes were added to the site-specific risk assessment reports.  
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Apart from these exceptions however, the use of the population density data (from the NRCan Exposure 
Model) worked well in capturing the diverse settlement conditions across the province.  

 
Figure 17: Small protected geohazard extent (9 ha) leading to very low affected people estimate.  

 

Figure 18: Settlement area was not captured in population density layer.  

 

Figure 19: Population in mobile home park was not appropriately captured in census data.   
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Figure 20: Campground in protected hazard extent is not captured by census data, but people could be affected here to 
flooding. 

3.1.2.2 Mortality  

Mortality from a structure failure depends on many factors, including warning time, flow velocity, water 
depth, and, for geohazards, the size and amount of transported materials (such as sediment and 
boulders). Further, mortality will depend on the number of exposed people and their proximity to the 
structure (i.e., the  location of people at time of such an event, such as at home in the evening, or in other 
locations during the day). However, critical data such as flow velocity and depth, transported material, or 
movement of people are not available for this screening-level study, and more complex mortality 
estimates (such as use of mortality curves that for instance relate mortality to flood depth and velocity) 
could thus not be used. Therefore, as a proxy, mortality was estimated as a fraction of the total number 
of affected people.  

Mortality from clearwater flooding is relatively low in Canada (Public Safety Canada 2019), however, 
mortality from geohazards can be much higher, due to the shorter warning time and destructive force of 
debris floods and debris flows. Thus, two different methods were applied to estimate mortality for 
clearwater floods and for geohazards. For both, the mortality fraction was based on observed events.  

For clearwater floods, the mortality fraction (i.e., the percentage of affected people who are at risk of loss 
of life) was estimated based on flood events recorded in the Canadian Disaster Database (CDD) (Public 
Safety Canada 2019). Only those events for which a flood protection failure was mentioned in the CDD 
event description were considered. Based on the 5 events that mentioned a dike breach in the CDD, the 
reported fatalities and the number of injured/evacuated people, we estimated the mortality fraction for 
each of these events (Table 6). Based on this, we estimated a mean mortality fraction of 0.01% (with a 
range from 0% to 0.06%). For each structure, we then estimated mortality based on the fraction of number 
of affected people (Table 7). It is important to note that this mortality estimate has substantial 
uncertainty, as it was inferred from a very few observations (n=5), which also had a range of event 
conditions (size of event, warning time, etc.).  
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Table 6: Fatalities and number of injured/evacuated people reported in the CDD (Public Safety Canada 2019) for events with 
reported dike breach. 

Disaster Event Reported 
Fatalities 

Reported Number of 
People Injured/ 
Evacuated 

Total Number of 
Affected People 

Mortality 
Fraction 

Southern Alberta, 19-28 June 2013. 4 100,000 100,004 0.004% 
Delta, BC, 4 February 4 2006. 0 affected ~200 

properties 
NA 0% 

Lesser Slave Lake area Alberta, 17-21 
June 1996. 

0 922 922 0% 

Lake Erie Ontario, 31 March and 6 
April 6 1985. 

0 0 0 0% 

Fraser River British Columbia, 31 
May 31. 

10 16,000 16,010 0.06% 

 

For geohazards, we similarly based the mortality estimate on fatalities reported in empirical case studies 
of debris floods and debris flows, as was summarized in Jakob et al. (2013). In this study, different methods 
for estimating mortality were also discussed, however, most depended on availability of more detailed 
data (such as probability of geohazard event, flow velocity, flow depth, and vulnerability criteria), and 
could therefore not be used here. Based on the case studies, a mean mortality fraction of 3-4% was 
reported.  This is higher than mortality fractions estimated for a detailed site-specific case of Mosquito 
Creek in North Vancouver, BC (Jakob et al., 2013). Recognizing that there is variability, we have assumed 
a conservative approach; a mortality fraction of 4% of the number of affected people was used for this 
project.  

Table 7: Data proxy details for the mortality indicator.  

2. Mortality Indicator 
Proxy Quantitative 

Dataset 
Assumption Limitations 

Clearwater Floods: 
Mortality estimated as 
fraction of number of 
affected people 

Mortality 
fraction of 
0.01% 
(Canadian 
Disaster 
Database7) 

• Fatalities can be estimated 
based on observed events 
(flooding due to structure 
failure). 

• Does not consider individual site 
and event characteristics, which 
differ widely.  

• Screening-level estimate only. 
• Depends on affected people 

estimate, i.e., has similar 
limitations.  

Geohazards: 
Mortality estimated as 
fraction of number of 
affected people 

Mortality 
fraction of 4% 
(Jakob et al., 
20138) 

• Fatalities can be estimated 
based on observed events 
(debris floods and debris 
flows). 

 

7  Public Safety Canada (2019). Canadian Disaster Database, Public Safety Canada. Downloaded from 
https://www.publicsafety.gc.ca/cnt/rsrcs/cndn-dsstr-dtbs/index-en.aspx (Date 2019-08-22) 

8 Jakob, M., Holm K., Weatherly, H., Liu, S, and Ripley, N. 2013. “Debris Flood Risk Assessment for Mosquito Creek, British 
Columbia, Canada.” Natural Hazards 65 (3): 1653–81. https://doi.org/10.1007/s11069-012-0436-6. 
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3.1.2.3 Economy 

Building and Land Value 

A proxy for economic losses that is often used in risk assessments is property damage. Damage is typically 
determined using flood depth-damage curves (for clearwater floods), which relate flood depth and 
building characteristics (such as building material, number of floors, basement, etc.) to expected damage. 
However, detailed flood and geohazard data is not available for this screening-level risk assessment. 
Therefore, the total building value (of all buildings in the protected hazard extent) was used as a proxy for 
clearwater floods, and the total property value as proxy for geohazards (Table 8). It was assumed that 
when water recedes after a clearwater flood, most of the damage will have occurred to the building 
infrastructure, and not to the land. In contrast after a geohazard event, it was assumed that both the land 
and building are no longer usable.   

2019 BC Assessment data was obtained for the areas of interest (BCA 2019), and the building and land 
value from each land parcel intersecting with the protected hazard extent were summed up to calculate 
the total exposed value. For each protected hazard extent (independent of dominant hazard), the total 
building, land and property values were reported. The total property value can serve as a cost estimate 
for land acquisition if managed retreat is considered for risk reduction. The number of buildings was 
estimated as the number of land parcels with an improved (building) value indicated. This might slightly 
underestimate actual building numbers, in the case that several buildings are located on one parcel.  

Additionally, the land cost of the right-of-way of an upgraded flood protection structure was also 
estimated. This was calculated based on the design flood protection structure width, which was estimated 
by KWL for a structure upgrade (KWL 2020). The dike alignment provided by KWL was buffered with the 
structure width, and based on the relative area of the land parcels covered by the upgraded structure, the 
land value under the upgraded structure was calculated for each land parcel, and summed up to calculate 
the total structure right-of-way costs. Note that in some cases, the structure alignment bordered no (or 
only a small portion) of parcels with BC Assessment data, and it was therefore assumed that insufficient 
data existed to provide an estimate.  Similarly, given the level of uncertainty in the analysis, when right-
of-way costs of less than $1,000, it was assumed that insufficient data existed to provide an estimate.  

While the BC Assessment data provides highly local and detailed data, an important limitation is that it 
does not provide information for First Nation reserve lands, and economic consequences will therefore 
be underestimated for these locations. This was the case for one protected hazard extent (for 
structure 216.002) located on First Nations reserve lands (of the Nuxalk Nation), and notes were added 
to the site-specific report to highlight this limitation.  

There are also other circumstances, where there is variability/uncertainty in the BC Assessment data, 
when for instance multiple parcel overlay each other. For instance, in the protected geohazard extent of 
structure 180, a mobile home park is not spatially resolved into several properties but presented as one 
land value.  
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Agriculture 

Economic loss can also occur from damage to agricultural land, which is particularly relevant for rural 
areas where many of the orphaned protection structures are located. Therefore, we estimated the area 
of agricultural land within the protected hazard extent. We also provided a detailed listing of all crop 
types, and other land cover, within the protected hazard extent.  

This was based on the Annual Crop Inventory 2018 from Agriculture and Agri-Foods Canada (AAFC 2019). 
This dataset is developed based on satellite observations from multiple sensors during key crop 
phenological stages (reproduction, seed development and senescence), and trained and validated using 
provincial crop insurance information and collected field information (AAFC 2019). The resolution of the 
data is 30 m, and as it is developed as a Canada-wide dataset, there are some uncertainties when looking 
at the local scale.   

Further economic consequences such as business interruptions, emergency response costs, 
reconstruction costs, and other indirect economic losses could not be assessed for this screening-level risk 
assessment but might be substantial.  

Table 8: Data proxy details for the economy indicator. 

3. Economy 
Proxy Quantitative Dataset Assumption Limitations 
Clearwater 
Floods: 
Building Value 
in protected 
hazard extent 

2019 BC Assessment 
data9 

• Damage to entire 
building 

• Does not include data on First Nation 
reserve lands. 

• Does not consider other potential direct 
and indirect economic losses (business 
interruptions, emergency response costs, 
reconstruction costs, etc.).  Geohazards: 

Property Value 
in protected 
hazard extent 

2019 BC Assessment 
data9 

• Damage to 
building and land 

Agricultural 
Area in 
protected 
hazard extent 

Annual Crop 
Inventory 2018 
(AAFC, 2019)10 

• Damage to 
agricultural crops 

• Low resolution, Canada-wide layer 
obtained from remote sensing – there 
are substantial uncertainties at the local 
scale.  

