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Executive Summary
The District of Squamish (“The District”) has been awarded a $4.1 million grant under Infrastructure Canada’s
Investing in Canada Infrastructure Program – Rural and Northern Communities component to design and
construct a new section of sea dike at Xwu’nekw (“Whoo-nay-oak”) Park in Downtown Squamish. The District
retained consulting engineers Kerr Wood Leidal Associates to complete a Climate Lens Resilience Assessment
in accordance with the requirements of the grant funding.
The Xwu’nekw Park Sea Dike is the next phase of an extensive 7 km long sea dike that, when complete, will
protect the Squamish downtown core from catastrophic coastal flooding, including the effects of Sea Level Rise
(SLR) due to ongoing climate change. The proposed sea dike is at a preliminary conceptual design stage,
based on findings from a comprehensive Integrated Flood Hazard Management Plan (IFHMP) completed by the
District in October 2017. The IFHMP has served as the key founding document for information and analysis
presented in this Climate Lens Resilience report.

Assessment Scope
The assessment has been completed at a high level due to the preliminary stage of design for this project. The
intent is that findings and recommendations from this assessment will inform decision-making throughout the
detailed design and construction of the funded project.
This project uses Engineers Canada’s PIEVC model for risk assessment and draws on the recommended risk
evaluation and treatment analysis methodologies outlined in Infrastructure Canada’s Climate Lens Guideline.
The assessment was completed using the Practitioner Risk Assessment approach rather than a fully
facilitated approach. The methodology involved a consultant-led desktop study of climate parameters and an
internal workshop to identify and evaluate risks, followed by a meeting with the District of Squamish staff to
review and confirm the draft risk matrix and inputs.
The assessment considered how climate change parameters may affect the project during construction and
over the course of the dike service life. The two time horizons considered include 2020 for construction period
impacts and 2100 for dike design performance.
Six climate change parameters were considered relevant and assessed, including:
1. Wildfire air quality (construction only);
2. Extreme heat events (construction only);
3. Sea level rise (dike performance only);
4. Storm surge (dike performance only);
5. Wind wave effects (dike performance only); and
6. Ocean acidification (dike performance only).
The project also considered two critical cumulative scenarios, including an increased coastal flood level event
(from a combination of SLR, high tides, and storm surge) and a wave overtopping event (from a combination of
SLR, high tides, storm surge, and wind wave effects).
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Project Definition
The proposed dike fronts the District-owned Xwu’nekw Park, legal description Lot 1, District Lot 486, Plan
BCP36971 Group 1, and District Lot 7056 and located at municipal address 37956 Loggers Lane adjacent to the
Mamquam Blind Channel. At its north end, the Xwu’nekw Park Sea Dike will connect to other recentlyconstructed sections of the sea dike. When complete, the Squamish sea dike will protect a 3.5 km2 denselydeveloped coastal flood hazard area that includes Downtown Squamish.
Based on coastal flood analysis completed for the IFHMP, sea dike sections along Mamquam Blind Channel will
consist of steel sheet pile facing to a dike crest elevation of 4.7 m elevation (CGVD28). The Xwu’nekw Park
Sea Dike is approximately 200 m long. While the general sheet pile seawall design approach is known, design
details will be defined as part of the funded project.
The following components have been considered in this resilience assessment:
•
•
•
•

±200 m long steel sheet pile seawall (sheet pile dimensions to be determined)
Steel tieback rod and anchors (length and size to be determined)
Dike fill (material properties, lines and grades to be determined)
Dike crest surfacing (material to be determined)

A number of project features have been specified but not designed, including the dike alignment, addition of a
multi-use public walkway and parks infrastructure (e.g., lights and benches) along the dike crest, habitat
enhancement measures along the dike toe, and an option for future water/dock access. These additional
features have not been considered in this analysis.

Risk Assessment
Preliminary PIEVC analysis on the vulnerability of the proposed Xwu’nekw Park Sea Dike finds that the dike
itself is generally resilient to changing climate impacts anticipated over the next 100 years.
Ten climate change risk scenarios were assessed using the likelihood and consequence framework outlined in
the PIEVC protocol. Of these, five scenarios were considered to have a negligible probability of occurring, two
were found to be low risk, and three were found to be moderate risk. Risk treatment options are recommended
for all moderate risk outcomes.
Results from the assessment are shown in the table below.
Table ES-1: Risk Assessment Summary
Climate
Trigger
Parameter
Event
Impact on Project
(Hazard)
(Scenario)

Probability

Downstream
Consequence

Risk Level
(out of 49)

Current Conditions: Construction Period (2020)
Wildfirerelated Air
Quality

Air qualityrelated work
stoppages

Moderate loss of
serviceability (schedule
delay).

Remotely
Possible

Temporary delay in
construction work to
ensure worker
health and safety.

4
(Low Risk)

Temperature
Change

Extreme
heat-related
work
stoppages

Moderate loss of
serviceability (schedule
delay).

Highly
Unlikely

Temporary delay in
construction work to
ensure worker
health and safety.

2
(Low Risk)
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Climate
Parameter
(Hazard)

Trigger
Event
(Scenario)

Impact on Project

Downstream
Consequence

Risk Level
(out of 49)

Negligible

No downstream
consequence.
Accommodated in
dike design flood
level.

0
(Negligible)

Negligible

No downstream
consequence.
Accommodated in
dike design flood
level.

0
(Negligible)

Negligible

No downstream
consequence.
Accommodated in
dike design flood
level.

0
(Negligible)

No downstream
consequence.
Accommodated in
dike design flood
level.

0
(Negligible)

No downstream
consequence.
Accommodated in
dike design flood
level.

0
(Negligible)

Probability

Future Conditions: Design Life (2100)
Coastal Flood
Level

Increased coastal flood
level causing dike stability
issues.

Dike
Overtopping

Loss of dike crest function,
damage to dike crest
features, and erosion of the
dike backslope. Excessive
wave overtopping could
lead to dike breach.

Coastal Flood
Level

Increased coastal flood
level causing dike stability
issues.

Dike
Overtopping

Loss of dike crest function,
damage to dike crest
features, and erosion of the
dike backslope. Excessive
wave overtopping could
lead to dike breach.

Wind
(in isolation)

Dike
Overtopping

Wave effects lead to loss of
dike crest function, damage
to dike crest features, and
erosion of the dike
backslope. Excessive
wave overtopping could
lead to dike breach.

Ocean
Acidification

Accelerated
corrosion of
exposed steel
components

Weakening of sheet pile
wall leading to increased
risk of dike breach.

Sea Level
Rise
(in isolation)

Storm Surge
(in isolation)

Negligible

Negligible

Remotely
Possible

Increased
maintenance and/or
replacement costs
to avoid dike
breach.

10
(Moderate
Risk)

Dike breach and
catastrophic
flooding in

7
(Moderate
Risk)

Future Conditions – Cumulative Events: Design Life (2100)
High Tide +
Storm Surge
+ SLR

Coastal Flood
Level
Increase

Potential to exceed
hydraulic design loads,

iv
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Climate
Parameter
(Hazard)

High Tide +
Storm Surge
+ SLR +
Wind wave
Effects

Trigger
Event
(Scenario)

Dike
Overtopping

Impact on Project

Probability

Downstream
Consequence

causing dike damage or
failure.

Downtown
Squamish.

Loss of dike crest function
and erosion of dike
backslope potentially
leading to a dike breach;
flooding may also occur
due to excessive wave
overtopping even if dike
does not breach.

Dike overtopping
could lead to mild to
potentially extreme
flooding in
Downtown
Squamish.
Dike breach would
cause catastrophic
flooding.

Highly
Unlikely

Risk Level
(out of 49)

7
(Moderate
Risk)

Risk Treatment Recommendations
Four risk treatment options have been recommended for consideration during the detailed design stage of the
funded project to address moderate risk outcomes. The risk treatment options for consideration include:
•

Building adaptive capacity into the dike design to allow for a future additional 1 m increase in dike crest
height, in particular to accommodate continued SLR;

•

Designing the dike to incorporate erosion resilience measures into the backslope of the dike (e.g.,
vegetation and/or bioengineering compatible with the park designation of the site);

•

Analysis to determine whether habitat enhancement features at the dike toe could also support wave
attenuation, thereby reducing the risk of wave overtopping; and

•

Consider ocean acidification in design of exposed elements to accommodate expected corrosion
performance (e.g., increasing the sacrificial thickness of the sheet pile to maintain the expected useful life).

Return on Resilience Investment
The return on resilience investment assessment involved a summary of results from a detailed cost-benefit
analysis completed for the District in 2019 as part of a Quantitative Risk Assessment (QRA) on the flood
management strategy proposed in the IFHMP. The QRA assessed the return on investment of the proposed
7-km long sea dike, of which the Xwu’nekw Park Sea Dike is a critical component.
Results from the analysis found that constructing the sea dike would have an estimated project cost of
$27.5 million in 2017 dollars (for all sea dike segments, excluding segments built by developers as part of
foreshore redevelopment). The investment would prevent an estimated $5 billion in losses over a 100-year
lifespan with sea levels 1 m higher than they are today. The QRA calculates a benefit-cost ratio for the sea dike
that is well over 100, representing a very strong return on investment.

Key Resilience Recommendations
Additional recommendations for building on the findings from this Climate Lens Resilience Assessment include:
•

Consider the findings and recommendations from this report in the detailed design and construction of the
Xwu’nekw Park Sea Dike;
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•

Complete an updated climate resilience assessment on all dike components once design elements and
systems have been finalized;

•

Encourage dike construction contractors to submit schedules that provide appropriate consideration for the
possibility of project delays due to high risk air quality ratings during summer wildfire season; and

•

Continue local monitoring efforts to measure local climate change impacts like SLR.

Conclusions
The proposed Xwu’nekw Park Sea Dike is a critical component of the larger sea dike that will protect Downtown
Squamish from coastal flooding. The sea dike was identified as a high priority project in the Integrated Flood
Hazard Management Plan (2017) and is particularly important for increasing the community’s climate change
resilience in response to anticipated SLR. The District of Squamish is considered a leader in climate resilience,
particularly with regard to flood management advanced through implementation of the IFHMP. This Climate
Lens Resilience Assessment represents a further step in the District’s process for building community resilience
to the significant flood and climate change risks it faces.
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1.

Introduction
The District of Squamish (“The District”) has been awarded a $4.1 million grant under Infrastructure
Canada’s Investing in Canada Infrastructure Program – Rural and Northern Communities component to
design and construct a new section of sea dike at Xwu’nekw (“Whoo-nay-oak”) Park in Downtown
Squamish (Appendix A). The District retained consulting engineers Kerr Wood Leidal Associates to
complete a Climate Lens Resilience Assessment as a condition for grant funding.
The Xwu’nekw Park Sea Dike is the next phase of an extensive 7-km long sea dike that, when
complete, will protect the Squamish downtown core from catastrophic coastal flooding, including the
effects of Sea Level Rise (SLR) due to ongoing climate change. The proposed sea dike is at a
preliminary conceptual design stage based on findings from the comprehensive Integrated Flood
Hazard Management Plan (IFHMP) completed by the District in October 2017.
The IFHMP confirmed that Downtown Squamish is currently at risk of flooding from SLR combined with
extreme combinations of tide, storm surge, and wind wave effects. In two events just four years apart
(December 2014 and December 2018), water levels rose to within centimetres of overtopping the
current coastal flood defence perimeter.
A core recommendation of the IFHMP was for the District to build or substantially upgrade
approximately 7 km of sea dike over the coming decades. The Xwu’nekw Park Sea Dike was identified
as a high priority in this plan to protect Downtown Squamish from coastal flooding.
The planned location for the dike is shown in Appendix B, with a conceptual design sketch (crosssection) in Appendix C.
Based on coastal flood mitigation options analysis completed for the IFHMP, sea dike sections along
Mamquam Blind Channel will consist of steel sheet pile facing to a dike crest elevation of 4.7 m
elevation (CGVD28). The Xwu’nekw Park Sea Dike is approximately 200 m long. While the general
sheet pile seawall design approach is known, design details will be defined as part of the funded project.
This report describes the methodology and results from an assessment of how climate change
parameters may affect key components of the conceptual dike design. It identifies potential risk
treatment options and areas for further consideration during the detailed dike design process. It also
draws conclusions regarding the overall value of the dike for mitigating the District’s vulnerability to
coastal flooding.

1.1

Assessment Scope
This Climate Lens Resilience Assessment has been completed in alignment with the Resilience
Principles (Appendix D) and risk assessment methodologies outlined in Infrastructure Canada’s Climate
Lens Guideline. As stated in the Guideline, the purpose of this resilience assessment is to support
better decision-making during the planning and design stages for the Xwu’nekw Park Sea Dike.
The assessment has been completed at a high level due to the preliminary stage of design for this
project. Furthermore, the sea dike itself is considered a climate change adaptation measure for the
Squamish community. Climate change risk factors and thresholds will continue to be a fundamental
part of all design features and decisions. The intent is that findings and recommendations from this
assessment will inform decision-making throughout the detailed design phase of the funded project.
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Level of Assessment
Given the coastal nature of the proposed sea dike, the project is considered to be at medium risk from
climate change impacts and is therefore subject to a “Detailed Risk Assessment” as specified in the
Climate Lens Guideline.
Figure 1 is an excerpt from the Climate Lens Guideline and outlines the vulnerability assessment risk
categories that may be considered for Climate Lens Assessment.

Figure 1: Climate Lens Flowchart of Resilience Assessment
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Risk Assessment Approach
This project uses the PIEVC model for risk assessment and draws on the recommended risk evaluation
and treatment analysis methodologies outlined in the Climate Lens Guideline.
The PIEVC model provides a multi-hazard framework for assessing infrastructure vulnerability to climate
change through the following four (4) core stages of analysis:
1. Project Definition – including identifying the infrastructure components, climate parameters, time
horizon, geographic scope, and any specific jurisdictional considerations.
2. Data Gathering and Sufficiency – including identifying infrastructure threshold values, climate
baselines and probability scores, and any assumptions and cumulative or synergistic effects.
3. Risk Assessment – including defining consequences, calculating risk scores, and evaluating risk to
identify intolerable events as a priority for resilience action.
4. Recommendations and Conclusions – including a description of recommendations for controlling
and managing residual risk.
The risk assessment was completed at a “sub-system level” given that the project represents a small
section (200 m) of the 7 km dike the District intends to build over the coming decades.
Given the preliminary stage of design for this project, the assessment was completed at a high level
using the PIEVC “Lite” approach, which does not involve the optional “Engineering Assessment
Module” or “Triple Bottom Line Assessment Module”. A separate cost-benefit assessment has been
completed using the return on investment methodology defined in the Climate Lens Guideline.
The assessment was completed using the Practitioner Risk Assessment approach rather than a fully
facilitated approach. This methodology involved a consultant-led desktop study of climate parameters
and internal workshop to identify and evaluate risks, followed by a meeting with the District of Squamish
staff to review and confirm the draft risk matrix and inputs.
This assessment has been completed in alignment with Engineers Canada’s guiding principles for
application of the PIEVC protocol, including recognition that this is a results-oriented engineering
exercise that draws on multi-disciplinary perspectives. Professional judgement will be applied based on
a synthesis and interpretation of data and be supported by clear documentation.

Assessment Scope and Exclusions
This Climate Lens Resilience Assessment considers climate parameters expected to affect the full
lifecycle of the dike, through construction and design performance. Table 1 defines the assessment
scope, including in-scope and excluded considerations.
Table 1: Climate Resilience Assessment Scope and Exclusions
Assessment Phase
Included Scope
•
Methodology

•

PIEVC Lite

1-3
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Assessment Phase

Included Scope

Excluded Scope
•

•
Project Components

Basic components defined at
the preliminary design stage
(as specified in Section 2.2 of
this report).

•
•

Climate Parameters

•

•

Time Horizon
•

Assessment of construction
impacts from climate
parameters based on current
conditions (construction is
planned for 2020).
Assessment of coastal climate
parameters projected to dike
design horizon (2100).

•

Downstream effects are
considered for direct climate
risks to dike performance (e.g.,
dike breach).

•

High level options and
considerations identified for
risks identified as
“unacceptable”.
Implementation costs and
timelines noted at a high level
for further consideration during
detailed design.
Downstream impacts and cobenefits considered at a high
level only.

Scope of
Assessment

Risk Treatment
Options

Climate parameters expected
to have a direct impact on
project construction or design
performance.
Climate parameters considered
include extreme events (e.g.,
coastal flood) and slow-onset
events (e.g., acidification,
SLR).

•

•

1-4
463.350-300

•

Not an exhaustive list of
potential design features (e.g.,
does not include final design
details such as component
materials or width; does not
include detailed consideration
of unconfirmed features such
as public walkway or water
access).
Potential cumulative impacts on
surrounding landscape, (e.g.,
impacts of precipitation change
on dike land side, given
drainage implications of the
dike).
Climate parameters that may
have an impact on the structure
at a time scale beyond its
design life (e.g., factors that
would typically be considered as
part of future decommissioning
and replacement).

•

Does not include climate
projections for parameters
assessed specifically for the
construction period.

•

Downstream effects from
climate risk to dike construction
are not considered.

•

•
•

Specific design, cost-benefit,
and timeline for recommended
treatment options, which
depend on design details not
yet known at this stage of the
project.
No recommended options
formally “selected” as part of
this assessment.
Feasibility assessment and
detailed design of
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Assessment Phase
•

Included Scope
Linkage between risk treatment
options and Resilience
Principles defined in Appendix
D.

