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Executive Summary
The City of Vancouver recognizes that despite global mitigation efforts, climate change will have profound
implications for its future. As with all coastal locations, over the coming decades and centuries Vancouver
will be subjected to sea level rise, as well as more intense and frequent storms. This has significant
implications for the City. With 1 m of sea level rise almost 13 km2 of City lands are in the floodplain; the
assessed value of land and buildings in this floodplain today is $7Bn.
To address the issue of sea level rise, a Coastal Flood Risk Assessment (CFRA), was identified as a priority
action in the City of Vancouver's Climate Change Adaption Strategy. This report summarizes the findings
of Phase II of the CFRA. It follows the foundational modelling and exploratory work undertaken in Phase I
that identified and quantified the people, property, services, infrastructure, and environment at risk from
sea level rise in Vancouver.
Vancouver developed over a time where sea levels were stationary, and risk tolerances and related
standards were different than today. Our existing flood mitigation strategies will not work into the future,
and as such, the City has recognized the need to adapt and plan for future sea level conditions.
In Phase II we have outlined a number of specific, distinct alternatives that could be implemented in
eleven potentially at-risk zones to mitigate the impacts of sea level rise. Using a scenario-based, multiattribute approach, we have characterized the trade-offs of each alternative in each zone using a mixture
of quantitative and qualitative measures.
Tough, values-based decisions will need to be made in several zones as the sea level rises. We have
learned much about possible relative preferences for each of the alternatives from interactions with City
staff and a small group of invited external stakeholders. However, our intent is to provide a basis for
ongoing conversations with stakeholders, and to inform consultation and engagement, both city-wide and
with other communities, in the years and decades to come.
From the outset of this work we recognized the challenge of balancing a number of important points:
1.

The need to plan with the best available information and avoid the paralysis associated with
multiple and compounding uncertainties.

2.

The need to make specific short-term decisions, but also to develop an adaptive and robust
planning framework to manage future uncertainties in climate change, development, and
stakeholder values.

3.

The need to consider both scenario-based and risk-based (i.e., probability of X consequences)
approaches to evaluation.

4.

The need to consider multiple objectives—some of the key trade-offs that emerge from this work
relate to issues that are difficult to adequately address through traditional cost-benefit methods,
including issues of liveability, aesthetics, and the displacement of vulnerable populations.

To address these challenges, we first worked with City staff and external stakeholders to clarify
objectives—“the things that matter”—when evaluating alternatives to respond to sea level rise. We then
developed quantitative and qualitative measures for estimating how these objectives might be affected
by changes to sea level rise or by management activities themselves. Next, we identified a long list of
specific individual adaptation options (including policy, planning, and engineering options), and
i
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considered their appropriateness in each zone. Where possible, we assembled selected options into
distinct alternatives for each zone, organized around generic adaptation strategies.
After surveying the issues surrounding all zones, we undertook a more detailed analysis of the trade-offs
associated with the alternatives for False Creek and Flats, Fraser River Foreshore, Southlands, Kitsilano,
and Jericho-Spanish Banks. The remaining zones were not selected for detailed analysis because either:
•
•

The issues surrounding adaptation alternatives at these locations are relatively straightforward,
or
Because of complex multi-jurisdictional issues that require a co-ordinated approach at this stage.

In this report we provide specific suggestions on both city-wide issues and by zone. However, a study of
this scope should not be used for making irreversible decisions about the long-term future. Rather, we
focus on identifying and recommending solutions required in the short-term, identifying, characterizing
and preserving potential options for the future, and also creating an adaptive management planning
framework to facilitate timely future decision making.
The future is uncertain, so focus on preserving future options
A small number of zones may experience some flooding today. In these cases, we have presented specific
strategies that may be considered. However, for the majority of zones for which immediate decisions are
not required, we suggest that it is more important to identify and take steps to preserve options that
might need to be implemented over the coming century.
Continue to seek ways of decreasing vulnerability in at-risk areas
The City has already implemented higher flood construction levels in potential flood areas. We encourage
the City to consider further policy options that help at-risk areas become less vulnerable to the effects of
sea level rise and flood events over the natural course of infrastructure cycles.
Monitor developments and plan to actively adapt to them
Sea level rise predictions are inherently uncertain, as are forecasts of increased frequency and intensities
of storm events. We believe it is important that the City design and implement a formal adaptive
management plan to help structure the timing and process of the decision making that will need to be
done on an ongoing basis. This will also require improved monitoring of local sea level and sea state.
Engage with communities, partners, and other levels of government
Finally, we urge the City to continue its efforts to engage partners and other jurisdictions, and to initiate
its planned formal community engagement, to begin and maintain a wider public dialogue about the
difficult choices that lay ahead.

Zone-by-zone findings
A summary of the high-level issues and our key findings for each of the eleven zones are as follows. Note
that this work does not identify who should be responsible for implementing or funding specific activities.
False Creek and Flats (FC) - False Creek and Flats—coastal areas east of Burrard Bridge and the flat area
that extends east from Science World to Clark Street—is a zone that has many key existing and future
ii
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infrastructure assets, including plans for a new St. Paul’s Hospital, a new energy facility serving the
downtown core, Pacific Central Train Station, Main Street-Science World SkyTrain Station, BC Place,
Rogers Arena, and the rail yards, among others. This area is projected to be vulnerable to flooding in the
future. City staff and stakeholders were clear that protecting these assets is both important and feasible.
Depending on actual observed rates of sea level rise, significant protective flood-management actions will
be required before 2100. Of the protective alternatives we examined, a sea barrier seemed to be
somewhat preferred by stakeholders over a raised seawall, though more refined engineering explorations
would need to be undertaken to properly clarify the trade-offs, costs, and feasibility associated with these
alternatives. A small proportion of False Creek, particularly Granville Island, will be subject to inundation
during rare flood events over the coming two to three decades.
Fraser River Foreshore (FR) - The Fraser River Foreshore zone encompasses the southern edge of
Vancouver along the bank of the Fraser River, extending east to the Burnaby border, west to the edge of
Fraser River Park, and north to Marine Drive. It has two distinct areas: newer multi-family residences and
amenities in the east, and a largely industrial west. Parts of this zone are at risk for flooding today and
therefore it was a priority for investigation in this study. The residential area east of Argyle Street is, for
the most part, relatively new and built to an appropriate elevation and therefore the flood risk is mostly
mitigated. For the remaining industrial area west of Argyle Street, a dike alternative appears to be
appropriate, although more detailed engineering design is required to clarify technical and timing issues.
Southlands (SL) - The Southlands zone is a primarily residential area that borders the Fraser River, and
which we have taken as extending from Angus Drive in the east to the border with Musqueam lands on
the west, and including Deering Island. The existing dike will not protect this area during a major flood
event. The dike is considered an orphan, non-standard dike; there is no diking authority, and the original
design parameters of the dike, completed many decades ago, is unknown. The City of Vancouver is not
currently responsible for the dike; however, it may wish to facilitate conversations among stakeholders
around how to proceed. In the meantime, the City may also take action to avoid increases in density in
this area in particular. Continued consultation on this issue with Southlands residents and the Musqueam
Nation will be essential.
Kitsilano (KL) - Kitsilano is a residential zone with a destination beach and park. We examined the zone in
detail and believe that although an immediate response is not warranted, consultation and planning will
need to be underway by 2020 in order to avoid significant impacts to the beach, park, and neighbouring
residences. In the meantime, the City should focus on preserving technical options for the future and,
over the medium term, engaging with residents to discuss reconfiguration opportunities to protect beach
and/or park areas.
Jericho-Spanish Banks (J-SB) - The beaches of Point Grey—Spanish Banks, Locarno, and Jericho—extend
from Alma Street in the east to the city’s border with UBC in the west. This zone is expected to see
flooding in common events today. We analyzed the trade-offs associated with a range of potential
alternatives with City and external stakeholders. Following these discussions, a potentially preferred plan
for a fine-grained shoreline protection approach was identified that would conserve both beach and park
features.
Coal Harbour (CH) - Coal Harbour contains a number of businesses, residences, and parks that will be
subject to significant flooding from around 2050 and onward, and will need to be protected. Action in this
area is not needed immediately, given the limited extent of possible flooding in the near term.
Waterfront (WF) - The Waterfront zone is a regional transportation hub. It contains the terminus for
multiple transportation networks including Translink’s SkyTrain and SeaBus, the CN rail yards, Canada
iii
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Place, the Vancouver Harbour Flight Centre, and the Cruise Ship Terminal. Another key regional asset in
this zone is the Convention Centre. Due to the complexity of property ownership, elevations, and
potential points of water entry underneath the Convention Centre and Canada Place, it is difficult to
assess flood risks for these assets. However, a high-hazard area was identified along Waterfront Road,
west of the SeaBus Terminal; short-term protection for this area is recommended as a priority. Given the
high-value regional assets in this zone, it is crucial that the City and other stakeholders work together to
obtain more detailed geographical and property-owner information to assess and manage the flood risk.
Port Lands (PL) - Port Metro Vancouver is an economic driver for Vancouver. Although outside the direct
jurisdiction of the City of Vancouver, and though action is not imminently needed to protect this area, we
encourage the City and Port Metro Vancouver to continue ongoing conversations concerning adaptation
risks and options for mitigating them.
Brighton Beach (BB) - The Brighton Beach zone consists of New Brighton Park and the Cascadia Terminal
to the west of Second Narrows Bridge, and Bates Park and the westernmost section of Montrose Park to
the east of the bridge. While immediate action is not required for this area, the Cascadia Terminal,
operated by the Port, is at risk of significant flooding at current sea levels, and action should be taken in
the near future (the next five years) to explore adaptation options. New Brighton Park is not expected to
flood in the near future, but may experience increased flood risks by mid-century. The City should
monitor the area and further explore risks and adaptation options for New Brighton Park in the next
decade or two to protect facilities from flood damage and erosion.
Stanley Park (SP) - This zone consists primarily of beaches, seawall, parkland, and park facilities, as well as
residences and small businesses northwest of Denman Street and along Beach Avenue from Stanley Park
to Burrard Bridge. While flood risks for a number of structures in this area will increase over time,
immediate action is not required given the limited extent of flooding and relatively few locations that will
experience damage in the near-term. We recommend that the City and Park Board monitor the area and,
prior to 2025, further investigate flood risks and adaptation options for beaches, parkland, and structures
including the Aquatic Centre, Second Beach Pool and concession, Sunset Beach concession, Royal
Vancouver Yacht Club, Vancouver Rowing Club, and the Stanley Park Causeway at Lost Lagoon.
Point Grey Road (PG) - The Point Grey Road zone consists of the stretch of waterfront west of Kitsilano
between Trafalgar and Alma Streets. It is characterized by steep topography with low flood risk to
properties well into the future. No residential properties or businesses are within the floodplain, though
the shoreline is prone to erosion, and this erosion could eventually lead to limited property damage. The
City should monitor the rate of erosion and re-evaluate if action is required at a future date.
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1

Introduction

1.1

City of Vancouver Coastal Flood Risk Assessment (CFRA) Overview

The City of Vancouver recognizes that despite global mitigation efforts, climate change will have profound
implications for its future. As with all coastal locations, over the coming decades and centuries Vancouver
will be subjected to sea level rise, as well as more intense and frequent storms. This has significant
implications for the City. With 1 m of sea level rise almost 13 km2 of City lands are in the floodplain; the
assessed value of land and buildings in this floodplain today is $7Bn.
In 2012, the City identified a Coastal Flood Risk Assessment (CFRA) as a priority action to study what these
changes might be, how the City might be affected by them, and what options exist to minimize harmful
impacts. The investigation has been divided into three phases.
Phase I of the CFRA was completed in 2014 and focused on characterizing the nature of the coastal flood
hazard. It comprised both coastal and overland flood modelling under various future climate scenarios.
This helped to understand which specific locations in the city are most at risk from coastal flooding. Basic
vulnerability mapping and consequence assessment was also completed as a part of the first phase of
work.
This report summarizes the findings of Phase II, in which potential management responses to these
hazards have been identified and their effectiveness characterized. The main objectives of this phase have
been to assess a number of adaptation alternatives (including hard- and soft-engineered designs and
policy options) for flood zones across Vancouver, and to generate a shortlist of alternatives for further
investigation and consideration.
A third phase of work will focus on specific questions and recommendations raised during Phase II, and
will include more detailed engineering feasibility studies and planning activities that are outlined in the
conclusions of this report. All project-level activities will be studied and evaluated with the input of
affected stakeholders.

Brief Summary of Phase I Findings

1.2

In Phase I 1, detailed hydrographic and hydraulic modelling investigations were carried out for different
climate-change scenarios, including simulating the base case (2013), and conditions in 2100 and 2200.
Focus was placed on identifying floodplain extents, flood depths, and flood construction levels, to assess
vulnerable areas and the consequences to people, property, and infrastructure. New flood construction
levels were ultimately incorporated into a bylaw update.
Five scenarios were developed, in consultation with the City and a Technical Advisory Group, that
encompassed possible future sea level rise (SLR) conditions to 2200 combined with design flood events:
•
•
•

1

Scenario 1, 2013, 0.0 m SLR, 0.2% flood event (i.e., a flood event with a 0.2% chance of occurring
in a given year, sometimes referred to as a 500-year event)
Scenario 2, 2100, 0.6 m SLR, 0.2% flood event
Scenario 3, 2100, 1.0 m SLR, 0.2% flood event

Phase I report available at: http://vancouver.ca/files/cov/CFRA-Phase-1-Final_Report.pdf
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•
•

Scenario 4, 2100, 1.0 m SLR, 0.01% flood event (i.e., a flood event with a 0.01% chance of
occurring in a given year, sometimes referred to as a 10,000-year event)
Scenario 5, 2200, 2.0 m SLR, 0.01% flood event

Vulnerabilities and consequences associated with coastal flooding were then considered. Modelling
undertaken in Phase I showed significant anticipated impacts to buildings and people for coastal flood
events in the present day, and increasingly in the future. Quantitative results showed that in the present
day, a 0.2% flood event would result in 1700 displaced households and almost 500 damaged buildings
across the city. The same flood event with 1 m of sea level rise, would incur dramatically greater impacts:
4000 displaced households with more than 800 damaged buildings. The majority of the damaged
buildings are residential, but there are also a significant number of industrial buildings affected,
particularly along the Fraser River. A Hazus 2 damage-estimation model estimated that the debris
generated from the 0.02% flood event with 1 m of sea level rise would fill 4,500 dump trucks—enough to
cause a significant waste-management concern for the city and the region. The disruption of major
transportation routes—for local traffic and goods movement—were also identified in the first phase of
work. Further impacts to City infrastructure, facilities, and cultural sites were also discussed.
Many of the anticipated impacts are intangible and are therefore difficult to quantify, but would
nonetheless cause significant hardship to the city. These include the many indirect economic impacts
associated with the disruption created by floodwaters, the environmental impact of mixing floodwaters
with contaminants, and the destruction of habitat by pounding coastal seas, as well as the many longterm social implications (such as trauma) associated with flood events. Further information on specific
impacts can be found in the Phase I report, as well as in the Outcomes section (Section 3) of this report—
where results from the Phase I work were refined and expanded to look at broader measures of flood
impacts.

2

Phase II Approach

2.1

Conceptual Approach Considerations

In Phase II, the City is seeking to:
•
•
•
•
•

Develop alternatives for adaptation to sea level rise and clearly outline the trade-offs between
alternatives.
Outline at which sea level rise thresholds, expected in which years, various responses should be
implemented.
Develop policy options that can minimize the hazard, exposure, or vulnerability of residents and
property at risk.
Inform the amendment of flood-proofing policies.
Inform short-term, near-shore development and infrastructure projects, and long-term strategic
sea level rise response planning.