  

 

9 BCA (2019). 2019 BC Assessment data for Areas of Interest. Received via the Fraser Basin Council from BC 
Assessment. 

10 AAFC (2019). Annual Crop Inventory 2018. Agriculture and Agri-Food Canada. Downloaded from http: 
//www.agr.gc.ca/atlas/data_donnees/agr/annualCropInventory/tif/2018/ (Date 2019-08-29). 
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3.1.2.4 Critical Infrastructure 

Critical Infrastructure Facilities 

Critical infrastructure facilities include emergency response and first responder facilities (i.e., fire hall, 
police, and ambulance stations), hospitals, local government offices (which typically support emergency 
response efforts), as well as transportation hubs (airports and ports), and food banks (Table 9). To identify 
the location of such facilities, spatial data from the BC Data Catalogue were used (Province of BC 2019). 
This provides a consistent province-wide dataset; however, some local facilities may not be captured in 
this dataset. Electrical substations were also included in the critical facilities dataset, based on data 
obtained from the Integrated Cadastral Information (ICI) Society (ICI 2019).   

Disruption of Services 

Disruption of basic and critical services, such as electricity, telecommunication, and road and train access 
can also lead to wide-spread cascading effects on a society. Using data from the ICI Society (ICI 2019), the 
number of overhead electrical distribution poles and transmission structures in the protected hazard 
extent was determined (Table 9). Especially wooden poles are susceptible to damage during long-duration 
flood events, and all overhead electrical structures are susceptible to damage from geohazards. No 
damage to underground structures was assumed. The number of telecommunication facilities in the 
protected hazard extent was also determined, based on ICI data. The length of roads and railway tracks 
in the hazard extent was determined based on BC Data catalogue information.    

Table 9: Data proxy details for the critical infrastructure indicator. 

4. Critical Infrastructure and Disruption of Basic/Critical Services 
Proxy Quantitative Dataset Assumption Limitations 
Location of 
critical facilities 
in protected 
hazard extent 

BC Data Catalogue11:  
- First Responders 
- Local Government Offices 
- Hospitals 
- Airports 
- Port Terminals 
- Food Banks 
 
ICI Society Data12: 
- BC Hydro Substations 

• Flood and geohazard 
damage to critical 
facilities.  

• Based on province-
wide dataset, and 
some local critical 
facilities might not 
be captured.  

• It was not possible 
to include water and 
wastewater 
treatment plants, as 
no province-wide 
dataset existed. 

Location of 
line/point 
features of 
basic services in 
protected 

BC Data Catalogue11 
- Road Atlas 
- Railway Tracks 
ICI Society Data12 

- BC Hydro and Fortis distribution 

• Damage or 
interruption of use to 
roads and railways. 

• Damage to overhead 

• Based on province-
wide datasets. 

• Damage to 
overhead electrical 

 

11  Province of BC (2019). BC Data Catalogue. Province of British Columbia. Downloaded from 
https://catalogue.data.gov.bc.ca/dataset?download_audience=Public (Date 2019-08-26 to 28).  

12  ICI (2019). Integrated Cadastral Information Data. Integrated Cadastral Information Society. Downloaded from 
https://www.icisociety.ca/services/map-viewer/ (Date 2019-08-02), with access obtained via FBC/EMBC.  

https://catalogue.data.gov.bc.ca/dataset?download_audience=Public
https://www.icisociety.ca/services/map-viewer/
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4. Critical Infrastructure and Disruption of Basic/Critical Services 
Proxy Quantitative Dataset Assumption Limitations 
hazard extent poles 

- BC Hydro and Fortis transmission 
structures 
- Telus and Shaw telecommunication 
facilities (pedestals) 

electrical poles 
(underground 
features assumed to 
not be affected). 

poles might be 
limited due to 
clearwater flooding 
but is included for a 
conservative 
approach. 

 

3.1.2.5 Environment 

While clearwater flooding and geohazards are important components of many ecosystems and are 
naturally occurring processes (which are in some cases worsening through anthropogenic land cover 
management), the contamination of flood waters by anthropogenic contamination sources can be 
detrimental.  Further, direct damage of ecologically sensitive areas from a flood or geohazard event was 
considered as an environmental impact in this project. 
 
Contamination Sources 
Contamination sources are considered present for operations where fuel, chemicals or other toxic, 
persistent substances may be stored in large amounts. Based on BC Assessment data information (BCA 
2019), the following commercial operations were included: automobile paint shops, garages, garbage 
dumps, sanitary fills, sewer lagoons, beef and poultry operations, cement and concrete mixing plants, pulp 
and saw mills, airports, mining and milling sites, logging and lumber operations, marine facilities, asphalt 
plants, metal industry sites, petroleum industry sites, oil and gas transportation pipelines, liquid gas 
storage plants, and works yards (Table 10). Considering the province-wide scale of this project, only BC-
wide datasets were used, and not all local contamination sources may be captured. For instance, many 
properties (especially in rural areas) have fuel storage onsite for generators or have septic tanks.  These 
are however, not consistently comprehensively reported, and are not included in this assessment. 
Therefore, the presented contamination sources likely underestimate the actual number of 
contamination sources exposed in the protected floodplain.  
 
Receptors (Sensitive Ecosystems) 
The assessed datasets include the distribution of Species and Ecosystems at Risk, National Parks (no 
national parks were within the Areas of Interest), Conservation Lands (which include Wildlife 
Management Areas (WMA), provincial land, and non-governmental organization (NGO)-owned land), 
Ecological Reserves, Provincial Parks, Protected Areas, Recreation Areas, local and regional parks, and 
green spaces (Table 10). All data were obtained from the BC Data Catalogue (Province of BC 2019). Note 
that parks and green spaces are included here as a proxy (in the absence of consistent BC-wide sensitive 
ecosystem information). While flooding less sensitive green spaces might be an effective flood mitigation 
strategy, these areas might also contain sensitive ecosystems that are vulnerable to anthropogenic 
contamination sources. Note that not all sensitive ecosystems are likely captured in the provincial 
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database. Further, downstream consequences of contamination sources could also lead to more 
widespread environmental consequences, and other indirect and intangible consequences. 
 
Table 10: Data proxy details for the environment indicator. 

5. Environment 
Proxy Quantitative Dataset Assumption Limitations 
Location of 
Contamination 
Sources in 
protected 
hazard extent 

2019 BC Assessment data9 • Damage leads to 
contamination of 
flood waters, with 
negative 
consequences for 
sensitive 
ecosystems within 
protected hazard 
extent. 

• Not all local contamination 
sources were captured in 
province-wide datasets (e.g., 
no septic systems or onsite 
fuel storage). 

• No differentiation between 
different contaminant types. 

Area of 
Sensitive 
Ecosystems in 
protected 
hazard extent 

BC Data Catalogue11  
- Species and Ecosystems at Risk 

Distribution  
- National Parks 
- BC Parks, Ecological Reserves, 

and Protected Areas 
- Conservation Lands (incl. Wildlife 

Management Areas) 
- Non-governmental organizations 

(NGO) Conservation Lands 
- Local/Regional Greenspaces 

• Flooding/ 
geohazards having 
negative effects 
on ecosystems 
due to 
contamination of 
floodwaters.  

• Not all sensitive ecosystems 
might be captured in 
provincial database, 
especially species at risk 
distribution might be wider 
than indicated in spatial 
dataset.  

• Downstream consequences 
of contaminated flood 
waters are not considered.  

3.1.2.6 Culture 

The consequences of flooding and geohazards to the culture of a community can be widespread, and 
include tangible consequences such as loss of cultural sites, but also more intangible aspects such as loss 
of education, changes to the culture of a community, and more. Here, as proxy for cultural consequences, 
the number of cultural sites within the protected hazard extent is assessed. Cultural sites were selected 
that are likely to have high social value to a community and for which there is consistent and 
comprehensive data sets. This includes heritage sites, Indigenous and non-Indigenous archaeological 
sites, indoor and outdoor recreational sites, community centres, care centres, and educational buildings. 
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 floods and geohazards.  

The datasets were based on the BC Data Catalogue (BC, 2019b), BC Assessment data information (BCA, 
2019) and an Archaeological and Heritage site dataset obtained from the Archaeology Branch at the 
MFLNRORD (MFLNRORD, 2019). Considering the province-wide scale of this project, only BC-wide 
datasets were used, and not all local cultural sites may be captured. Further, no community consultations 
were conducted as part of this screening-level risk assessment, and proxies for cultural consequences to 
flooding and geohazards likely cannot capture the full complexity of cultural impacts.  
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Table 11: Data proxy details for the culture indicator. 

6. Culture 
Proxy Quantitative Dataset Assumption Limitations 
Cultural sites 
in protected 
hazard extent 

BC Data Catalogue11  
- Civic Facilities (museums, 

community halls, recreation 
centres, pools, arena, …) 

-  Child Care 
- Education (schools K12, post-

secondary) 
 
Archaeological and Heritage 

Sites13 
- Heritage Sites 
- Indigenous archaeological sites 
- Indigenous traditional use sites 
- Non-indigenous archaeological 

sites 

• Cultural sites 
can indicate 
consequences 
to the culture 
of a 
community. 

• No community consultations were 
conducted, and proxies for cultural 
consequences cannot capture 
intangible consequences of cultural 
impacts. 