Excluded Scope
recommended options will be
completed as part of the funded
project.
•

•

Return on Resilience
Investment
•

Loss estimation analysis and
return on resilience investment
has been calculated for the
value of the entire sea dike
project to building community
resilience overall.
Loss estimation methodology
includes “physical” loss
categories (e.g., buildings and
infrastructure).

1-5
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•
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has not been calculated for
individual recommended risk
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design, as these measures will
become pre-requisites for
achieving the intended level of
dike performance.
Loss estimation methodology
excludes “loss of function” and
“emergency management”
costs.
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2.

Project Definition
The first phase of the PIEVC model involves establishing the risk assessment context.

2.1

Project Location
The Xwu’nekw Park Sea Dike project involves the design and construction of a ±200 m long reach of
vertical steel sheet pile and earthfill dike that will become part of a new sea dike protecting Downtown
Squamish from coastal flooding.
The proposed dike fronts the District-owned Xwu’nekw Park, legal description Lot 1, District Lot 486,
Plan BCP36971 Group 1, and District Lot 7056 and is located at municipal address 37956 Loggers
Lane adjacent to the Mamquam Blind Channel. At its north end, the Xwu’nekw Park Sea Dike will
connect to other recently-constructed sections of the sea dike. When complete, the Squamish sea dike
will protect a 3.5 km2 densely-developed coastal flood hazard area that includes Downtown Squamish.
The District acquired the lot in 2014, which is zoned P-3 (Park Recreational and Institutional Use).
Current land uses on the Xwu’nekw Park lot include a canoe shelter, the Squamish Paddling Club
storage facility, public art display, slack lines, walking trails, and open space. Adjacent uses include the
Sirocco multi-family residential development and Squamish Yacht Club lands (low density use /
undeveloped). The water lot fronting Xwu’nekw Park is unused except for unofficial boat mooring from
the Xwu’nekw Park beach.
Current conditions along the shoreline include a decaying timber crib wall, substandard riprap, and
vegetated/eroding shoreline. The Sirocco development currently has a recently-constructed sheet pile
seawall with a dike crest elevation of 4.7 m CGVD28, located approximately 8 m beyond the natural
shoreline. The preliminary design for the Xwu’nekw Park Sea Dike will tie into, and is conceptually
consistent with, this adjacent stretch of sea dike.

2.2

Coastal & Climate Change Context
The proposed Xwu’nekw Park Sea Dike will protect against coastal flooding from the adjacent
Mamquam Blind Channel. The Mamquam Blind Channel is the remnant of an abandoned flow path for
the Mamquam River, but is no longer directly connected to the Mamquam River and is affected by
coastal dynamics of Howe Sound.
Coastal floods at Squamish occur as the result of an adverse combination of
•

Astronomic tide, the regular and predictable variation in water levels caused by the
gravitational interactions of the Earth, Sun, and Moon;

•

Storm surge, a temporary increase in coastal water levels resulting from offshore ocean-scale
processes like atmospheric pressure, wind, wave momentum, ocean current oscillations and
temperature; and

•

Wind wave effects, the localized increase in water levels and wave action generated by a
sustained wind field over water.

Coastal floods typically occur when external storm surges combine with the highest tides of the year
during the winter storm season.
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Climate Change Impacts
Over time, coastal flood hazards will increase as a result of SLR, an increase in global and local sea
levels that results from the melting of glaciers and polar ice as well as thermal expansion of ocean
waters. The IPCC Special Report on Ocean and Cryosphere in a Changing Climate report (2019)
predicts likely SLR of 0.8 m (between 0.51 m and 0.92 m) by 2100, based on continued high emission
of greenhouse gases (RCP8.5 emissions scenario). This revised mean SLR projection is 0.1 m higher
than that stated in the 5th Assessment Report due to a larger projected ice loss from the Antarctic Ice
Sheet. In all IPCC scenarios, and in all studies, SLR is expected to continue well past the year 2100
horizon.
In reviewing coastal flood hazards on Howe Sound, the IFHMP adopted the Province of British
Columbia’s climate change guidelines, which recommend an allowance of 1 m of SLR by year 2100.
The IFHMP’s coastal flood assessment also identified other key gaps in the District’s understanding of
tsunami hazards, subsidence, datum adjustments, wind set-up, and wave generation.
Climate projections by the IPCC state that storm events, including high winds, are expected to increase
in frequency and severity due to changing ocean and air temperature dynamics (IPCC, 2014). Climate
change impacts on storm surge are less well understood.

2.3

Project Components
General components envisioned at the current pre-design stage are outlined in Table 2, along with a
description of expected useful life and typical maintenance requirements for similar structures. Specific
useful life and maintenance requirements for the Xwu’nekw Park Sea Dike will be confirmed during the
design phase.
Table 2: Project Components Considered in the Assessment
Assumed
Component
Description
Useful Life

Sheet Pile
Seawall

±200 lineal metre long steel sheet
pile seawall, with a dike crest
elevation of 4.7 m CGVD28 as per
the IFHMP design flood level
(sheet pile dimensions to be
determined)

80 years

Inspect annually and recoat/weld up cracks or spalling
every ±15 years.

Steel Tieback
Rod and
Anchors

Tieback anchors will add stability
for the sheet pile wall under lowwater conditions
(length to be determined)

80 years

Designed to be maintenancefree due to buried condition.

Dike Fill

Compacted, non-liquefiable
earthfill (material, gradation, lines,
and grades to be determined)

100+ years

Annual management of
vegetation on exposed earthfill
surfaces (expected to be part
of routine park maintenance).
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Component

Dike Crest
Surfacing

Assumed
Useful Life

Description

(material to be determined)

20 years

Anticipated Maintenance
Inspect annually, fix potholes
as needed to maintain
trafficability, cut grass as
needed. Park maintenance
requirements are expected to
be more stringent than those
required for dike performance.

Additional design elements have been specified but not designed, including:
•
•
•
•
•
•
•

Dike alignment;
Seepage control works;
Multi-use public walkway along dike crest linking to the District’s trail network;
Parks infrastructure (e.g., lights and benches) along the dike crest;
Energy efficient or solar-powered lighting;
Habitat enhancement measures along the dike toe; and
Option for future water/dock access (e.g., gangway and ramps).

These additional features have not been considered in this analysis.

2.4

Planning Context
The District of Squamish is responsible for managing development in floodplain areas, as well as for
providing the community of 20,000 people with an adequate level of flood protection. Coastal flood
protection is currently provided by a variety of low, non-standard works around the downtown area. The
District’s only regulated sea dike extends from the foot of Cleveland Avenue around to the west end of
Winnipeg Street.
In 2017, the District completed the comprehensive IFHMP that considers a complete range of strategies
and measures to mitigate river and coastal flood risks. The IFHMP was vetted through a three-year
community engagement process and included a prioritized 25-year dike improvement plan.
The IFHMP recommended a long-term plan to implement a 7 km long sea dike extending from
Government Road at the head of Crescent Slough around Downtown Squamish to high ground north of
the Mamquam Blind Channel.
There are currently no continuous regulated structural flood protection works along the Mamquam Blind
Channel downstream of Highway 99, although the Xwu’nekw Park Sea Dike will be the third contiguous
phase of IFHMP sea dike work completed along this reach. The Xwu’nekw Park Sea Dike at Mamquam
Blind Channel is an important part of the IFHMP’s proposed sea dike and the District is well positioned
to construct it given its' location on District land.

2.5

Interested Groups
The District of Squamish conducted extensive engagement with stakeholders and neighbouring
Skwxwú7mesh Úxwumixw (Squamish Nation) as part of the three-year IFHMP process. Feedback from
this engagement has been incorporated into the preliminary conceptual design for the dike.
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In addition to bi-lateral discussions with the Squamish Nation, key interest groups engaged as part of
the IFHMP process include:
Community Engagement
• Squamish Estuary Management Committee
• Highly affected Landowners
• Residents and Community Stakeholders
• Cheakamus River / Paradise Valley Stakeholders

Technical Working Group
• BC Hydro
• BC Ministry of Forest, Lands and Natural
Resource Operations
• BC Ministry of Community, Sport and
Cultural Development
• BC Ministry of Transportation and
Infrastructure
• Emergency Management BC
• Fisheries and Oceans Canada
• CN Rail
• Fortis BC
• Vancouver Coastal Health

Engagement initiatives included involvement of a technical working group, three public open houses,
four online surveys, and numerous targeted meetings with Squamish Nation staff, Chiefs and Council,
and highly-affected landowners. Squamish Nation has provided letters of support for two adjacent,
previous phases of sea dike upgrade and are generally supportive of District flood protection initiatives
that protect the wider community.
In addition to broad-based stakeholder engagement completed for the IFHMP, the District is already
actively engaged in stakeholder discussions specific to the Xwu’nekw Park Sea Dike. Key interest
groups already engaged or expected to be engaged for the Xwu’nekw Park Sea Dike include:
Property Owners and Regulators
• District of Squamish Staff
• Squamish Nation Staff and Council
• Inspector of Dikes
• Department of Fisheries and Oceans Canada
• British Columbia Ministry of the Environment
• Local Developers (e.g., Bosa-Kingswood,
Mireau)

Community Groups
• Mt. Chaki Warriors Canoe Club
• Squamish Streamkeepers
• Squamish Environmental Society
• Squamish Paddling Club
• Squamish Historical Society
• Squamish Chamber of Commerce
• Squamish River Watershed Society
• Squamish Trail Society

To date, engaged interest groups have not expressed any opposition to the conceptual sheet pile sea
dike design. Feedback received from engagement will be considered in the detailed design of the dike.
Feedback received to date includes the following:
•

Squamish Paddling Club and Squamish Nation have expressed a strong desire for water access;
and

•

Squamish Paddling Club would like their storage space to remain on Xwu’nekw Park.
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Other design considerations have been established based on direction in the District of Squamish OCP,
including discouraging infill of marine areas wherever possible and adjusting the dike alignment to follow
high water mark to maintain marine channel area.

Indigenous Traditional Territory
The District of Squamish and Xwu’nekw Park site is located within the traditional territory of the
Skwxwú7mesh Úxwumixw (Squamish Nation), which has a registered population of 4,281 across its
Lower Mainland and Squamish Valley reserves (Indigenous Services Canada, 2016). The Squamish
Nation has a well-established cultural interest in the local watersheds that is strongly rooted in their
history and traditions. Cultural uses of the watersheds include, but are not limited to, food fishing,
hunting, and plant and herb cultivation and harvesting. Cultural and archaeological sites of significance
are located throughout the watersheds. The Squamish Nation has an abiding interest in protecting the
land and its resources; this interest extends far beyond the designated local reserves to encompass the
full extent of traditional territories claimed by the Squamish Nation.
The majority of District lands (including Xwu’nekw Park) also fall within the consultation area and
traditional territories claimed by the Tsleil-Waututh Nation. Traditional territories claimed by the TsleilWaututh Nation and Squamish Nation overlap in the Squamish Valley area. While the two First Nations
have separate governments and decision-making processes, Tsleil-Waututh and Squamish Nation
share an interest in protecting aboriginal rights and title, preserving opportunities for cultural use, and
environmental stewardship (e.g., Tsleil-Waututh Nation, 2009).
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3.

Data Gathering and Sufficiency
Key inputs used in completing the PIEVC risk assessment are defined in the sections below.

3.1

Assessment Horizon
The proposed Xwu’nekw Park Sea Dike has an expected useful life of up to 100 years, at which point it
may need to be raised or upgraded to accommodate future SLR or other environmental changes.
The risk assessment was conducted for two projection horizons:
1. Construction timeline (2020), drawing on current baseline conditions for wildfire air quality and
temperature change.
2. Dike performance timeline (2100), drawing on historic modelling for storm surge and wind wave
effects, and projections for ocean acidification and 1 m of SLR by 2100.
Climate conditions at the end of the sea dike’s design life are expected to be more severe than presentday and therefore the dike performance timeline of Year 2100 is expected to govern engineering design.
These timelines have been reflected in the threshold values and risk assessment framework.

3.2

Climate Parameters
The PIEVC framework involves identifying and characterizing baseline and projection values for relevant
climate parameters. Climate parameters have been identified for the full lifecycle of the project,
including dike construction and dike performance throughout its service life.
Climate parameters relevant for the construction period include extreme heat events (temperature
change) and wildfire-related air quality. Major events under these two parameters have the potential to
delay project timelines if they result in work stoppages. Maintaining the project schedule under very
severe conditions may add costs to the contractor or District, for example to accommodate any
WorkSafe regulations for on-site cool-down or air quality facilities.
Coastal floods, extreme cold-weather events, and extreme snow events are not explicitly assessed for
the construction period. While these events also have the potential to delay project timelines, in-water
work is expected to be completed prior to the start of the late fall / winter flood season. Further, while
above-water construction is expected to continue through the winter period, cold weather and snow
conditions for the climate and elevation at Squamish are not considered reasonable sources for
significant construction delay.
Sea dike design and future performance is considered to be vulnerable to coastal climate change risks,
including SLR and increased severity of storm surge, and wind wave effects.. These climate
parameters are already incorporated into the conceptual design for the dike, which proposes a dike
crest elevation of 4.7 m CGVD28 to accommodate the design flood level determined in the IFHMP. This
dike crest elevation accommodates a 3.99 m CGVD28 still-water level reflecting a 200-year return
period combination of high tide and storm surge along with 1 m of SLR. Wind wave effects and
freeboard make up the additional 0.7 m CGVD28 to reach the 4.7 m CGVD28 dike crest elevation.
Since the base climate parameters have already been factored into preliminary dike design, these
parameters are only expected to pose a risk if the parameters exceed the design levels when acting in
combination with each other. These cumulative events are described as scenarios in the following subsection.
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The effects of ocean acidification will affect design details and were not considered in the IFHMP
conceptual design. This parameter can easily be incorporated at the preliminary or detailed stage.
Other climate parameters such as those associated with changing precipitation and temperature
patterns are not expected to affect sea dike design or performance.
A summary of climate parameters considered in the assessment, along with a description of baseline
values, historic trends, and projections is shown in Table 3.
Table 3: Summary of Climate Parameters Considered in the Assessment
Baseline
Climate
Indicator
Historic Trends
Parameter
(avg. 2014 – 2018)

Projections

Current Conditions: Construction Period (2020)
Wildfirerelated Air
Quality

Temperature
Change

Number days with
“high risk” Air
Quality Health
Index (AQHI)

Number of days
above 30°C
Number of days
above 38°C

5 days a year with
AQHI ≥7 “high
risk”.16

16.4 days a year
with temperatures
above 30°C.7
0 days a year with
temperatures
above 38°C.7

Average % of BC
burn area (ha)
increased from
0.15% in 2009 –
2013 to 0.70% in
2014 – 2018.15

Annual area
burned in BC
projected to
increase by up to
4% by 2050.14

Average BC
summer
temperatures
increased by 0.8°C
per century from
1900 – 2013.17

Average summer
temperatures in
Squamish-Lillooet
Region projected
to increase by 1°C
by 2020s, from
1961 –1990
baseline.11

Local governments
in BC directed to
plan for SLR of 1 m
by 2100, 2 m by
2200.1
Assumption that
the 200-year return
period event
frequency/
magnitude
relationship will not
change.

Future Conditions: Design Life (2100)

SLR

Storm Surge

Mean water level
increase

0 m CGVD28

Average global tide
gauges report 1.4
mm/yr rise 1901–
1990, 8.2 mm/yr
rise from 1989 –
2015.9

Return period
event

200-year return
period still-water
flood event,
calculated as a
combination of
astronomic tide
and storm surge.2

Climate change
impacts on storm
surge are less well
understood than
other climate
change
parameters.
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Climate
Parameter

Wind

Ocean
Acidification

Indicator

Return period
event

Decreased
average annual pH

Baseline
(avg. 2014 – 2018)

Historic Trends

Projections

Sea state
generated by 200year return period
windstorm.2

Quantitative
climate change
impacts on
wind/wave effects
are less well
understood than
other climate
change
parameters.