2
Hazus is a tool developed by the Federal Emergency Management Agency (FEMA) in the US, and recently adopted by Natural Resources Canada,
that can be used to calculate the consequences of natural hazard events like flood, fire, and earthquake.
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This is a challenging array of tasks for a variety of reasons:
•
•
•
•

•

•
•

There are significant uncertainties about the rate of change in sea levels (will it be linear? nonlinear?) and the frequency and magnitudes of storms (will they be more frequent? more severe?)
that need to be addressed thoughtfully.
It is impossible to predict what infrastructure or assets, or population density might be present in
the city in 2100 3 that might be vulnerable to flood hazard.
There is a need to incorporate consideration of the potential for advances in adaptation and
mitigation technology between now and 2100.
It is important to not only consider impacts from future very rare 4 events (i.e., a 0.2% flood in
2100), but to also consider the impacts of much more frequent but lower-magnitude flood events
of various return periods (i.e., king tides and common flood events) between now and 2100.
These events might have less impact individually, but the cumulative impact of multiple smaller
flood events over time could be just as significant.
There is a very wide range of things people value that are important to consider—it is often not
enough to just estimate changes in impacts in dollars with and without flood protection. It is
necessary to assess the degree to which flood-management options might protect a range of
valued components during a flood event (e.g., life, dislocation of people, property damage,
environmental harm).
Some flood-management options (e.g., dikes) may have associated unintended impacts (positive
or negative) on people and the environment that should also be evaluated, such as construction
costs, changes in access to areas, changes in viewscapes.
People’s values about preferred solutions should be expected to change over time. Some options
that seemed reasonable during the previous century would not be preferred today. Likewise, we
should expect that future decisions may be viewed differently than they are now.

It is important to consider when an option should be implemented because the option can have impacts,
other than flood protection, which are largely, but not necessarily, negative. If action is taken too early,
then unnecessary costs, losses, and inconveniences may be encountered for no justifiable reason. If
action is taken too late, protection benefits might be missed. Timing is therefore a critical factor in this
evaluation. Furthermore, the uncertainty associated with the rate of sea level rise and the rate of
development in the city mean that decisions made today may result in negative impacts. If sea level rise
rates and development rates are slower than anticipated, then the proposed adaptation options may be
over-designed at increased cost. Alternately, if sea level rise and development rates are faster or greater
than anticipated, the proposed option may be under-designed, resulting in flood impacts that could have
been avoided (Figure 1). The alternatives in this report were developed with a 0.2% annual probability
flood event with 1 m of SLR in mind, though stakeholders engaged in this work noted that it was
important to ensure that these solutions are relatively robust and adaptable should sea levels increase
beyond this scenario. While the performance of the alternatives considered here has not been evaluated

3 The year 2100 was defined as the planning horizon for this work. As discussed throughout this report, there are

many challenges and significant uncertainties associated with making decisions about the distant future, and the
year 2100 is already many decades away. Although not referred to explicitly in this report, it is worth being
reminded that sea level rise will not stop in the year 2100. An adaptive-management approach (as outlined in this
report) is an appropriate option for updating decisions based on the progress of time (in the year 2100 we will make
better decisions about the year 2200 than we can possibly do now). Hazard mapping for the year 2200 was
completed in Phase I to bookend the problem.
4
See Table 4 for definitions of very rare, rare, common, and king tide flood events.
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for more severe flood events or for average sea level increases beyond 1m, the alternatives are
conceptually robust for reasonably foreseeable futures. Further consideration should be given to such
events if the concepts are taken forward into more detailed engineering design.

Figure 1: Risks associated with uncertainty in sea level rise
Making decisions based on overestimated sea level rise estimates (high end of range above) will result in
over overinvestment. Making decisions based on underestimated sea level rise estimates (low end of range
above) may result in catastrophic flood impacts.

Our chosen approaches to resolving each of the issues listed here are discussed further below, but their
consideration early in this project led to an approach to Phase II that focused on four key ideas:
1)
2)
3)
4)
2.1.1

Making the best use of available information
Adaptability
Scenario-based versus risk-based evaluations
Exploring trade-offs between multiple objectives
Making the Best Use of Available Information

Definitive information on these issues will always be lacking, but it is essential not to succumb to “analysis
paralysis” or to defer time-sensitive decisions in order to pursue further data gathering. Our goal was to
identify and use the best information currently available that helps focus and structure the floodmanagement choices that the City will need to make at various points now and into the future. We strove
to utilize the latest models and collect the best information available throughout this Phase II work.
Moving forward, we recommend the design of an ongoing adaptive flood-management framework (see
Section 4) to monitor key environmental, social, and economic indicators, and subsequently to undertake
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periodic reviews of the City’s adaptation strategies in light of new science, evolving technology, and
changing social values.
2.1.2

Adaptability

Given the inherent uncertainties, our focus is on separating those decisions that the City may wish to
make in the near term from decisions that should more appropriately be made in the future. The City
does not need to detail a deterministic strategy on day one, but instead needs to identify urgent and
major decisions that can and should be considered in the near-term, and to set up an adaptive floodmanagement framework (see Section 4) from which to base decisions moving forward into the medium
and long-term future.
Near-term focus areas include:
•
•

•
•

•
•
•

Specific decisions that have near-term implications. Several coastline areas, including Southlands,
are vulnerable to flooding now, when the highest tides of the year (king tides) coincide with
severe winter storms.
Identifying “low hanging fruit” activities, that is, flood-management options that are readily
implemented and that have much greater long-term benefits relative to short-term costs. An
example activity, implemented after Phase I of this project, was to implement higher flood
construction levels (FCLs) for new construction in flood-prone areas.
Planning activities that preserve potentially viable options that might need to be taken in the
future (e.g., where some form of barrier structure might ultimately be of value in the longer term,
the City may wish to ensure it acquires, or does not relinquish, rights to access the land there).
Preparing now to take advantage of opportunities that may arise through infrastructure lifecycles
in the future (e.g., planning seawall height increases to integrate with long-term upgrade
schedules).
Exploring the potential for flexible solutions that can change or be adapted over time as required
(e.g., variable-height barriers).
Developing strategies to create a culture of resiliency in flood-prone areas, in order to reduce the
vulnerability during flood events of the things we value.
Preparing a long-term adaptive flood-management strategy.

These principles were taken into consideration in the Phase II work, and are reflected in the
recommendations for appropriate actions for each coastal zone for the near, medium, and long term (see
Section 3 – Outcomes). City managers should keep these principles in mind in future planning activities
and decisions.
In addition to these near-term areas of decision-making focus, we suggest that the City should also soon
consider major decisions for the medium and long term, by:
•
•

Conducting detailed feasibility studies to more fully consider large-scale and expensive
engineering solutions that may be warranted for prominent locations at some point in the future
(e.g., False Creek and Flats).
Developing strategies for zones that might involve long-term land purchases to accommodate a
dike or other adaptation option (e.g., Southlands).

These suggestions are reiterated for each zone in the Outcomes section (Section 3) of this report.
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2.1.3

Scenario-based Versus Risk-based Evaluations

An ongoing consideration in this work is related to the choice of scenario-based versus risk-based
approaches to the evaluation of flood-risk adaptation alternatives. A scenario-based approach is one in
which potential consequences are discussed for a stated level of probability (e.g., “during a 0.2% flood
event in 2100, the consequences could be X”). A risk-based approach instead looks at expected impacts
by finding the product of the consequences of various events and their probabilities.
Each approach alone is problematic. Scenario-based approaches allow for a robust and rich exploration of
impacts associated with a particular discrete event (e.g., a 0.2% flood event), and of the potential benefits
of options to mitigate those specific impacts. However, they de-emphasize the fact that any one specific
event is unlikely to ever happen (e.g., a 0.2% chance of occurring in any given year). Therefore, attention
is focused on just one of many ways in which events could unfold. Further, since there will be a large
number of events between now and 2100 that have a lower expected intensity than this one extreme
event, the cumulative effects of these smaller events could be just as problematic as one big one, if not
worse.
Risk-based approaches may perform better in this regard, providing an “expected value” for monetary
impacts incurred by flood events of various magnitudes and probabilities over time. However, they are
less compelling in dealing with risks to other types of elements we value (i.e., beyond those that can be
readily and meaningfully monetized). The City is clear that it is not simply seeking advice on the lowestcost solution on a monetized, expected-value basis; rather, it is seeking to understand the diverse range
of monetary and non-monetary values and trade-offs at stake in order to develop a thoughtful, robust,
and adaptive strategy to guide it through the complexities of decision-making over time. This is
particularly important given the difficulty of establishing reliable quantitative estimates of consequences
and probabilities, as discussed further in Section 2.7.
We believe that both perspectives are valid and important, and have sought throughout this project to
find an approach that captures the important essence of each. As more detailed planning and
development of adaptation options is carried out, we recommend that the City utilize both scenario- and
risk-based evaluations to understand the implications of flood events, and adaptation options, over time.
Although most of the analysis presented here is focused on a multi-attribute, scenario-based approach,
we have developed a novel quantitative, expert judgment-driven methodology for estimating the riskadjusted consequences of multi-objective impacts. This work is not included in the reporting at this time.
2.1.4

Exploring Trade-offs Between Multiple Objectives

Most flood-management options involve the definite expenditure of resources and alteration of current
land uses or environments to create new situations that, except during future potential flood events
themselves, are otherwise less-desirable than they were before: a scenic beach becomes spoiled by a
berm; a café near the coastline has its view of the water obscured by a raised seawall. It is certainly not
inevitable that all changes are negative; with creativity and skill, such physical features can become
seamlessly integrated into the landscape to the point that their function is not obvious to the casual
observer, and form and functionality may even be increased. Nevertheless, where there is a need to take
an existing location and intervene to incorporate design features that are only necessary in very rare flood
events, controversy is to be expected, no matter which mitigation approach the City selects.
The selection of preferred options will often be reduced to questions of values-based trade-offs. Is it
better to accept the partial loss of a park during a rare flood event, or build a wall? Should the City help a
location become more resilient to occasional floods rather than trying to prevent it from ever getting
13
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wet? These questions have no technically optimal answers, and ideally the City will engage its residents in
specific discussions about the choices that they collectively face. An informed consultation of this kind
requires communication about what the choices might entail and analysis on how these choices might
affect the things people value the most.

Approach to Engagement

2.2

In addition to periodic meetings with senior management, two groups were convened during this process
to ensure that a diverse range of expertise and viewpoints were considered. The invitees to these
workshops were selected by City of Vancouver staff.
A City Adaptation Working Group (AWG) met twice and comprised City of Vancouver staff from the
Streets, Structures, Infrastructure, Sewers, Planning, Parks, Engineering, Buildings, and Sustainability
departments.
During these meetings, we clarified decision-scoping questions and began the process of identifying
infrastructure, housing, businesses, parks, and other valued assets across a number of flood zones that
would be affected under each flood scenario. AWG members reviewed flood-extent maps to identify risks
to the things we value, discussed potential objectives and performance measures to assess flood impacts,
and developed potential adaptation options for each zone (see Appendix B). These maps indicated flood
extents for:
•
•
•

0.2% flood events at today’s sea level (Scenario 1, with 0 m SLR);
at high tide 5 in 2100 (with 1 m SLR, without flood events); and
0.2% flood events in 2100 (Scenario 3, with 1 m SLR);

thereby enabling workshop participants to consider today’s potential flood risks versus those in 2100 with
1 m of SLR.

Figure 2. External stakeholder workshop, June 2015

5 Specifically, a higher high water large tide (HHWLT), defined as the average of the highest high waters, one from
each of 19 years of predictions.
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From these discussions, we were able to propose, and later refine, specific objectives and measures to be
used for our analysis. In addition to conventional considerations such as cost, City staff and stakeholders
were also interested in the full range of implications for parks, public access, and displacement of the
most vulnerable populations.
Following these meetings, an External Stakeholder Advisory Group (ESAG) was formed, comprising City
staff and members of invited organizations potentially affected by flood risks and any adaptation options.
The ESAG invited participants from the following groups 6:
•
•
•
•
•
•
•
•
•
•
•
•

BC Hydro
BC Ministry of Forests, Lands, and Natural Resource Operations
Canadian Housing and Mortgage Corporation (CMHC)/Granville Island
City of Surrey
CN Rail
Metro Vancouver
Natural Resources Canada
Port Metro Vancouver
Simon Fraser University, Adaptation to Climate Change Team (ACT – SFU)
Translink
University of British Columbia, Institute for Resources, Environment and Sustainability (IRES)
Urban Development Institute

These ESAG meetings sought broader stakeholder input on objectives, performance measures, and flood
risk adaptation alternatives, and provided focused feedback on adaptation measures.
2.3

Structured Decision Making Approach

With future deliberations in mind, in Phase II we have adopted an approach based on the principles of
Structured Decision Making (SDM), a decision-analytical approach that encourages the consideration of
trade-offs in this way.
SDM is centered on a set of generic planning steps (see Figure 3) that serve as a guide for working through
decisions.

6

Note that not all organizations that were contacted attended the meetings.
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Figure 3: Steps in Structured Decision Making (SDM)
In Step 1, we clarify what the decision is, who the decision makers are, who needs to be involved, what’s
in and out of scope, what assumptions are made, how the technical analysis and the consultation process
should be structured, and what the constraints are. Step 2 is focused on defining the objectives (valuesbased statements of the things that matter to people), and the specific performance measures that will
be used to estimate and report the consequences of flood-management options. Step 3 involves the
development of alternatives or strategies that could be taken to address the objectives. In Step 4, the
expected performance of each option across the objectives is estimated (using the performance
measures), and key uncertainties are clarified. Step 5 is focused on identifying the key trade-offs between
alternatives and which options deliver the best balance across multiple objectives. Finally, Step 6 is
focused on how the decision can be implemented in a way that addresses key uncertainties, promotes
learning over time, and ensures that there will be opportunities to revise flood-management options
based on what is learned.
The following section is structured around the first five SDM steps, and describes the approach and
process utilized throughout this Phase II work. Recommendations on implementation, monitoring, and
review can be found at the end of this report.
2.4

Step 1: Clarify Decision Context

This section summarizes some of the key assumptions made in collaboration with the City and
stakeholders during this study to help bound the analysis.
2.4.1

Geographic Scope

The study focused entirely on the City of Vancouver’s jurisdiction, though there are cases where floodmanagement options would affect other jurisdictions (e.g., Granville Island, the Port Lands, the False
Creek Flats rail yard) and in some of these cases, a preliminary analysis was undertaken. Moving forward,
the City should continue to collaborate with affected jurisdictions to coordinate responses to sea level
rise.
To facilitate a zone-level analysis for Phase II, the city was divided into eleven zones based on the similar
geographical, zone-type, and flood-hazard characteristics (Figure 4). These zones are summarized as:
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1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)

Stanley Park (SP)
Coal Harbour (CH)
Waterfront (WF)
Port Lands (PL)
Brighton Beach (BB)
Jericho-Spanish Banks (J-SB)
Point Grey Road (PG)
Kitsilano (KL)
False Creek and Flats (FC)
Southlands (SL)
Fraser River Foreshore (FR)

Figure 4. Map of 11 flood zones across Vancouver
Adjacent jurisdictions such as the University of British Columbia, City of Richmond, City of Burnaby, and
the Musqueam Indian Band Lands were not included in this analysis. City staff have been involved in
discussions with these jurisdictions individually or through regional forums.
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2.4.2

Hazard Assumptions

In collaboration with technical advisors, the City of Vancouver made the decision to select sea level rise
Scenario 3 (from the Phase I work) as its baseline assumption for analysis in Phase II—a 0.2% flood event
with 1 m rise in sea levels in 2100. This scenario considered the effects of sea level rise (SLR), high tide,
storm surge and wind set-up, wave set-up, wave effect, and 0.6 m freeboard 7. Each of these components
of flood level that determine extent estimates (see Figure 5) are discussed in detail in Phase I. While this
scenario considers the effects from a rise in sea level, it does not account for the effects of more intense
and more frequent storms that may also be anticipated in the future with a changing climate. More detail
on the flood hazard definition can be found in the Phase I report.

Figure 5. Components of coastal flood level that determine extent estimates
With a rising sea level, flood events will be caused by a rise in the still-water level, especially at high tide
conditions. Flooding may also be caused by water carried inland by storms (Figure 6). These are
considered to be two different design conditions in this work, and analysis carried out here takes into
account both conditions.