• Only province-wide datasets were 
used, and local cultural sites may 
not be captured.  

• Archaeological data is not 
complete. 

• Many more culturally important 
sites likely exist which are not 
captured.  

 

3.1.3 Consequence  
As mentioned before, for these screening-level risk assessments, exposure in the protected hazard extent 
was assumed as proxy for consequences (see above), as not enough details on hazard characteristics (e.g., 
flood depth) and vulnerability data (e.g., building details) was available. Where available, vulnerability 
data was however provided as supplemental information (e.g., social vulnerability indices). For each 
indicator, a consequence score (Section 3.1.3.1) and a consequence confidence rating (Section 3.1.3.2) 
were assigned.  

3.1.3.1 Consequence Score 

The consequence score describes for each indicator if the consequences of a protection structure failure 
are low or high. It is assigned based on consistent consequence scoring rules for all orphaned protection 
structures. 

As discussed in Section 2.2.4, index-based scoring is used to compare consequence, likelihood and risk 
results across a region. However, currently, no provincial or Canadian guideline exists on consistent 
consequence scoring. 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. However, not all these indicators were 
quantifiable, as was necessary for this project. 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 

 

13 MFLNRORD (2019). Archaeology and Heritage Sites. Obtained from the Archaeology Branch|Ministry of 
Forests, Lands, Natural Resource Operations and Rural Development (Date 2019-08-15). 
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Aggregation (NARRA)’ process) (Stantec Consulting Ltd. and Ebbwater Consulting Inc. 2017). As part of 
this work, a  risk scoring system (including consequence and likelihood scoring) 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 
(UNDRR 2015, 2016), and the Australian Risk Assessment Guidelines (AIDR 2015). The AIDR guidelines are 
considered best practice examples across the world and provide a scoring system for a range of indicators.  

Based on the above resources and the specific needs for this project, the consequence scoring rules 
presented in Table 12 were used for this project. Due to the nature of this project, where quantitative risk 
assessments had to be conducted for more than 100 structures, and all processing was automated, culture 
and environment indicators had to be scored quantitatively.  This is a limitation, as it could be argued that 
qualitative scoring of these indicators would allow better capture of the diverse tangible and intangible 
consequences. Given, the consideration of the specific needs for this project a fully quantitative approach 
was deemed acceptable, as the goal of this project was the comparison and prioritization between 
assessed structures, which required primarily consistency within the site-specific risk assessments.  

Note that logarithmic scaling was used for consequence scoring for all indicators, as this best represents 
the statistics of extreme events. Also note that consequence scoring was assigned based on the primary 
proxy measure in the protected hazard extent. This was done to avoid subjective weighing of different 
proxy data available for one indicator. The primary proxy data are listed in the consequence scoring rules 
(Table 12).  

Considerably consideration was given on the use of relative (e.g., % of affected people of a total 
population) or absolute scoring. While relative scoring to a local community is generally good practice, in 
the case of this project, it was challenging to define the local boundaries (i.e., relative to a regional district? 
Or to a municipal boundary? Municipal boundaries were however often too small to contain all protected 
hazard extents). Further, in this case, the total area of interest was the province of BC, therefore, results 
arguably should be reported as relative to the entire province. As the goal of this project was to present 
a consistent and comprehensive picture of risk absolute scoring was used. However, we also provide 
separate results for different regions of BC in Section 5, which will reduce some of the bias towards more 
populated centres.   

Note that the different consequence profiles of clearwater floods and geohazards were reflected in the 
different economic consequence scoring criteria. For clearwater flooding, the consequence score was 
based on the building value (improved value), under the assumption that while a building might be 
substantially damaged, typically the land itself will still be usable after the flood waters have receded. In 
contrast, after a geohazard event, land is more likely to be sterilized and no longer useable for 
development. Therefore, the entire property value (building plus land) was used for economic 
consequence scoring for geohazards. No further differences are applied for the other indicators, as in 
most cases, the number of exposed assets was reported, which is the same for clearwater floods and 
geohazards.  
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Lastly, note that for the environment indicator, the consequence scoring focused on the number of 
contamination sources within the protected hazard extent, considering that the primary danger to 
sensitive ecosystems is from contamination of flood waters (and not the mere occurrence of flooding or 
geohazards, which are natural processes). 

Table 12: Consequence scoring rules applied for this project.  

Consequence 
Score Description Criteria 

1. Affected People  
5 Extreme Number of affected people > 10,000  
4 Major  Number of affected people > 1,000 and ≤ 10,000 
3 Moderate Number of affected people > 100 and ≤ 1,000 
2 Minor Number of affected people > 10 and ≤ 100 
1 Insignificant Number of affected people ≤ 10 

2. Mortality 
5 Extreme Mortality estimate > 1,000  
4 Major  Mortality estimate > 100 and ≤ 1,000 
3 Moderate Mortality estimate > 10 and ≤ 100 
2 Minor Mortality estimate > 1 and ≤ 10 
1 Insignificant Mortality estimate ≤ 1  

3. Economy 

5 Extreme Clearwater Floods: Exposed total building value > $1Bn 
Geohazard:              Exposed total property value > $1Bn 

4 Major  Clearwater Floods: Exposed total building value > 100 M$ and ≤ $1Bn 
Geohazard:               Exposed total property value > 100 M$ and ≤ $1Bn 

3 Moderate Clearwater Floods: Exposed total building value > 10 M$ and ≤ 100 M$ 
Geohazard:              Exposed total property value > 10 M$ and ≤ 100 M$ 

2 Minor Clearwater Floods: Exposed total building value > 1 M$ and ≤ 10 M$ 
Geohazard: Exposed total property value > 1 M$ and ≤ 10 M$ 

1 Insignificant Clearwater Floods: Exposed total building value ≤ 1 M$  
Geohazard: Exposed total property value ≤ 1 M$ 

4. Critical Infrastructure (CI)  
5 Extreme > 100 exposed CI facilities  
4 Major  > 10 to ≤ 100 exposed CI facilities 
3 Moderate >1 to ≤ 10 CI exposed facilities 
2 Minor 1 CI exposed facility 

1 Insignificant No exposed CI facility 

5. Environment 
5 Extreme > 100 exposed environmental contamination sources 
4 Major  > 10 to ≤ 100 exposed environmental contamination sources 
3 Moderate >1 to ≤ 10 exposed environmental contamination sources 
2 Minor 1 exposed environmental contamination sources 

1 Insignificant No exposed environmental contamination sources 
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Consequence 
Score Description Criteria 

6. Culture 
5 Extreme > 100 exposed cultural sites 
4 Major  > 10 to ≤ 100 exposed cultural sites 
3 Moderate >1 to ≤ 10 exposed cultural sites 
2 Minor 1 exposed cultural site 
1 Insignificant No exposed cultural sites 

 

3.1.3.2 Consequence Confidence Rating 

Given the uncertainties in determining the consequences for many of the indicators, a consequence 
confidence rating was assigned for each indicator. The consequence confidence rating describes the data 
availability for each indicator, and how well the proxy data can capture the tangible and intangible 
consequences associated with the indicator (Table 13), which was broadly based on AIDR (2015), but 
adjusted for the purposes of this project. Especially for culture and environment, many intangible 
consequences exist, which cannot be quantified. To capture community values, local engagement is 
needed, which was not feasible for this project. Considering that consistent BC-wide exposure datasets 
were used, the same consequence confidence ratings per indicator were assigned for all locations (Table 
14). 

Table 13: Consequence confidence rating descriptions and criteria (based on AIDR (2015), adjusted). 

Consequence 
Confidence Rating 

Description Criteria 

5 Very High Proxy data can well capture all tangible and intangible 
consequences for an indicator and is reliably available at local 
scale.  

4 High Proxy data can relatively well capture consequences for an 
indicator and is available at local scale. 

3 Moderate Proxy data can capture most consequences for an indicator. 
But while available at local scale, some data 
uncertainties/inconsistencies exist, or not all local assets may 
be captured in the provincial dataset.  

2 Low Proxy data can capture some consequences for an indicator, 
but some assets might be missing, or not all tangible/intangible 
consequences might be captured.  

1 Very Low Only limited data and methods exist, and proxy data can only 
capture a small part of the consequences of an indicator, or the 
method to determine the proxy data is very uncertain. 
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Table 14: Assigned consequence confidence ratings for each indicator and rationale for this project.  

Indicator Assigned 
Consequence 
Confidence 
Rating 

Rationale 

1. Affected People Moderate Sub-regional to local data (which can capture primary 
consequences) is available, but some uncertainties/ 
inconsistencies exist in the data, especially for rural sites.  

2. Mortality Very low Only a very uncertain method exists to estimate mortality, as 
no detailed hazard or vulnerability data are available.  

3. Economy High A detailed local and up-to-date (2019) dataset exists, which 
captures the primary economic consequences, albeit not all 
direct and indirect consequences.  

4. Critical Infrastructure Moderate Relatively reliable provincial data exists, which can indicate the 
primary critical infrastructure consequences. However, local 
critical infrastructure aspects may not be captured.  

5. Environment Low While available contamination sources data is relatively reliable 
(based on 2019 BC Assessment data), not all contamination 
sources are included. Further, many more tangible and 
intangible consequences may exist.  

6. Culture Very low While provincial cultural sites datasets exist, these likely not 
capture all local sites. Further, this proxy can only capture a 
small part of the tangible/intangible consequences to the 
cultural of a community (community consultation would be 
ideal).  