Assumption that
the 200-year return
period windstorm
frequency/
magnitude
relationship will not
change.

pH 7.3 – 7.9.10

pH measured in
Burrard Inlet
shifted from 7.8 –
8.1 in 1974 to 7.3 –
7.9 in 2020.2

Global ocean pH is
projected to
decrease by 0.30
to 0.32 units due to
increased CO2.8

1. End notes correspond with reference numbers, as listed, in the reference section of this report (Section 8.1).

3.3

Threshold Values
Threshold values have been defined for each relevant climate parameter and the two cumulative impact
scenarios. These threshold values represent the critical point at which the dike design may be
inadequate for future climate impacts (e.g., hydraulic loads and/or water overtopping the dike crest
destabilize the dike).
Threshold values include values for the base climate parameters as well as thresholds for two
cumulative events, including:
1. Coastal Flood Level Increase, as a combination of high tide, SLR, and storm surge event that
exceeds the 3.99 m CGVD28 design still-water level.
2. Dike Overtopping, as a combination of high tide, SLR, storm surge, and wind wave effects that
exceeds the 10L/s per lineal metre maximum rate of wave overtopping adopted by the IFHMP and
considered in the sea dike design.
Unmitigated, both of these scenarios could lead to a catastrophic dike breach that results in flooding of
Downtown Squamish. Excessive dike overtopping could lead to less extreme flooding even without a
dike breach.
Threshold values for this assessment have been defined according to a) reasonable thresholds for work
stoppages during construction; and b) dike design flood levels specified in the IFHMP. Threshold
values and probability scores are shown in Table 4.
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Table 4: Climate Change Trigger Events and Thresholds
Climate
Trigger Event
Parameter

Threshold Value

Current Conditions: Construction Period (2020)
Wildfire-related
Air Quality

Air quality-related work
stoppages

Days with Air Quality Health Index ≥ 7 (“High Risk”)

Temperature
Change

Extreme heat-related
work stoppages

Days with daily maximum temperature exceeding 38°C

Future Conditions: Design Life (2100)
Coastal Flood Level
Increase

2 m by 2100
(e.g., enough to surpass 3.99 m still-water design
elevation without storm surge contribution)

Dike Overtopping

2.7 m by 2100
(e.g., enough to surpass 4.7 m still-water elevation and
exceed 10L/s per lineal metre maximum rate of
overtopping without storm surge or wave effects)

Coastal Flood Level
Increase

Increase of ±0.75 m at 200-year return period
(e.g., enough to surpass 3.99 m still-water elevation
without SLR contribution)

Dike Overtopping

Increase of ±1.5 m at 200-year return period
(I.e., enough to surpass 4.7 m still-water elevation and
exceed 10L/s per lineal metre maximum rate of
overtopping without SLR or wave effects)

Dike Overtopping

Increase in wave runup of 2 m during 200-year return
period windstorm
(e.g., enough to exceed 10 L/s per lineal metre
maximum rate of overtopping without SLR or storm
surge)

Accelerated corrosion of
exposed steel
components

No trigger (gradual cumulative effects)

Sea Level Rise
(in isolation)

Storm Surge
(in isolation)

Wind
(in isolation)
Ocean
Acidification

Future Conditions – Cumulative Events: Design Life (2100)
High Tide +
Storm Surge +
SLR

Coastal Flood Level
Increase

200-year return period coastal flood still-water level
greater than 3.99 m CGVD28

High Tide +
Storm Surge +
SLR + Wind
Wave Effects

Dike Overtopping

10 L/s per lineal metre maximum rate of wave
overtopping at 200-year return period coastal flood level
in combination with 200-year onshore windstorm
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3.4

Assumptions
The following assumptions have been made in completing the risk assessment for the Xwu’nekw Park
Sea Dike:
1. A vertical sheet pile dike design as specified in the IFHMP and Investing in Canada Infrastructure
Program – Rural and Northern Communities (ICI-RNC) grant application;
2. Sheet pile alignment to follow the present-day high water mark as adopted by District of Squamish
Mayor and Council in September 2019;
3. A dike crest elevation of 4.7 m CGVD28, as specified in the IFHMP and ICI-RNC grant application,
understood to provide a maximum overtopping rate of 10 L/s/m during the 200-year return period
design event;
4. Dike alignment ties into existing section of dike at the north end and will ultimately be extended to
the south of the Xwu’nekw Park site;
5. Dike construction to be complete between 2020 and 2021 and that current air temperature and
wildfire baseline conditions will persist over the construction period; and
6. Assumes that acidification in Howe Sound will be consistent with trends in Burrard Inlet and will
occur on a gradual and ongoing basis.
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4.

Risk Assessment
Risk assessment of the climate change parameters facing the Xwu’nekw Park Sea Dike project was
completed using the PIEVC Lite methodology and in alignment with assessment principles defined in
the Climate Lens Guideline.

4.1

Risk Identification
Eight climate change parameters were identified as having potential direct impacts over the lifetime of
the dike, from construction to design performance. These climate change risks are described in Table 5
and include discrete and cumulative scenarios.
Table 5: Climate Change Risk Event Consequences
Climate
Trigger Event
Parameter
Impact on Project
(Scenario)
(Hazard)

Risk
Owner

Downstream Consequence

Current Conditions: Construction Period (2020)
Wildfirerelated Air
Quality

Temperature
Change

Air qualityrelated work
stoppages

Moderate loss of
serviceability
(schedule delay) due
to interruption of
construction;
temporary

Contractor

Temporary delay in
construction work to ensure
worker health and safety.

Extreme heatrelated work
stoppages

Moderate loss of
serviceability
(schedule delay) due
to interruption of
construction;
temporary

Contractor

Temporary delay in
construction work to ensure
worker health and safety.

Future Conditions: Design Life (2100)

Sea Level
Rise
(in isolation)

Coastal Flood
Level

Increased coastal
flood level causing
dike stability issues.

District of
Squamish

No downstream consequence.
Dike design flood level
accommodates increase in
SLR in isolation.

Dike
Overtopping

Water overtopping
dike crest causing
loss of dike crest
function, damage to
dike crest features,
and erosion of the
dike backslope.

District of
Squamish

No downstream consequence.
Dike design flood level
accommodates increase in
SLR in isolation.
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Climate
Parameter
(Hazard)

Trigger Event
(Scenario)

Ocean
Acidification

Risk
Owner

Downstream Consequence

District of
Squamish

No downstream consequence.
Dike design flood level
accommodates increase in
storm surge water levels in
isolation.

Coastal Flood
Level

Increased coastal
flood level causing
dike stability issues.

Dike
Overtopping

Water overtopping
dike crest causing
loss of dike crest
function, damage to
dike crest features,
and erosion of the
dike backslope.

District of
Squamish

No downstream consequence.
Dike design flood level
accommodates increase in
storm surge water levels in
isolation.

Dike
Overtopping

Wind waves
overtopping dike crest
causing loss of dike
crest function,
damage to dike crest
features, and erosion
of the dike backslope.

District of
Squamish

No downstream consequence.
Dike design flood level
accommodates increase in
wind wave effects in isolation.

District of
Squamish

Accelerated corrosion of steel
components could incur
increased maintenance and/or
replacement costs to avoid
dike breach and catastrophic
flooding in Downtown
Squamish.

Storm Surge
(in isolation)

Wind
(in isolation)

Impact on Project

Accelerated
corrosion of
exposed steel
components

Weakening of sheet
pile wall leading to
increased risk of dike
breach.

Future Conditions – Cumulative Events: Design Life (2100)

High Tide +
Storm Surge
+ SLR

Coastal Flood
Level Increase

Potential for hydraulic
loads that exceed
anticipated design
conditions, causing
damage or
displacement (failure)
of the dike.
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Climate
Parameter
(Hazard)

High Tide +
Storm Surge
+ SLR +
Wind Wave
Effects

4.2

Trigger Event
(Scenario)

Dike
Overtopping

Impact on Project

Loss of dike crest
function and erosion
of dike backslope
potentially leading to a
dike breach; flooding
may also occur due to
excessive wave
overtopping even if
dike does not breach.

Risk
Owner

Downstream Consequence

District of
Squamish

Dike overtopping (without dike
breach) could lead to mild to
significant flooding in
Downtown Squamish.
Damage or displacement of the
dike by wave overtopping
could lead to a dike breach and
catastrophic flooding in
Downtown Squamish. A dike
breach would result in
extensive building damage
costs, business disruption,
environmental damage, and
risk of injury or death.

Risk Controls
The District’s 2017 IFHMP outlines existing features of the District’s flood risk control measures. Flood
risk controls implemented as part of the IFHMP include a range of policy and structural tools.
Examples of policy tools include an updated OCP that includes provisions for managing development in
flood risk areas, new Development Permit Guidelines for natural hazard areas, and a new Floodplain
Bylaw.
Examples of structural risk controls include a prioritized list of dike upgrades and related requirements.
Some dike-specific considerations applicable to the Xwu’nekw Park Sea Dike include:
•

District staff complete regular and seasonal inspections of dike infrastructure, with a comprehensive
staff inspection completed annually with a report to the Inspector of Dikes, as required by law.

•

Comprehensive dike inspections are completed by professional consultants on a 5-year cycle (most
recent comprehensive dike inspection report issued Fall 2016 to support the IFHMP).

•

Ongoing GIS updates to incorporate results from regular and comprehensive dike inspections.

•

District staff complete routine vegetation management on accessible dike slopes throughout the
growing season.

•

IFHMP involved extensive coastal modelling as a foundation for informing dike design.

•

Recommendation of the IFHMP to construct a 7-km long sea dike around Downtown Squamish.

•

The District completed a Quantitative Risk Assessment (QRA) on the flood management strategy
proposed in the IFHMP, including the protection provided by the proposed sea dike under future
climate conditions.

•

A Request for Proposals has been issued to complete the design and construction of the Xwu’nekw
Park Sea Dike. The detailed design process is expected to involve analysis and consideration of
the climate risks identified in this report.
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These existing risk control measures have been considered and inform results from the risk analysis
process in Section 4.3.

4.3

Risk Analysis
Assessment of the probability (likelihood) and severity (consequence) magnitude for each of these risk
scenarios is listed in Table 6, according to the PIEVC seven-point scale. A description of these
categories and the PIEVC risk matrix is provided in Appendix E, along with a risk register showing risk
analysis results for each preliminary dike component.
Through the IFHMP (and subsequent 2018 Official Community Plan) as well as staff input to this report,
the District has defined the tolerable risk threshold for each climate parameter assessed, as shown in
the “Climate Parameter (Hazard)” column of the table.
Table 6: Risk Analysis Results
Severity
(out of 7)

Risk Score
(out of 49)

Tolerance

2
(Remotely
Possible)

2
(Minor)

4
(Low Risk)

Acceptable

1
(Highly
Unlikely)

2
(Minor)

2
(Low Risk)

Acceptable

Coastal Flood
Level Increase

0
(Negligible)

4 (Major Loss of
Serviceability)

0
(Negligible)

Acceptable

Dike
Overtopping

0
(Negligible)

7 (Catastrophic)

0
(Negligible)

Acceptable

Coastal Flood
Level Increase

0
(Negligible)

4 (Major Loss of
Serviceability)

0
(Negligible)

Acceptable

Dike
Overtopping

0
(Negligible)

7 (Catastrophic)

0
(Negligible)

Acceptable

Wind
(increase in wind
speed / duration
leading to increase in
wave runup of more
than 2 m during 200year return period
onshore windstorm)

Dike
Overtopping

0
(Negligible)

7 (Catastrophic)

0
(Negligible)

Acceptable

Ocean Acidification
(> pH 7.3 – 7.9)

Accelerated
corrosion of

2
(Remotely
Possible)

5
(Serious loss of
capacity)

10
(Moderate
Risk)

Mitigation
Recom.

Climate Parameter
(Hazard)

Trigger Event
(Scenario)

Probability
(out of 7)

Current Conditions: Construction Period (2020)
Wildfire-related Air
Quality (AQHI ≥ 7)

Air qualityrelated work
stoppages

Temperature Change
(Daily Max Temp. ≥
38°C)

Extreme heatrelated work
stoppages

Future Conditions: Design Life (2100)
Sea Level Rise
(> 2 m by 2100)
Storm Surge
(increase of more
than 0.75 m at 200year return period
flood event)
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exposed steel
components
Future Conditions – Cumulative Events: Design Life (2100)
High Tide + Storm
Surge + SLR
(> 3.99 m CGVD28
still-water level)

Coastal Flood
Level Increase

1
(Highly
Unlikely)

7
(Catastrophic)

7
(Moderate
Risk)

Mitigation
Recom.

High Tide + Storm
Surge + SLR + Wind
Wave Effects
(> 10L/s per lineal
metre maximum rate
of wave overtopping)

Dike
Overtopping

1
(Highly
Unlikely)

7
(Catastrophic)

7
(Moderate
Risk)

Mitigation
Recom.

Based on preliminary risk assessment results, the individual climate parameters listed in Table 7 are
considered to pose acceptable and manageable risks to dike construction (2020) and design life
performance (2100). They do not require a specific risk treatment strategy and removed from further
consideration as part of this Climate Lens Resilience Assessment.
Table 7: Risk Events Not Requiring Treatment or Mitigation
Climate Parameter
Trigger Event
Wildfire-related Air Quality
(days with an AQHI rating of 7
or higher “high risk”)
Temperature Change
(Daily Max Temp. ≥ 38°C)

Sea Level Rise IN ISOLATION
(> 2 m by 2100)
Storm Surge IN ISOLATION
(> 0.75 m increase at 200-year
return period event)
Wind IN ISOLATION
(increase in wind speed /
duration leading to > 2 m
increase in wave runup during
200-year return period onshore
windstorm)

•

Air quality-related
work stoppages

The contractor (risk owner) can manage
this risk through construction scheduling
with adequate buffers for delays.

•

Extreme heatrelated work
stoppages

This risk event is considered to have a
negligible likelihood of occurring given
that no days with temperatures reaching
38°C have been recorded over the past 5
years.

•

Coastal Flood
Level Increase
Dike Overtopping

The likelihood of this event exceeding 2 m
by 2100 is considered negligible.

Coastal Flood
Level Increase
Dike Overtopping

The likelihood of storm surge increasing
by 0.75 m at the 200-year event is
considered negligible.

Increase in sea
state in Mamquam
Blind Channel
Dike Overtopping

The likelihood of wind wave effects
increasing wave runup by more than 2 m
during the 200-year return period onshore
windstorm is considered negligible.

•
•
•
•
•
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4.4

Risk Treatment Priorities
This assessment identifies three scenarios considered to pose a significant or potentially-significant risk
to dike performance. These scenarios are suitable for mitigation (risk treatment) action. The scenarios
include:
•

Dike Overtopping, as a result of combined effects from high tide, storm surge, 1 m sea level rise,
and wind wave effects;

•

Coastal Flood Level Increase, as a result of combined effects from high tide, storm surge, and 1 m
sea level rise; and

•

Ocean Acidification, causing accelerated corrosion of exposed steel dike components.

Risk treatment options have been recommended for these risks in Section 5.
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5.

Risk Treatment Recommendations
The following risk treatment options have been recommended for consideration as part of the detailed
design stage. Not all of these options have been formally “selected” or fully specified as they require
further analysis by the design engineer who will take responsibility for the Xwu’nekw Park Sea Dike.
Table 8: Risk Treatment Recommendations
Timeline for
Consideration

Cost Considerations

Design to accommodate future 1
m dike raise and other measures
as needed to maintain wave
overtopping at or below 10 L/s per
linear metre.

Detailed
Design
(2020)

Incremental to anticipated
design and construction
costs (e.g., could be
accomplished with very
modest cost impacts,
subject to design
approach selected).

Design to incorporate erosion
resilience measures in the
backslope of the dike (e.g.,
vegetation and/or bioengineering).

Detailed
Design
(2020)

Incremental to anticipated
design and construction
costs (e.g., incorporate
into parks enhancement
works).

Consider whether habitat
enhancement works at the dike
toe could also provide wave
attenuation. (e.g., implement on
an opportunistic adaptive
management basis with
monitoring).

Detailed
Design
(2020)

Incremental to anticipated
design and construction
costs.

Coastal Flood
Level Increase

Design to accommodate future 1
m dike raise and other measures
as needed to maintain wave
overtopping at or below 10 L/s per
linear metre.

Detailed
Design
(2020)

Incremental to anticipated
design and construction
costs (e.g., could be
accomplished with very
modest cost impacts,
subject to design
approach selected).

Ocean
Acidification

Consider acidification in design
evaluation of expected corrosion
performance (e.g., increase
sacrificial thickness of sheet pile
to maintain expected useful life).

Detailed
Design
(2020)

Incremental to anticipated
design and construction
costs.

Risk Event

Dike Overtopping

Risk Treatment Measure
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6.

Return on Resilience Investment
In April 2019, the District of Squamish completed a Quantitative Risk Assessment (QRA) to support the
flood management strategy recommended by the IFHMP (2017a). The flood management strategy
involves an estimated $80 million in capital costs for implementation (Class ‘D’ cost estimates), with
features including a more robust design standard for the Squamish River and Mamquam River dikes as
well as the proposed 7 km sea dike. The assessment identified the proposed sea dike as critical for
mitigating the risk of catastrophic coastal flooding in Downtown Squamish.
The Xwu’nekw Park Sea Dike will be one component of the District’s much larger 7 km long sea dike.
As such, the return on resilience investment for this project must be assessed as part of the larger
continuous dike system.
This section summarizes the methodology and results from that cost-benefit analysis and draws
conclusions on the project’s overall return on investment.

6.1

Loss Estimation Methodology
The QRA assessed economic damages and risk to life for two sea dike scenarios: the existing dike
system, and the IFHMP’s proposed sea dike system. For coastal flood scenarios, depth maps were
developed by extrapolating the appropriate coastal flood level upstream across the floodplain until the
water level matched the LiDAR ground elevation.
The QRA assembled a panel of senior experts who were asked to produce a consensus-based opinion
on dike breach likelihood under different flood conditions.
Direct economic costs from structural building damage were estimated using the HAZUS-MH model
developed by Natural Resources Canada, adjusted for local conditions. The assessment also
considered economic damages to infrastructure (e.g. lift stations, roads, electrical sub stations, and rail
tracks) and indirect losses associated with loss-of-life. Results are integrated across a range of flood
events, producing an estimate of annualized damages for each dike upgrading scenario. The difference
in annualized damages before and after a dike upgrade is considered an economic “benefit” of that
upgrade. IFHMP cost estimates are then used to produce benefit-cost ratios for each dike upgrading
option. This approach aligns with the Loss Estimation Analysis methodology described in Infrastructure
Canada’s Climate Lens Guideline.