7

See Glossary for definitions of these terms.
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Figure 6. Flooding from 2000 through 2100
In the year 2000, flooding results from storms, where the largest, most unlikely storms are represented as
the lightest shade of blue. Over time, the still-water level will increase—and some areas will be flooded
permanently. This is represented in dark blue. By the year 2100 some areas will be permanently flooded
(especially at high tide), and other areas further inland will be subject to occasional flooding during storm
events (represented by lighter shades of blue).
2.4.3

City Growth to 2100 Assumptions

Analysis conducted on flood risk and impacts for the baseline scenario took into consideration population,
infrastructure, buildings, businesses, parks, as well as other assets and things people value, based on what
was located in each flooded zone as of the start of the project (2013). The analysis for flood impacts in
2100 took into account the recent adoption of a new flood construction level (FCL) bylaw (Flood Plain
Standards and Requirements) in city floodplains that would raise “the underside of a floor system or the
top of a concrete slab” of new and some renovated buildings to 4.6 m geodetic datum (GD), adding
protection to buildings and assets contained therein in the event of a flood. However, the analysis did not
take into account assumptions of city growth in terms of increases in population density and growth in
businesses, housing, and infrastructure, as this would be purely speculative. However, it is important to
keep in mind that although impacts on today’s infrastructure are shown, the impacts in 2100 would most
likely be on a much larger scale unless mitigation is implemented.
2.4.4

Civil Liability Assumptions

The limits of the liability of Canadian municipalities associated with acting or failing to act to prevent
climate-change related flood impacts is a complex and unresolved legal area. There are several examples
of civil suits that have been brought against Canadian municipalities in the past few years that have either
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been won by plaintiffs or have been settled out of court 8 but the future course of this situation is
uncertain at this time. In this study, we explore impacts of flood-management actions that could be
undertaken by someone to prevent climate-change related flooding impacts, without discussing the legal
requirements or the responsibilities for doing so, or for failed attempts to do so.
2.5

Step 2: Define Objectives and Measures

Objectives are simple values-based statements of the things that matter to people when considering
coastal flooding. They aim to capture many of the aspects stated by City staff and stakeholders as being
important to them. Performance measures (PMs) provide a means of assessing the performance of
different alternative options across objectives. Various methods may be used to estimate the value of the
performance measures under each of the flood-management options.
A “triple bottom-line” framework (people, environment, economy) was introduced to organize and
catalyze thinking about objectives, and a fourth category was added for objectives that capture impacts
from the implementation of various options. A summary of objectives and PMs can be found in Table 1,
and further details and definitions are provided in Appendix E. Based on feedback from the ESAG and City
senior management, additional evaluation criteria are included below in the summary consequence tables
for each zone.

8

http://zadllp.com/2013/08/19/potential-for-municipal-liability-associated-with-extreme-weather-spursadaptation/
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Table 1. Objectives and performance measures

Flood Protection (Per Event)
Objectives and Evaluation Criteria

Scale

PEOPLE

People displaced temporarily

# of people displaced from flood events

“at risk” people impacted

Social Vulnerability Index (SVI) weighted displacement

Park and recreational amenity value

Value-weighted area affected per event

Loss of critical services

# of pieces of infrastructure impacted

ENVIRONMENT
Risk of contaminant release

# of sites with potential contaminants

ECONOMY
Damage to infrastructure

Value-weighted km of roads impacted

Damage to buildings

$M

Business disruption

# of employees working in impacted businesses

Loss of inventory

$M

Emergency response costs

Estimated cost per event

Implications of the Flood-Management Action (or Inaction)
Objectives and Evaluation Criteria

Scale

PEOPLE

People displaced permanently
Aesthetics

# of people displaced permanently (by SLR or floodmanagement action)
-2 to +2 (constructed scale)

ENVIRONMENT
Environmental benefits

-2 to +2 (constructed scale)

IMPLEMENTATION
Capital costs

$M

Maintenance costs

$M/Year

Adaptability

1 to 4 (constructed scale)

Ease of implementation

1 to 5 (constructed scale)

2.6

Step 3: Develop Alternatives

In this report we distinguish between the following terms when describing alternatives.
•
•

“Adaptation option” or “option” refers to an individual activity for mitigating flood risk (e.g.,
relocating services, using flood-tolerant materials).
“Adaptation strategy” or “strategy” refers to any of four conceptual approaches in any zone—“do
nothing”, “protect”, “adapt” and “retreat”.
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•
•

“Adaptation alternatives” or “alternatives” refers to specific means by which different strategies
could be implemented.
“Management actions” or “actions” refers to the specific activity undertaken by the City (e.g.,
“conduct an engineering feasibility study”).

Each are discussed in more detail below.
2.6.1

Adaptation Options

There is a large range of potential flood-management options that may help mitigate the impacts of
increasing flooding hazards. We can think of each of these as belonging to one of three modes of action:
Some flood-management options aim to reduce the nature of the hazard itself, as encountered in
the city. That is, these options aim to keep excess water from moving inland and reaching assets.
Dikes, for example, aim to keep water away from important things we value, and wavedissipation technologies aim to reduce the height and kinetic energy associated with large waves.
A second mode aims to reduce exposure to the flooding hazard. Rather than keeping water from
reaching inland, these flood-management options aim to keep assets dry when flooding occurs.
Land-use planning, for example, could help minimize future harm by preventing the development
of assets in high-hazard locations. In some locations, it might make sense to move current
vulnerable assets away from the area or to protect individual assets to keep water out.
A third mode seeks to reduce the sensitivity or vulnerability of the things we value to the hazard.
In some contexts, this can conversely be thought of as increasing robustness. Thus, communities
may be made more robust to a large-scale flooding event through the development of a detailed
evacuation plan; building code changes could make existing or future buildings less vulnerable to
damage in various ways, for example, by requiring the use of waterproof building technologies in
flood-prone areas.
Potential options may also be grouped by their source of implementation—whether regulatory,
engineering, through building controls, emergency planning, and insurance options. Table 2 is an
illustrative table of some of these techniques. This table also illustrates the potential applicability for the
use of each adaptation option in each of the strategies discussed in the next section.
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Table 2. Illustrative table of adaptation options to mitigate coastal flooding

Regulatory

Engineering

Retreat

Adapt

Protect

Applicability
for Strategy
Reduce Sensitivity

Reduce Exposure

Reduce Hazard

Mode of
Action

Adaptation Option

Description

Acquisition Undeveloped Land

Buyout of property using public funds to sterilize area, thereby
decreasing future assets at risk.

Y

Y

Acquisition - Developed
Land

Buyout of property or buildings using public funds to sterilize
area, thereby decreasing future assets at risk.

Y

Y

Relocation - Property

Moving of assets (buildings, businesses, people) out of floodplain.

Y

Y

Relocation Infrastructure

Moving of infrastructure (roads, services, etc.) out of the
floodplain.

Y

Y

Transfer of
Development Potential

Transfer of allowable development potential to an alternate
location out of the floodplain.

Y

Y

Regulation of Land Use

Zoning bylaw, Development Permit Area or other option used to
regulate land use within flood zone with the aim of decreasing
vulnerability and risk.

Y

Y

Y

Y

Covenant on Title

Requirement that flood hazard be disclosed on property title.

Y

Y

Y

Y

Right to Flood

Provision in law that land be allowed to flood during high-water
conditions.

Y

Y

Y

Building Code

Provisions in code to increase flood resistance of new buildings
through the use of flood-proofing or other property-level
protections

Y

Ring Dikes / Polders

Structural dike that rings a small area.

Y

Y

Linear Dikes,
Traditional

An embankment, wall, or fill piling constructed, assembled, or
installed to prevent the flooding of land.

Y

Y

Multi-Use, or SuperDikes

An average super-dike is 10 m high by 300 m wide. The extended
width of the dike can be integrated into the urban fabric of the
city by using the land to develop high-density housing, create a
high-quality public realm along the waterfront, and by using the
higher ground as a designated, lower-risk evacuation area.

Y

Sea Dam / Sea Barrier

A large engineered structure that can close off harbours or river
mouths to stop storm surges or high tides from propagating
inland.

Y

Y

Seawalls

The primary purpose of a seawall is to prevent inland flooding
and reduce erosion from major storm events accompanied by
large, powerful waves. A seawall is typically a massive concrete
structure with its weight providing stability against sea forces.

Y

Y

Groins and
Breakwaters

Engineering structure placed offshore (parallel: breakwater,
perpendicular: groin) to moderate coastal sediment transport
and reduce local erosion rates as well as reduce wave energy.

Y

Y

Erosion Protection (Riprap/Dolos/etc.)

The main purpose of coastal armouring (many variations) is to
mitigate erosion by protecting existing shoreline from extreme
events and the large powerful waves that accompany them.

Y

Y

Y

Y

Y

Y

Y

Y

Y
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Description

Dune Building

Placement of loose materials offshore to mimic natural dunes
that provide a buffer between ocean and shore.

Y

Y

Y

Barrier Islands

Construction of surface “islands” offshore. These are designed to
absorb wave energy, therefore reducing the need for erosion
protection on the shore. They can also reduce the required height
for dikes or seawalls.

Y

Y

Y

Natural Erosion Control
(e.g., Wood on Beach,
Grasses)

Placement of natural erosion-control materials, which, in the
Pacific Northwest, would include wood and grasses. This can
reduce wave energy and therefore the impact of coastal flooding.

Y

Y

Y

Land Reclamation

The filling in of what is currently ocean to protect inland areas
and create new land.

Y

Y

Beach Nourishment

Placement of loose sediment material near shore (on subaerial
beach), which is designed to reduce erosion rates.

Y

Constructed Wetlands

Wetlands can be constructed offshore or on the existing shore
with the goal of absorbing some of the wave energy during
coastal storm events.

Y

Y

Diversion Channels

Diversion channels are used as a river flood-management option.
They are designed to take some or all of the flow and divert it
around high-value areas. The Red River floodway in Winnipeg is
an example of this technique. It is not suitable for coastal
applications.

Y

Y

Object Elevation

The elevation of an individual building above the expected flood
level through the use of fill, stilts, or other structural means.

Y

Y

Permanent Resistance
(Dry Flood-proofing)

Products or actions, permanently in place, designed to stop water
from entering buildings through existing openings or by
penetrating walls.

Y

Y

Temporary Resistance
(Dry Flood-proofing)

Products or actions, deployed with appropriate warning times,
designed to stop water from entering buildings through existing
openings or by penetrating walls.

Y

Y

Resilience (Wet Floodproofing)

Building design and construction aimed at allowing floodwaters,
but minimising damage. The use of flood-tolerant building
materials (e.g., waterproof replacements for drywall) are an
example of this option.

Y

Warning System

A program or automated system that provides a warning of
impending flooding (hours to days to onset). More sophisticated
systems use text messaging, but can also include media coverage,
sirens, etc.

Y

Y

Y

Evacuation and
Response Planning

A program/plan for emergency response in the case of extreme
flooding.

Y

Y

Y

Public Education

Programs to educate the public about flood hazard, vulnerability
and risk as well as the provision of resources that can aid the
public in making good decisions about flood-risk reduction.

Y

Y

Y

Retreat

Reduce Sensitivity

Reduce Exposure

Adaptation Option

Adapt

Emergency
Planning and
Management

Applicability
for Strategy

Protect

Building
Controls

Reduce Hazard

Mode of
Action

Y
Y

Y

Y
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Adapt

Retreat

Media Education

Programs to educate the media about flood hazard, vulnerability,
and risk.

Y

Y

Y

Y

Recovery Plans
(Community Resiliency)

Programs or systems that are in place ahead of a flood event that
will ensure a rapid post-event recovery.

Y

Y

Y

Economic
(Dis)incentives to Move
Out of Floodplain

Until there is a flood, individual property owners have no
incentive not to live in a floodplain. Economic (not insurancebased) options to incentivise home-buyers to buy outside the
floodplain are not commonly used today, but could be
implemented in future. Further, as sea levels rise and the hazard
increases, the value of homes in the floodplain may decrease as
awareness around the risk and impacts of flooding increase.

Y

Shift Responsibility to
Benefactors

At present, in Canada, where overland flood insurance is not
widely available, the monetary cost of catastrophic flooding is
mostly borne by the Federal Government through the Disaster
Financial Assistance Arrangements (DFAA). Local residents are
generally provided monetary assistance through this program,
and therefore do not have direct incentive to reduce their
individual risk (through moving out of the floodplain, or by
implementing property-level protections). Changes to the DFAA
could better re-align the responsibility and liability.

Y

Policies and Premiums

Flood insurance is widely used around the world as a means of
exposure to flooding. This functions because homeowners are
provided with incentives (reduced premiums) for buying outside
the floodplain or by implementing property-level-protections if
they live within the floodplain. And, when a flood occurs,
insurance monies can be used to partly recover losses

Reduce Exposure

Description

Reduce Hazard

Adaptation Option

Protect

Economic
and
Insurance
Options

Applicability
for Strategy
Reduce Sensitivity

Mode of
Action

Y

Y

Y

Y

Y

Y

Y

Y

Y

This long list of options served as a basis for selecting a shortlist for a more detailed review in each zone.
It is not within the scope of this strategic-level study to perform a detailed analysis of all individual
potential adaption options independently or in combination. However, moving forward, the City may wish
to begin gathering information on the uses, successes, and failures of these options in other contexts, in
order to inform the development of zone-specific plans in future.
2.6.2

Adaptation Strategies

In this study, we considered high-order strategies for mitigating climate change on a zone scale. This was
done by working with City staff and technical experts to develop a range of conceptual strategies.
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The three strategies were: “Adapt”, “Protect”, and “Retreat” (conceptually illustrated in Figure 7 using
icons that were used throughout the stakeholder engagement element of this work).

Figure 7. Three generic strategies evaluated at a zone level
Adapt
An Adapt strategy is one where a collection of zone-appropriate options is used to reduce the exposure
and/or sensitivity of vulnerable assets to a flooding event. Typical options used in an Adapt strategy
include:
•
•
•
•
•

Using planning options to ensure that no new critical infrastructure is built in at-risk areas of the
zone.
Careful regulation of sub-division and density approvals in floodplains to avoid increasing the
zone vulnerability in future.
Raising the physical height of City services (roads, water, etc.) over time and taking advantage of
regular planned infrastructure turnover cycles.
Incorporating flood-resilient design adjustments to building codes, and using options and
incentives to help residents and businesses improve property-level protection.
Developing and implementing flood monitoring and warning systems.

Protect
A Protect strategy examines the consequences of applying particular options (usually dikes or berms) to
reduce the hazard by preventing water from accessing valued elements in zones. In some zones, more
than one specific protection option was examined where it was thought that the trade-offs involved
would be different for each (e.g., two different dike configurations).
Retreat
A Retreat strategy is often considered a special form of exposure-reducing strategy in which vulnerable
assets are actively moved away from particular areas over time. While not applicable in all zones, in
others it may be viable to encourage the movement of vulnerable assets out of flood-prone areas. This
26

PS20140119

might involve opportunistic buyouts as homes and businesses come up for sale over the next 40–60 years,
with more aggressive buyouts 60–90 years from now; opportunistic removal of roads, other
infrastructure, and contaminants as land is vacated; and aggressive re-naturalization around 2070.
We assumed that the City might provide compensation to landowners, although, as discussed earlier, the
legal requirement to do this is unclear at this time.
2.6.3

Adaptation Alternatives

An adaptation alternative (or simply “alternative”) is a specific way of implementing a strategy in a zone.
Often there are several ways of implementing a Protect strategy in a zone, for example through the use of
different dike configurations. In the case of the Adapt and Retreat strategies, alternatives typically
comprise a bundle of options that would be appropriate in each specific zone.
For many of the alternatives analyzed, we focused on the big-picture impacts of certain major pieces of
infrastructure or policy options, referred to in workshops as “cornerstone” options. By this, we mean the
foundational method of planning, either protection, adaptation, or retreat, without elaborating on
secondary options that might be added later to improve performance of the cornerstone options. For
example, a basic, traditional dike might be selected to protect an area, but it may be expected to have a
negative impact on accessibility or aesthetics. This basic design could later be augmented by other
features (e.g., landscaping, cycle paths, or other amenities), or by adding additional adaptation options
for redundancy, ultimately improving the performance of the approach. Thus, for this issue scoping
exercise, we refer to the alternatives mainly in terms of certain defined cornerstone options, and we
assume that the performance of these options could ultimately be improved by integrating them with
additional options at another level of planning (i.e., “brick” ideas as shown in Figure 8). These “refining”
options would not be limited to any strategic category, but could be added thoughtfully on a case-by-case
basis. For example, having identified a particular alternative as a preferred base solution, planners might
later decide to elaborate on this with architectural features, redundant options from the adapt category,
etc.
The structured decision making process provides a framework for evaluating trade-offs for various designs
and additions, and establishing what enhancements would provide the greatest value.

Figure 8. Development of robust alternatives
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2.6.4

Degree of Specificity in Each Zone

The strategies selected for review for each zone were specified only to the degree necessary to obtain
enough information to estimate the trade-offs. They are not fully developed design concepts. For
protective elements such as dikes, site visits were performed to help identify and inform basic-function
designs, layouts, and alignments. At this stage, no attempt was made to realistically integrate these
design features into their surroundings (functionally or cosmetically). It is unlikely that the City would
contemplate the construction of a traditional dike feature in a high profile area such as Jericho beach.
Rather, should dike-like functionality be deemed appropriate, the City would likely invest in a fully
developed, stakeholder-driven design process to reconfigure affected areas in such a way as to conserve
and enhance the desirable qualities of these areas. However, for the purposes of exploring initial tradeoffs of Protect versus other strategies, we assumed the use of basic dike configurations. Similarly, the
Adapt and Retreat strategies were initially proposed as blanket-type strategies that would require
significant refinement if they were selected as a preferred alternative.