 

3.2 Likelihood Methods 
The likelihood of a hazard event describes the chance of hazard occurrence. For this project, the likelihood 
description focuses on the structure itself and not on the likelihood of a flood or geohazard occurrence. 
This can be illustrated using the source-pathway-receptor model (Figure 21). The source is in this case a 
clearwater flood or a geohazard, the pathway is dependent on the structure performance (i.e., by 
overtopping or breaching), and the receptor is described by the exposure and consequence behind the 
structure in the protected hazard extent.  

The likelihood of water reaching the assets behind the structure (the receptors) is a function of both the 
likelihood of the structure failing (by overtopping or breaching) AND the likelihood of there being water 
with enough of a head difference across the structure to drive to the landside of the structure (clearwater 
flooding), or debris flows with enough head difference and destructive force (geohazards), this is referred 
to as hazard loading. These two likelihoods are inextricably linked – for example, overtopping and piping 
will only occur when there is event-driven high water on the riverside; erosion may occur during high flow 
and sliding may occur during rapid draw down. However, considering that the focus of this project is on 
assessing the risk of structure failure, it is assumed that there is an existing source (flood or geohazard 
loading), and the likelihood of the flood or geohazard event occurrence is not considered for the 
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calculation of risk. Instead, the likelihood is determined as the structure failure likelihood. A further 
iteration of work could incorporate the likelihood of the hazard loading into the assessment. 

Note that the protected floodplain extents, for which FDRP maps were available, were generated based 
on a fixed occurrence probability (0.5% AEP). This fixed probability allows a relative comparison of the 
likelihood and therefore risk of structure failure for these sites. 

 

Figure 21: Source-pathway-receptor model for structure failure.  

For clearwater flooding, both overtopping and breaching scores were determined. The overtopping score 
indicates how likely the protection structure is to overtop in a hazard event. It was assigned by KWL as 
part of the hydrology and hydraulics analysis (KWL 2020) (Table 15). The breaching score indicates how 
likely the protection structure is to breach in a hazard event and depends on the structure condition. It 
was assigned by KWL as part of the structure condition assessment in the field. The structure failure 
likelihood score indicates how likely the protection structure is to fail in a hazard event, either by 
overtopping or breaching. It was assigned as the greater of the overtopping and breaching score.  

The structure overtopping scores were developed based on clearwater hydrology and hydraulics which 
are not applicable for geohazards. The failure likelihood for geohazard structures were therefore solely 
drawn from the structure breaching likelihood score. Only one structure on a creek fan (structure 169) 
had a reported overtopping score higher than the breaching score. As the greater of the two scores is 
used for the structure failure likelihood, incorporation of solely the breaching score for geohazards did 
therefore not change much the end results and was considered more scientifically consistent and 
meaningful.  

Table 15: Likelihood score descriptions and criteria.  

Likelihood 
Score 

Description Criteria 

Overtopping Score (for Clearwater Floods) 
5 Almost certain The structure overtops at the 2% AEP flood water level or less. 
4 Likely The structure overtops at the 1% AEP flood water level but not at 2% AEP. 
3 Unlikely The structure overtops at the 0.5% AEP flood water level but not at 1% AEP. 
2 Rare  The structure has < 0.6 m freeboard but it does not overtop at the 0.5% AEP 

flood water level. 
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Likelihood 
Score 

Description Criteria 

1 Very rare The structure has at least 0.6 m freeboard to the 0.5% AEP flood water level. 

Breaching Score (for Clearwater Floods and Geohazards) 
5 Almost certain Non-functioning structure (i.e., the structure has already failed) 
4 Likely Poor structure condition (i.e., it has a high likelihood of failure during the next 

high-water event). 
3 Unlikely Fair structure condition (i.e., it is functional with major deficiencies). 
2 Rare  Good structure condition (i.e., it is functional with minor deficiencies). 
1 Very rare Excellent structure condition/a new structure (i.e., no significant deficiencies). 

Failure Likelihood Score 
5 Almost certain Clearwater Floods: The greater of the overtopping and breaching score 

Geohazards: Breaching score 
4 Likely Clearwater Floods: The greater of the overtopping and breaching score 

Geohazards: Breaching score 
3 Unlikely Clearwater Floods: The greater of the overtopping and breaching score 

Geohazards: Breaching score 
2 Rare  Clearwater Floods: The greater of the overtopping and breaching score 

Geohazards: Breaching score 
1 Very rare Clearwater Floods: The greater of the overtopping and breaching score 

Geohazards: Breaching score 
 

3.3 Risk Methods 
Lastly, consequence and likelihood are combined to estimate risk. The risk score indicates the risk 
associated with failure for each orphaned protection structure. For each indicator, it is calculated by 
multiplying the indicator consequence score and the structure failure likelihood score. It ranges from very 
low risk to very high risk (Table 16), based on AIDR (2015). Risk results for each site-specific risk assessment 
are also shown in risk matrices, where consequence and likelihood scores are plotted to show the risk 
score (Figure 22).  

Table 16: Risk score descriptions (based on AIDR, 2015). 

Risk Score Description 
> 15 Very high risk 

> 9 and ≤ 15 High risk 

> 4 and ≤ 9 Medium risk 

> 2 and ≤ 4 Low risk 

≤ 2 Very low risk 
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Figure 22: For each structure, a risk matrix is provided, as shown in this example. The location of the black diamond indicates 
the risk per indicator for that structure.  

Lastly, a risk confidence rating was assigned for each indicator for each structure. It indicates how reliable 
the risk score is, and is based on a combination of the delineation confidence rating and the consequence 
confidence rating as shown in Table 17, based on AIDR (2015). 

Table 17: Risk confidence rating, as combination of consequence confidence rating and likelihood confidence rating (AIDR 
2015). 

 Consequence Confidence Rating 
      Very low Low Moderate High Very high 

D
el

in
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n 

Co
nf

id
en
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Ra
tin

g 

Very high Moderate Moderate High Very high Very high 
High Moderate Moderate Moderate High Very high 
Moderate Low Moderate Moderate Moderate High 
Low Very low Low Moderate Moderate Moderate 
Very low Very low Very low Low Moderate Moderate 
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3.4 Site-Specific Risk Assessment and Reporting Methods 
For this project, a total of 113 site-specific risk assessments had to be conducted and described in 
individual site reports. To apply a scientifically robust and reproducible approach to this, the risk 
assessment process was coded in the programming language R. Using R markdown, not only the actual 
analysis was programmed, but also the reporting. R markdown uses LaTeX to produce pdf reports.  

For this approach, two text protocols were developed in R markdown (one for clearwater flooding and 
one for geohazards). In the text protocol, analysis functions were read in, which produced maps for each 
indicator, depicting the primary exposure data within the protected geohazard extent using open-source 
background mapping (OpenStreetMap and Bing Satellite Imagery). Structure-specific delineation 
information (such as delineation confidence and sensitivity ratings) were recorded in a detailed review 
database (see Section 3.1.1.4), and read into the analysis from that database. Analysis functions were also 
developed to calculate for each structure the number of exposed elements, as well as consequence, 
likelihood, and risk scoring. The results were then automatically presented in tables within the text 
protocol. The text itself was adjusted using if-statements to reflect the specific conditions at a site (e.g., 
describe the site-specific overtopping likelihood score, or provide additional information on 
contamination sources, if there were any for a site). The protocol also exported all the assessment results 
as a .csv file, which could then be incorporated into a database for further analysis for comparison and 
prioritization purposes, to provide information to KWL, or provide as a deliverable to the Province. The 
text protocols were then run via a loop to produce the 113 site-specific risk assessment reports (as well 
as a brief word summary for insertion into the KWL site-specific reports).  

This method of automated analysis and reporting allowed for a robust, reproducible, and well-
documented analysis. Furthermore, it allowed to adjust for receiving key input information (such as the 
structure alignment for delineation of the protected hazard extent, overtopping and breaching scores, or 
the upgraded structure width) relatively late into the project timeline, as most analysis preparation could 
be done ahead of receiving finalized input information, and the final analysis could be run once the 
received input data was complete.   

Lastly, a detailed review process was conducted, in which three reviewers (including senior review) 
reviewed each individual site-specific report and documented their review in a database. In cases where 
inconsistencies in the exposure data were detected (for instance, low affected people estimates for small, 
rural hazard extents), clarifying notes were added to the reports manually.  

The results from the 113 individual risk assessments were then analysed and summarized in figures, using 
R as well.    

For the analyses throughout this project, QGIS and the following R packages were used: sp, sf, rgdal, 
maptools, raster, rgeos, tidyverse, extrafont, OpenStreetMap, tinytex, knitr, kableExtra, ggmap, ggsn, 
RColorBrewer, maps, mapdata, prettymapr, classInt, gridExtra, pacman. It should be noted that some of 
the initial exposure data pre-processing was also conducted using R (for BC Assessment data, and the 
critical infrastructure, environment, and culture indicators).  
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3.5 Limitations  
As discussed throughout this methods chapter, one should be aware of many limitations and uncertainties 
related to the screening-level nature of the risk assessments conducted for this project. On the hazard 
site, the delineations depended on the accuracies of structure alignment files received by KWL and the 
Province. Further, only a screening-level hazard delineation was possible, which should not be used for 
any other purposes than this project. There are also substantial uncertainties based on the available 
exposure data, which in some cases showed inconsistencies at the local scale, or where not enough 
quantifiable data was available at the provincial level to capture all aspect of consequences. Further, 
indirect and intangible consequences could not be well-captured in this province-wide project, where 
individual community consultations were not possible. Apart from these limitations however, the risk 
assessments were conducted in a consistent, robust, and scientifically reproducible manner, considering 
a holistic set of consequences, and it is hoped that they can provide guiding information for prioritization 
and initial risk reduction planning.  
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4 Site-Specific Risk Assessments 
In total, 113 site-specific risk assessment reports have been generated; one for each of the sites identified 
by the project team and provided by KWL to Ebbwater. As discussed at the outset of this report, one 
objective for this project was to present information in a format that would be clearly understood by 
individual local authorities. Although local authorities are encouraged to read through this report to fully 
understand the strengths and limitations of the risk assessment reports, the site-specific reports are 
designed as standalone documents. Considerable effort was made to enable this, and to balance report 
length with the need to explain concepts and provide supporting information of the structure-specific risk. 