6.2

Loss Estimation Results
QRA estimates of the estimated damages from coastal flooding are summarized in Table 9. These
estimates have been annualized as the average estimated damage from 5, 10, 20, 50, 100, 200, 500,
1,000, and 2,000-year return period flood events, and (where applicable) incorporate the expert panel’s
estimates of dike failure probability.
Table 9: Loss Estimation Analysis
Diking
Scenario Description
Scenario
Existing

Current conditions, with segments of disconnected dikes
leaving downtown Squamish exposed to inundation.
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Proposed
Sea Dike

Future design condition, with a continuous dike that
includes the Xwu’nekw Park Sea Dike as one
component.
Annualized1 Damages Avoided by Implementing the
Full Length of Proposed Coastal Dike

$1,164,000

$123,360,000
(99% of annualized
damages for existing
coastal flood defences)

1. Annualized damages are calculated based on the assumption of 1 m sea level rise (anticipated at Year 2100).

The QRA estimates that the proposed sea dike will avoid annualized damages of $123 million. The
very large value of annualized damages for existing conditions reflects the District’s current exposure to
climate change hazards. The very large value of damages avoided by constructing the sea dike
illustrates the imperative of providing climate resilience for Downtown Squamish. Over 90 per cent of
these benefits (damages avoided) arise from protecting downtown against future coastal floods with a
return period of less than 50 years following 1 m of SLR.

6.3

Return on Resilience Investment Results
The IFHMP estimated the implementation cost (Class ‘D’ estimate) and benefits (avoided losses) of the
proposed sea dike (accrued over an assumed lifespan of 100 years at a net discount rate of 2 per cent).
Costs do not include an allowance for operation and maintenance costs (since the District already
supports an active dike maintenance program) or replacement of any structural components at the end
of their lifespan (since this would be associated with a new period of benefits). Hazard intensities and
damage estimates are assumed constant (e.g., 1 m SLR) over the lifespan of the benefit-cost
assessment.
Dividing the present value of benefits (avoided losses) by costs produces the return on investment
percentage (otherwise known as a benefit-cost ratio). A value greater than 1.0 implies that the benefits
of each option outweigh its costs.
Results from QRA indicate that the 7 km sea dike would lead to over $5 billion in avoided losses over a
100-year lifespan with sea levels 1 m higher than they are today.
The QRA references a Class D cost estimate to build to sea dike of approximately $27.5 million (2017
dollars, excluding sections that are expected to be built by private developers as part of foreshore
redevelopment).
Combining the benefits and costs reported in the QRA results in a benefit-cost ratio of well over 100 for
the proposed sea dike. This represents a very strong return on investment.
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7.

Conclusion
The Xwu’nekw Park Sea Dike is a critical component of the larger sea dike that will protect Downtown
Squamish from coastal flooding. The sea dike was identified as a high priority project in the District’s
comprehensive Integrated Flood Hazard Management Plan (2017). It is a particularly important
adaptation measure for increasing the community’s climate change resilience in response to anticipated
SLR.
Results from the detailed cost-benefit (return on investment) analysis completed in the District’s
Quantitative Risk Assessment (2019) indicate a benefit-cost ratio of well over 100 for building the 7 km
long sea dike (including Xwu’nekw Park Sea Dike component) that is well over 100, representing a very
strong return on investment. Full implementation of a sea dike is expected to result in over $5 billion in
avoided losses over a 100-year time span with sea levels 1 m higher than they are today.

7.1

Risk Assessment Results
Preliminary PIEVC analysis on the vulnerability of the proposed Xwu’nekw Park Sea Dike finds that the
dike will provide critical resilience to climate change impacts for Downtown Squamish, but is itself
generally resilient to changing climate impacts anticipated over the next 100 years.
Given its coastal location, dike performance must consider extreme combinations of astronomic tide,
sea level rise, storm surge, and wind speeds (wave effects). Design of the dike will incorporate
appropriate assumptions about these parameters defined by the IFHMP to represent acceptable risk to
the District. Acting independently, even the most conservative values for these parameters are not
expected to threaten the dike.
However, even with appropriate design assumptions, there is still a residual risk that these parameters
will exceed the design thresholds when considered in combination. Unanticipated combinations of
extreme climate parameters have the potential to produce coastal flood water levels and/or dike
overtopping rates that cause flooding on the land side of the dike. Potential consequences from these
two scenarios include damage to all dike components (particularly dike toe, crest, backslope, and sheet
pile facing), structural instability causing an increased risk of dike breach, and the resulting possibility of
catastrophic flooding in Downtown Squamish.
An additional risk is that a gradual increase in ocean acidification could lead to accelerated rates of
corrosion, reducing the structural stability and expected useful life of exposed steel components like the
sheet piles. Due to the District’s established dike maintenance and inspection protocols, it is unlikely
that this corrosion would persist to such an extent that it causes a dike breach in isolation. Rather,
corrosion is more likely to incur increased maintenance and replacement costs to the District to avoid
dike breach and catastrophic flooding in Downtown Squamish.
These three scenarios (increase in coastal flood level, dike overtopping, and acidification) have all been
identified as moderate risk outcomes and are considered candidates for further risk treatment measures
during detailed design.

7.2

Risk Treatment Recommendations
Four risk treatment options have been recommended to address climate risks to the performance of the
Xwu’nekw Park Sea Dike. Due to the preliminary stage of dike design, not all of these options have
been formally “selected” or fully specified; however they will serve as a foundation for further
consideration as part of the detailed design of the dike.
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The risk treatment options for consideration include:

7.3

•

Building adaptive capacity into the dike design to allow for a future additional 1 m increase in dike
crest height, in particular to accommodate continued SLR;

•

Designing the dike to incorporate erosion resilience measures into the backslope of the dike (e.g.,
vegetation and/or bioengineering compatible with the park designation of the site);

•

Analysis to determine whether habitat enhancement features at the dike toe could also provide
wave attenuation, thereby reducing the risk of dike overtopping; and

•

Consider ocean acidification in design of exposed elements to accommodate expected corrosion
performance (e.g., by increasing the sacrificial thickness of the sheet pile to maintain the expected
useful life).

Key Resilience Recommendations
The District of Squamish is considered a leader in climate resilience, particularly with regard to flood
management advanced through implementation of the IFHMP. Additional recommendations for building
on the findings from this Climate Lens Resilience Assessment include:
•

Consider the findings and recommendations from this report in the detailed design and construction
of the Xwu’nekw Park Sea Dike;

•

Complete an updated climate resilience assessment on all dike components once design elements
and systems have been finalized;

•

Encourage dike construction contractors to submit schedules that provide appropriate consideration
for the possibility of project delays due to high risk air quality ratings during summer wildfire season;
and

•

Continue local monitoring efforts to measure local climate change impacts like SLR.
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8.

Evidence Base
The Climate Lens Resilience Assessment for the Xwu’nekw Park Sea Dike has been based in large part
on the climate modelling and coastal flood management recommendations in the IFHMP (2017a),
including the IFHMP Background Report (2017b) and Coastal Flood Management Recommendations
Report (2017c). Return on investment is based on a detailed cost-benefit analysis completed as part of
the District’s Quantitative Risk Assessment (2019), which in turn reflects the flood management strategy
proposed in the IFHMP.
Climate trends, projections, and threshold data has been drawn from the sources shown in Table 10.
Table 10: Evidence Base Summary for Climate Data
Climate Parameter
Wildfire-related Air
Quality (current
conditions)

Temperature Change
(current conditions)

•
•
•

Province of BC Wildfire Averages (2019b)
Province of BC Air Quality Health Index Summary (2019c)
Province of BC Preliminary Climate Change Risk Assessment (2019)

•

Pacific Climate Impacts Consortium (PCIC) Plan2Adapt Website (2012)
and Climate Explorer Tool (2019)
Government of Canada Historical Weather Data (2019)
Work Safe BC Occupational Health and Safety Regulation “Heat
Exposure” (2005)

•
•
•

8.1

Source(s)

Sea Level Rise

•
•

Climate Change Adaptation Guidelines for Sea Dikes and Coastal Flood
Hazard Land Use. (Ausenco Sandwell, 2011)
Flood Hazard and Land Use Management Guideline (Province, 2018)
International Panel on Climate Change (IPCC, 2019)

Storm Surge

•

IFHMP storm surge / coastal flood analysis (2017c)

Wind

•

IFHMP wind/wave modelling (2017c)

Ocean Acidification

•
•

International Panel on Climate Change (IPCC, 2014)
Marliave et al. in “Biodiversity Loss in a Changing Planet” (2011)
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Consideration of Resilience Principles in Assessment
Infrastructure Canada’s Climate Lens Guideline defines four guidelines to inform the completion of Climate Lens
Resilience Assessments.
The principles are derived from international agreements such as the Sendai Framework for Disaster Risk
Reduction and Canada's National Strategy for Critical Infrastructure which both emphasize resilience as a way
to mitigate disasters and natural hazards. They are also informed by Canada's Federal Adaptation Policy
Framework and national climate knowledge assessments produced by Natural Resources Canada.
Table D-1 below defines each principle alongside a summary of how the principle informed the Climate Lens
Resilience Assessment for the District of Squamish Xwu’nekw Park Sea Dike.
Table D-1 – Consideration of Resilience Principles in Assessment
Climate Lens Principle (description)
Proportionate Assessment – The level of effort and
detail in assessing risk and identifying solutions
should reflect: the project cost and scope, how
vulnerable the asset is to climate impacts, and how
important the asset is to providing or protecting
essential services (criticality of asset).

Consideration in Assessment
•
•
•

•

Systemic Analysis of Risk - A holistic approach
should assess climate hazards according to
likelihood and consequence, based on best available
science and data (including historical data and future
climate projections), asset vulnerability, and also
consider infrastructure interdependencies. A network
perspective considers dependencies and
interdependencies, when appropriate. An impact to a
single asset can result in significant damage on a
city-wide, regional, national or even international
scale. It is important to understand the nature and
location of other assets that could be affected by a

•

•

•

Assessment completed at a high level given
the preliminary (conceptual) design stage of
the Xwu’nekw Park Sea Dike.
The assessment considered climate risks
during construction and over the design life
of the dike.
The sea dike will serve as a critical asset to
protect Downtown Squamish from
catastrophic coastal flooding. The risk
assessment drew on extensive analysis and
modelling results completed as part of the
District’s Integrated Flood Hazard
Management Plan.
While the dike is vulnerable to coastal
climate change parameters, these risks have
been factored into the dike design to
establish a dike crest elevation of 4.7 m
GCVD28.

The project used Engineers Canada’s PIEVC
model to systematically consider how risks
associated with a range of climate change
parameters could impact specific design
components of the dike.
The project drew on historic climate
baselines from Provincial records and
downscaled climate projections from the
Pacific Climate Impacts Consortium.
The assessment considered the catastrophic
downstream impacts from a potential dike
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failure of the targeted asset; work with other relevant
asset owners when possible. Priority-setting of
possible measures should, should consider
redundancy, prioritize no-regrets options and avoid
locking-in costly decisions that narrow future options.

•

breach and drew on District tolerance
thresholds to prioritize risks for treatment.
Risk treatment options were recommended
to be considered during the detailed design
and construction phases of the funded
project.

Pursuit of Multiple Benefits - Opportunities should
be maximized to provide many benefits, e.g.,
considering synergies with greenhouse gas
emissions reduction. Adaptation initiatives that are
not GHG-intensive should be strongly considered.
Increasing emissions to address climate impacts
(e.g., use of fossil-fuel powered air conditioning to
counter extreme heat) may be avoided through a
detailed assessment of different options to clarify
potential GHG impacts of adaptation actions.
Consider natural infrastructure. It is becoming
increasingly clear that natural assets and engineered
or enhanced natural assets can cost-effectively
complement or help deliver infrastructure services
(particularly regarding storm water management,
wastewater, potable water and disaster mitigation).

•

Dike design elements and risk treatment
options proposed have the potential to
provide multiple benefits by way of habitat
enhancement and public amenities (e.g.
public walkway).

Avoidance of Unintended Consequences Seeking to avoid risk transference from one asset to
others, preserving decision-making flexibility over the
long-term (to accommodate new technologies and
information), and pursuing no-regrets approaches
and first-order solutions. Climate resilience initiatives
inescapably face uncertainty given the broad range
of projected future climate change impacts. Pursuit
of enduring solutions should be prioritized and
displacement of costs (e.g., causing greater flooding
to happen downstream) should be avoided.

•

The District of Squamish is committed to
systematic and proactive risk assessment
and management, as evidenced through the
extensive work and outcomes from the
Integrated Flood Hazard Management Plan
(2017).
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PIEVC Worksheets and Risk Register
•
•
•
•
•
•
•

Worksheet #1 – Project Definition
Worksheet #2 – Data Gathering and Sufficiency
Worksheet #3 – Risk Assessment
Excel Worksheet #3 – Risk Register
Worksheet #4 – Engineering Analysis OMITTED
Excel Worksheet #4 – Engineering Analysis OMITTED
Worksheet #5 – Recommendations and Conclusions

Note: The Engineering Analysis components (Worksheets #4) are omitted under PIEVC Lite

PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 – Project Definition

For further information about this Engineering Protocol or the National Engineering
Vulnerability Assessment Project please contact Engineers Canada.

David Lapp, P.Eng.
Practice Lead, Engineering and Public Policy
Engineers Canada
300 – 55 Metcalfe Street
Ottawa, Ontario, K1P 6L5 Canada
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 – Project Definition

Instructions
This worksheet is designed to allow practitioners to document that they have actively considered
and evaluated each step of the Protocol. The worksheet also provides a document were
practitioner considerations regarding each task of the Protocol are recorded.
Complete Every Field
To ensure complete coverage of the Protocol steps, when completed, the practitioner
should have entered a response in every field of this worksheet.
Document Tasks That Do Not Apply
Where a particular task is not relevant to the current assessment:



Enter N/A in the relevant field of this worksheet and
Provide rational for the decision in the comments field of the task.

Document Tasks That Are Omitted
Where a practitioner has chosen to omit a particular step of the Protocol:



Enter OMITTED in the relevant field; and
Provide rational for the decision in the comments field of the task.
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 – Project Definition

Protocol for Changing Climate Infrastructure Vulnerability
Assessment
Practitioners are strongly cautioned to avoid the following common pitfalls in executing a
vulnerability assessment based on the Protocol.
i.

Skipping Protocol tasks.
Although it is acceptable to select to not execute a particular task, the practitioner
should nonetheless evaluate the question posed by that task and document the basis for
the decision.

ii.

Using previous case study reports as a template for the analysis.
Although previous studies provide an excellent reference, the application of the
Protocol is highly specific to infrastructure. Applying previous case studies as a
template can often lead the practitioner to miss key factors that contribute to the overall
risk profile of the infrastructure.

iii.

Using the worksheets without reference to the Protocol.
Although the worksheets parallel the Protocol, they do not provide supplementary
context that may be necessary to correctly address the specified Protocol task.
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PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation
to a Changing Climate

Worksheet Step 1
Project Definition

Revision 1.1

© Engineers Canada
2015

PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 – Project Definition

1

Step 1 – Project Definition

In this step the practitioner will define the global project parameters and boundary conditions for
the engineering vulnerability assessment. This step will define:





Which infrastructure is being assessed;
Its location;
Climatic, geographic considerations; and
Uses of the infrastructure.

This is the first step of narrowing the focus to allow efficient data acquisition and vulnerability
assessment.
The process flowchart for Step 1 of the Protocol is presented in Figure 1.

Figure 1: Step 1 – Project Definition Process Flowchart
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1.1

Prepare Step 1 Worksheet
Enter Yes or No
Yes

a. Use this Worksheet; or
b. Prepare practitioner specific documentation.
i.
Practitioner specific documentation MUST detail each task
outlined in this step of the Protocol.

No

Comments and Observations
Information from these worksheets will be summarized in the final Risk Treatment Report,
as required for Climate Lens Assessment
1.2

Identify the Infrastructure
a. Choose the infrastructure
to be evaluated for
changing climate
vulnerability.

Proposed Xwu’nekw Park Sea Dike

b. Provide a general
description of the
infrastructure.

The Xwu’nekw Park Sea Dike project involves the design
and construction of a vertical steel sheet pile and earthfill
dike that will become part of a new sea dike protecting
Downtown Squamish from coastal flooding.

Lot 1, Plan BCP36971 Group 1, District Lot 7056 at
municipal address 37956 Loggers Lane
UTM coordinates N 5504950 E 488950 (zone 10U)

The proposed 200 m long reach of vertical sheet pile dike
with a dike crest elevation of 4.7 m CGVD28 to
accommodate the design flood level determined in the
Integrated Flood Hazard Management Plan (IFHMP,
2017).
General components envisioned at pre-design stage
include:
-

200 m long steel sheet pile seawall (sheet pile
dimensions to be determined)
Steel tieback rod and anchors (length and size to be
determined)
Dike fill (material properties, lines, and grades to be
determined)
Dike crest surfacing (material to be determined)
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Design elements specified but not designed include:
- Dike alignment;
- Seepage control works;
- Multi-use public walkway along dike crest linking to
the District’s trail network;
- Parks infrastructure (e.g., lights and benches) along the
dike crest;
- Energy efficient or solar-powered lighting;
- Habitat enhancement measures along the dike toe; and
- Option for future water/dock access (e.g. gangway and
ramps).
c. Reference additional

-

background and detailed
information sources.
-

Grant application and Approval-in-Principle for
Infrastructure Canada Investing in Canada
Infrastructure Program (ICIP) – Rural and Northern
Communities (RNC) component
Integrated Flood Hazard Management Plan (IFHMP,
2019)
IFHMP Background Report (Sept 2017)
IFHMP Coastal Flood Risk Mitigation Options (Sept
2017)
Presentation to District of Squamish Mayor and
Council (Sept 2019)
PCIC Plan2Adapt Tool for the Squamish-Lillooet
region https://pacificclimate.org/analysistools/plan2adapt

Comments and Observations
This assessment is being conducted at a preliminary (conceptual) stage of dike design, as a
condition for funding under the Disaster Mitigation and Adaptation Fund (DMAF). While

the general design approach is known, design details will be defined as part of the funded
project.
Refer to engineering cross section of preferred model for conceptual pre-design (Appendix
B).
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Identify Climate Parameters

1.3

a. State the climate parameters that will be considered in the evaluation.
Add rows as necessary.
i.