Figure 9. City of Vancouver Board of Parks and Recreation Charette Concept Design for Jericho
(Provided by: Matthew Roddis, City of Vancouver)
2.6.5

Preserving Options for the Future

Adaptation options may be implemented at various points in time depending upon flood projections and
local contexts. Figure 10 conceptually illustrates how the lifecycle of certain adaptation ideas (shown as
light bulbs) might progress differently over time.
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Figure 10. Preserving options for the future
Yellow lines indicate options that are available for implementation. Red lines indicate the point at which
an option may be implemented. Grey lines indicate the period during which options are active.
The first five ideas (yellow) are available at the present time for consideration. After careful consideration,
idea 2 and idea 5 might be considered unsuitable for whatever reason and not implemented. Idea 1 may
be considered a priority to implement immediately, and after doing so, it provides benefits over time.
Idea 3 is considered a good one, but not required for implementation for another 50 years; in this case,
the City takes steps now to preserve the option to implement this idea in future. Idea 4 is an idea that
appears to have promise now, but that promise fades in the mid-term future (i.e., tastes change, or
technologies become obsolete). Finally, Idea 6 is not conceived until well into the planning horizon
(perhaps because it is based on future technologies), but is implemented immediately as part of an
adaptive management plan.
We discuss timing of adaptation alternatives further in Section 2.7.2 (Timing and Sequencing of Flood
Protection Actions).
2.6.6

Development Process for Alternatives for Each Zone

Development of alternatives involved initial brainstorming with the project team and City staff, and the
review of a toolbox of more than fifty options to identify those suitable for specific flood zones across the
City (Table 2). This process resulted in a long list of options that was brought to the Adaptation Working
Group workshops for review and feedback. Participants engaged in a mapping exercise to identify
promising alternatives for each zone, and to develop new alternatives for further consideration. A
shortlist of cornerstone adaptation alternatives was then created for each flood zone and reviewed during
the External Stakeholder workshops. Some alternatives were further modified based on feedback
received at these workshops.
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2.7

Step 4: Estimate Consequences

Once alternatives were defined, the next step involved estimating the performance of each one across
objectives using the selected performance measures. Performance was estimated using empirical data,
models, or expert judgment. Consequence tables were used to facilitate comparison of the performance
of each alternative. In a typical consequence table, alternatives are listed in columns and performance
measures in rows, with each cell in the matrix indicating an alternative’s performance on a particular
measure. The performance of each alternative can then be compared against one another, facilitating the
identification of key trade-offs for decision-making.
Detailed consequence tables were prepared for Scenario 3 (0.2% flood event with 1 m SLR) for False Creek
and Flats, Fraser River Foreshore, Southlands, Kitsilano, and Jericho-Spanish Banks for review and
discussion.
2.7.1

Methodologies for Estimating Consequences

We employed a variety of methods to evaluate the consequences of the alternatives on the performance
measures. These are summarized in Table 3 below, and are detailed in Appendix E.

Table 3. Summary of estimation methodologies
Objective

Performance Measure

Dir 9

Estimation Method Summary

People displaced — during flood
events

# of people displaced

L

Quantitative assessment of affected people using Hazus
methodology based on 2011 Statistics Canada census information.

People displaced — permanently

# of people displaced

L

Quantitative assessment of permanently affected people based
on project footprint or on permanently wetted flood extents and
2011 Statistics Canada census information.

“At-risk” people affected

SVI-weighted
displacement

L

Quantitative assessment of at-risk displacement during flood
events. This is a function of People Displaced and a Social
Vulnerability Index by census tract as developed by Western
University.

Park and recreational amenity value

Value-weighted area
affected per event

L

Quantitative assessment of the area of park affected by flood
events based on GIS analysis. A qualitative assessment of the
value of each flooded parcel was described to stakeholders (e.g.,
this is a destination park, or this is the only program space of its
kind in the city).

Loss of critical services

# of pieces of
infrastructure affected

L

Quantitative assessment of the number of identified pieces of
critical infrastructure (hydro substations, pump stations, energy
facilities, etc.) affected by a flood event.

Aesthetics

-2 to +2

H

Qualitative assessment based on basic design concepts. Multiple
City staff were asked to rank options for each zone on a scale of -2
to +2, with 0 meaning no change from the baseline.

PEOPLE

ENVIRONMENT

9

Dir = Preferred numerical direction; H = Higher numbers are preferred, L= Lower numbers are preferred.
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Objective

Performance Measure

Dir 9

Estimation Method Summary

Risk of contaminant release

# of sites with potential
contaminants

H

Quantitative assessment of the number of businesses that might
be a contamination source within the floodplain. City of
Vancouver Business Licenses were assessed using GIS.

Environmental impacts

-2 to +2

H

Qualitative assessment based on basic design concepts. The
project team ranked options for each zone on a scale of -2 to +2,
with 0 meaning no change from the baseline.

Damage to infrastructure

Value-weighted km of
roads affected

L

Quantitative assessment of length of roads within the floodplain,
completed using a GIS analysis. Arterial roads were weighted
more highly than zone streets or alleys.

Damage to buildings

$M

L

Quantitative assessment of the dollar cost of building damage
based on Hazus modelling.

Business disruption

# of employees in
affected businesses

L

Quantitative assessment of the number of employees within the
floodplain. City of Vancouver Business Licenses data was analyzed
using GIS.

Loss of inventory

$M

L

Quantitative assessment of the dollar value of building damage
based on Hazus modelling.

Emergency response costs

$M

L

An estimated cost based on the size of the area flooded and the
number of people affected. Calibration information was solicited
from Canadian cities that experienced recent flood events
(Edmonton, Calgary, etc.).

Capital costs

$M

L

Engineering options were costs based on Class D estimate
guidelines and designs that conform to provincial seismic
standards. Adaptation options were costed based on discussions
with other jurisdictions that have implemented parts of the
adaptation strategy. Retreat options were costed based on the
assessment values of land today plus costs associated with the
rehabilitation of land, using area and amount of existing
infrastructure as variables.

Maintenance costs

$M

L

Maintenance costs for engineering options were calculated on a
project basis. Maintenance costs for adaptation options were
assumed to be a percentage of the capital costs.

Adaptability

1 to 4

H

Qualitative assessment based on basic design. Project team were
ranked options for each zone on a scale of 1 to 4, where 1 is nonadaptable and 4 is highly-adaptable and reversible.

Ease of implementation

1 to 5

H

Qualitative assessment based on basic design. Multiple City staff
were asked to rank options for each zone on a scale of 1 to 5,
where 1 is a “no go” and 5 is easily implementable.

ECONOMY

IMPLEMENTATION

2.7.2

Timing and Sequencing of Flood-Protection Actions

In addition to identifying a potentially preferred alternative for a particular location, the question arises as
to when is the appropriate time to take action? Compass and Ebbwater developed a spreadsheet tool that
estimates, for key locations in the city, the increasing probability of floods, and expected flood depths, as
the sea level rises. Additional information is available in Appendix G.
This is based on water level exceedance probability curves developed by Northwest Hydraulic Consultants
(NHC) using the coastal model from Phase I. The frequency of a given ocean water elevation was defined
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for five locations offshore of the Vancouver coast for the baseline year of 2000. Additional curves for each
successive decadal horizon year (i.e. 2010, 2020 and so on) were created by adding a 10 cm increment per
decade to account for an assumed linear increase in relative sea levels from 0 m in 2000 to 1 m in 2100.
The ocean levels associated with these curves were then extended inland to shoreline reaches using the
same coastal zones defined in Phase 1. Ground elevations for asset locations in each zone were
determined, and the probability of inundation at those elevations was interpolated from the water level
exceedance probability curves for each decade. This procedure allowed for the development of
probability of inundation curves for each asset location. This is a simplistic approach, but one that adds
significant value. By investigating flood probability and flood depth curves for various locations across
each vulnerable zone, insights were gathered as to when in the future flooding may become problematic,
and when the City should consider taking action to protect these zones.
Figure 11 illustrates a probability of inundation curve for an example location. As the sea rises from its
current level to a projected level of 1 m in 2100, the annual probability of inundation for a given location
will increase as indicated by the curve (in dark purple). This curve indicates the highest probability of
inundation for a location, while the shaded area underneath the curve indicates that inundation may also
occur during lower probability but higher magnitude flood events. Dashed lines indicate when a curve
corresponds to a very rare, rare, or a common flood event, as defined in Table 4 below. King tide events
are indicated at the very top of each figure (occurring with 100% probability annually).

Figure 11. Example annual probability of inundation curves
The elevation for each element is based on the best estimate of the ground elevation (or first floor
elevation) at the site and is shown in Geodetic Datum (GD).
In this example, the highest annual probability of this location flooding, based on sea levels in 2020, is
approximately 1% (equivalent to a 1-in-100-year flood event), as indicated by point A on the curve. This
point indicates that the example location will begin to get wet in a 1-in-100-year flood event. Point B
(below the curve) indicates that flooding with a greater depth is possible for this location with a lower
probability flood event (e.g., 0.3 m depth with a 0.5% probability annually), while point C indicates even
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deeper flooding with less frequent events. By comparison, point D indicates that this location will begin
to get wet in 2070 with an annual probability of 60%, while point E indicates a 40% chance of flooding to
depths of 0.3 m, and point F indicates even greater flood depths with less frequent flood events. In
summary, the annual probability of inundation curves indicate that the probability of a location getting
wet in a given year increases over time, while floods with greater depth may also occur, albeit with lower
probability. The annual probability of inundation curves illustrated throughout the report omit the
shading under the curves for clarity.
A value judgment must be made when deciding at which inundation probability the risk of flooding is
unacceptably high for an area. Different assessors may have different “risk tolerances”—one may find
that a 1% annual probability of a flood is an acceptable level of risk, and another may find that risk to be
too high. Risk tolerances may also differ based on whether the asset at risk is parkland, or whether it is a
neighbourhood of homes or businesses. Ultimately, decision makers will have to decide what their risk
tolerance is and identify suitable thresholds for action for locations across the city. These probability of
inundation curves (and the associated Excel tool described above) provide an excellent tool for supporting
decision makers in selecting the appropriate timing for adaptation actions. Once a risk threshold is
defined for a zone, decision makers can look across the chart to identify when action is required to
protect various assets.
For each zone investigated, we analyzed flood-probability curves to understand how these probabilities
increase over time for key locations, and provide guidance on when actions by the City may be triggered.
These actions may include convening a working group to further study flood risks and adaptation options,
if the threat of flooding is further in the future, or to take urgent action to protect an area, if flood risks
are high and significant flooding could occur in the near term.
Each annual probability of inundation curve includes 0.6 m of freeboard in the estimation model, making
them a relatively conservative estimate for timing when assuming 1 m of SLR by 2100. These curves
should not be taken as precise estimates of flood risks, but rather are designed to provide some indication
of when flooding may be expected in each zone. This uncertainty should be taken into consideration
when assessing risk tolerance and making decisions.

2.8

Step 5: Evaluate Trade-Offs

This step involves comparing the performance of alternatives across objectives and performance
measures to understand how they perform relative to each other, and to identify key trade-offs to be
considered when selecting an alternative. It is also an opportunity to review and refine objectives and
performance measures, and to iteratively improve alternatives and develop new hybrid alternatives
designed to take the best aspects of existing alternatives to improve performance.
Workshops with the External Stakeholder Group involved a detailed evaluation of flood implications and
adaptation alternatives for False Creek and Flats, Fraser River Foreshore, Southlands, Kitsilano, and
Jericho-Spanish Banks. The workshops began with an overview of the flood extent under three scenarios:
•
•
•

Very rare events (0.2% flood) at today’s sea level (0 m SLR in 2013).
Flooding at high tide (HHWLT) with 1 m SLR in 2100.
Very rare events (0.2% flood) with 1 m SLR in 2100.
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The suite of available adaptation alternatives was then presented, flood-extent maps for each zone were
shown for each flood scenario, and the key assets in the floodplain protected by the adaptation
alternatives (e.g., dikes, sea barriers, seawalls) were reviewed.
Participants were given time in small breakout groups to review the flood-extent maps, and to discuss the
pros, cons, and key questions for each alternative, taking into consideration implications for people,
environment, economy, and implementation. Each group reported back to the larger group on their
discussions. Once all alternatives were discussed, a consequence table was presented, with each
alternative scored across a detailed set of performance measures. Participants were able to review the
performance of each alternative in relation to one another and against a baseline (with no additional
adaptation action taken). Key trade-offs were discussed, and uncertainties and key questions for further
investigation were also identified at this stage. More detailed results from the stakeholder workshops are
presented in Appendix C.
A number of zones received only a high-level assessment, which included a presentation of flood extents
and assets at risk, and discussion on potential adaptation options and strategies. These zones include
Brighton Beach, Coal Harbour, Point Grey Road, Stanley Park, Waterfront, and Port Lands. These zones
received a basic level of analysis and consultation either because the zone is much less complex in terms
of adaptation options to consider and did not necessitate a full analysis of consequences and trade-offs,
the projected flood extents do not pose an urgent threat, or additional stakeholder groups will have to be
engaged (i.e., Port Lands). Consequence tables were not developed for these zones, and trade-offs
between potential alternatives were not discussed in detail at the time. Details on these zones are
included in the Outcomes section below.

3

Outcomes

This section provides a summary of findings and stakeholder feedback based on a zone-by-zone analysis,
as well as a review of city-wide implications and priorities. An analysis aimed at identifying optimal timing
and sequencing for implementing actions across the city is also provided.

3.1

Definitions Used in this Discussion

To minimize the use of numbers and generally to enhance readability, the following definitions are used
when describing the frequency and magnitude of different flood events 10:

Table 4. Frequency terms used to describe flood events
King tide

An infrequent, but predictable high-tide event without exacerbation from an
accompanying storm. This would occur on average two to three times a year (100%
chance of occurring in any given year).

Common flood
event

High water levels associated with a combination of tide and additional storm
components that has a 5% to 99% chance of occurring in any given year.

The descriptors outlined in Table 4 and used throughout this report have been defined specifically for this project. No international standard
descriptors are available.

10
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Rare flood event

High water levels associated with a combination of tide and additional storm
components that has a 1% to 5% chance of occurring in any given year.

Very rare flood
event

High water levels associated with a combination of tide and additional storm
components that has a <1% chance of occurring in any given year. The City of Vancouver
flood construction level (FCL) is currently set to the 0.2% event with 1 m of sea level
rise. This would be considered a very rare flood both in the present day and in 2100.

The flood hazard for the City of Vancouver is predominantly coastal, and therefore the duration of
flooding will be relatively short. Storm events that produce surges and waves will increase water levels for
between 1 and 3 days, however over this period waters will ebb and flow with the tides. Duration is
therefore not a big concern for damage in Vancouver.
However, coastal flood events mean that flood waters will be saline, which can increase damages as
compared to clear-water floods. Furthermore, coastal floods often have great energy from waves for
example. This energy can translate into additional damages on top of those that would be seen in a river
flood. Only some zones of the city are particularly prone to wave damages (Kitsilano and parts of JerichoSpanish Banks). Further details on this are available in the Phase I report.

3.2

Uncertainty — Important Reminders

Our analysis is subject to compounding uncertainties from a range of sources. It is important to
understand the assumptions that are required to enable a discussion about impacts that may arise over
the next 100 years or so. For the most part, uncertainties affect the timing of when effects might first be
felt; there is less uncertainty about the sequence of which locations might first be affected by sea level
rise, since this is to a large degree determined by a coastal location’s elevation.
Key uncertainties include:
•

•

Selection of the base climate-change scenario—this analysis assumes sea levels will rise from
year 2000 levels by 1 m by 2100 based on current provincial guidelines, (see Phase I report 11 for
further details). The degree of uncertainty in the selection of this scenario is high, but it is the best
estimate available at the time of writing this report.
Assets at risk over time—as discussed in the Approach section (Section 2), it is impossible to
meaningfully predict what assets will be at risk in Vancouver over the coming century any more
than an analyst in 1915 could have predicted the current form of the city. Further, approaches to
climate risk reduction actually taken by the City will change the array of assets that would be at
risk in the future, creating a circular logic (e.g., a decision by the City to protect False Creek and
Flats with a barrier in 2050 would affect what assets are built and at risk in the zone by 2100). All
that is possible at this time is to examine what assets currently exist.