Each report contains an overview section with summary of the risk assessment results, a risk matrix for 
the specific structure and a brief methods section with key method concepts and limitations. In the 
consequence section, the site-specific protected hazard extent delineation, exposure for each of the 
6 indicators, and consequence scoring results are described, and site-specific maps are provided. This is 
followed by a likelihood section, where likelihood scores are determined.  Finally, a risk section provides 
the risk scoring results.  

An example of the first two pages of the reports, which are between 17 and 18 pages for each site, is 
presented in Figure 23. Some example maps from one of the site-specific risk assessment reports are 
provided below (Figure 24, Figure 25, Figure 26). The site-specific risk assessment reports themselves can 
be found in Attachment 2 of KWL’s site-specific reports. 

 

Figure 23: Screenshot of first two pages of risk assessment reports. 
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Figure 24: Example PFP delineation map for orphaned protection structure 201, indicating also the extent of the FDRP flood 
map, and structure 207, which also protects the hazard extent. Background: Bing Satellite Imagery. 

 

Figure 25: Example economy indicator map, indicating the building values per parcel exposed to flooding in the PFP of structure 
201. Background: OpenStreetMap ©OpenStreetMap contributors, cartography license CC-BY-SA). 
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Figure 26: Example map for the environment indicator, indicating location of contamination sources and environmentally 
sensitive areas in the PFP of structure 201. Background: OpenStreetMap ©OpenStreetMap contributors, cartography license 
CC-BY-SA). 

The reports were prepared automatically using the programming language R and the document 
preparation system LaTeX, and therefore are consistent across all 113 sites. However, in some cases, as 
discussed in Section 3, minor post-processing edits were made by the review team. These reports provide 
a picture of risk for each orphaned protection structure that is suitable both for sharing with local 
authorities, as well as for reference and relative understanding of risk by the Province. 
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5 Comparative Risk Results  
In this section, the results of the site-specific risk assessments are compared and summarized across the 
province to provide information for prioritization. Section 5.1 provides analysis of the consequence 
results, with respect to hazard extents (Section 5.1.1), exposure results (Section 5.1.2), and consequence 
scoring results (Section 5.1.3). In Section 5.2, likelihood scores across the assessed structures are analyzed, 
and Section 5.3 provides the results for the final risk scores for each structure and indicator. These risk 
results are presented both for the entire province, as well as broken up for each of the MFLNRORD regions. 
Detailed results for each of the 113 assessed structures are also provided in the accompanying database 
in Attachment 1.  

Please note that we only present results here that were calculated through the Ebbwater analysis 
described in this report. Additional information for instance on costing for structure updates, as produced 
by KWL, was not available for analysis. We provide some additional ideas on how these might be combined 
to support decisions in the next Section (6).  

5.1 Consequence Results 
5.1.1 Hazard Extents 
A total of 113 protected hazard extents have been delineated for this project, including 77 sites with 
clearwater flooding and 36 sites with geohazards as the dominant hazards. The clearwater flooding 
protection structures predominantly addressed riverine flood hazards. Four structures have coastal 
influence, where two structures (structures 167 in the Lower Mainland) and (193 in Port San Juan, 
Vancouver Island) provide direct coastal protection, and two structures are located in coastal estuaries 
on Vancouver Island (structures 165 and 159).   

Orphaned protection structures are found across the province. As presented in Figure 27, most are found 
in the southern part of BC with a concentration in and around Kamloops, the Okanagan Valley, and in the 
Kootenays.  
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Figure 27. Orphaned protection structure locations in BC. 

The delineated protected hazard extents varied widely in area (Figure 28). Delineated protected 
floodplains ranged from 0.042 to 1,052 hectares. The delineated protected geohazard extents were 
generally smaller, ranging from 0.071 to 146 hectares. 

 
Figure 28: Histograms of the areas in hectares (ha) for (a) the protected floodplains, and (b) for the protected geohazard 
extent.  

Considering the uncertainty related to the screening-level protected hazard extent delineations, 
delineation confidence ratings and consequence sensitivity ratings were assigned. In general, delineation 
confidence ratings were much higher (higher confidence) for clearwater floods than for geohazards (Table 
18). This was in part due to the fact that more historical flood maps were available to guide the 
delineations for clearwater floods, while these did not exist for many of the geohazard sites. In contrast 
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however, consequence sensitivity ratings were slightly lower (i.e., less sensitive) for geohazards than for 
clearwater floods, likely due to the generally smaller and more constrained area of the protected 
geohazard extents (creek fans), where less exposure was included due to the conservative delineation 
approach.  

Table 18: Delineation confidence and consequence sensitivity ratings for protected hazard extents.  

Rating 1 (Very low) 2 (Low) 3 (Moderate) 4 (High) 5 (Very high) 
Delineation Confidence Rating 
Clearwater Floods 18 1 16 23 19 
Geohazard 29 0 4 2 1 
Consequence Sensitivity Rating 
Clearwater Floods 25 24 18 9 1 
Geohazard 13 8 10 5 0 

 

5.1.2 Exposure Results 
For each indicator, several exposure datasets were assessed, which served as measurable proxies that can 
be analyzed quantitatively. In this section, the province-wide results of this exposure analysis are 
summarized and discussed for each indicator.  

5.1.2.1 Affected People and Mortality 

The number of affected people within a protected hazard extent varied from an estimated 0 to a 
maximum of over 1,400 people (Figure 29). The highest number of affected people were found at 
structure 167 (South Vancouver Sea Dike), 175.001 and 175.002 (Mission Creek), structure 214 
(Thompson River) and structure 201 (Similkameen River) (Table 19).    

The mortality estimate varied from 0 to up to 10.5 (Figure 29), with most clearwater structures having an 
estimated mortality of less than 1 (statistical average), while mortality was higher for geohazards. This 
reflects the different methodological approaches to the calculation of mortality, where geohazards are 
assumed to be more dangerous than clearwater floods. Table 20 provides information on the structures 
with the highest mortality estimates, which are notably different than the structures with the highest 
number of affected people. Structure 216.002 (Thorsen Creek at the Central Coast) has a particularly high 
mortality estimate, which should be of concern. This structure protects the First Nation reserve lands of 
the Nuxalk Nation. Structures 153 (Cheekeye River) and 181.002 (Nooklikonnik Creek), both also located 
at the Central Coast, have high mortality estimates as well, followed by structure 347.003 (Duhamel Creek) 
in the Kootenays, and 182 (Norrish Creek) in the Lower Mainland.   
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Figure 29: Histogram of (a) the number of affected people, (b) the number of affected people zoomed into below 500, and (c) 
estimates of the mortality for all assessed structures.  

Table 19: Structures with the highest numbers of affected people, including protected hazard extent area in hectares (ha).  

ID Structure Name Area  
(ha) 

Affected People (#) 

167 South Vancouver Sea Dike 267 1,456 
175.001 Mission Creek 85 1,345 
214 East of Singh Street to Ridgeview Terrace 37 1,023 
175.002 Mission Creek  76 1,020 
201 Similkameen River Upstream of Keremeos Left Bank 243 967 
213 Strauss St to Downie Street 36 729 
165 Mine Road Dike 85 421 
206 Keremeos Creek to Beecroft Road 1,052 384 
183 Yates Road to Walkem Road 17 367 
137 Nanaimo River Dike 487 365 

 

Table 20: Structures with the highest mortality, including protected hazard extent area in hectares (ha). 

ID Structure Name Area (ha) Mortality  
216.002 Thorsen Creek 65 10.5 
153 Fernwood Road 45 3.8 
181.002 Nooklikonnick Creek 137 2.2 
347.003 Duhamel Creek - Sites 1, 3 7 2.0 
182 Norrish Creek Dike 146 1.9 
347.001 Duhamel Creek - Sites 1, 3 7 1.8 
216.001 Thorsen Creek 103 1.7 
169.002 Granite Creek 76 1.4 
181.001 Nooklikonnick Creek 120 1.4 
169.001 Granite Creek 88 1.0 
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5.1.2.2 Economy 

For the economy indicator, building and land values (based on 2019 BC Assessment data) were assessed, 
along with the agricultural area exposed in the protected hazard extent (based on the 2018 Annual Crop 
Inventory).  

Between 0 to over 900 buildings were estimated to be exposed in the protected hazard extents, with most 
sites having however below 250 exposed buildings (Figure 30). Similarly, between 0 and more than 
950 parcels were within the protected hazard extents.  