Based on professional judgement, identify which climate trends and weather events
may contribute to infrastructure vulnerability.

NEAR TERM: CONSTRUCTION PERIOD (year 2020)
-

Wildfire related Air Quality (days with “high risk” Air Quality Health Index) that could
cause stop-work orders and construction delay.

-

Temperature Change (extreme summer temperatures) potentially leading to more extreme
heat days and increased wildfire risk leading to stop-work orders and construction delay.

LONG TERM: DESIGN LIFE PERIOD (year 2100)
-

Sea Level Rise (mean water level increase) potentially leading to potential dike overtopping
and instability from associated erosion.

-

Storm Surge (above the 200-year return period still water level) leading to potential dike
overtopping and instability from associated erosion.

-

Wind (above the 200-year return period deep-water significant wave heights) potentially
leading to dike overtopping and instability from associated erosion.

-

Ocean Acidification (decreased average annual pH) potentially causing corrosion of steel
sheet piles.

ii.

Based on professional judgement, identify which climatic trends and/or weather
events may combine to create infrastructure vulnerability.

-

Combination of sea level rise, storm surge, and high tide expected to increase coastal flood
level, which can cause erosion that damages dike stability and can potentially lead to dike
breach.

-

Combination of sea level rise, storm surge, high tide, and wind effects expected to increase risk
of dike overtopping, erosion, and potential for dike breach.

Comments and Observations
-

Climate parameters have been considered for the full lifecycle of the dike, including potential
disruption during construction in the near term (2020) and impacts on dike design performance
(2100).

Page 8 of 14
© Engineers Canada
2015

PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 1 – Project Definition

1.4

Identify the Time Horizon
a. Define the period over which the
infrastructure must operate and for
which climate trends will be projected
for the engineering vulnerability
assessment.

Construction is expected to occur during the
2020-2021 period.
The dike has an expected service life of ±100
years, at which point it may need to be
replaced and raised or upgraded to
accommodate future sea level rise or other
environmental changes.
Climate parameter projections: 2020s
(construction), 2100 (SLR, acidification)

Comments and Observations

1.5

Identify the Geography

Add rows as necessary.
a. Summarize site-specific, local, and/or geographical features relevant to the evaluation.
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The proposed dike fronts the District-owned Xwu’nekw Park, legal description Lot 1, District
Lot 486, Plan BCP36971 Group 1, and District Lot 7056 and located at municipal address
37956 Loggers Lane adjacent to the Mamquam Blind Channel. At its north end, the
Xwu’Nekw Park Sea Dike will connect to other recently constructed sections of the sea dike.
When complete, the Squamish sea dike will protect a 3.5 km2 densely developed coastal flood
hazard area that includes downtown Squamish.
The proposed Xwu’Nekw Park Sea Dike will protect against coastal flooding from the
adjacent Mamquam Blind Channel. The Mamquam Blind Channel is the remnant of an
abandoned flow path for the Mamquam River but is no longer directly connected to the
Mamquam River and is affected by coastal dynamics of Howe Sound.
Coastal floods at Squamish occur as the result of an adverse combination of:
•

Astronomic tide, the regular and predictable variation in water levels caused by the
gravitational interactions of the Earth, Sun, and Moon;
• Storm surge, a temporary increase in coastal water levels resulting from offshore oceanscale processes like atmospheric pressure, wind, wave momentum, ocean current
oscillations and temperature; and
• Wind wave effects, the localized increase in water levels and wave action generated by a
sustained wind field over water.
Coastal floods typically occur when external storm surges combine with the highest tides of
the year during the winter storm season.
b. Provide references.
-

Integrated Flood Hazard Management Plan (2017)

-

Integrated Flood Hazard Management Plan – Background Report (2017)

-

Presentation to District of Squamish Council (Sept 2019)

Comments and Observations
- Refer to IFHMP Sea Dike Planning Map in Appendix B.

1.6

Identify Jurisdictional Considerations

Add rows as necessary.
a. List the jurisdictions, laws, regulations, guidelines, and administrative processes that are
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applicable to the infrastructure.
-

District of Squamish Official Community Plan (2017)

-

District of Squamish Zoning Bylaw (2017)

-

BC Dike Maintenance Act (1996)

-

BC Water Sustainability Act (2016)

-

Canadian Fisheries Act (1985)

-

Canadian Navigable Waters Act (1985)

-

District of Squamish Estuary Management Plan (1999)

-

District of Squamish Integrated Flood Hazard Management Plan (2017)

-

District of Squamish Flood Management Guide for Developers (2018)

-

BC Flood Hazard and Land Use Management Guidelines (2018)

-

BC Dike Design and Construction Guide (2003)

-

BC Seismic Design Guidelines for Dikes (2014)

-

EGBC Professional Practice Guidelines – Legislated Flood Assessments in a Changing Climate in
BC (2018)

b. Provide references.
N/A, See Worksheet #2

Comments and Observations

1.7

Site Visit

a. Conduct a site visit.
If Site Visit Not Conducted – Explain Why and Provide Supporting Information
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OMITTED - Extensive site visits as part of IFHMP.
b. Based on information gathered to date, conduct interviews with facility owners and
operating personnel in order to field-test and validate initial project definition findings.
Notes and Observations from Interviews
OMITTED
c. Examine infrastructure and local geographical features as they may apply to the
vulnerability assessment.
Notes and Observations from Infrastructure Examination
OMITTED
i. Note key observations and areas for follow-up in subsequent assessment steps.
Key Observations
OMITTED
Additional Comments and Observations
Practitioner Risk Assessment Model selected due to preliminary stage of dike design. As the
dike has not been built, and no existing dike is present, site investigation is not required.
1.8

Assess Data Sufficiency

Review the data set developed in Sections 1.1 through 1.7.
Add rows as necessary.
a. Where assumptions are proposed for the assessment, identify these as such and provide a
rationale for their use.
Assumption

Rationale

A vertical sheet pile dike design.

Specified in the IFHMP (2017) and ICIPRNC grant application.

Sheet pile alignment to follow the present-day
high-water mark

Adopted by District of Squamish Mayor and
Council on November 12, 2019.

A dike crest elevation of 4.7 m CGVD28,
understood to provide a maximum
overtopping rate of 10 L/s/m during the 200-

Specified in the IFHMP (2017) and ICIPRNC grant application.
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year return period design event.
Dike alignment ties into existing section of
dike at the north end and will ultimately be
extended to the south of the Xwu’Nekw Park
site.

Adopted by District of Squamish Mayor and
Council on November 12, 2019.

Assumes that acidification in Howe Sound
will be consistent with trends in Burrard Inlet
and will occur on a gradual and ongoing
basis.

Both Howe Sound and Burrard Inlet are
within the Salish Sea and have active
industrial activity.

Dike construction to be complete between
2020 and 2021 and that current air
temperature and wildfire baseline conditions
will persist over the construction period.

Refer to Worksheet #2 for details on baseline
conditions and trends.

b. Document where there is insufficient information currently available to proceed with an
element of the assessment.

Insufficient
Information

i. Where there is insufficient
information currently
available, identify a process
to develop or infill that data.

Conceptual design of
dike has not been
completed

Risk assessment to proceed
based on assumed likely design
(see assumptions)

ii. Where data cannot be
developed, identify the data
gap as a finding in Step 5 of
the Protocol –
Recommendations.
Dike design details (e.g. sheet
pile width) to be defined based
on findings from risk
assessment.

Date:

27/11/2019

Prepared by:

Robin Hawker, RPP, MCIP
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2

Step 2 – Data Gathering and Sufficiency

In this step the practitioner will provide further definition regarding the infrastructure and the
particular climate trends that are being considered in the evaluation. The practitioner will
undertake a data acquisition exercise and identify where, in their professional judgment, the data
is insufficient. Data insufficiency may arise from:




Poor quality;
High levels of uncertainty; or
Lack of data altogether.

This step further focuses the evaluation and starts to establish activities to infill poor quality or
missing data.
The process flowchart for Step 2 of the Protocol is presented in Figure 2.

Figure 2: Step 2 – Data Gathering and Sufficiency Process Flowchart
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2.1

Prepare Step 2 Worksheet
Enter Yes or No
Yes

a. Use this Worksheet; or
b. Prepare practitioner specific documentation.
i. Practitioner specific documentation MUST detail each task
outlined in this step of the Protocol.

No

Comments and Observations
Information from these worksheets will be summarized in the final Climate Resilience Report,
as required for Climate Lens Assessment
2.2

State Infrastructure Components
Add rows as necessary.

a. List the major components of the infrastructure that are influenced by climate.
i. Only select those infrastructure components that, in the practitioner’s professional
judgment, are relevant to this assessment.
ii. Where available, review operations incident reports, daily logs and reports to assist in
the identification of infrastructure components with a history that could result in
vulnerability and are relevant to this process.
iii. Interview infrastructure owner’s operators and maintenance staff to identify historical
events that may not be documented or retrievable from databases and evaluate if these
events are relevant to this assessment.
-

200 m long steel sheet pile seawall (sheet pile dimensions to be determined)

-

Steel tieback rod and anchors (length and size to be determined)

-

Dike fill (material properties, lines, and grades to be determined)

-

Dike crest surfacing (material to be determined)

b. Provide references.
-

Integrated Flood Hazard Management Plan (IFHMP) (District of Squamish, 2017)

-

IFHMP Background Report (District of Squamish, 2017)
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-

IFHMP Coastal Flood Risk Mitigation Options (District of Squamish, 2017)

-

Presentation to District of Squamish Council (District of Squamish, Sept 2019)

Comments and Observations
This assessment is being conducted at a preliminary (conceptual) stage of dike design, as a
condition for funding under the Disaster Mitigation and Adaptation Fund (DMAF). While the
general design approach is known, design details will be defined as part of the funded project.
Refer to IFHMP conceptual engineering cross section for typical sheet pile sea dike in Appendix
C.
2.3

State the Time Horizon for the Assessment

a. State the period over which the
infrastructure must operate.

Indefinitely, however designed for conditions and
performance to 2100

b. State the design life of the
infrastructure components.

Sheet pile: 80
Tieback: 80
Dike fill: 100+
Dike crest surfacing: 20

c. Document the maintenance
and/refurbishment schedule for the
infrastructure as it may apply to the
useful service life of the
infrastructure.

Sheet pile: inspect annually and re-coat/weld up
cracks or spalling areas every 15 years
Tieback: designed to be maintenance free due to
buried condition
Dike fill: designed to be maintenance free due to
buried condition
Dike crest surfacing: inspect annually, fix potholes
every 5 years, cut grass as needed

d. State the useful service life
remaining in the infrastructure
components.

100% of the dike’s expected useful life is remaining
due to the fact that the dike has not been constructed.

Comments and Observations
Additional design elements have been specified but not designed, and are therefore not
considered in this risk assessment:
• Dike alignment;
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•
•
•
•
•
•

Seepage control works;
Multi-use public walkway along dike crest linking to the District’s trail network;
Parks infrastructure (e.g., lights and benches) along the dike crest;
Energy efficient or solar-powered lighting;
Habitat enhancement measures along the dike toe; and
Option for future water/dock access (e.g. gangway and ramps).

State the Geography

2.4

Add rows as necessary.
a. List the major features of the local geography that may influence the microclimate of the
infrastructure or impose peripheral risk.
i. Specifically identify hills, valleys, river systems, lakes, ocean frontage that may
moderate the climate parameters considered in the evaluation.
ii. Only select those geographical features that, in the practitioner’s professional
judgment, are relevant to this assessment.
-

Xwu’nekw Park Sea Dike will protect against coastal flooding from the adjacent Mamquam
Blind Channel

-

The Mamquam Blind Channel is the remnant of an abandoned flow path for the Mamquam
River, but is no longer directly connected to the Mamquam River and is affected by coastal
dynamics of Howe Sound

-

The Province of British Columbia’s recommend BC communities prepare for 1 m of SLR
by year 2100

-

Site-specific wind setup and wave setup can contribute to local water levels, but impacts
would vary on a site-by-site basis.

-

There is a very low likelihood of a major tsunami affecting Howe Sound.
b. Provide references.
-

IFHMP Background Report (District of Squamish, 2017)

-

IFHMP Coastal Flood Risk Mitigation Options (District of Squamish, 2017)

Comments and Observations
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2.5

State Specific Jurisdictional Considerations

a. As applicable, itemize:


Jurisdictions that have
direct control/influence
on the infrastructure;

b. Provide
references.
District of Squamish – community
development, local diking authority.
Government of Canada – Ocean
Fisheries and Marine Navigation
Province of BC – Water stewardship,
riparian habitat, dike management.



Sections of laws and
bylaws that are relevant
to the infrastructure;

Official Community Plan (2018)
- Development Permit Area 2:
Protection from Flood Hazards
- Development Permit Area 6:
Mamquam Blind Channel
Zoning Bylaw (2019)
Floodplain Management Bylaw (2017)
Dike Maintenance Act (1996)
Water Sustainability Act (2016)
Fisheries Act (1985)
Canadian Navigable Waters Act (1985)



Sections of regulations
that are relevant to the
infrastructure;

See above



Standards that are
relevant to the design,
operation and
maintenance of the
infrastructure;

N/A



Guidelines that are
relevant to the design,

Squamish Estuary Management Plan
(1999)

District of Squamish

District of Squamish
District of Squamish
Province of BC
Province of BC
Gov. of Canada
Gov. of Canada

District of Squamish
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operation, and
maintenance of the
infrastructure; and



Infrastructure
owner/operator
administrative processes
and policies as they apply
to the infrastructure.

Integrated Flood Hazard Management
Plan (2017)
Flood Management Guide for
Developers (2018)
Flood Hazard and Land Use
Management Guidelines (2018)
Dike Design and Construction Guide
(2003)
Seismic Design Guidelines for Dikes
(2014)
Professional Practice Guidelines –
Legislated Flood Assessments in a
Changing Climate in BC

District of Squamish
District of Squamish
Province of BC
Province of BC
Province of BC
Engineers and
Geoscientists of BC

N/A

Comments and Observations

2.6

State Other Potential Changes that May Affect the Infrastructure

a. Identify and document other factors that can affect the design, operation, and maintenance
of the infrastructure:
i. Document changes in use pattern that
increase/decrease the capacity of the
infrastructure.

Potential to include a public walkway or
habitat enhancing facing materials that may
require additional maintenance.

ii. Document operation and maintenance
practices that increase/decrease the
capacity or useful life of the
infrastructure.

N/A – No current operation and maintenance
practices as the dike is not yet built. See
question 2.3 for description of planned
maintenance works.

iii. Document changes in management policy
that affect the load pattern on the

N/A – dike not built yet

Page 10 of 29

© Engineers Canada
2015

PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 2 – Data Gathering and Sufficiency

infrastructure.
iv. Document changes in laws, regulations
and standards that affect the load pattern
on the infrastructure.

N/A – dike not built yet

Comments and Observations
The dike has not been built.
2.7

Identify Relevant Climate Parameters

Add rows as necessary.
a. List the relevant climate parameters
b. State the climate information source(s).
associated with the design, development, and
Sources may include, but are not limited
management of the infrastructure.
to:
i. Use the Climate Parameter List
 National Building Code of Canada
provided in Appendix A as a
Appendix Tables
guideline.
 Intensity Duration Frequency
ii. Additional guidance can be found in:
(IDF) curves,
 The PIEVC Data Integrity and
 Flood plain mapping,
Availability Review and/or
 Heat units,
 Environment Canada’s
 Water elevation
National Climate Data Archive
 Etc.
(http://climate.weatheroffice.ec.g
c.ca/Welcome_e.html).
NEAR TERM: CONSTRUCTION PERIOD (year 2020)
Wildfire Related Air Quality (number of days
with “high risk” air quality) (wildfire stop-work)

Air Quality Health Index (Province of BC,
2019)

Temperature Change (increased average
summer temperatures) (extreme heat)

Plan2Adapt tool (PCIC, 2012)
Historical Weather Data (Government of
Canada, 2018)

LONG TERM: DESIGN LIFE (year 2100)
Sea Level Rise (mean water level increase)
(overtopping/coastal flood level increase and

Province of BC Flood Hazard Area Land Use
Management Guidelines (2018)
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instability)
Storm Surge (a component of the 200-year
return period still water flood level)
(overtopping/coastal flood level increase and
erosion/instability)

IFHMP Background Report (District of
Squamish, 2017)

Wind (sea state generated by 200-year return
period wind storm) (overtopping and
erosion/instability)

IFHMP Background Report (District of
Squamish, 2017)

Ocean acidification (decreased average annual
pH) (accelerated corrosion of exposed steel
components)

IPCC, 2000; Marliave et al, 2011

Comments and Observations
-

-

2.8

IFHMP Background Report (District of Squamish, 2017) is based on IPCC AR5 assessment
and the latest Province of BC SLR guidelines.
Climate parameters have been considered for the full lifecycle of the dike, including potential
disruption during construction in the near term (2020) and impacts over the design life of the
dike (2100).
Note that, while both precipitation and temperature are projected to change significantly over
the next 100 years, these two parameters are being considered for current day conditions
(impacts on construction) and therefore projected to have no change for the purpose of this
assessment.