For decision makers, understanding the timing of likely effects is key to crafting an overall climate-change
adaptation strategy. For this reason, we are presenting our current best estimates on timing, but these
estimates should be carefully reviewed and monitored over time (see Adaptive Management in Section
4). We emphasize situations that we think require attention in the near term, either in terms of

11

Phase I report available at: http://vancouver.ca/files/cov/CFRA-Phase-1-Final_Report.pdf
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immediate actions (e.g., see the discussion below about the Fraser River Foreshore zone in Section 3.3.2),
or that may benefit from immediate steps to preserve options for actions in the future (e.g., to retain or
acquire land rights for engineered barriers, as described in the False Creek and Flats Section 3.3.1 below).
3.2.1

Freeboard Assumption

A freeboard is a safety factor used by hydraulic engineers and water managers to account for
uncertainties in the calculation of water levels and to account for localised increases in water levels. In
line with convention in BC, the flood mapping used here includes a 0.6 m freeboard.
However, while a freeboard assumption is helpful in ensuring that possible problems are not missed, it
also potentially confuses matters when the management goal is to optimize the timing of interventions. A
0.6 m freeboard brings forward the actual expected timing of flooding impacts to a particular location by
several decades. There is a concern that being overly conservative in estimating when locations might
experience coastal flooding could result in costly infrastructure expenditures that may later prove to have
been better deferred. However, the flood timing-probability curves presented here do include a
freeboard assumption as per best practice and engineering standards. This methodology could be
changed once the City has a greater understanding of its risk tolerance (see section 2.7.2).

3.3

Zone-by-Zone Analysis: Detailed Assessment Zones

This section provides a summary of flood extents, key assets affected, alternatives considered including
the flood protection provided by each alternative, a comparison of consequences and key trade-offs
across alternatives, and stakeholder feedback for each zone across the city.
3.3.1
3.3.1.1

False Creek and Flats
Zone Summary

This zone consists of coastal areas east of Burrard
Bridge, including the False Creek Flats that extend east
from Science World into Strathcona. Today, False
Creek and Flats is a significant area of the city, with
many key infrastructure assets including Pacific Central
Station, Main Street-Science World SkyTrain Station,
BC Place, Rogers Arena, and rail yards, among others.
The City itself has many assets in this zone, including
community centres, the National Works Yard, and the
VPD Tactical Training Center. Commercial, residential,
and industrial buildings are currently located within
the designated floodplain, with further development
expected in the near future (including the proposed
new St. Paul’s Hospital).
3.3.1.2

Key assets in zone:
• Proposed new St. Paul’s Hospital
• Granville Island
• Pacific Central Station
• BC Hydro’s Murrin Substation
• City of Vancouver public works yard
• Main Street-Science World SkyTrain
Station
• Science World
• Olympic Village
• Rail yards
• BC Place and Rogers Arena
• Neighbourhood Energy Utility (NEU)

Flood Extents and Assets Affected

For the most part, False Creek is not expected to experience flooding in the present day. The major
exceptions to this are Granville Island, Hinge Park (just west of the Olympic Village), and low sections of
the seawall at the Plaza of Nations, which would currently be flooded during a very rare flood event. As
we look to the future and take account of anticipated sea level rise, the flood extents, depths, and
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therefore, effects become greater. By mid-century, lower-lying areas on Granville Island and parts of the
Olympic Village will be commonly flooded. A major tipping point is experienced towards the end of the
century—around the year 2070—when the False Creek Flats are vulnerable to flooding (without any
adaptation or protection measures) during very rare flood events (e.g., a 0.2% flood event). By then, even
during calm periods, the western portion of Granville Island and lower-lying parts of the Olympic Village
will be regularly under water at extreme tides. By the end of the century, a very rare flood event would
result in 2.5 km2 of the city being flooded. Many critical assets that service the surrounding zones lie
within the floodplain and would be significantly affected (see text box and Figure 12).

Figure 12. Flood-extent map of False Creek and Flats
Flood extent (with freeboard) for i) a 0.2% flood today (0 m SLR) or high tide in 2100 (1 m SLR) is indicated
in dark blue (these scenarios have a similar flood extent), and ii) a 0.2% flood in 2100 (1 m SLR) is in light
blue. Zone is defined by yellow lines. White numbered circles indicate representative locations where
annual probability of inundation curves are calculated, as illustrated below.

3.3.1.3

Flood Probability, Magnitude, and Timing

Flood probability curves for a range of representative locations in False Creek and Flats (east of Cambie
Street Bridge, with freeboard) are shown in Figure 13. The curves provide some insight into when in
future the probability of flooding major city assets might be considered too high, thereby requiring some
form of adaptation. For example, the curves below (along with the mapping provided above in Figure 12)
show that low spots in the seawall are at low risk of flooding today, but will be flooded in common events
by 2050 and annually with king tides by 2080. The ground floor of Creekside Community Centre is not at
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risk today, but by 2060 would be flooded in a very rare event, and by the end of the century would be wet
even under common flood events. This insight into the timing and probability of events, along with the
consequences of each of these assets getting wet, helps define priorities and timing for adaptation
interventions.

Figure 13. Annual probability of inundation for representative locations in False Creek and Flats (east of
Cambie Street Bridge)
3.3.1.4

Alternatives Considered

As discussed in the Approach section (Section 2) above, a wide variety of alternative ways of minimizing
damage to False Creek and Flats assets over time were considered. Given the current and likely future
value and strategic importance of this area, retreat approaches were quickly ruled out. Shortlisted
alternatives for False Creek and Flats are as follows:
Strategy

Alternative

Key features

Protect

Sea barrier

A sea barrier in the area of Burrard Bridge.

Raised seawall

Raising the False Creek seawall to the flood construction level of
4.6 m GD.

Partial dike

Raising existing sidewalks and cycle lanes along the west side of
Quebec Street from E 1st Avenue to Pacific Boulevard.

Adapt with
multiple tools

Infrastructure, buildings, and communities are retrofitted or slowly
changed over the natural building cycle to be more resilient to
flooding.

Adapt
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Protect with sea barrier
The alternative
involves constructing a
sea barrier at the
mouth of False Creek
to prevent coastal
flooding from causing
damage to the
significant number of assets in False
Creek and Flats. It would be open during
normal conditions and closed in stormsurge/high-tide conditions. Sea barriers
are usually applied at narrow tidal inlets
where the length of the structure is not
required to be great, and where
Figure 14. Flood protection for False Creek and Flats
defenses behind the barrier (e.g.,
provided by a sea barrier
seawall) can be reduced in height or
Location of the sea barrier is indicated in red, protected
length. In the case of False Creek, a
floodplain is indicated in orange.
barrier approximately 10 m high and 360
m long would be required. If it were to
be in place today, it would be activated three to four times a year to reduce impacts to the storm sewer
system on Granville Island at high tides, and during storms to protect Granville Island, Hinge Park, and
low-lying portions of the seawall. The gate would be closed more and more frequently through the
century as sea level rises. A sea barrier at the mouth of False Creek would provide protection against
common, rare, and very rare events at both current and projected sea levels (1 m SLR in 2100) for all
assets and values in the False Creek area (see Figure 13).

Figure 15: Rendering of proposed Newtown Creek storm surge barrier in New York City 12
As part of the SDM process, stakeholders provided their views on the sea barrier option for False Creek
and Flats. These are summarized below. Further details on the stakeholder engagement process are
found in Appendix C.

12

http://www.nycedc.com/project/gowanus-canal-newtown-creek-study
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Pros
•
•
•
•
•

Prevents the displacement of many
people during an event.
Prevents building damage and inventory
losses.
Technically straightforward to implement,
False Creek geometry is ideal for a
barrier.
Fairly limited impact to existing public
realm and views.
Could be enhanced with a bike and
pedestrian path on top.

Cons
•
•
•
•
•
•

Requires additional measures for
redundancy.
Flexibility/adaptability is limited.
Moving parts mean more maintenance
and greater potential for failure.
Impacts on boaters, aquatic habitat, and
water quality in False Creek.
High capital, operation, and maintenance
costs.
Unclear whose jurisdiction this would fall
under.

Protect with raised seawall
This alternative
involves raising the
seawall to the flood
construction level of
4.6 m GD along the
length of the False
Creek edge,
encompassing the entire seawall east of
Burrard Bridge with a total length of
8.6 km. On average, the seawall would
have to be raised by 2.3 m above the
existing grade, and some sections would
require raising up as much as 6.3 m
where the existing path is very low. The
Figure 16. Flood protection for False Creek and Flats
types of treatment to increase the
provided by a raised seawall
elevation would vary along the length of
Location of the raised seawall is indicated in red, protected
the path. In some locations, there are
floodplain is indicated in orange.
currently large areas of public space
where the raising of the seawall could be
integrated into the existing landscape. However, in other areas, the existing seawall abuts directly on
structures, therefore requiring a more engineered solution using concrete walls or other harder edges. No
detailed or scoping-level design was completed as part of this project.
Much like the sea barrier, a raised seawall designed to the level noted above would provide protection for
all assets and values in the False Creek and Flats zone from common, rare, and very rare events at both
current and projected sea levels (1 m SLR in 2100) (see Figure 15).
As part of the SDM process, stakeholders provided their views on the raised seawall alternative for False
Creek and Flats. These are summarized below. Further details on the stakeholder engagement process are
found in Appendix C.
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Pros
•
•
•
•
•

Prevents the displacement of 4000
people during a very rare flood event.
Prevents building damage and inventory
losses.
Gradual implementation with
development and asset renewal.
Opportunity to improve habitat along
shoreline, improve public realm.
No moving parts, more reliable
protection.

Protect with partial dike
This alternative
involves raising existing
sidewalks and cycle
lanes along the west
side of Quebec Street
from E 1st Avenue to
Pacific Boulevard. The height of raising
ranges from 0.3 m to 0.7 m. It is
expected that most of the length will
involve retaining walls and guardrails. A
partial dike at Quebec Street (see Figure
16) would protect assets and values east
of Quebec Street, including the False
Creek Flats area, but areas west of the
barrier would be subject to flooding.
Flood projections do not indicate a
potential for flooding east of Quebec
Street at current sea levels, but a partial
dike would protect against future
common, rare, and very rare events.

Cons
•
•
•
•
•
•

Space constraints for upgrades.
Public realm and view impacts.
Implementation and phase-in challenges.
Accessibility challenges.
Potential drainage issues.
Limited flexibility/adaptability over long
term.

Figure 17. Flood protection provided by a partial dike with
alignment near Quebec Street
Location of the dike is indicated in red, protected floodplain
is in orange.

As part of the SDM process, stakeholders provided their views on the partial dike alternative for False
Creek and Flats. These are summarized below. Further details on the stakeholder engagement process are
found in Appendix C.
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Pros
•

Prevents displacement of hundreds of
people and effects on employees for rare
events.
Protects various pieces of critical
infrastructure, numerous sites with
potential contaminants, and a number of
public works.
Relatively easy to implement.
Could be enhanced with other options for
additional protection.

•

•
•

Adapt

Cons
•
•
•
•
•

Not a complete solution—only protects
Flats.
Not effective in short term—flooding not
expected in Flats for several decades.
Potential drainage issues.
Aesthetics.
Equity issue—protects some, but not
others.

This alternative is based on the idea that coastal communities can accommodate
occasional inundation. In this strategy, infrastructure, buildings, and communities are
retrofitted or slowly changed over the natural building cycle to be more resilient to
flooding. This alternative can include a broad base of educational, planning, and
building options; more detailed information and examples are provided in Appendix D.
Specific options in the alternative used in this study included:
•
•
•
•

•

Bylaws requiring no new critical infrastructure in floodplain.
Raising of city services (roads, water utilities, etc.) over time.
Flood-resilient design adjustments to building code, along with the development of options
and incentives to help residents and businesses improve property-level protection.
Education of property owners on individual structural responses for flood-proofing (flood
gates, flood barriers, stop-valves, etc.). This strategy also includes incentive programs, for
instance, to encourage individuals to flood-proof their homes.
The development and continued support for a warning system that will warn residents and
business owners of impending high ocean levels, allowing them to minimize damage at an
individual property level.

This alternative provides more distributed protection from flooding, as it will increase flood-resiliency in
areas where the policies are adopted and when buildings are rebuilt or renovated. This alternative can be
implemented quickly and will slowly improve flood-resiliency over time. Depending on which components
are adopted by individual building parcels, flood protection will be realized for common and rare events
today, and with 1 m of sea level rise.
As part of the SDM process, stakeholders provided their views on the Adapt alternative for False Creek
and Flats. These are summarized below. Further details on the stakeholder engagement process are
found in Appendix C.
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Pros
•
•
•
•

3.3.1.5

Effective as complementary measures
along with other options.
Reduces residential risks in event of failure
of primary adaptation option.
Promotes recovery after an event.
Improves drainage issues.

Cons
•
•
•
•

Aesthetics, especially when neighbouring
sites are at different elevations or have
different treatments of the streetscape.
Implementation challenges.
Equity issues—new and renovated buildings
adopt FCLs, but not older buildings.
FCLs do not protect infrastructure, parks,
and heritage buildings.

Summary of Key Trade-offs Between Alternatives

Figure 18 shows a simplified summary of the trade-offs between the alternatives for False Creek and Flats
(full consequence table available in Appendix F). The top half of the table summarizes the differences in
anticipated impacts associated with a 0.2% flood event, as well as king tides and more common flood
events, in 2100. The bottom half of the table compares some other key implications associated with
implementing a flood-management action (or in the case of the baseline scenario, taking no action). To
help clarify communication of the trade-offs, relatively strong-performing alternatives for any given row
are shaded blue, and relatively worse-performing alternatives are shaded orange, with deeper colours
indicating a bigger impact.
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False Creek
Flood protection (PER EVENT)

Impacts of a 0.2% flood event in Economic
2100

Social
Parks
Sites with possible
contaminants
Impacts of King Tides and
common flood events

Baseline

Sea Barrier

Raised Seawall

Partial Dike

Adapt

$76M in damages
$76M in lost
inventory
$3M in emergency
response
4000 people
displaced

Full protection

Full protection

100% of baseline
losses

70% of baseline
losses

Full protection

Full protection

95% of baseline

70% of baseline

Full protection

Full protection

50% of baseline

As baseline

Full protection

Full protection

Partial protection

Sites would need to
be cleaned

Full protection

Full protection

Full Protection of
Flats
No protection for
other areas

None
$500 - $850 M
>1000 people forced None
out by SLR
None
2.6 km2

$200 - $300 M
None
None

$10 M
$338 M
>1000 people forced >250 people forced
out by SLR
out by SLR
N/A
0.9 km2

None

Likely negative
relative to today
None

Likely negative
relative to today
None

2

0.3 km
No protection

Gradual periodic
inundation of lowlying areas,
accelerating after
2050-2070

Implications of the Management Action (or lnaction)
Direct implementation costs
People permanently displaced
Loss of land opportunity by
2100
Aesthetics
Environmental

None

Adaptability (Ability to change
direction later)

High

Likely negative
relative to today
Potential to impede
water movement
Low

Possibly low impact
None

Potential to
Potential to
Potential to
implement in stages implement in stages implement in stages

Worst impacts
Neutral
Best impacts

Figure 18. Summary consequence table for False Creek and Flats
From the top half of the table we can see the baseline condition (no further actions to reduce flood
impacts) would likely suffer a range of damage to economic, social, and environmental assets per flood
event. The sea barrier and raised seawall alternatives, designed appropriately, should provide full
protection from these impacts for the entire zone. The partial dike option alone would provide little or no
protection to economic and social assets relative to baseline, but could protect two-thirds of current
parkland. We estimate that the Adapt alternative could be somewhat effective in protecting economic
and social asset losses, but relatively ineffective at protecting parks and sites with potential contaminants
as they currently exist (though at-risk parks could be made less vulnerable to saltwater incursions perhaps
through the use of saltwater-tolerant plants, for example, and sites with contaminants could be
remediated or protected).
Outside of periods when flood events are experienced (the bottom half of the table), the baseline
condition would see some displacement of people as the result of sea level rise, but would otherwise be
preferred. The sea barrier and raised seawall would prevent these displacements of people, but both
come with significant downsides. Both would require considerable capital outlay (further engineering
design work is required to estimate these costs more accurately), and would be controversial from an
aesthetic perspective. A raised seawall would negatively affect access to the water and views for many
residents. It would face significant challenges in terms of space constraints and equity concerns (e.g.,
which sections of seawall should be raised first?). A sea barrier would offer fewer challenges in this
respect, but would have its own issues: it may have associated environmental concerns if it impedes flow
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movement in False Creek. Further, a barrier is inherently less adaptable—typically an all-or-nothing
solution that has limited adaptive capacity over time. A seawall could, in theory, be incrementally
increased in height over time.
The partial dike and Adapt alternatives mitigate some of the baseline impacts only marginally, and may
still have high associated capital costs, although they would both be good complementary alternatives to
the engineered structures.
When a preferred solution is selected (see below for discussion of timing), further iterations of these
alternatives could improve their performance. For example, the basic sea barrier alternative scores poorly
on aesthetics and environmental measures, but this could be improved through good design (perhaps at a
higher dollar cost).
3.3.1.6