With respect to exposed building (improved) values, up to 300 M$ Canadian are exposed at a single 
structure site, with most protected hazard extents having less than 20 M$ of building value exposed. 
Exposed land values reached up to almost 1,400 M$, and total property values up to almost 1,700 M$. 
The land costs of the right-of-way of an upgraded structure was also calculated, and apart from 7 
structures with higher costs, was below 1M$.  

In Table 21, the structures with the highest exposed total property values are listed. Structure 167 (South 
Vancouver Sea Dike) has by far the highest property value (which is not a surprise, considering its location 
in Vancouver, where real estate costs are high). Structures 175.002 and 175.001 along Mission Creek in 
Kelowna also have high exposed total property values, followed by structure 201 on the Similkameen 
River in Keremeos.  
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Figure 30: Histograms of exposure estimates for the economy indicator, for all assessed structures, (a) number of buildings, 
(b) number of parcels), (c) total building (improved) value in million Canadian dollars (MCAD), (d) total land value in MCAD, 
(d) total property value in MCAD, and (f) the land value of the right-of-way of an upgraded structure in MCAD. 

Table 21: Structures with highest total property value exposed in protected hazard extent  

ID Structure Name Area 
(ha) 

Building 
Count 

Parcel 
Count 

Building 
Value 
(M$) 

Land 
Value 
(M$) 

Total Property 
Value  
(M$) 

Right 
of Way 

(M$) 
167 South Van. Dike 267 338 376 289.7 1,381.2 1,670.9 5.876 

175.002 Mission Creek  76 607 625 290.5 290.8 581.3 0.977 
175.001 Mission Creek  85 949 958 221.4 343.4 564.8 0.078 

201 Similkameen R. 243 618 712 125.6 75.9 201.5 0.335 
213 Strauss St  36 232 240 127.6 60.6 188.2 1.415 
165 Mine Road Dike 85 223 242 62.9 121.0 183.9 0.497 
214 East of Singh Str 37 376 384 76.1 64.7 140.9 2.814 

176.002 Mission Creek  51 135 140 52.9 59.6 112.5 0.616 
310 Weyerhaeuser 191 9 24 75.9 18.2 94.1 0.441 
206 Keremeos Cr. 1,052 245 321 49.0 39.6 88.6 0.21 
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The agricultural area within the protected hazard extent ranged from 0 to over 900 hectares. Of the 113 
structures, 32 have exposed agricultural area. The structures with the highest exposed agricultural area 
were 206 (Keremeos Creek), 327 (Pemberton), and 200 and 202 (Similkameen River in Keremeos) (Table 
22). The dominant crop types exposed to flooding and geohazards are listed in Table 23.   

 

Figure 31: Histogram of agricultural area in hectares (ha) exposed in protected hazard extents of assessed structures.  

Table 22: Structures with the highest agricultural area (shown in hectares) exposed in the protected hazard extent (PHE).  

ID Structure Name PHE Area  
(ha) 

Agricultural 
Area (ha) 

206 Keremeos Creek to Beecroft Road 1,052 917.1 
327 Pemberton Meadows Berm 887 718.1 
200 Similkameen River Keremeos to Keremeos Creek 638 464.6 
202 Similkameen River Downstream of White Bridge 213 134.3 
137 Nanaimo River Dike 487 74.5 
184 Heffley Creek Flood Protection Works 151 71.1 
201 Similkameen River Upstream of Keremeos Left Bank 243 66.0 

203.002 Similkameen River, Red Bridge to White Bridge 82 59.9 
182 Norrish Creek Dike 146 39.1 
204 Similkameen River Upstream of Red Bridge 50 30.1 

 

Table 23: Summary of pasture and crop types exposed in the protected hazard extents (area in hectares), as provided in the 
Annual Crop Inventory 2018. 

Crop Type Area  
(ha) 

 Crop Type Area  
(ha) 

 Crop Type Area  
(ha) 

Pasture / Forages 68.5  Other Vegetables 7.1  Hops 0.3 
Potatoes 33.4  Fallow 4.0  Canola / Rapeseed 0.2 
Cranberry 23.5  Spring Wheat 2.5  Greenhouses 0.2 

Rye 23.1  Nursery 2.4  Oats 0.2 
Barley 15.2  Beans 1.2  Other Berry 0.09 

Blueberry 11.8  Corn 0.8  Vineyards 0.01 
Orchards 9.0       
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5.1.2.3 Critical Infrastructure and Disruption 

Critical infrastructure facilities were within the protected hazard extent for 11 structures (Table 24), 
including fire halls, ambulance, local government, substations, police and airport. This included structures 
201 (Similkameen River in Keremeos), 147 (Bella Coola River), 332.005 (Dutch Creek close to Columbia 
Lake), and 181.002 (Nooklikonnick Creek) and 210.002 (Snootli Creek) on the Central Coast. 

Table 24: Critical infrastructure (CI) facilities in protected hazard extents.  

ID Structure Name Area 
(ha) 

CI Facilities CI Facilities Description 

201 Similkameen River Upstream of Keremeos Left 
Bank 

243 3 Fire Hall, Ambulance, 
Local Government 

147 Airport/Bella Coola River 384 2 Airport, Ambulance 
332.005 Dutch Creek 332 2 Airport, Substation 
181.002 Nooklikonnick Creek 137 2 Airport, Ambulance 
210.001 Snootli upstream of Highway 102 2 Airport, Fire Hall 
175.002 Mission Creek - Downstream of Casorso Road 

to Lakeshore 
76 1 Police 

189.002 Nusatsum River 283 1 Fire Hall 
219.001 Tulameen Townsite 56 1 Fire Hall 

310 Weyerhaeuser 191 1 Substation 
350.001 Crawford Creek 174 1 Airport 
350.002 Crawford Creek 164 1 Airport 

 
In Figure 32, details on the disruption of basic/critical services are provided, including the number of 
distribution poles, transmission structures and telecommunication facilities exposed to flooding and 
geohazards. Railway tracks were exposed in 10 protected hazard extents (structures 163, 153, 182, 
195.002, 310, 332.005, 332.006, 333.002, 335.000, and 353.000).  
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Figure 32: Histograms of disruption of basic/critical services in protected hazard extents, (a) number of distribution poles, (b) 
number of transmission structures, (c) number of telecommunication facilities, (d) length of exposed roads in kilometres, and 
(e) length of exposed railway tracks in kilometres.  

5.1.2.4 Environment 

For the environment indicator, both potential environmental contamination sources and environmental 
receptors (sensitive ecosystems) were assessed (Figure 33). There are 45 structures with at least one 
identified contamination source, including structures 145 (Bella Coola Airport), 210.001 (Snootli Creek), 
163 (Hill Road), and structures 201, 202 and 206 in Keremeos (Table 25). It should be noted that the 
number of contamination sources is likely underestimated, as other local sources such as septic tanks or 
fuel storage were not included in the analysis (due to data availability limitations).  

For 60 structures, species and ecosystems at risk distributions were exposed to flooding and geohazards. 
16 structures had exposed conservation lands, 8 structures exposed ecological reserves/provincial parks, 
and 20 structures had exposed parks/greenspace.  
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Figure 33: Histograms of (a) number of contamination sources, and the exposed area in hectares (ha) of (b) species and 
ecosystems at risk distribution, (c) conservation lands, (d) ecological reserves and provincial parks, and (e) local/regional 
parks and greenspaces.  

Table 25: Structures with 4 or more environmental contamination sources in the protected hazard extent (PHE).  

ID Structure Name PHE Area  
(ha) 

Contamination 
Sources 

147 Airport/Bella Coola River 384 12 
210.001 Snootli upstream of Highway 102 12 

163 Hill Road 97 9 
201 Similkameen River Upstream of Keremeos Left Bank 243 8 
202 Similkameen River Downstream of White Bridge 213 8 
206 Keremeos Creek to Beecroft Road 1,052 8 
310 Weyerhaeuser 191 6 
327 Pemberton Meadows Berm 887 6 

350.001 Crawford Creek 174 4 
350.002 Crawford Creek 164 4 

182 Norrish Creek Dike 146 4 
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5.1.2.5 Culture 

The number of cultural sites exposed to flooding and geohazards was assessed as a proxy for impacts to 
the culture of a community (Figure 34). Cultural sites were within the protected hazard extents of 42 
structures, ranging from 1 to up to 15 exposed sites. Cultural heritage sites were exposed to hazards at 
11 structures. Pre-contact Indigenous archaeological sites were identified within the protected hazard 
extent at 22 structures, and Indigenous traditional use sites at 2 structures. Non-Indigenous 
archaeological sites were exposed to hazard at 3 structures. Details on the structures with the highest 
numbers of exposed cultural sites are provided in Table 26. Highest number of all cultural sites were found 
for structure 201 (Similkameen River, Keremeos), followed by structure 167 (South Vancouver Sea Dike), 
137 (Nanaimo River Dike) and 149 (Hagensborg, Bella Coola River). The highest number of pre-contact 
Indigenous archaeological sites were found at structure 165 (Mine Road Dike in the Englishman River 
Estuary on Vancouver Island - 6 sites), followed by structure 201 (5 sites), structure 137 (4 sites), and 149 
(4 sites). Identified Indigenous traditional use sites were particularly high at structure 169.001 (Granite 
Creek, Skeena-Nass), with 7 sites. It should be noted that in particularly the archaeological and traditional 
use sites likely underestimate actual numbers, as only sites identified in the Provincial archaeological data 
were assessed, and many more sites likely exist. 

 

Figure 34: Histograms of exposed number of (a) all cultural sites (total), (b) community buildings, (c) heritage sites, and (d) 
Indigenous pre-contact archaeological sites.  