Identify Infrastructure Threshold Values

Add rows as necessary.
a. For each climate parameter selected, identify a threshold value above which, or below
which, the infrastructure performance will be affected.
i.
Threshold values may be based on:
 Codes;
 Standards;
 Engineering Guidelines;
 Operating or Maintenance Procedures;
 Professional Judgement; and/or
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ii.

 Other, as appropriate.
As appropriate, a number of different thresholds may be identified for a specific
climate parameter based on varying degrees of infrastructure response arising from
parameter values changing over a broader range.
 In such cases, each parameter-threshold pair would be treated as a separate
event within the context of the assessment.

Threshold Value

b. Clearly document the
source of the threshold
value.

c. Provide justification for
the threshold value
selected.

NEAR TERM: CONSTRUCTION PERIOD (year 2020)
Wildfire Related Air
Quality – # days with Air
Quality Health Rating above
7 (“High Risk”)

Province of BC Air Quality
Health Index Summary
(2019)

Province of BC records the
number of days where AQHI
≥ 7 as a metric for high risk.
Wildfire-related air quality
will only affect project
through construction delays;
no impact on dike design
performance.

Temperature Change –
Daily maximum temperature
exceeding 38°C

Work Safe BC Occupational
Health and Safety Regulation
7.27 “Heat Exposure”.

Temperature change will only
affect project through
construction delays; no
impact on dike performance.

LONG TERM: DESIGN LIFE (year 2100)
Sea Level Rise – Coastal
Flood Level Increase (2 m by
2100)

IFHMP (2017)

Enough to surpass 3.99 m
still-water design elevation
without storm surge
contribution.

Sea Level Rise – Dike
Overtopping (2.7 m by 2100)

IFHMP (2017)

Enough to surpass 4.7 m stillwater elevation and exceed
10 L/s per lineal metre
maximum rate of overtopping
without storm surge or wave
effects.
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Storm Surge – Coastal Flood IFHMP (2017)
Level Increase (Increase of
±0.75 m at 200-year return
period)

Enough to surpass 3.99 m
still-water elevation without
SLR contribution.

Storm Surge – Dike
Overtopping (Increase of
±1.5 m at 200-year return
period)

IFHMP (2017)

Enough to surpass 4.7 m stillwater elevation and exceed
10L/s per lineal metre
maximum rate of overtopping
without SLR or wave effects.

Wind – Dike Overtopping
(Increase in wave runup of 2
m during 200-year return
period windstorm)

IFHMP (2017)

Enough to exceed 10 L/s per
lineal metre maximum rate of
overtopping without SLR or
storm surge.

Ocean acidification – No
trigger

Marliave et al, 2011

Gradual cumulative effects.
Accelerated corrosion of
exposed steel components
performance capacity.

Comments and Observations
- Precipitation and temperature change will only affect project through construction delays;
no impact on dike design performance.
- These thresholds for Sea Level Rise, storm surge, and wind were assessed as part of the
IFHMP (2017) using the latest Province of BC flood management guidelines and serve as
the basis for the proposed dike design.
2.9

Identify Potential Cumulative or Synergistic Effects

Add rows as necessary.
a. Review the selected climate parameters and threshold values and evaluate the potential
cumulative impact of combining or sequencing weather events and/or climate trends to
assess the possibility of these combined events yielding a higher impact compound event.
b. Include relevant cumulative or synergistic events on the list of climate parameters carried
forward for risk assessment.
i.
The practitioner must exercise professional judgment in establishing conceivable
combined or synergistic events to avoid assessing multiple, improbable,
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combinations.
Cumulative and/or
Synergistic Event

Threshold Value

Justification

High Tide + Storm Surge +
SLR – Coastal Flood Level
Increase

200-year return period coastal Exceeds IFHMP coastal flood
flood still-water level greater level
than 3.99 m CGVD28

High Tide + Storm Surge +
SLR + Wind Wave Effects
- Dike Overtopping

10 L/s per lineal metre
maximum rate of wave
overtopping at 200-year
return period coastal flood
level in combination with
200-year onshore windstorm

Exceeds IFHMP wave
overtopping criteria

Comments and Observations
- These cumulative thresholds have been considered in the preliminary design
recommendations for dike heights in the IFHMP (2017) according to the latest Province of
BC flood management guidelines.
2.10

State Climate Baseline

Add rows as necessary.
a. List historical extreme weather events:
i. Identify the frequency of the events
ii. Identify the duration of the events
iii. Identify the date(s) of the events
iv. Identify the magnitude/intensity of the events
b. If data is not available:
i. Based on professional judgement, infill missing data using reasonable assumptions
ii. Provide written justification/substantiation for the assumptions.
c. List the values that are chosen.
d. Provide references.
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Historic Extreme Weather Event

Value

Reference

Coastal Flood Events (Sea Level Rise, Storm Surge, Wave Climate Parameters)
December 9, 2014 – water near the Squamish
Yacht Club came within about 0.1 m of
overtopping the road at Loggers Lane.

Water levels reached
5.5 m Chart Datum or
2.5 m geodetic (5-year
return period storm surge
+ high tide event)

IFHMP
Coastal Flood
Risk
Mitigation
Options
(2017)

December 1982 – highest storm surge water
level recorded (no flooding).

Water levels reached 5.6
m Chart Datum or 2.5
geodetic

IFHMP
Background
Report (2017)

December 1967 - Sea dike overtopped, and
downtown Squamish flooded.

Unknown water level

IFHMP (2017)

December 1951 – Sea dike was breached in two
places causing houses and stores in downtown
Squamish and River road partially washed out.

Unknown water level

IFHMP (2017)

December 1932 – Overtopping of the sea dike in
Downtown

15-foot tide and very
strong south wind

IFHMP (2017)

Extreme Heat and Wildfire Events (Temperatures and Wildfire Air Quality Parameters)
August 2017 – 10 days with Air Quality Health
Index (AQHI) ≥7 “High Risk” in Squamish
(verified). High Risk AQHI also reported in
July and September that year.

Maximum AQHI that
month was 9.2

BC AQHI
Summary
(2019)

August 2018 – 9 days with AQHI ≥7 “High
Risk” in Squamish (verified)

Maximum AQHI that
month was 10+ “Very
High”

BC AQHI
Summary
(2019)

Summer 2018 – Squamish experienced 24 days
with maximum temperatures above 30°C (no
days reached 38°C)

0 days of 38°C or higher

Government
of Canada
Historical
Weather Data
– Daily Data
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Report for
2018
Comments and Observations

2.11

State the Changing Climate Assumptions

Add rows as necessary.
a. Assess the relevancy and applicability of observed global, regional or site-specific
changing climate trends with respect to the infrastructure.
i. Document how these trends influence the infrastructure.
Trend

Influence

NEAR TERM: CONSTRUCTION PERIOD (year 2020)
Wildfire Air Quality – average percentage (%) Impacts of wildfire smoke affect dike
of BC lands burned by wildfires (ha) each year construction only (2020). Any historic trends
increased from 0.15% in 2009 – 2013 to 0.70% will not influence design considerations.
in 2014 – 2018, in part due to significant fire
season in 2017 and 2018 (Province of BC
Wildfire Averages, 2019).
Temperature Change – Average BC summer
temperatures have warmed by 0.6°C to 0.8°C
per decade from 1900 to 2013 (Province of BC,
2016).

Impacts of temperature change assumed to
potentially affect dike construction only
(2020). Any historic trends will not influence
design considerations.

LONG TERM: DESIGN LIFE (year 2100)
Sea Level Rise – Global mean sea levels are
rising at an increasing rate. Tide gauges
indicate that sea levels increased by 1.4
mm/year from 1901-1990, 8.2 mm/year from
1989 – 2015 (IPCC, 2019).

Design coastal flood level based on Province
of BC Sea Level Rise guidelines, as
documented in IFHMP (2017). These IPCC
trends will not influence design considerations
as BC guidelines are more conservative than
IPCC Sea Level Rise projections.

Storm Surge – N/A

Design coastal flood level based on historic
storm surge trends, as documented in IFHMP
(2017)
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Wind – N/A

Design wave overtopping criteria based on
historic deep-water significant wave heights,
as documented in IFHMP (2017)

Ocean Acidification - pH measured in Burrard This trend indicates a general increase in
Inlet has shifted from 7.8 – 8.1 in 1974 to 7.3 acidity, which will affect steel sheet pile
– 7.9 in 2020 (Marliave et al., 2011)
corrosion. Effects will be gradual, therefore
no threshold identified for risk assessment.
Comments and Observations
-

Projections for Sea Level Rise, storm surge, and wind were considered as part of the IFHMP
(2017), based on the latest Province of BC SLR guidelines and serve as the basis for the
proposed dike design.

b. Where appropriate, identify incremental changes to the Climate Baseline conditions based
on the trends identified in (a) above.
Incremental Change
N/A

Influence
N/A

Comments and Observations
-

Downscaled projections for Sea Level Rise, storm surge, and wind were assessed as part of
the IFHMP (2017) based on the latest Province of BC SLR guidelines and serve as the basis
for the proposed dike design.
Wildfire air quality and temperature change risk assessment thresholds are based on current
conditions.
Ocean Acidification risk assessment threshold assumes a gradual decrease in pH.

c. Where appropriate, identify incremental changes to the Climate Baseline conditions based
on sensitivity analysis.
i. Increase or decrease Climate Baseline conditions by percentages selected based on
the practitioner’s professional judgement.
ii. Provide written justification/substantiation for the assumptions and incremental
values used in the sensitivity analysis.
Incremental Change

Justification
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N/A

N/A

Comments and Observations
-

Thresholds stated in question 2.8 are based on rigorous modelling and professional
assessment.

d. Where appropriate, use surrogate information from other geographic areas to respond to
identified data gaps and uncertainties.
i.
Document the source of the infill data.
ii.
Provide written justification/substantiation for using the infill data.
Incremental Change

Justification

N/A
Comments and Observations
-

N/A

Acidification threshold based on surrogate information from Burrard Inlet, however this
information is already accounted for in questions 2.8 and 2.10.

e. Where appropriate, arbitrarily define changing climate assumptions or predictions.
i.
Provide written justification/substantiation for using the assumptions.
Incremental Change

Justification

N/A

N/A

Comments and Observations
-

Thresholds stated in question 2.8 are based on rigorous modelling and professional
assessment.

f. Where appropriate, employ regional climate change models to project changing climate
effects in the region of the infrastructure.
i. Review the basis and basic assumptions of the model(s).
ii. Provide written justification/substantiation for using the model in the evaluation.
Incremental Change

Justification

Temperature Change - mean summer
temperatures in Squamish-Lillooet Region are
projected to increase by 1°C by 2020s, from
1961 – 1990 baseline (PCIC, 2012).

Impacts of temperature change assumed to
potentially affect dike construction only
(2020) and therefore projected changes will
not influence likelihood of extreme heat days
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in this assessment. Any historic trends will not
influence design considerations.
Sea Level Rise – Sea levels in BC are projected Design coastal flood level based on Province of
to increase to 1 m by 2100 (Province of BC, BC Sea Level Rise guideline (Ausenco
Sandwell, 2011). This is the threshold used in
2018).
the IFHMP and proposed dike design coastal
flood level.
Acidification – global ocean pH is projected to This trend indicates a general increase in
decrease by 0.3 to 0.5 units due to increased acidity, which will affect steel sheet pile
corrosion. Effects will be gradual, therefore no
CO2 emissions (IPCC, 2000).
trigger identified for risk assessment.
Comments and Observations

2.12

Establish Changing climate Probability Scores

a. From Figure 3, choose Method A or Method B to define
probability scores.
i.
Record in project documentation the Method that was
used.
ii.
Use the same method for all probabilities used in the
evaluation.

Method
Enter Either A or B

b. Choose the changing climate probability scoring approach.
Either:
i.
Assign scores for the probability of climate parameters
changing over the time horizon of the assessment such
that the infrastructure threshold is triggered.
 If this approach is selected, go to Task 2.12.c

Method
Enter Either Yes or No

OR:
i.
Assign scores for the probability of climate parameters
triggering infrastructure thresholds in the baseline climate
and assign scores for the probability that climate parameters
will trigger the infrastructure thresholds in the future climate.
Changing climate impacts are assessed from the difference
between the two scores.

Method
Enter Either Yes or No

Method A

Yes

No
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If this approach is selected, go to Task 2.12.d

c. Scoring Changing climate Probability
Add rows as necessary.
Projected Change in
Magnitude?

Projected Change in
Frequency

Robustness of Forecast?

+
0
-

H
M
L

H
M
L

H
M
L

Comments

Wildfirerelated Air
Quality

Infrastructure
Indicator
(Trigger
Event)

Work
stoppage /
construction
delay

☞
☞

☞
☞
☞

Climate
Parameter

Probability
Score

More-Same-Less?

Will the Interaction
Change Over Time
Horizon of Assessment?
Y/N

Professional Judgment

0-7

P =⨍ (A,B,C,D, & E)

A

B

C

D

E

☞

P

N

+

L

L

H

Construction of the proposed
infrastructure is scheduled for
2020/2021.
There is a remote
possibility of work stoppage due to
wildfire-related air quality based on
current baselines.

2
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Projected Change in
Magnitude?

Projected Change in
Frequency

Robustness of Forecast?

+
0
-

H
M
L

H
M
L

H
M
L

Comments

Infrastructure
Indicator
(Trigger
Event)

Temperature
(construction
period only)

☞
☞

☞
☞
☞

Climate
Parameter

Probability
Score

More-Same-Less?

Will the Interaction
Change Over Time
Horizon of Assessment?
Y/N

Professional Judgment

0-7

P =⨍ (A,B,C,D, & E)

A

B

C

D

E

☞

P

Work stoppage
/ construction
delay

N

+

L

L

H

1

Sea Level
Rise

Coastal Flood
Level Increase
(2 m by 2100)

N

0

-

-

-

Construction of the proposed
infrastructure is scheduled for
2020/2021 and therefore temperature
will not change significantly from
current conditions.
It is highly
unlikely that daily temperatures will
exceed the 38°C threshold for extreme
heat-related construction delay based
on current baselines.
It is extremely unlikely that sea levels
will rise by this rate.

Sea Level
Rise

Dike
Overtopping
(2.7 m by
2100)

N

0

-

-

-

It is extremely unlikely that sea levels
will rise by this rate.

0
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Projected Change in
Magnitude?

Projected Change in
Frequency

Robustness of Forecast?

+
0
-

H
M
L

H
M
L

H
M
L

Comments

Infrastructure
Indicator
(Trigger
Event)

☞
☞

☞
☞
☞

Climate
Parameter

Probability
Score

More-Same-Less?

Will the Interaction
Change Over Time
Horizon of Assessment?
Y/N

Professional Judgment

0-7

P =⨍ (A,B,C,D, & E)

A

B

C

D

E

☞

P

Storm surge

Coastal Flood
Level Increase
(Increase of
±0.75 m at
200-year return
period)

N

0

-

-

-

It is extremely unlikely that storm
surge still-water levels will exceed
200-year return period.

0

Storm surge

Dike
Overtopping

N

0

-

-

-

0

Wind

Dike
Overtopping

N

0

-

-

-

Acidification

Corrosion of
sheet pile
(gradual)

Y

+

M

L

L

Cumulative
high tide +
storm surge
+ SLR

Coastal Flood
Level Increase

Y

+

L

L

H

It is extremely unlikely that storm
surge still-water levels will exceed
200-year return period.
It is extremely unlikely that wind
wave effects will exceed 200-year
return period windstorm event.
Acidification is remotely likely to
occur to a degree that affects the
integrity
of
exposed
steel
components.
At the end of design life, it will be
highly unlikely / improbable that a
combination of high tide, storm surge,
and Sea Level Rise will threaten the
infrastructure.
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Projected Change in
Magnitude?

Projected Change in
Frequency

Robustness of Forecast?

+
0
-

H
M
L

H
M
L

H
M
L

Comments

Cumulative
high tide +
storm surge
+ wind wave
effects +
SLR

Infrastructure
Indicator
(Trigger
Event)

Dike
Overtopping

☞
☞

☞
☞
☞

Climate
Parameter

Probability
Score

More-Same-Less?

Will the Interaction
Change Over Time
Horizon of Assessment?
Y/N

Professional Judgment

0-7

P =⨍ (A,B,C,D, & E)

A

B

C

D

E

☞

P

Y

+

L

L

H

At the end of design life, it will be
highly unlikely / improbable that a
combination of high tide, storm surge,
wind/wave effects, and Sea Level
Rise will threaten the infrastructure.

1

d. As appropriate, the practitioner may select an alternative probability scoring methodology.
i. If the practitioner selects an alternative scoring methodology they are directed to
substantiate and document this choice in the project report.
ii. Whatever method is used, it must be used consistently throughout the probability
scoring process.
Methodology
N/A

Substantiation
N/A – Method A applied
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Figure 3: Probability Score Definitions
The practitioner is directed to express a professional opinion regarding the probability that
a climate event that triggers an infrastructure threshold will occur. This should not be
confused with the consequences of that climate event. The practitioner is asked to score
the probability of the event in this step and assess the severity and/or consequences in the
next step of the protocol.