Summary of Trade-off Evaluation Discussions

Stakeholders and City staff reiterated the view that False Creek and Flats is an asset-dense zone that
should be protected. Initial discussions appeared to indicate a general preference for undertaking further
investigation into, primarily, a sea barrier and, secondarily, a raised seawall. Participants expressed
interest in the use of the partial dike option as a possible secondary backup to a sea barrier approach.
Participants in general thought that while planning options and adaptive measures could provide
complementary flood protection and reduce the risk of flooding should a primary protection measure fail,
these are not appropriate as complete primary protection measures in themselves. A sea barrier or raised
seawall could serve as a first line of defence, with a partial dike and/or other adaptation options added as
redundant protection measures.
3.3.1.7

Conclusions and Recommendations

The False Creek and Flats zone contains a large number of important locations and infrastructure assets
that are potentially at risk from sea level rise, as well as a large residential population, and protecting
these assets is both important and feasible, though with a high capital outlay. That said, although a small
proportion of False Creek, particularly Granville Island, may be subject to flooding during very rare to rare
events over the coming few decades, urgent engineering action to protect False Creek and Flats does not
appear to be justified at the present time. Simply, with regards to the large engineering responses (a sea
barrier, a continuous raised seawall), there is no urgency to make a decision today. It makes sense to wait
several decades before re-evaluating—at that point, the City will have much more certainty in the flood
risk, through better climate and sea level rise estimates, as well as a better understanding of the city
development and vulnerabilities. However, these strategies need to be preserved, in that we should not
take away the option of building a barrier, a seawall, or a partial dike by allowing development on the
potential future footprints. There is, however, a need to address some issues in the False Creek and Flats
zone in the short term.
Based on discussions with invited external stakeholders and City staff, specific recommendations that
meet the overall objective of preserving options and of reducing short-term flood risk for this zone
include:
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Short-Term (to 2020) Recommendations for False Creek and Flats
1. Granville Island has been identified as a key economic centre that is at risk today, and in fact is
already subject to minor flooding (through the storm-sewer network) in the winter at king tides.
The Island is currently owned and operated by CMHC, but it is a significant tourist destination and
economic centre for the City of Vancouver. In the short term, we recommend that the City
continue to share all available information with CMHC to make them aware of the present-day
and future flood hazards. Granville Island will require management action in a shorter term than
the rest of False Creek, and we recommend that Granville Island (CMHC) begin exploring a standalone project in the short term.
2. Both the sea barrier and the raised seawall were seen as viable alternatives, however, for this
project, both were assessed based on basic design assumptions. Therefore, we recommend that
the City conduct a feasibility study and generate more refined cost estimates for a sea barrier and
raised seawall including:
• Identifying upgradable and adaptable designs.
• Scoping-level design of sea barrier options and costs.
• Scoping-level design of seawall raising options and costs, including sections and
elevations of five or six different typologies that could be used.
The purpose of this study would be first to establish if either of these approaches is not
technically feasible, and second to ensure that, if they are feasible, planning and development
decisions are made to ensure that these alternatives are preserved for the future.
3. Although not identified as a preferred standalone alternative, some value was seen by
stakeholders in the strategy of a partial dike at the eastern edge of False Creek. This should not be
considered a priority; however, given the planned redevelopment in this area, there may be an
opportunity to have a dike constructed by developers as a community amenity.
4. The City should continue to employ and enforce the amended the Flood Plain Standards and
Requirements.
5. The City should avoid placing any additional critical infrastructure in the floodplain.
6. Any public infrastructure or assets built on the floodplain should be designed in a flood-resilient
manner. Ideally, any new City buildings should be built as models to showcase resilient and
innovative design.
7. Ongoing planning processes for projects in the area including the False Creek Flats and Northeast
False Creek should continue to be kept abreast of the outcomes of this study. This will enable the
City’s ability to preserve options into the future. All of the four alternatives presented above were
deemed viable given what we understand of our present-day flood risk and our assumptions
about our future flood risk. These planning studies should ensure that the alternatives are
preserved by maintaining right-of-ways along the seawall (with accommodation for the widening
that may be required to allow for the raising of the pathway) and acquisition of additional rightsof-way along the proposed partial-dike alignment.
8. Similar to the previous recommendation, given that stakeholders we spoke to preferred the sea
barrier option, we recommend that the opportunity to build this type of structure be preserved.
Specifically, the potential footprint of the structure on either side of False Creek should be
maintained in public hands, and if the Aquatic Centre site is redeveloped in the next few decades,
it should be designed to accommodate a future sea barrier.
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Medium-Term Recommendations (to 2050) for False Creek and Flats
9. Updated information for False Creek and Flats should be evaluated within the context of an
Adaptive Management plan as outlined in Section 4.
10. Given the high capital requirements of the Protect strategies, financial planning for the design and
implementation of a sea barrier or raised seawall should be conducted.
3.3.2
3.3.2.1

Fraser River Foreshore
Zone Summary

The Fraser River Foreshore zone lies at the southern
Key assets in zone:
edge of the city along the northern banks of the Fraser
• Rail corridor
River. It extends east to the Burnaby border and west
• FortisBC (formerly Terasen) gas facility
to the edge of Fraser River Park. Hydraulically, this
• BC Hydro substation
zone is different than the zones that border Burrard
Inlet; it lies along a river and is subjected to riverine
• Manitoba Works Yard
forces, for example, high velocities parallel to the
• Translink bus yard
riverbank. It isn’t, however, subjected to the coastal
• Several multi-family dwellings
waves that would be seen in other areas as it is
• Industrial lands and businesses
relatively sheltered. In addition to being at risk of
flooding during winter storms from tides and surge
that push back up the river, this zone is at a small risk of spring freshet flooding when the Fraser River
swells. Freshet flooding and its impacts have not been specifically addressed in this report, however, the
adaptation alternatives presented and discussed would reduce both types of flood hazard.
This zone has two distinct areas (and was in fact initially studied as two zones; these were amalgamated
when the adaptation solutions required a single response for both areas in order to work). The eastern
portion of the zone is characterised by newer multi-family residences and some newer amenities, such as
a seawall and restaurant. There are also two City parks. A rail corridor runs parallel to the river through
the residential district and through to the more industrial portion of the zone. The western portion of the
zone is a largely industrial area with many businesses that historically used the Fraser River for boat
access and the rail corridor for land transportation. It is now a diverse industrial and commercial area.
3.3.2.2

Flood Extents and Assets Affected

The Fraser River Foreshore zone is at risk of flooding today under a king tide or common flood event.
Should a 0.2% (very rare) flood event occur today, we would expect to see 2.1 km2 inundated to some
degree, affecting 70 buildings, 380 businesses (with almost 3000 employees), and two identified sites with
critical infrastructure (BC Hydro Substation, and the Manitoba Works Yard—see Figure 20.) In future, with
sea level rise, the extent of flooding will not change significantly as this floodplain is constrained by
topography, but the depth of flooding will be greater. Deeper water results in greater long-term damage
to buildings and infrastructure.
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Figure 19. Flood-extent map for Fraser River Foreshore
Flood extent (with freeboard) for i) a 0.2% flood today (0 m SLR) or high tide in 2100 (1 m SLR) is indicated
in dark blue, and ii) a 0.2% flood in 2100 (1 m SLR) is in light blue. The two panels are part of a continuous
reach, where the top panel shows the western part of the zone, and the lower panel shows the eastern
part. White numbered circles indicate representative locations where annual probability of inundation
curves are calculated, as illustrated below.

3.3.2.3

Flood Probability, Magnitude, and Timing

Flood probability curves (with freeboard) for a range of representative locations in the Fraser River
Foreshore zone are shown in Figure 20. The curves provide some insight into when the probability of
specific city assets flooding might be considered too high, thereby requiring some form of action. For
example, the curves below (along with the mapping provided above in Figure 19) show two major pieces
of critical infrastructure are at significant risk of flooding today - the BC Hydro Substation is at risk of
flooding today under common events, while the City’s Manitoba Works Yard is at risk under rare flood
events. Toward the end of the century, the Vancouver Transit Centre, FortisBC Gas (formerly Terasen)
site, and Vancouver South Transfer Station are at risk from rare to common flood events and will be
flooded even more frequently over time. Also, in the mid- and late-century time horizons, the depth and
frequency of flooding across the whole floodplain would be expected to increase, which will cause
significant disruption and damage.
This insight into the timing and probability of events, along with the consequences of each of these assets
getting wet helps define priorities and timing for adaptation interventions.
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Figure 20. Annual probability of inundation for representative locations in Fraser River Foreshore
3.3.2.4

Alternatives Considered

As discussed in the Approach section (Section 2) above, a wide variety of ways of minimizing harm to
Fraser River Foreshore assets over time were considered. Shortlisted alternatives for the Fraser River
Foreshore zone are as follows:

Strategy

Alternative

Key features

Protect

Shoreline dike

A protective barrier (dike) predominantly along the Fraser River
between Angus Road and Boundary Road.

Inland dike

As above, in the vicinity of the Arthur Laing Bridge, the dike is moved
inland to avoid impact to existing commercial and industrial facilities.

Adaptation with
multiple tools

Infrastructure, buildings, and communities are retrofitted or slowly
changed over the natural building cycle to be more resilient to flooding.

Adapt
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Protect with shoreline dike
This alternative
involves building a
protective barrier
(dike) predominantly
along the Fraser
River between Angus
Road and Boundary Road (from
Southlands to southeast Vancouver).
Some sections of this dike, where
space permits, would have a
traditional dike cross-section.
However, other sections of the dike,
where space is an issue, would have a
Figure 21. Flood protection for Fraser River Foreshore
configuration that more closely
provided by a shoreline dike
resembles an engineered wall. Being
Location of the dike is indicated in red, protected floodplain is
aligned along the edge of the river
indicated in orange.
would require that the dike be
designed to withstand river forces,
using rip-rap for example. For the purposes of this study, we assumed that the dike would be built to the
current seismic standards.
This alignment would protect most of the floodplain from common, rare, and very rare flood events as
soon as it is built.
As part of the SDM process, stakeholders provided their views on the shoreline dike alternative for the
Fraser River Foreshore zone. These are summarized below. Further details on the stakeholder
engagement process are found in Appendix C.
Pros
•
•

Co-benefit as cycling/walking path.
Protects everything.

Cons
•
•
•
•

City currently does not have statutory rightof-way along whole length of alignment.
Meeting seismic requirements will be
difficult and costly.
This may not be technically feasible given
seismic constraints.
Might impede water access for some
businesses.
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Protect with inland dike
This alternative
involves building a
protective barrier
(dike) predominantly
along the Fraser
River between Angus
Road and Boundary Road (from
Southlands to South East Vancouver).
However, in the vicinity of the Arthur
Laing Bridge, the dike is moved inland
to avoid impact to existing commercial
and industrial facilities. In addition, to
Figure 22. Flood protection for Fraser River Foreshore
capitalize on public rights-of-way, a
provided by an inland dike
significant portion involves raising
South Kent Road. Some sections of this
Location of the dike is indicated in red, protected floodplain is
dike, where there is room to build it,
indicated in orange.
would have a traditional dike crosssection. However, in other sections of the dike where space is an issue, engineered walls might be
required. For the purposes of this study, we assumed that the dike would be built to the current seismic
standards.
This alignment would protect part of the floodplain from common, rare and very rare inundation events
as soon as it is built. Areas riverside of the dike would remain unprotected under all conditions and
timelines.
As part of the SDM process, stakeholders provided their views on the inland dike alternative for the Fraser
River Foreshore zone. These are summarized below. Further details on the stakeholder engagement
process are found in Appendix C.
Pros
•
•

City has right-of-way.
Soils assumed reasonable and therefore
potentially a good alignment for a seismic
dike.

Cons
•
•

Engineering challenges tying into existing
infrastructure.
Does not protect foreshore properties.

Adapt
This alternative works with the idea that coastal communities can accommodate
occasional flooding. In this alternative, infrastructure, buildings, and communities are
retrofitted or slowly changed over the natural building cycle to be more resilient to
flooding. This alternative can include a broad base of educational, planning, and
building options; more detailed information and examples are provided in
Appendix D. Specific components of the alternative used in this study included:
•
•

Bylaws requiring no new critical infrastructure in floodplain.
Raising of city services (roads, water, etc.) over time.
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Flood-resilient design adjustments to building code along with the development of options and
incentives to help residents and businesses improve property-level protection. There may be
variability in the City’s risk tolerance, where higher risk is deemed acceptable for older industrial
areas. Variable building code requirements will be applied in keeping with the City’s risk tolerance
for different zoning.
Education of property owners on individual structural responses for flood-proofing (flood gates,
flood barriers, stop-valves, etc.). This strategy also includes an incentive program to encourage
individuals to flood-proof their homes and businesses.
A requirement for sub-division and density approvals in floodplains. This aims to keep the number
of people at risk of flooding from increasing in the future.
The development and continued support for a warning system that will warn residents and
business owners of impending high river levels, allowing them to minimize damage at an
individual property level.

•

•

•
•

This alternative provides more distributed protection from flooding, as it will increase flood resiliency in
areas where the policies are adopted and buildings are turned over. It can be implemented quickly and
will slowly improve flood resiliency over time. Depending on which components are adopted by individual
building parcels, flood protection can be realized for common, rare, and very rare events today and with 1
m of sea level rise.
As part of the SDM process, stakeholders provided their views on the Adapt alternative for the Fraser
River Foreshore zone. These are summarized below. Further details on the stakeholder engagement
process are found in Appendix C.
Pros
•
•
•

3.3.2.5

Effective as complementary measures
along with other options.
Promotes recovery after an event.
Will continue to allow boat and river
access.

Cons
•
•
•

Implementation challenges.
FCLs do not protect infrastructure, parks,
and heritage buildings.
Expensive.

Summary of Key Trade-offs Between Alternatives

Figure 23 shows a simplified summary of the trade-offs between the alternatives for Fraser River
Foreshore (full consequence table available in Appendix F). The top half of the table indicates that in the
baseline condition the area is potentially exposed to a variety of economic, social, and environmental
damages associated with flood events between now and 2100. A shoreline dike would be expected to
provide full protection to all these assets. An inland dike would provide protection from the majority of
economic losses and adequate protection for social and environmental assets. The Adapt alternative in
this case may reduce economic losses by around 30%, relative to baseline. The majority of people
displaced in the baseline condition would also be displaced by this alternative, though environmental
assets would be protected.
The bottom half of the table indicates that in the baseline condition more than 1000 people may be
forced to move permanently due to sea level rise alone, and one-third of a square kilometre of
unprotected land would be permanently flooded (at least with king tides). A shoreline dike could prevent
these losses and would be reasonably adaptable in terms of form and configurations over time. The most
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basic configuration for such dike would cost in the range of $150M. An inland dike would have a similar
scale of cost, and would be similarly adaptable. The Adapt alternative could be extremely costly if the City
were to buy out current landowners and restore the land to a more natural condition; however, the City’s
legal obligation to do this in these circumstances is unclear. Whether compensated or not, more than 800
people would need to be moved under this alternative, due to sea level rise alone.