 

  

58 Risk Assessment of BC’s Orphaned Flood Protection Structures  
Appendix B: Provincial Risk Summary Report 
 

Table 26: Structures with cultural sites located within the protected hazard extents.  

ID Structure Name 
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201 Similkameen River Upstream of 
Keremeos Left Bank 

15 9 1 0 5 0 

167 South Vancouver Sea Dike 12 3 4 5 0 0 
137 Nanaimo River Dike 10 1 3 2 4 0 
149 Hagensborg (Upper) 10 5 0 0 4 1 
165 Mine Road Dike 8 1 1 0 6 0 
169.001 Granite Creek 7 0 0 0 0 7 
206 Keremeous Creek to Beecroft 

Road 
5 3 2 0 0 0 

145 Hagensborg (Lower) 4 3 0 0 1 0 
183 Yates Road to Walkem Road 4 3 0 0 1 0 
210.002 Snootli upstream of Highway 4 3 0 0 1 0 

 

5.1.3 Consequence Results 
Based on the exposure within the protected hazard extent and consequence scoring rules, consequence 
scores were determined per indicator for each structure (as described in the Methods Section). Figure 35 
shows the distribution of consequence scores across the assessed structures, and the numbers of 
structures with a specific consequence score are also indicated in Table 27. 

Overall, for the affected people and economy indicators in particular, consequence scores were relatively 
distributed from scores 1 (insignificant) to 4 (major). In contrast for mortality, most structures fell within 
the score 1 category, with 8 structures however showing a mortality consequence score of 2, and 1 
structure (216.002) a mortality score of 3. Most structures also had a critical infrastructure score of 1, with 
some structures having a higher score. For the environment and culture indicators, many structures had 
a score of 1, but also 45 and 42 structures, for environment and culture respectively, had higher 
consequence scores.  
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Figure 35: Histograms for indicator consequences scores for all assessed structures.  

Table 27: Number of structures with a specific consequence score for each of the 6 indicators.  

Indicator 1  
(Insignificant) 

   2 
    (Minor) 

3  
(Moderate) 

4  
(Major) 

5  
(Extreme) 

Consequence 
Confidence 
Rating 

1. Affected People 49 45 15 4 0 Moderate 
2. Mortality 104 8 1 0 0 Very low 
3. Economy 26 49 33 5 0 High 
4. Critical Infrastr. 102 6 5 0 0 Moderate 
5. Environment 68 22 21 2 0 Low 
6. Culture 71 16 24 2  0 Very low 
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5.2 Likelihood Results 
Most structures had high structure failure likelihoods, with 31 structures having a structure failure 
likelihood of 5 (almost certain), which is of concern (Table 28). The structure failure likelihood was 
assigned as the greater of overtopping and breaching likelihood for clearwater floods structures, and as 
the breaching likelihood for geohazard structures. The overtopping and breaching likelihoods were 
determined by KWL as part of the hydrology and hydraulics analysis and field structure condition 
assessment (KWL 2020). 

Of the 77 clearwater flood structures, 17 had an overtopping score that was higher than the breaching 
score (157, 162, 165, 166, 174.001, 175.002, 176.001, 184, 185, 193, 203.002, 205.001, 211, 213, 214, 
310, and 322). For all other sites, the breaching score was higher, which is also reflected in the distribution 
presented in Figure 36.  

Most of the geohazard structures had breaching scores of 3 (unlikely) or 4 (likely) (Figure 37). 

Table 28: Number of structures for each of the structure failure likelihood scores.  

Score 1  
(Very rare) 

2  
(Rare) 

3  
(Unlikely) 

4  
(Likely) 

5  
(Almost certain) 

Structure 
Failure 
Likelihood 

0 11 33 38 31 

 

 

Figure 36: Histograms for clearwater flood sites, of (a) overtopping scores, (b) breaching score and (c) structure failure 
likelihood scores.  



 

 

Risk Assessment of BC’s Orphaned Flood Protection Structures  
Appendix B: Provincial Risk Summary Report 

61 

 

Figure 37: Histograms for geohazard sites, of (a) overtopping scores, (b) breaching score and (c) structure failure likelihood 
scores. 

5.3 Risk Results 
Risk scores were obtained by multiplying the consequence score for each indicator with the structure 
failure likelihood. In this section, risk summary results across all assessed structures are provided, for the 
entire province of BC (all structures), as well as broken down by MFLNRORD Natural Resource Regions.  

5.3.1 British Columbia 
In Figure 38, summary risk results are provided for all assessed structures throughout British Columbia. 
Most structures have at least a low risk, and many structures have a medium to high risk, with some 
structures even having very high risk. Risk for the affected people indicator is mostly low to high, with a 
few very high-risk structures (Table 29). For the mortality indicator, where consequence scores were 
generally low, risk is low to medium for most structures, due to the generally higher likelihood scores. For 
the economy indicator, most risk is medium, with also a relatively high number of structures having high 
risk, and four structures with very high risk. Risk is dominantly low for the critical infrastructure indicator, 
but there are 36 structures with medium to high risk. 60 structures have medium to high environmental 
risk, and 53 structures have medium to high cultural risk. 2 structures have very high risk for culture.  
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Figure 38: Histograms of risk per indicator for all assessed structures.  

Table 29: Number of structures with different risk, for each indicator.  

Risk Very low  Low Medium High Very high 
1. Affected People 6 39 40  25 3 
2. Mortality 9 66 38 0 0 
3. Economy 1 26  48 34  4 
4. Critical Infrastr. 9 68 29 7  0 
5. Environment 6 47  37 23 0 
6. Culture 7 51 34  19 2 

 

Figure 39 shows risk as a product of the consequence score and the likelihood score per indicator for each 
assessed structure in a risk matrix. Risk is scaled according the frequency of structures that fall into the 
same category. It can be seen how the high likelihood scores are driving the risk value, as in many cases 
the likelihood score is higher than the consequence score (especially for the mortality and critical 
infrastructure indicators). This figure thus highlights the importance of including both consequence and 
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likelihood in a risk-based approach, as not only the potential consequences to a structure failure are 
important to consider, but also how likely this is to occur.  

 

Figure 39: Visualization of risk for all assessed structures in risk matrix. Risk for each assessed structure is indicated by location 
of the black dot, which is scaled according the frequency of structures which fall into the same category.  

In Table 30, the structure IDs with the highest risk score per indicator are listed for prioritization 
information. The results presented in this table highlight the importance of considering multiple indicators 
when assessing risk, as the structures with the highest risk vary for each indicator. If for instance risk 
reduction measures are only implemented following the highest economic risk (as was traditionally done), 
the high environmental or cultural risk at other structures would not be considered. In a holistic risk-based 
approach, the risk for a wide range of indicators is considered.  Furthermore, it can also be seen that the 
structures with the highest risk score do not always equal the structures with the highest exposure listed 
in previous sections. This again highlights the importance of considering both consequence and likelihood 
(i.e., risk).   
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Table 30: IDs for the structures with highest risk scores for each of the indicators. Note that a maximum of 15 structures was 
included in this list. For some indicators (e.g., Economy, Critical Infrastructure), the group of structures with the next highest 
score would have included many more structures, and would thus exceed the maximum of 15 structures shown here. More 
details are available in the accompanying database (Attachment 1). 

1. Affected 
People 

2. Mortality 3. Economy 4. Critical 
Infrastructure 

5. Environment 6. Culture 

ID Risk ID Risk ID Risk ID Risk ID Risk ID Risk 

175.002 20 216.002 9 175.002 20 332.005 15 310 15 167 16 
214 20 153 8 213 20 201 12 332.005 15 201 16 
167 16 347.001 8 167 16 175.002 10 350.001 15 165 15 
165 15 347.003 8 201 16 189.002 10 350.002 15 174.001 15 
174.001 15 169.002 6 165 15 310 10 145 12 175.002 15 
176.001 15 182 6 174.001 15 350.001 10 147 12 176.001 15 
184 15 216.001 6 176.001 15 350.002 10 149 12 184 15 
185 15 216.002 9 184 15 147 9 167 12 189.002 15 
213 15 153 8 185 15 219.001 6 200 12 189.003 15 
310 15 347.001 8 189.002 15 181.002 6 201 12 214 15 
175.001 12 347.003 8 211 15 210.001 6 202 12 329 15 
200 12 169.002 6 214 15   206 12 350.001 15 
201 12 182 6 310 15   327 12 350.002 15 
206 12 216.001 6     336.002 12   
327 12           

 

The following 6 figures provide risk maps for each indicator for all assessed structures across the entire 
province of BC (Figure 40, Figure 41, Figure 42, Figure 43, Figure 44, and Figure 45. These presentations 
of risk also visualize how the spatial distribution of risk varies per indicator. Similar (zoomed-in) risk maps 
are provided for each of the natural resource regions in the Section 5.3.2.  
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Figure 40: Risk for the affected people indicator for all assessed structures in BC.  

 

Figure 41: Risk for the mortality indicator for all assessed structures in BC. 
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Figure 42: Risk for the economy indicator for all assessed structures in BC. 

 

Figure 43: Risk for the critical infrastructure indicator for all assessed structures in BC. 
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Figure 44: Risk for the environment indicator for all assessed structures in BC. 