Probability

Score

2.13

Method A

Method B

0

Negligible
Not Applicable

< 0.1 %
< 1 in 1,000

1

Highly Unlikely
Improbable

1%
1 in 100

2

Remotely Possible

5%
1 in 20

3

Possible
Occasional

10 %
1 in 10

4

Somewhat Likely
Normal

20 %
1 in 5

5

Likely
Frequent

40 %
1 in 2.5

6

Probable
Very Frequent

70 %
1 in 1.4

7

Highly Probable
Approaching Certainty

> 99 %
> 1 in 1.01

Assess Data Sufficiency

Review the data set developed in Sections 2.1 through 2.12.
a. For data selected for the evaluation, assess and comment on:

Page 25 of 29

© Engineers Canada
2015

PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 2 – Data Gathering and Sufficiency



Data gaps;

Current data gaps include projections for
wildfire-related air quality notices, tidal
gauge measurement to track local historic
Sea Level Rise for Howe Sound, and
historic extreme heat day trends.



Data quality;

Data quality is considered moderate-high
and drawn from rigorous data sets
developed by the IPCC, PCIC, Province of
BC, and coastal modelling in the IFHMP
(District of Squamish, 2017).



Data accuracy;

Data accuracy is considered moderate,
given the inherent uncertainty with climate
projections.



The applicability of trends;

Historic trends for all climate parameters
have been incorporated into risk
assessment:
- Temperature and wildfire air quality
assessment based on historic
trends/current conditions.
- Storm surge, wind, wave trends serve as
the foundation for the dike design
coastal flood level.
- Acidification trends have the potential
to cause gradual impacts to dike
seawall.



Reliability of selected climate model(s);

Coastal flood level based on detailed and
site-specific wave modelling that is
considered conservative and highly reliable.
Water levels consider SLR based on
conservative policy guidance from the
Province of BC.
Current climate conditions are based on
baseline (average) conditions over the past
five years and are reasonably reliable.



Reliability of changing climate assumptions

Moderate reliability due to the potential for
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or scenarios; and

newly-documented climate change trends in
wind and storm surge.

Other factors.

N/A

Comments and Observations
b. Clarify and summarize the priority of the documentation referenced in the evaluation.
i. Present these in a tabulated prioritized form
Document
District of Squamish. (2017) Integrated Flood Hazard Management Plan. Retrieved from
https://squamish.ca/assets/IFHMP/1117/5dbb51bad9/20171031FINAL_IFHMP_FinalReport-compressed.pdf
District of Squamish. (2017) Integrated Flood Hazard Management Plan – Background
Report. Retrieved from: https://squamish.ca/assets/IFHMP/09252017/63a63fc5e6/FINALSquamishIFHMP-BackgroundReport_20170913.pdf
District of Squamish. (2017) Integrated Flood Hazard Management Plan – Coastal Flood
Risk Mitigation Options. Retrieved from: https://squamish.ca/assets/IFHMP/
09252017/e51255a3e4/FINAL_SquamishIFHMP-Coastal-Flood-Risk-MitigationOptions_20170912.pdf
District of Squamish. (2019) Quantitative Risk Assessment for the Squamish River
Floodplain.
Ausenco Sandwell (2011) Climate Change Adaptation Guidelines for Sea Dikes and Coastal
Flood Hazard Land Use. Prepared for the BC Ministry of Environment. Retrieved from
http://www.env.gov.bc.ca/wsd/public_safety/flood/pdfs_word/draft_policy_rev.pdf
Province of BC. (2018) Flood Hazard and Land Use Management Guidelines. Retrieved
from: https://www2.gov.bc.ca/assets/gov/environment/air-land-water/water/integratedflood-hazard-mgmt/flood_hazard_area_land_use_guidelines_2017.pdf
Engineers and Geoscientists of BC, Province of BC, Government of Canada (2018)
Professional Practice Guidelines – Legislated Flood Assessments in a Changing Climate in
BC. Retrieved from https://www.egbc.ca/getmedia/f5c2d7e9-26ad-4cb3-b528940b3aaa9069/Legislated-Flood-Assessments-in-BC.pdf.aspx
Pacific Climate Impacts Consortium (PCIC) (2012) Plan2Adapt Website. Retrieved
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November 27, 2019 http://www.plan2adapt.ca/tools/planners?pr=25&ts=7&toy=14
Pacific Climate Impacts Consortium (PCIC) (2019) Climate Explorer Tool. Retrieved
December 2, 2019 https://pacificclimate.org/analysis-tools/pcic-climate-explorer
Intergovernmental Panel on Climate Change (IPCC) (2000) “Special Report on Emissions
Scenarios” Retrieved from: http://www.ipcc.ch/ipccreports/sres/emissions/
emissions_scenarios.pdf
Intergovernmental Panel on Climate Change (IPCC). (2014) Fifth Assessment Report.
Retrieved from: https://www.ipcc.ch/assessment-report/ar5/
Intergovernmental Panel on Climate Change (IPCC) (2019) “Special Report on the Ocean
and Cryosphere in a Changing Climate” Retrieved from:
https://www.ipcc.ch/srocc/download-report/
Marliave, J.B., Gibbs, C.J., Gibbs, D.M., Lanb, A.O, and S.J.F. Young. (2011) “Biodiversity
stability of shallow marine benthos in Strait of Georgia, British Columbia, Canada through climate
regimes, overfishing and ocean acidification” in: Biodiversity Loss in a Changing Planet”, ISBN
979-953-307-252-3.
Province of BC. “Wildfire Averages” Retrieved on December 2, 2019 from

https://www2.gov.bc.ca/gov/content/safety/wildfire-status/about-bcws/wildfirestatistics/wildfire-averages
Province of BC. “Air Quality Health Index Verified Hourly Data Summary 2011 – 2018” Retrieved
on December 2, 2019 from https://catalogue.data.gov.bc.ca/dataset/air-quality-monitoring-

verified-hourly-data
Work Safe BC (2005) Occupational Health and Safety Regulation Part 7: Noise, Vibration,
Radiation, and Temperature (Regulation 7.27 – “Heat Exposure”). Retrieved from

https://www.worksafebc.com/en/law-policy/occupational-health-safety/searchable-ohsregulation/ohs-regulation/part-07-noise-vibration-radiation-and-temperature
Government of Canada. “Historical Weather Data – Daily Data Report for 2018” Retrieved
on December 2, 2019 from
https://climate.weather.gc.ca/climate_data/daily_data_e.html?timeframe=2&Year=2018&M
onth=12&Day=1&hlyRange=1982-05-17%7C2019-12-01&dlyRange=1982-0501%7C2019-12-01&mlyRange=1982-01-01%7C2007-0201&StationID=336&Prov=BC&urlExtension=_e.html&searchType=stnName&optLimit=ye
arRange&StartYear=2000&EndYear=2019&selRowPerPage=25&Line=0&searchMethod=c
ontains&txtStationName=Squamish
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Comments and Observations
c. Document where there is insufficient information currently available to proceed with a
particular portion of the assessment.

Insufficient Information

N/A

i. Where there is insufficient
information currently
available, identify a
process to develop or infill
that data.

ii. Where data cannot be
developed, identify the
data gap as a finding in
Step 5 of the Protocol –
Recommendations.

N/A

N/A

Date:

December 2, 2019

Prepared by:

Robin Hawker, RPP, MCIP
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3

Step 3 – Risk Assessment

In this section the practitioner will identify the infrastructure’s response to weather events and
climate trends. The Protocol directs the practitioner to develop:
•
•

A list of relevant weather events and climate trends; and
A list of relevant infrastructure components.

Using a spreadsheet, the practitioner is directed to examine interactions between infrastructure
and climatic events that, potentially, could lead to vulnerability. Pairings between infrastructure
components and climate events are called interactions.
The process flowchart for Step 3 of the Protocol is presented in Figure 4.

Figure 4: Step 3 – Risk Assessment Process Flowchart
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3.1

Prepare Step 3 Worksheet
Enter Yes or No
Yes

a. Use this Worksheet; or
b. Prepare practitioner specific documentation.

No

i. Practitioner specific documentation MUST detail each task
outlined in this step of the Protocol.
Comments and Observations
Information from these worksheets will be summarized in the final Risk Treatment Report, as
required for Climate Lens Assessment.
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3.2

Establish the Infrastructure Owner’s Risk Tolerance Thresholds

a. Review the reference set of risk tolerance threshold values with the
infrastructure owner.
i.
The reference threshold values are presented in Figure 5.

Check
Complete
Y

b. Ensure that the owner understands the implications of these thresholds.

Y

c. Ensure that the owner agrees to the use of these thresholds in the risk
assessment.

Y

Comments and Observations
Owner’s risk tolerance thresholds confirmed during draft review meeting on
December 9, 2019.

Y

d. If, in discussion with the owner different thresholds are established, document these
thresholds and use the infrastructure owner’s threshold values in subsequent steps of the
Protocol.
Owner Established Risk Ranges
(If Different than Figure 23)
High
N/A
Medium

N/A

Low

N/A

Comments and Observations

Figure 5: Reference Risk Tolerance Thresholds
Risk Range

Threshold

Response

< 12

Low Risk



No action necessary

12 – 36

Medium Risk




Action may be required
Engineering analysis may be required
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Risk Range

Threshold

> 36

High Risk

Response


Action required

e. Define “Special Case” risk interactions.
i. Notionally, these are interactions with risk scores of “7”.
 Very High Severity – Very Low Probability
 Very Low Severity – Very High Probability
ii.
The infrastructure, the owner may identify broader categories of Special Case risks.
 In this category, the owner may wish to consider events with severity and/or
probability scores of “6” and “7”, yielding risk scores in the range up to “14”.
 In such a case the practitioner MUST clarify with the owner that this decision
could result in an increase in the overall scope of the assessment with
associated costs and schedule implications.
iii. The infrastructure owner may determine that only one category of Special Case is
relevant in the current study. This would be one of:
 Very High Severity – Very Low Probability
 Very Low Severity – Very High Probability
iv.
The infrastructure owner may determine that Special Cases risks are not relevant in
the current assessment.
Special Case Risk Value
(or Range)
Risk of Cumulative Coastal Flood Level Increase
to sheet pile, dike fill, dike crest surfacing
Risk of Cumulative Dike Overtopping impacts to
sheet pile, dike fill, dike crest surfacing

Rationale
Increase in coastal flood level beyond design level
is highly unlikely, however would be catastrophic
if it occurred.
Risk of overtopping beyond design level is highly
unlikely, however would be catastrophic if it
occurred.

N/A

Comments and Observations
Low likelihood of these occurrences is due to the early stage of pre-design, which enables the District to
design coastal flood level and deep-water wind events.
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f. Obtain consensus with the infrastructure owner regarding the threshold
values and special case definitions to be used in the risk assessment.
Comments and Observations

3.3

Check
Complete
Y

Prepare for Risk Assessment Workshop

a. Ensure availability and skill sets of proposed workshop attendees.
b. Ensure that all pre-defined information is entered into Worksheet 3, or the
practitioner’s alternative working papers.

Check
Complete
Y
Y

Comments and Observations
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c. At this point in the process the practitioner may elect to:

i.

Perform a consultant risk assessment including all of the tasks
identified below; or

ii.

Perform a facilitated risk assessment where participants at the
workshop complete perform the risk assessment.

Check
Selected
Methodology
Y

N

Comments and Observations
-

Practitioner/consultant risk assessment methodology selected given the preliminary stage
of dike design.

Check
Complete
Y

d. Confirm this decision with the infrastructure owner.
i.

ii.
iii.

In a consultant risk assessment, the workshop would be deferred to
later in the process and would be used to review and confirm the
consultant’s findings.
In a facilitated risk assessment, the tasks outlined below are
mandatory elements of the workshop.
The practitioner must work with the infrastructure owner to ensure
that appropriate time is allocated to the workshop depending upon the
choice of risk assessment execution strategy.

Comments and Observations
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3.4

Conduct a Risk Assessment Workshop
In a consultant risk assessment process skip this step and proceed to Step 3.5.

a. Conduct a workshop with the infrastructure operations, management and
engineering staff and other relevant individuals.

Check
Complete
OMITTED

b. At the workshop confirm preliminary information identified by the
practitioner in Step 2 and conduct risk assessment with workshop
participants.

OMITTED

c. Finalize the risk assessment worksheet, or practitioner’s alternative

OMITTED

working papers, based on the input from workshop participants.
Comments and Observations
OMITTED
3.5

Confirm Climate Parameters

a. Review climate parameters selected for the risk assessment.
i.

Check
Complete
Y

Confirm that parameter list reflects the combined experience and
professional judgment of the team.

b. Eliminate from further assessment, items deemed to be irrelevant or
outside of the scope of the risk assessment.
c. Add into the risk assessment additional parameters deemed relevant by
the team.

Y

OMITTED

Comments and Observations
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-

3.6

No additional climate parameters added at this stage.
Coastal floods, extreme cold weather and extreme snow as risks during
the construction period were discussed by the team but not included in
the assessment since in-water work is anticipated to be completed prior to
the storm season and extreme cold weather / snow are not considered
reasonable risks to construction given the elevation and climate at
Squamish.

Confirm Infrastructure Threshold Values
Check
Complete
Y

a. Review infrastructure threshold values selected for the risk assessment.
i.

Confirm that the threshold values reflect the combined experience
and professional judgment of the team.

b. As appropriate, adjust threshold values based on workshop feedback.

OMITTED

Comments and Observations
No threshold values adjusted at this stage.

3.7

Confirm Probability Scores

a. Review climate parameter probability scores selected for the risk assessment.
i.

Check
Complete
Y

Confirm that the probability scores reflect the combined experience
and professional judgment of the team.

b. As appropriate, adjust climate parameter probability scores based on

OMITTED
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workshop feedback.
Comments and Observations
No adjustments to climate parameter probability scores.

3.8

Confirm Potential Cumulative or Synergistic Events
Check
Complete
Y

a. Review cumulative or synergistic events selected for the risk assessment.
i.

Confirm that the cumulative or synergistic events reflect the
combined experience and professional judgment of the team.

b. As appropriate, adjust cumulative or synergistic events based on workshop
feedback.

OMITTED

Comments and Observations
No changes to cumulative or synergistic events.

3.9

Identify Relevant Infrastructure Responses

a. For each infrastructure component selected, identify in Excel Worksheet 3,
or the practitioner’s alternative working papers, relevant infrastructure
responses to weather events or climate trends.
i.

ii.
iii.

Check
Complete
Y

Infrastructure responses are the generally anticipated effects arising
from the climate and other change parameters interacting with the
infrastructure components. Their selection is evaluation specific.
Appendix B provides some infrastructure responses to consider.
Apply only those responses that are within scope of the current
vulnerability assessment
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iv.
v.

vi.

Eliminate from consideration, all responses that are not relevant or
outside of the scope of the current vulnerability assessment.
The infrastructure responses should reflect the team’s understanding
of how each infrastructure component reacts to climate-imposed
stress.
Infrastructure responses may include, but are not limited to:




Structural responses related to integrity, serviceability and
functionality;
Management responses related to operations, maintenance,
emergency response, policies and procedures; and/or
Economic and public health and safety impacts.

b. Use the identified infrastructure responses as a basis for the team’s Yes/No
Analysis and severity scoring exercise.

Y

Comments and Observations
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3.10

Complete Yes/No Analysis
Check
Complete
Y

a. Assess whether each identified climate-infrastructure interaction could
conceivable occur.
b. In Worksheet 3, or the practitioner’s alternative working papers, mark each
conceivable interaction with “Yes”.

Y

c. In Worksheet 3, or the practitioner’s alternative working papers, mark each
inconceivable interaction with “No”.

Y

d. Where the team cannot decide if the interaction is possible, in Worksheet 3,
or the practitioner’s alternative working papers, mark each questionable
interaction with “Yes”.

Y

e. Eliminate from further assessment all interactions tagged “No”.

Y

f. Carry forward for further assessment all interactions tagged “Yes”.

Y

Comments and Observations

3.11

Establish Interaction Severity

a. Review Figure 6 and select either Method D or Method E to
express severity score definitions on a scale of 0 to 7.
i.
ii.

0 means no negative consequences in the event
that the interaction occurs; and
7 means a significant failure will result if the
interaction occurs.

Method
Enter Either D or E

Method E
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If Alternative Scoring Method Selected
Enter Yes
N/A

b. As appropriate, the practitioner may select
an alternative severity scoring method.
c. Document the selected method.
i.

The selected method must be used consistently in the risk assessment process.
Methodology

N/A

Rational
N/A

d. Using the selected methodology, establish a severity score for each
interaction tagged “Yes”.

Check
Complete
Y

Comments and Observations
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Figure 6: Severity Score Definitions
The practitioner is directed to express a professional opinion regarding the severity of an
event. This should not be confused with the probability of that event. The practitioner is
asked to assess the probability of the event in the previous step and assess the severity
and/or consequences in this step of the protocol.