Fraser River Foreshore
Flood protection (PER EVENT)

Impacts of a 0.2% flood event in Economic
2100

Social
Sites with possible
contaminants
Parks

Baseline

Shoreline Dike

$35M in damages
Full protection
$169M in lost
inventory
$1.6M in emergency
response
>2300 people
Full protection
displaced
No protection of
Full protection
large # of sites with
contaminants
0.6 km2 inundated

Impacts of King Tides and
common flood events

Loss of land opportunity by
2100
Aesthetics
Environmental
Adaptability (Ability to change
direction later)

Adapt

40% of baseline
losses

70% of baseline
losses

Full protection

>600 people
displaced
Sites would need to
be cleaned

Some sites with
contaminants
protected

2

0.02 km2 inundated

0.02 km2 inundated

0.6 km inundated

Full protection

Substantial
protection

Some protection

Implications of the Management Action (or lnaction)
Direct implementation costs
People permanently displaced

Inland Dike

None
$157 M
>1100 people forced No displacement
out by SLR

$152 M
No displacement

2.8 km2

0.2 km2

$405 M
>300 people forced
out by SLR

1.0 km2

2.8 km2

None

Likely negative
relative to today
High
Moderate

Likely negative
relative to today
Moderate
Moderate

Likely negative
relative to today
Naturalized
Moderate

Moderate

Worst impacts
Neutral
Best impacts

Figure 23. Summary consequence table for Fraser River Foreshore
3.3.2.6

Summary of Trade-off Evaluation Discussions

During the engagement workshops, stakeholders and City staff expressed the view that a shoreline dike
could potentially offer full protection from flooding events and sea level rise to all at-risk assets. An inland
dike would protect only half of the economic assets for a similar cost. However, it may not be technically
feasible to construct a dike along the shoreline, given today’s seismic guidelines and dike-building
technology. The Adapt alternative provides some improvement over the baseline condition during a flood
event, but fares worse on a range of performance measures compared to the two types of dikes. It also
costs more than the dikes; raising all existing city infrastructure to meet the FCL will be expensive.
However, raising new construction to the FCL has a low marginal cost, and this requirement has been
implemented for newly constructed multi-family housing on the eastern edge of the zone.
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3.3.2.7

Conclusions and Recommendations

The Fraser River Foreshore zone is at risk of flooding today, making it a priority area within the city for
flood mitigation. The residential area east of Argyle Street is for the most part, relatively new and built to
an appropriate elevation and therefore the flood risk is mostly mitigated. For the remaining industrial
area west of Argyle Street a dike alternative appears to be appropriate, although more detailed
engineering design is required to clarify technical and timing issues. An Adapt option may be prohibitively
expensive because significant lengths of existing city infrastructure (roads, water utilities, etc.) would
have to be raised. Next steps for this zone include:
Short-Term (to 2020) Recommendations for Fraser River Foreshore
1. It is imperative to protect the residents, businesses, and other assets in this zone in the short
term, prior to the construction of any other protection strategies. A flood forecast and warning
system should be considered for this area. A flood-response plan should be prepared by the City,
and ideally, individual citizens and businesses in this area should be encouraged to prepare their
own response and business-continuity plans. The City Emergency Management Team should
spearhead or be very involved in this process.
2. Given that the dike solutions were preferred by stakeholders invited to this process, additional
information should be sourced on these two alternatives in the very near future. Specifically,
more detailed design and assessment for both alignments should be conducted within the next
couple of years. Of special interest are the soil conditions along each alignment that might render
them technically infeasible as well as impacts and retrofit requirements associated with existing
infrastructure along the proposed alignment.
3. The City should seek community feedback for this area with regards to a preferred alternative.
4. If a dike option is pursued, discussions should be conducted among affected stakeholders to
determine funding sources and dike ownership.
5. The City should begin to consider how it will acquire a right-of-way along the preferred alignment.
In the meantime, no new construction should be allowed along these proposed alignments.
6. The failure of critical infrastructure in the floodplain of the Fraser River Foreshore zone would
have significant negative impacts on the city and the region beyond the floodplain. The City
should continue to make the asset owners (BC Hydro, FortisBC (formerly Terasen), Translink, Rail,
and others) aware of the hazard.
7. Additional critical infrastructure should be identified by the City Emergency Management Team.
We suspect that there may be telecommunications hubs in this area.
8. The City should avoid placing any additional critical infrastructure in the floodplain. Any public
infrastructure or assets built on the floodplain should be designed in a flood-resilient manner.
Ideally, any new City buildings should be built as models to showcase resilient and innovative
design.
Medium- and Long-Term (2020 to 2100) Recommendations for Fraser River Foreshore
9. The design and implementation of an adaptation alternative in this zone should occur.
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3.3.3
3.3.3.1

Southlands
Zone Summary

The Southlands zone is a primarily residential area that
Key assets at risk in zone:
borders the Fraser River. For this project, we have
• More than 300 homes
defined the zone as extending from Angus Drive in the
•
Three golf courses
east to the border with Musqueam lands on the west,
• Stables and hobby farms
and Deering Island is also included. Most of this zone
• Two City storm outfalls
lies within the Agricultural Land Reserve, and this
• City parks
means that development prospects are limited. The
zone also includes significant recreational assets with
three golf courses (one is City-owned) and several parks. The Fraser River shore also holds some
ecological value, as do the riparian corridors along the smaller creeks.
3.3.3.2

Flood Extents and Assets Affected

Southlands is at risk of significant flooding now in any given winter under a very rare flood event. Should a
0.2% flood event occur today, we expect to see 3.5 km2 wetted to some degree with almost 400 damaged
buildings, most of which are private residences. This will mean the temporary displacement of more than
2000 people. In the future, with sea level rise, the extent of flooding will not change significantly as this
floodplain is constrained by topography, but the depth of flooding will be greater. Deeper water results in
greater long-term damage to buildings and infrastructure.
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Figure 24. Flood-extent map for Southlands
Flood extent (with freeboard) for i) a 0.2% flood today (0 m SLR) or high tide in 2100 (1 m SLR) is indicated
in dark blue, and ii) a 0.2% flood in 2100 (1 m SLR) is in light blue. White numbered circles indicate
representative locations where annual probability of inundation curves are calculated, as illustrated
below.

3.3.3.3

Flood Probability, Magnitude, and Timing

Flood probability curves (with freeboard) for a range of representative locations in the Southlands zone
are shown in Figure 25. The curves provide some insight into when the probability of major city assets
flooding might be considered too high, thereby requiring some form of adaptation. For example, the
curves below (along with the mapping provided above in Figure 24) clearly show that there is a high
annual probability of flooding for many of the identified assets in the zone today. As we look into the midand late century, the depth and frequency of flooding across the whole floodplain would be expected to
increase. This will cause significant disruption and damage.
This insight into the timing and probability of events, along with the consequences of each of these assets
getting wet helps define priorities and timing for adaptation interventions.
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Figure 25. Annual probability of inundation for representative locations in Southlands
3.3.3.4

Alternatives Considered

As discussed in the Approach section (Section 2) above, a wide variety of ways of minimizing harm to
Southlands assets over time were considered. Shortlisted alternatives for the Southlands zone are as
follows:
Strategy

Alternative

Key features

Protect

Dike

A 6.5 km dike along the foreshore, raising the existing trail by 1.3 m
to 3 m to meet the flood construction level of 4.6 m GD.

Adapt

Adaptation with
multiple tools

Infrastructure, buildings, and communities are retrofitted or slowly
changed over the natural building cycle to be more resilient to
flooding.

Retreat

Managed
retreat

Gradually relocate people and vulnerable assets from the floodplain.
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Protect with dike
This alternative
involves diking the
foreshore of
Southlands. A 6.5 km
dike would be
constructed along the
alignment shown in Figure 25. The
concept would be to raise the existing
trail by 1.3 m to 3 m to meet the flood
construction level of 4.6 m GD. This
dike is assumed to be designed to meet
seismic standards and was costed to
include some drainage infrastructure
(ditches, floodboxes, and pump
Figure 26. Flood protection for Southlands provided by a
stations). For this alternative, a simple
dike
dike is assumed with no co-benefit
Location of the dike is indicated in red, protected floodplain
features, such as a recreational trail or
is indicated in orange.
habitat enhancement. This alignment
would protect the floodplain from
common, rare and very rare flood events as soon as it is built. Areas riverside of the dike, including
Deering Island, would remain unprotected under all conditions and timelines.
The dike alignment shown above assumes co-operation with the Musqueam First Nation, as the shore
west of the City border would also have to be protected. Various configurations for this were considered,
and costs for additional lengths of dike are included as modifications to this alternative.
As part of the SDM process, stakeholders provided their views on the dike option for the Southlands zone.
These are summarized below. Further details on the stakeholder engagement process are found in
Appendix C.
Pros
•
•
•
•

Will protect people and land, keeping
and possibly increasing the tax base.
Lots of opportunity for co-benefits
(recreation and environment).
The City already has right-of-way or
ownership of much of the alignment.
Will require co-operation with the
Musqueam First Nation, which is an
opportunity to engage.

Cons
•
•
•

•
•
•

Will require significant drainage
infrastructure.
Could be technically unviable due to soils and
seismic concerns.
If co-operation with the Musqueam First
Nation does not result in the ability to build a
continuous dike, additional diking on a northsouth alignment will be required.
Could pose a jurisdictional challenge since
lands below high-tide mark are the Port’s
jurisdiction.
The alignment does not protect Deering
Island.
Views from first row of houses will be severely
affected.
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Adapt
This alternative works with the idea that coastal communities can accommodate
occasional flooding. In this alternative, infrastructure, buildings, and communities are
retrofitted or slowly changed over the natural building cycle to be more resilient to
flooding. This strategy can include a broad base of educational, planning, and building
options; more detailed information and examples are provided in Appendix D. Specific
components of the strategy used in this study included:
Bylaws requiring no new critical infrastructure in floodplain.
Raising of city services (roads, water, etc.) over time.
Flood-resilient design adjustments to building code along with the development of options and
incentives to help residents and businesses improve property-level protection.
Education of property owners on individual structural responses for flood-proofing (flood gates,
flood barriers, stop-valves, etc.). This strategy also includes an incentive program to encourage
individuals to flood-proof their homes and businesses.
A requirement for sub-division and density approvals in floodplains; this aims to keep the number
of people at risk of flooding from increasing in future.
The development and continued support for a warning system that will warn residents and
business owners of impending high river levels, allowing them to minimize damage at an
individual property level.

•
•
•
•

•
•

This alternative provides more distributed protection from flooding, as it will increase flood-resiliency in
areas where the policies are adopted and buildings are turned over. This alternative can be implemented
quickly and will slowly improve flood-resiliency over time. Depending on which components are adopted
by individual building parcels, flood protection will be realized for common, rare, and very rare events
today and with 1 m of sea level rise.
As part of the SDM process, stakeholders provided their views on the Adapt alternative for Southlands.
These are summarized below. Further details on the stakeholder engagement process are found in
Appendix C.
Pros
•
•
•

Potential habitat, recreational, and
aesthetic gains.
Opportunity to densify if area is
protected.
Could be a complementary measure.

Cons
•
•
•

Implementation challenges.
FCLs do not protect infrastructure, parks,
and heritage buildings.
Relatively expensive.
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Managed retreat
A managed retreat alternative was examined for the Southlands zone. This alternative
aims to slowly remove people and vulnerable assets from the floodplain over time.
Specifics of the alternative proposed were:
•
•
•
•

Opportunistic buyouts as homes/businesses come up for sale for the next 40–60
years.
More aggressive buyouts 60–90 years from now, which will require enabling
legislation.
Opportunistic removal of roads, other infrastructure, and contaminants, as land is
vacated for the next 40–60 years.
Aggressive re-naturalization around 2070.

As discussed earlier, for the purposes of this exercise we explored the situation where the City would buy
out the properties. However, it is by no means clear that the City would be under any legal obligation to
do so.
This alternative provides more distributed protection from flooding, as it will increase flood-resiliency in
areas where the policies are adopted and properties are acquired. This alternative will provide minimal
protection from near-term events, as it will take decades for a significant number of residents to relocate.
Towards the end of the century, the risk of flooding in the area will have essentially been removed
completely.
As part of the SDM process, stakeholders provided their views on the managed retreat alternative for
Southlands. These are summarized below. Further details on the stakeholder engagement process are
found in Appendix C.
Pros
•
•
•
•

3.3.3.5

Potential habitat, recreational, and
aesthetic gains.
Would reduce risk from seismic hazards
(assumed hazard, not specifically
addressed in the study).
Population is relatively low in this area.
A long-term strategy that will work
regardless of sea level rise rates.

Cons
•
•
•
•
•

Implementation challenges.
Relatively expensive.
Loss of land.
Would not be implemented immediately,
so would require decades before it is
effective.
Musqueam First Nation would also have
to adopt this strategy.

Summary of Key Trade-offs Between Alternatives

A summary of some of the key impacts associated with flood events under the baseline condition and
various alternatives is shown in Figure 27 (full consequence table available in Appendix F). The top half of
the table shows that a single very rare flood event in 2100 using today’s assets could result in over $40M
in damages and $60M in lost inventory. More than 2100 people may need to be temporarily evacuated,
and over 1.6 km2 of parkland and several sites with potential contaminants could be flooded.
A shoreline dike should offer complete protection from these events. An Adapt alternative could be
expected to reduce social and economic effects by around 30% relative to the baseline condition. A
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managed retreat alternative could, over time, remove the economic, environmental, and social assets at
risk from the area.
With the effects of sea level rise alone (the bottom half of the table), 1600 people could be permanently
displaced and 4 km2 of parkland could be flooded by 2100 under the baseline condition. Almost all of
these losses could be prevented by a shoreline dike, however, this could cost in the order of $90M to
build, and it runs the risk of changing the character and liveability of the zone.
We anticipate that an Adapt alternative could cost more than $150M (based on raising City infrastructure
and incentivising homeowners to implement property-level protections). In this alternative, 1100 people
would still be displaced by sea level rise. The main advantage of the Adapt alternative would be to avoid
the loss of zone character otherwise associated with a dike option, though this alternative would
introduce zone changes of its own, such as access issues as some homes are raised or modified before
City services are.
Finally, a managed Retreat alternative could successfully minimize economic and social damages
associated with flood events, but only at the considerable expense of moving valuable assets out of the
floodplain. Around 4 km2 of land would gradually be re-naturalized and eventually permanently flooded.
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Adapt

Managed Retreat

$40M in damages
Full protection
$61M in lost
inventory
$1.5M in emergency
response

70% of baseline
losses

No damage

Sites with possible
contaminants

2100 people
Full protection
displaced
No protection of sites Full protection
with contaminants

70% of baseline
displaced
Full protection

No protection
needed
Sites would need to
be cleaned

Parks

1.6 km inundated

Flood protection (PER EVENT)

Impacts of a 0.2% flood event in Economic
2100

Social

Impacts of King Tides and
common flood events

Baseline

2

Shoreline Dike

Full protection

Expect smaller scale Full protection
events starting nearterm

Implications of the Management Action (or lnaction)

2

1.6 km inundated

Some minor benefits Most managed
from adaptation
retreat benefits come
technologies in short later
term

Direct implementation costs

None

$90 M - $135M

$150 M - $200 M

People permanently displaced

1600 people forced
out by SLR

No displacement

1100 people forced
out by SLR
-

Loss of land opportunity by
2100
Aesthetics
Environmental

Adaptability (Ability to change
direction later)

3.8 km2

0.15 km2

Change in feel of
Change in feel of
neighbourhood
shore path
Some naturalization High-value shoreline
disrupted, inland
hotspots protected
Moderate
Low

2

1.6 km inundated

~$1 Billion if people
bought out and land
restored
2100 people bought
out by City

3.8 km2

Change in feel of
Naturalized
neighbourhood
High-value shoreline Naturalized
maintained, inland
hotspots damaged
Moderate
High

Worst impacts
Neutral
Best impacts

Figure 27. Summary consequence table for Southlands
3.3.3.6

Summary of Trade-off Evaluation Discussions

This was one of two zones identified as potentially worth the discussion of a managed Retreat alternative,
given the high hazard and relatively low development. After some exploratory discussions, City and
external participants generally felt that this would be unlikely to be a preferred approach due to either
cost (if property owners were bought out) or equity (if they were not, increasingly frequent floods would
gradually reduce property values, forcing a relatively small number people to shoulder a large financial
burden). Moreover, some participants felt that the loss of land use per se would be a major factor, given
that 4 km2 represents about 3.5% of the land area in the city, which will become ever more valuable as
the population grows in decades and centuries to come.
Again, participants thought that the Adapt alternative does not seem to offer good value at this time. Its
main benefit appears to be that it would change the nature of the physical interaction with the shoreline
in a different and less-obtrusive way than a shoreline dike. The Adapt alternative would create less of a
hard edge, but its other downsides may outweigh this advantage.
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It may be feasible to soften the negative impacts associated with a dike through creative architectural
design. For example, winning entries in SFU RISE competition (November 2014) explored this potential.
The degree to which additional capital would be required is undetermined.
3.3.3.7

Conclusions and Recommendations

Action should be taken in the short-term to address the risk of flooding in the Southlands. Discussions
with invited external stakeholders and City staff for this zone identified the dike as a possible preferred
alternative. Next steps for this zone include:
Short-Term (to 2020) Recommendations for Southlands
1. It is imperative to protect the residents, businesses, and other assets in this area in the shortterm, prior to the construction of any other protection options. A flood forecast and warning
system should be considered for this area. A flood-response plan should be prepared by the City
and ideally, individual citizens and businesses in this area should be encouraged to prepare their
own response and business-continuity plans. The City Emergency Management Team should
spearhead or be very involved in this process.
2. The City should promulgate regulations to disallow an increase in density in this zone.
3. The City should seek community feedback for this area with regards to a preferred alternative.
4. It is important that additional information be sourced on the dike alternative in the very near
future. Specifically, more detailed design and assessment of this alignment should be conducted
within the decade. Of special interest are the soil conditions along the alignment that might make
a dike technically unfeasible or prohibitively expensive.
5. If the dike option is pursued, discussions should be conducted among affected stakeholders to
determine funding sources and dike ownership.
6. The City should begin to consider how it will acquire a right-of-way along the alignment. In the
meantime, no new construction should be allowed along the proposed alignment.
7. The City should avoid placing any additional critical infrastructure in the floodplain. Any public
infrastructure or assets built on the floodplain should be designed in a flood-resilient manner.
Ideally, any new City buildings should be built as models to showcase resilient and innovative
design.
8. The City should continue to work with and provide information to the Musqueam First Nation.
Medium-Term (2020 to 2050) Recommendations for Southlands
9. Design and implementation of an adaptation alternative for this area should occur.