 

Figure 45: Risk for the culture indicator for all assessed structures in BC. 
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5.3.2 Natural Resource Regions 
In this section, risk maps are provided for each of the natural resource regions (Figure 46, Figure 47, Figure 
48, Figure 49, Figure 50, Figure 51, Figure 52). The number of structures for each of the natural resource 
regions is given in Table 31. As no structures are located in the Cariboo region, no detailed maps are 
provided for that region.  

Table 31: Number of orphaned protection structures in each natural resource region. 

Natural Resource Region Number of Orphaned Protection Structures 
Northeast  2 
Omineca  4 
Skeena  4 
Cariboo  0 
Kootenay-Boundary  37 
Thompson-Okanagan  38 
South Coast 9 
West Coast  19 

 

As can be seen in the following maps, the Thompson-Okanagan and Kootenay-Boundary region have most 
orphaned protection structures. Most of the structures with high risk are located in the Thompson-
Okanagan region, while most structures in the Kootenay-Boundary region have lower risk.  
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Figure 46: Risk for all indicators (affected people, mortality, economy, critical infrastructure, environment, and culture) for 
structures in the North East natural resource region. 
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Figure 47: Risk for all indicators (affected people, mortality, economy, critical infrastructure, environment, and culture) for 
structures in the Omineca natural resource region. 
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Figure 48: Risk for all indicators (affected people, mortality, economy, critical infrastructure, environment, and culture) for 
structures in the Skeena natural resource region. 
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Figure 49: Risk for all indicators (affected people, mortality, economy, critical infrastructure, environment, and culture) for 
structures in the Kootenay-Boundary natural resource region. 
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Figure 50: Risk for all indicators (affected people, mortality, economy, critical infrastructure, environment, and culture) for 
structures in the Thompson-Okanagan natural resource region. 
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Figure 51: Risk for all indicators (affected people, mortality, economy, critical infrastructure, environment, and culture) for 
structures in the South Coast natural resource region. 
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Figure 52: Risk for all indicators (affected people, mortality, economy, critical infrastructure, environment, and culture) for 
structures in the West Coast natural resource region. 
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6 Prioritization Recommendations and Next Steps 
The analysis provided in this report, as well as in the site-specific risk assessment reports, allows a risk-
based approach to flood and geohazard risk reduction. A consistent approach was applied across all 
structures, which allows comparability. Risk scoring results, which incorporate both the consequences and 
likelihood of structure failure, can be used to prioritize structures for action.   

When prioritizing structures for risk reduction measures, it is important to consider the risk for all 
indicators, as different structures can have the highest risk for instance for the economy and the culture 
indicator. If for instance risk reduction measures are only implemented following the highest economic 
risk (as was traditionally done), the high environmental or cultural risk at other structures would not be 
considered. In a holistic risk-based approach, the risk for a wide range of indicators is considered, which 
is recommended for prioritization and risk reduction measures for the assessed orphaned protection 
structures.     

No total risk scores (as the sum of the indicator risk scores for a structure) have been provided in this 
report, as no subjective weighing of different indicators (e.g., how to weigh the mortality indicator in 
comparison to the economy indicator?) was done. However, the Province can potentially consider looking 
at developing a robust methodology for weightings of indicators that reflects the values of decision 
makers, as well as local values.  

In a risk-based approach, both consequences and likelihood of structure failure are considered. Many of 
the structures had high failure likelihoods. However, if there are only insignificant consequences of 
structure failure, the overall risk might not be as high as for a structure with lower failure likelihood but 
higher consequences. Therefore, it is essential to use the risk scores for prioritization (and not purely the 
consequences or likelihood scores).  

To inform the options for risk reduction measures at individual structures, a cost-benefit analysis could be 
conducted. There are essentially three options forward for a structure:  

1. Do nothing. 
2. Upgrade the structure (and ensure continued maintenance of structure). 
3. Managed retreat coupled with structure removal. 

The appropriate measure for a structure depends on the risk, and the costs of upgrading a structure or 
buy-out of properties for retreat. If for instance, there is low risk at a structure (low likelihood of failure, 
low consequences), it might be possible to “do nothing” for now – while however continuing to monitor 
for any changes in failure likelihood (e.g., structure conditions are worsening, or with climate change, the 
likelihood of overtopping is increasing) and consequences (e.g., new developments in area). If, on the 
other hand, risk is high at a structure, with many consequences to consider and high likelihood of failure, 
it can be considered to upgrade the structure. This step should however be carefully weighed with the 
retreat option. An upgrade option is mostly recommended if the exposure behind the structure is high 
(e.g., high property costs, many irreplaceable archaeological sites) and would be difficult to move out of 
the hazard extent. In contrast, if exposure is relatively small and for instance, the structure only has 
relatively low property values, or ecosystems that would benefit from regular flooding (ensuring that 
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there are no contamination sources), the retreat option should be considered. This option would involve 
buy-out of the properties located within the protected hazard extent. While this might seem a costly 
option, the costs and benefits of buyouts should be carefully weighed, especially if a structure would be 
costly to upgrade and maintain.  

The appropriate measure for a structure depends on the risk, and the costs of upgrading a structure or 
buy-out of properties for retreat. The information in this report, coupled with the structure upgrade costs 
calculated by KWL (2020) could be used to inform on preferred actions at each site.  For each of the actions 
above a cost per risk reduction could be calculated.   

Option Proposed Calculation Method 
Do nothing Cost: 0 

ΔRisk:  No Change 
Upgrade Cost: Structure upgrade cost (KWL 2020) 

ΔRisk: Current risk less updated risk using adjusted likelihood score 
(downward) 

Retreat and Remove Cost: Nominal land and structure value calculated in this report 
ΔRisk: Current risk less 0 

 

When weighing these different options in a cost-benefit analysis, it is important to not only weigh the 
economic indicator (i.e., property costs) against the costs of structure upgrades, but also to consider the 
other more intangible indicators (e.g., environment and culture). Possible benefits of risk reduction 
measures (e.g., the retreat option potentially offering space for natural flood-dependent ecosystems, and 
reduction of downstream flood hazard) should also be included.  
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7 Conclusion 
In this project, site-specific risk assessments for 113 orphaned flood and geohazard protection structures 
were conducted. In this report, the methods and limitations for these screening-level risk assessments are 
discussed. Further, analysis of the consequence, likelihood and risk results are provided.  

The results allow a risk-based approach to risk reduction from structure failure, where structures with the 
highest risk scores can be prioritized for action. It is hoped that this province-wide risk assessment of 
orphaned protection structures can be used to inform on the benefits and risks of a structure, prioritize 
the administration of orphaned protection structures across the province, and support informed decision-
making by the Province and diking authorities. 
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8 Glossary  
Term Definition Source 

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. 

 

Assets,   
Asset-At-Risk 

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

RIBA 

Clearwater Flood An extreme hydrologic event where sediment comprises less than 
20% of the discharge by weight (Wilford et al. 2004). These events are 
commonly caused by moderate to heavy or prolonged rainfall, melting 
snow, or a combination of the two. This term is favoured over “flood” 
for clarity. 

Wilford et al. 
2004 

Critical 
Infrastructure (CI) 

Processes, systems, facilities, 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 
Utilities; Manufacturing; Government; Transportation. 

PSC 

Debris Flood A channelized flood of sediment-laden water, where sediment 
concentration can range from 20-47% by volume (Wilford et al. 2004). 
Peak discharges of debris floods be twice that of clearwater floods at 
the same hydrologic setting (Hungr et al. 2001). Debris floods are not 
considered a landslide. 

Wilford et al. 
2004; Hungr et 
al. 2001 

Debris Flow A rapid, high-density mass movement of saturated debris. Debris 
flows can occur on open slopes or be channelized in a steep gully. A 
debris flow may initiate as a debris slide or rockslide that becomes 
channelized in a gully, and enlarges through entrainment of surficial 
material, organic debris, and water. Debris flows are commonly 
triggered by intense or prolonged precipitation and can have peak 
discharges up to 40 times greater than clearwater floods at the same 
hydrologic setting (Hungr et al. 2001). Debris flows may transition to 
debris floods through addition of water in tributaries (Wilford et al., 
2009) or where confinement is lost. 

Hungr et al. 
2001; Wilford et 
al., 2009 

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 

Frequency The number of occurrences of an event in a defined period of time. PSC 
Hazard A potentially damaging physical event, phenomenon, or human 

activity that may cause the loss of life, injury, property damage, social 
UNDRR 
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Term Definition Source 

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. 
 

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 life, injury, 
other health impacts, property damage, loss of livelihoods and 
services, social and economic disruption, or environmental damage. 

UNDRR 

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 

Protected 
Floodplain (PFP) 

The protected hazard extent behind the orphaned protection 
structure that would likely be affected due to structure failure by 
clearwater flooding.  
 

 

Protected 
Geohazard Extent 
(PGE) 

The protected hazard extent behind the orphaned protection 
structure that would likely be affected due to structure failure by 
geohazards rather than clearwater flooding.  

 

Quantitative Risk 
Assessment 

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

UNDRR 

Resilience The ability 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 
vulnerability that together could potentially harm exposed people, 
property, services, livelihoods, 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, 
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Term Definition Source 

intensity, frequency, and probability; the analysis of exposure and 
vulnerability, including the physical, social, health, economic, and 
environmental dimensions; and the evaluation of the effectiveness of 
prevailing and alternative coping capacities, with respect to likely risk 
scenarios. This series of activities is sometimes known as a risk analysis 
process. 

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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Attachment 1 – Full Database of Exposure, Consequence, Likelihood and Risk 
Results for all Structures. 
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