Score

Severity of Consequences and Effects
Method D

0

No Effect

1

Measurable

2

Minor

3

Moderate

4

Major

5

Serious

6

Hazardous

Method E
Negligible
Not Applicable
Very Low
Some Measurable Change
Low
Slight Loss of Serviceability
Moderate Loss of Serviceability
Major Loss of Serviceability
Some Loss of Capacity
Loss of Capacity
Some Loss of Function
Major
Loss of Function
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7

3.12

Catastrophic

Extreme
Loss of Asset

Calculate Risk Scores
Check
Complete
Y

a. For each interaction tagged “Yes”, calculate the risk represented by the
interaction using the following equation:
R=P×S
Where:
R = Risk
P = Probability of the climate event or change in the climate event
S = Severity of the interaction
b. Record the calculated risk scores in Worksheet 3, or the practitioner’s
alternative working papers.

Y

Comments and Observations

3.13

Conduct a Risk Assessment Workshop (Consultant Option)
In a facilitated process skip this step and proceed to Step 3.14.

a. Conduct a workshop with the infrastructure operations, management
and engineering staff and other relevant individuals.

Check
Complete
Y
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b. Review and confirm results of the practitioner risk assessment based
on completion of Steps 3.5 through 3.12.

Y

c. Finalize the risk assessment worksheet, or practitioner’s alternative

Y

working papers, based on the input from workshop participants.
Comments and Observations
-

3.14

Internal workshop held with consultant engineering team (including lead
engineer from the District’s IFHMP) on November 27, 2019

Assess Data Sufficiency
Add rows as necessary.

a. Document where there is insufficient information currently available to proceed with an
element of the assessment.
i. Where there is
insufficient information
currently available,
identify a process to
develop or infill that
data.

Insufficient Information

N/A

3.15

N/A

ii. Where data cannot be
developed, identify the
data gap as a finding in
Step 5 of the Protocol –
Recommendations.
N/A

Confirm the Infrastructure Owner’s Risk Tolerance Thresholds

a. At completion of the risk assessment, review the results with the
infrastructure owner and confirm that the preliminary set of risk tolerance

Check
Complete
Y
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thresholds established in Step 3.2 are still relevant within the context of
the preliminary risk profile established in Step 3.12.
i.

As appropriate, the practitioner may adjust risk tolerance thresholds
based on these discussions.

Comments and Observations
No adjustments to initial risk tolerance thresholds.

3.16

Document Risk Profile

a. Group interactions into four categories, based on the infrastructure owner’s
approved risk tolerance thresholds.
i.
ii.
iii.
iv.

Check
Complete
Y

High Risk
Medium Risk
Low Risk
Special Cases

b. Identify patterns of weather events, climate trends or other factors that
contribute to higher risk scores.

Y

c. Document the root causes and other factors that contribute to higher risk, as
determined above.

Y

d. Review the risk profile with the infrastructure owner to ensure agreement
with, and understanding of, factors leading to higher risk scores.

Y

Comments and Observations
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3.17

Review Special Cases
Check
Complete
Y

a. Prepare a listing of Special Case interactions, as defined in Task 11.3.2.g.
i.

If the infrastructure owner has determined that Special Cases are not
relevant in the current assessment, skip this step.

b. Group Special Case risks into two categories:
ii.
iii.

Y

Interactions with Very High Severity - Very Low Probability.
Interactions with Very High Probability - Very Low Severity.

c. Review Very High Severity – Very Low Probability interactions with
infrastructure owner and determine:
i.
ii.
iii.

iv.
v.

Y

Has the infrastructure owner previously identified this scenario?
Does the infrastructure owner have procedures, guidelines or
protocols in place to address such a scenario?
If there are no procedures, guidelines or protocols in place, does the
practitioner, in consultation with the infrastructure owner, deem that
action is necessary to address this scenario?
If the practitioner deems that procedures, guidelines or protocols are
necessary, identify this conclusion as a finding in Step 5.
If the practitioner deems that the interaction warrants no further
action at this time, identify this conclusion as a finding in Step 5.

d. Review Very High Probability – Very Low Severity interactions with
infrastructure owner and determine:
i.
ii.
iii.

iv.

OMITTED

Has the infrastructure owner previously identified this scenario?
Does the infrastructure owner have procedures, guidelines or
protocols in place to address such a scenario?
If there are no procedures, guidelines or protocols in place, does the
practitioner, in consultation with the infrastructure owner, deem that
action is necessary to address this scenario?
If the practitioner deems that procedures, guidelines or protocols are

Page 22 of 25

© Engineers Canada
2015

PIEVC Engineering Protocol
For
Infrastructure Vulnerability Assessment and Adaptation to a Changing Climate

Worksheet Step 3 – Risk Assessment

v.

necessary, identify this conclusion as a finding in Step 5.
If the practitioner deems that the interaction warrants no further
action at this time, identify this conclusion as a finding in Step 5.

Comments and Observations
Cumulative events: High tide + storm surge + SLR (increased coastal flood
level) and High tide + storm surge + SLR + wind wave effects (dike
overtopping) are considered to be special cases. Risk treatment options have
been recommended in the Climate Lens Resilience Assessment report.

3.18

Identify Next Steps
Check
Complete
Y

a. Discard from further evaluation:
i.
ii.
iii.
iv.

Low risk interactions.
Medium risk interactions that do not contribute to an overall pattern
of risk.
Medium risk interactions where the practitioner is confident with the
reliability of the score as determined by the data sufficiency review.
Special Case risk interactions that have already been addressed
through recommendations or deemed to require no further action at
this time.

b. Provide a written summary of interactions that are not considered for further
evaluation and document their risk scores.
c. For high-risk interactions, go immediately to Step 5 and assess appropriate
recommendations to address the identified vulnerability.
d. Identify interactions for Step 4 analysis, as appropriate. These would
normally include:

Y

N/A

OMITTED
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i.
ii.
iii.
iv.

v.

Medium risk items that contribute to a pattern of higher risk.
Medium risk items that could shift to higher risk based on minor
increases in probability or severity.
High-risk items that contribute to a pattern of vulnerability
including medium and high-risk interactions.
Special Case interactions requiring better definition that can be
resolved within the budget and schedule of the current
assessment.
Other interactions deemed appropriate as approved by the
infrastructure owner.

e. Carry forward into Step 4, items identified above.
f. Identify matters that require additional study or evaluation outside of the
current vulnerability assessment. These would normally include:
i.
ii.

iii.

iv.

v.

OMITTED

Interactions requiring additional data that cannot be acquired
within the schedule of the current risk assessment.
Evaluating climatic events that specifically contribute to
heightened infrastructure risk where the practitioner and/or
infrastructure owner determine that a better understanding of the
factors that contribute to the event can help resolve identified
risks.
Areas where identified patterns of risk could be resolved through
the development or amendment of codes, standards, guidelines,
procedures, etc.
Special Case interactions requiring better definition that cannot be
resolved within the budget and/or schedule of the current
assessment.
Other issues deemed appropriate by the practitioner.

g. Document the additional work identified above as recommendations in Step
5.

Y

Comments and Observations
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Date:

December 3, 2019

Prepared by:

Robin Hawker, RPP, MCIP
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1
Wildfire

Environmental Effects

Social Effects

Days with Air Quality Health
Index ≥ 7 (“High Risk”)
Policy Considerations

Insurance Considerations

Emergency Response

Operations, Maintenance & Materials Performance

Serviceability

Functionality

Structural Design

Infrastructure
Components

Watershed, Surface Water & Groundwater

PIEVC One Step Risk Assessment for Step 3 - Xwu'Nekw Park Sea Dike Climate Change Resilience Assessment
KWL File 463.350
Infrastructure Response Considerations

Mark Relevant Responses with ✓

Y/N

P

S

R

Province of BC Air Quality
Health Index (2019)

Rationale For Severity Score

2
Temperature Change

Days with daily maximum
temperature exceeding 38°C

Y/N

P

S

R

N

0

0

0

N

0

0

0

1

Sheet Pile Seawall

x

x

2

N/A

Steel Tieback Rod and
Anchors

x

x

x

x

N

0

0

0

x

N

0

0

0

N/A

3

N/A

Dike Fill

x

x

x

N

0

0

0

4
5

Construction delay

x

x

x

x

x

x

x

x

N

0

0

0

Y/N

2

2

4

N
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Moderate loss of serviceability
(schedule delay) due to
interruption of construction;
temporary

Rationale For Severity
Score
N/A

N/A
N/A

0

0

0

N/A

Dike Crest Surfacing

Work Safe BC Occupational
Health and Safety
Regulations (2005)

N/A

N

0

0

0

Y/N

1

2

2

Moderate loss of
serviceability (schedule
delay) due to interruption of
construction; temporary
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PIEVC One Step Risk Assessment for Step 3 - Xwu'Nekw Park Sea Dike Climate Change Resilience Assessment
3
4
KWL File 463.350
Sea Level Rise
Storm Surge

1

Steel Tieback Rod and
Anchors

2 m by 2100 (coastal flood
level increase) /
2.7 m by 2100 (dike
overtopping)

Y/N

P

Y

0

S
7

R
0

Province of BC SLR
Guideline (Ausenco
Sandwell, 2011)

Rationale For Severity
Score
Increased coastal flood
level causing dike stability
issues.
Water overtopping dike
crest causing loss of dike
crest function, damage to
dike crest features, and
erosion of the dike
backslope.
N/A

Increase of ±0.75 m at 200year return period (coastal
flood level increase) /
Increase of ±1.5 m at 200-year
return period (dike
overtopping)

Y/N

P

Y

0

S
7

R
0

IFHMP (2017)

Rationale For Severity
Score
Increased coastal flood level
causing dike stability issues.

Increase in wave runup of 2 m
during 200-year return period
windstorm

Y/N

P

Y

0

S
7

R
0

Water overtopping dike
crest causing loss of dike
crest function, damage to
dike crest features, and
erosion of the dike
backslope.

4

Dike Crest Surfacing

Construction delay

IFHMP (2017)

Rationale For Severity
Score
Wind waves overtopping
dike crest causing loss of
dike crest function, damage
to dike crest features, and
erosion of the dike
backslope.

N

0

0

0

N

0

0

0

N/A

N

0

0

0

N/A

Y

0

7

0

Increased coastal flood
level causing dike stability
issues.

Y

0

7

0

Increased coastal flood level
causing dike stability issues.

Y

0

7

0

Wind waves overtopping
dike crest causing loss of
dike crest function, damage
to dike crest features, and
erosion of the dike
backslope.

Y

0

7

0

Water overtopping dike
crest causing loss of dike
crest function, damage to
dike crest features, and
erosion of the dike
backslope.

Y

0

7

0

Water overtopping dike
crest causing loss of dike
crest function, damage to
dike crest features, and
erosion of the dike
backslope.

Y

0

7

0

Wind waves overtopping
dike crest causing loss of
dike crest function, damage
to dike crest features, and
erosion of the dike
backslope.

N

0

0

0

N/A

N

0

0

0

N/A

N

0

0

0

N/A

Dike Fill

5

3

Sheet Pile Seawall

2

Infrastructure
Components

4
Wind Wave Effects

*Worksheet only represents the highest severity rating of the two trigger events identified for Sea Level Rise and Storm Surge (trigger events: Coastal Flood Level Increase and Dike
Overtopping). Refer to Table 6 in the Climate Lens Resilience Assessment Report for full results from analysis.
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PIEVC One Step Risk Assessment for Step 3 - Xwu'Nekw Park Sea Dike Climate Change Resilience Assessment
4
4
4
KWL File 463.350
CUMULATIVE Coastal Flood Level (high tide + storm CUMULATIVE Overtopping (high tide + storm surge +
Ocean Acidification

1

Steel Tieback Rod and
Anchors

No threshold (gradual
cumulative effects)

Marliave et al, 2011

Y/N

P

Y

2

5

10

Rationale For Severity
Score
Weakening of sheet pile
wall leading to increased
risk of dike breach.

N

0

0

0

N

0

0

0

N

0

0

N

0

0

S

R

200-year return period coastal
flood still-water level greater
than 3.99 m CGVD28

Y/N

P

Y

1

7

S
7

R

N/A

N

0

0

0

N/A

Y

1

7

7

0

N/A

Y

1

7

4

Dike Crest Surfacing

Construction delay

0

N/A

N

0

0
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IFHMP (2017)

Rationale For Severity
Score
Potential for hydraulic
loads that exceed
anticipated design
conditions, causing damage
or displacement (failure) of
the dike.

10 L/s per lineal metre
maximum rate of wave
overtopping at 200-year return
period coastal flood level in
combination with 200-year
onshore windstorm

S

R

IFHMP (2017)

Rationale For Severity
Score
Loss of dike crest function
and erosion of dike
backslope potentially
leading to a dike breach;
flooding may also occur
due to excessive wave
overtopping even if dike
does not breach.

Y/N

P

Y

1

7

7

N/A

N

0

0

0

N/A

Potential for hydraulic
loads that exceed
anticipated design
conditions, causing damage
or displacement (failure) of
the dike.

Y

1

7

7

Loss of dike crest function
and erosion of dike
backslope potentially
leading to a dike breach;
flooding may also occur
due to excessive wave
overtopping even if dike
does not breach.

7

Potential for hydraulic
loads that exceed
anticipated design
conditions, causing damage
or displacement (failure) of
the dike.

Y

1

7

7

Loss of dike crest function
and erosion of dike
backslope potentially
leading to a dike breach;
flooding may also occur
due to excessive wave
overtopping even if dike
does not breach.

0

N/A

N

0

0

0

N/A

Dike Fill

5

3

Sheet Pile Seawall

2

Infrastructure
Components
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5 Step 5 – Recommendations and Conclusions
The process flowchart for Step 5 of the Protocol is presented in Figure 8.

Figure 8: Step 5 – Recommendations Process Flowchart
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Prepare Step 5 Worksheet

5.1

Enter Yes or No
N

a. Use this Worksheet; or
b. Prepare practitioner specific documentation.

Y

i. Practitioner specific documentation MUST detail each task
outlined in this step of the Protocol.
Comments and Observations
Refer to Climate Lens Resilience Assessment report for details on assumptions, conclusions,
and recommendations from analysis.

Declare Assumptions Regarding Available Information, Data
Sources, Uncertainties and Relevant Limitations

5.2

Add rows as necessary.
a. Comment on the limitations of the vulnerability assessment. These include limitations
associated with:
i.
ii.
iii.
iv.
v.
vi.
vii.

Major assumptions.
Available infrastructure information and sources.
Available changing climate information and sources.
Available other change information and sources.
The use of generic or specific examples to represent populations.
Uncertainty and related concepts.
Other relevant limitations, if they exist.

N/A

Comments and Observations
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Refer to Climate Lens Resilience Assessment report for details on assumptions, conclusions,
and recommendations from analysis.

State Conclusions

5.3

Add rows as necessary.
a. Present specific conclusions arising from Steps 1 through 4.
i.
ii.

Report on infrastructure components that have been assessed to be vulnerable.
Summarize infrastructure components that have been assessed to have adaptive
capacity.

N/A

Comments and Observations
Refer to Climate Lens Resilience Assessment report for details on assumptions, conclusions,
and recommendations from analysis.
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State Recommendations

5.4

Add rows as necessary.
a. Present specific recommendations arising from Steps 1 through 4. As appropriate,
classify recommendations into the following categories:
i.
Remedial engineering actions;
ii.
Monitoring activities; or
iii. Management actions.
Remedial Engineering Actions
N/A

Monitoring Activities
N/A

Management Actions
N/A

Comments and Observations
Refer to Climate Lens Resilience Assessment report for details on assumptions, conclusions,
and recommendations from analysis.
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b. Report on data gaps and availability; requiring additional work or studies.
N/A

Comments and Observations
Refer to Climate Lens Resilience Assessment report for details on assumptions, conclusions,
and recommendations from analysis.
c. Identify matters that require further action.
N/A

Comments and Observations
Refer to Climate Lens Resilience Assessment report for details on assumptions, conclusions,
and recommendations from analysis.

5.5

Prepare Statement of Vulnerability / Resiliency

a. Based on the limitations, conclusions and recommendations
outlined above, prepare a Statement of Vulnerability / Resiliency.

Check
Complete
Y

Comments and Observations
Refer to Climate Lens Resilience Assessment report for details on
assumptions, conclusions, and recommendations from analysis.
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Identify
Vulnerability
or Resiliency
Mark Yes or
No
Y

b. For infrastructure that is deemed to be generally resilient the
statement should include:
i.
ii.
iii.
iv.

A declaration that the infrastructure is generally resilient.
A declaration of the global limitations of the assessment.
A declaration of the time horizon of the assessment.
A declaration of climate trends or interactions that may
contribute to the vulnerability of the infrastructure.

c. For infrastructure that is deemed to be generally vulnerable the
statement should include:
i.
ii.
iii.
iv.

Y

A declaration that the infrastructure is generally vulnerable.
A declaration of the global limitations of the assessment.
A declaration of the time horizon of the assessment.
A declaration of climate trends or interactions that significantly
contribute to the vulnerability of the infrastructure.

Comments and Observations
Refer to Climate Lens Resilience Assessment report for details on
assumptions, conclusions, and recommendations from analysis.
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d. The practitioner may use a format of their own choosing to prepare
the Statement but, as a minimum, it must:
i.
ii.
iii.
iv.

Check
Complete
Y

Make a declaration regarding the degree of vulnerability or
resiliency of the infrastructure.
Make a declaration of the global limitations of the assessment.
Make a declaration of the time horizon of the assessment.
Make a declaration of climate trends or interactions that
contribute, or may contribute, to the vulnerability of the
infrastructure.

Comments and Observations
Refer to Climate Lens Resilience Assessment report for details on
assumptions, conclusions, and recommendations from analysis.

Date:

December 10, 2019

Prepared by:

Robin Hawker, RPP, MCIP
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