63

PS20140119

3.3.4
3.3.4.1

Kitsilano
Zone Summary

The Kitsilano zone and beach are well-known to
Vancouverites as a residential zone and a destination
beach and park. For the purposes of this study, we
have defined Kitsilano as the area that stretches from
Vanier Point to the north and east, over to the far edge
of Kitsilano Beach Park to the west. The floodplain
within this zone covers all of the beach areas and
much of the park. It also stretches into the residential
areas.
3.3.4.2

Key assets at risk in zone:
• Kitsilano Beach
• Kitsilano Pool
• Concessions and restaurant building
• Seawall pathway
• Businesses and more than 40 multifamily dwellings

Flood Extents and Assets Affected

Flooding in this zone today under a common event would result in much of the beach, the park structures,
and some homes getting wet. The City has already seen portions of this area flooded, such as the flooding
of Kitsilano Pool in December 2014.
In 2100, a similar storm would result in many additional homes getting flooded by up to 1.5 m of water.
The flooding in this area would potentially be exacerbated by waves that would not only increase the
depth of water, but also have additional energy that could damage structures. In the short term, the
beach and park would be unusable, and the area would also likely suffer longer-term damage and
changes to the coastal morphology (i.e., the beach shape and slope will be affected).
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Figure 28. Flood-extent map for Kitsilano.
Flood extent (with freeboard) for i) a 0.2% flood today (0 m SLR) or high tide in 2100 (1 m SLR) is indicated
in dark blue, and ii) a 0.2% flood in 2100 (1 m SLR) is in light blue. White numbered circles indicate
representative locations where annual probability of inundation curves are calculated, as illustrated
below.

3.3.4.3

Flood Probability, Magnitude, and Timing

Flood probability curves (with freeboard) for a range of representative locations in Kitsilano are shown in
Figure 29. The curves provide some insight into when the probability of major city assets flooding might
be considered too high, thereby requiring some form of adaptation. For example, the curves below (along
with the mapping provided in Figure 28 above) show that the Kitsilano Yacht Club, pool, and residential
housing along Arbutus Street between Cornwall Avenue and McNichol Avenue are at risk of frequent
flooding today with common events, whereas flooding of residential buildings as far east as Laburnum
Street is possible today with a very rare event. The Boathouse Restaurant is at risk of flooding today with
very rare events, while the Maritime Museum and residential buildings east of Laburnum Street are at risk
from very rare events by mid-century, and by common events later in the century (2100). This insight into
the timing and probability of events, along with the consequences of each of these assets getting wet
helps define priorities and timing for adaptation interventions.

65

PS20140119

Figure 29. Annual probability of inundation for representative locations in Kitsilano
3.3.4.4

Alternatives Considered

As discussed in the Approach section (Section 2) above, a wide variety of ways of minimizing harm to
Kitsilano assets over time were considered. Shortlisted alternatives for the Kitsilano zone are as follows:
Strategy

Alternative

Key features

Protect

Park dike

A 700 m dike along an established trail, on average 1.4 m higher than
the existing pathway.

Road dike

Raising approximately 600 m of established roadways (Arbutus
Street and Cornwall Avenue) by 1.4 m with the use of retaining walls
in some areas.

Adapt with
multiple tools

Infrastructure, buildings, and communities are retrofitted or slowly
changed over the natural building cycle to be more resilient to
flooding.

Adapt
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Protect with park dike
This alternative
involves the
construction of
approximately 700
m of dike along an
established trail.
The dike would be on average 1.4 m
higher than the existing pathway, and
was assumed to meet seismic
standards and to include appurtenant
drainage structures. As with all the
alternatives evaluated as part of this
process, a simple “no-frills” design was
Figure 30. Flood protection for Kitsilano provided by a park
used for comparison with other
dike
alternatives, and weaknesses of this
Location of the dike is indicated in red, protected floodplain
approach as compared to the defined
is indicated in orange.
measures were identified. There
would be an opportunity to improve
this design with recreational, habitat, or other landscape features that would visually integrate the dike
within the park.
This alternative protects most of the assets at risk both today and in the future. However, the beach
would be situated shoreward of the dike. It is expected that over time the dike would look more like a
seawall, as the beach is overcome and washed away. This could likely be mitigated with aggressive beach
nourishment or other coastal engineering alternatives.
As part of the SDM process, stakeholders provided their views on the park dike option for the Kitsilano
zone. These are summarized below. Further details on the stakeholder engagement process are found in
Appendix C.
Pros
•
•
•
•

No displacement of people.
Protection of green spaces.
Opportunity to improve the design for
aesthetics, recreation, habitat, etc.
Adaptable to higher sea levels (beyond 1
m).

Cons
•
•
•

Aesthetic issues with dike itself and
blocking of views.
Loss of beach.
Pool is not protected with this alignment.
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Protect with road dike
This alternative
involves the raising of
approximately 600 m
of established
roadways (Arbutus
Street and Cornwall
Avenue), with the use
of retaining walls in some areas. The
dike would be on average 1.4 m higher
than the existing grade, and was
assumed to meet seismic standards and
to include appurtenant drainage
structures. Some impacts to existing
infrastructure are assumed. As with all
Figure 31. Flood protection for Kitsilano provided by a road
the alternatives evaluated as part of this
dike
process, a simple “no-frills” design was
Location of the dike is indicated in red, protected floodplain
used for comparison with other
alternatives, and weaknesses of this
is indicated in orange.
approach as compared to the defined
measures were identified. There would be an opportunity to improve this design with architectural
features.
This alternative protects most of the infrastructure at risk both today and in the future. However, the
beach and park would be shoreward of the dike. It is expected that over time the dike would look more
like a seawall, as the beach is overcome and washed away. This could likely be mitigated with aggressive
beach nourishment or other coastal engineering alternatives. In this alternative, most of the park space
and major park amenities are not protected from rare floods today or common ones in future.
As part of the SDM process, stakeholders provided their views on the road dike alternative for the
Kitsilano zone. These are summarized below. Further details on the stakeholder engagement process are
found in Appendix C.
Pros
•
•

Could possibly allow for more natural
beach (with shallow slope) to continue to
exist.
Direct adverse impacts (of walls and loss
of land) would only be felt by a few
homeowners.

Cons
•
•
•
•
•

Leaves some recognized assets/facilities
unprotected.
Loss of parks and recreational areas in
addition to beach.
Technically challenging.
Not a lot of opportunity to add value to
the structure (recreational trails, habitat,
etc.).
Not very adaptable to a greater than
expected rise in sea level.
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Adapt
This alternative works with the idea that coastal communities can accommodate
occasional flooding. In this alternative, infrastructure, buildings, and communities are
retrofitted or slowly changed over the natural building cycle to be more resilient to
flooding. This alternative can include a broad base of educational, planning, and
building options; more detailed information and examples are provided in
Appendix D. Specific components of the alternative used in this study included:
Bylaws requiring no new critical infrastructure in floodplain.
Raising of city services (roads, water, etc.) over time.
Flood-resilient design adjustments to building code along with the development of options and
incentives to help residents and businesses improve property-level protection.
Education of property owners on individual structural responses for flood-proofing (flood gates,
personal flood barriers, stop-valves, etc.). This strategy also includes an incentive program to
encourage individuals to flood-proof their homes and businesses.
A requirement for sub-division and density approvals in floodplains; this aims keep the number of
people at risk of flooding from increasing in the future.
The development and continued support for a warning system that will warn residents and
business owners of impending high ocean levels, allowing them to minimize damage at an
individual property level.

•
•
•
•

•
•

This alternative provides more distributed protection from flooding, as it will increase flood-resiliency in
areas where the policies are adopted and buildings are turned over. It can be implemented quickly and
will slowly improve flood-resiliency over time. Depending on which components are adopted by individual
building parcels, flood protection will be realized for very rare to common events today and into the
future.
As part of the SDM process, stakeholders provided their views on the Adapt alternative for the Kitsilano.
zone. These are summarized below. Further details on the stakeholder engagement process are found in
Appendix C.
Pros
•
•

3.3.4.5

Effective as complementary measures
along with other options.
Adaptable to changing sea level rise in
future.

Cons
•
•

Loss of iconic area and recreational
values.
Expensive.

Summary of Key Trade-offs Between Alternatives

A summary of some of the key impacts associated with flood events under the baseline condition and
various alternatives is shown in Figure 32 (full consequence table available in Appendix F). The top half of
the table shows that the direct economic, social, and environmental losses associated with baseline-level
flooding in this area are relatively minor compared to other locations discussed. Nevertheless, a very rare
flood event could result in 720 people being temporarily displaced and $4M of direct damages.
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Over time, taking no action to prevent damages from sea level rise (the bottom half of the table) could
see a small number of people permanently displaced. Perhaps most significantly, given the primary use of
this area, the main trade-off issues concern the relative availability of beach and park area. In the
unmitigated case, we would expect current areas of parkland to be replaced over time with beach,
essentially shifting the shoreline inwards.
A park dike could prevent most of the direct damages associated with flood events and sea level rise, but
would protect the park area at the expense of the beach. The road dike alternative would see a smaller
fraction of the area protected, with the unprotected area converting to beach over time. Finally, an Adapt
alternative would focus resources instead at reducing the sensitivity of various assets to flooding.

Kitsilano

Baseline

Park Dike

Road Dike

Adapt

Minimal damage

65% of baseline
losses

70% of baseline
losses

Social
Sites with possible
contaminants

$4M in damages
$10M in lost
inventory
$0.5M in emergency
response
720 people displaced
No protection of sites
with contaminants

Parks

2
0.2 km inundated

200 people displaced
Most sites with
contaminants
protected
2
0.01 km inundated

530 people displaced 190 people displaced
Most sites with
Full protection
contaminants
protected
2
2
0.05 km inundated 0.2 km inundated

Flood protection (PER EVENT)

Impacts of a 0.2% flood event in Economic
2100

Impacts of King Tides and
common flood events

Expect smaller scale Minor damage to
events starting now park infrastructure
outside dike, Kits
Pool

Minor damage to
park infrastructure
including Kits Pool

Implications of the Management Action (or lnaction)
Direct implementation costs
People permanently displaced
Loss of land opportunity by
2100
Aesthetics
Environmental

Adaptability (Ability to change
direction later)

Minor damage to
park infrastructure
including Kits Pool

None
$5 - $6 M
$10 - $15 M
56 people forced out 49 people forced out 56 people forced out
by SLR
by SLR
by SLR
2
2
0.28 km2
0.1 km
0.06 km

$12 M
15 people forced out
by SLR
-

Gain beach at
expense of park
Loss of existing
shoreline (in presentstate)

Gain beach at
expense of park
Loss of existing
shoreline (in presentstate)

Gain beach at
expense of park
Loss of existing
shoreline (in presentstate)

Low

High

Moderate

Protect park (but lose
beach)
Loss of existing
shoreline, possibly
replaced with hard
edge (for simple
design of dike)
Low

Worst impacts
Neutral
Best impacts

Figure 32. Summary consequence table for Kitsilano
3.3.4.6

Summary of Trade-off Evaluation Discussions

In this case, absolute impacts are comparatively small, and the City has a wide degree of flexibility to
reconfigure the area. Workshop discussions therefore turned to envisioning what kind of beach/park
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arrangements might be preferred by residents and stakeholders. In this case, the various alternatives
might, with further development, be amalgamated into a combined idea. For example, a protective,
elevated, landscaped area could be created that protects against common to rare events, and also creates
an interesting shoreline of combined park and beachfront.
3.3.4.7

Conclusions and Recommendations

Considering that a number of assets could be inundated in the near term with rare to common flood
events, the City should commence consultation and planning by 2020 to avoid significant impacts to the
beach, park and neighbouring residences. In the meantime, the City should focus on preserving technical
options for the future and, over the medium term, engaging with residents to discuss reconfiguration
opportunities to protect beach and or park areas. Based on discussions with invited external stakeholders
and City staff for this zone, the following actions are recommended:
Short-Term (to 2020) Recommendations for Kitsilano
1. The City should seek community feedback for this area, and begin the process of selecting an
alternative by 2020. Given that the biggest trade-off between the presented alternatives was
beach versus park, it will be important to better understand what should be protected.
2. The City should avoid placing any additional critical infrastructure in the floodplain as per citywide recommendations. Any public infrastructure or assets built on the floodplain should be
designed in a flood-resilient manner. Ideally, any new City buildings should be built as models to
showcase resilient and innovative design.
3. Any park infrastructure that comes up for renewal should be designed with flood-resiliency in
mind, and ideally as a model or showcase project.
4. The City should monitor available information on coastal squeeze and the likely morphologic
changes to the beach over time as a result of sea level rise.
5. The City should maintain right-of-way along (and beside) proposed dike alignments.
6. The City should continue to monitor sea level rise projections, as well as local changes to the
beach.
7. The City should re-evaluate alternatives (including the addition of new options) given new
information and technologies.
Medium- and Long-Term (2020 to 2100) Recommendations for Kitsilano
8. The design and implementation of an adaptation alternative in this zone should occur.
3.3.5
3.3.5.1

Jericho-Spanish Banks
Zone Summary

The beaches of Point Grey—Spanish Banks, Locarno,
and Jericho—are well-known to residents and visitors
alike. For the purposes of this study, we have defined
Jericho-Spanish Banks as extending from Alma Street
in the east to the city’s border with UBC in the west.
This zone includes many recreational amenities in
addition to the beaches themselves, including multiple
concessions, the West Point Grey Community Centre,
the Jericho Sailing Centre, and the large event program
space (that is currently used annually for the Folk

Key assets at risk in zone:
• Jericho Park, including large program
space used for Folk Festival and other
events
• Extensive beach areas
• Jericho Sailing Centre
• West Point Grey Community Centre
• Concessions
• Single-family and multi-family
residences
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Festival). There is also a youth hostel and a theatre, in addition to single-family and multi-family
residences. The City also has two storm-sewer outfalls (English Bay and Alma-Discovery) in this zone.
3.3.5.2

Flood Extents and Assets Affected

This zone is expected to see flooding in rare and even common events today and, although the extent
does not increase dramatically because of the relatively steep topography to the south of the floodplain,
will see more frequent flood events having greater depths in future. Because of its aspect relative to
predominant wind direction and the large fetch of Burrard Inlet that lies to the north, this area is subject
to wave action in addition to flood hazard from high ocean levels. The waves will not only increase the
local water height to as much as 2 m for the single-family residences along NW Marine Drive, but will also
have additional energy. Higher wave energy translates into greater damages.
As sea levels rise, recreational spaces and beaches in this area will be affected, as will the large program
space within Jericho Park. This is coupled with impacts to the Jericho Sailing Centre, the West Point Grey
Community Centre, and half a dozen residences.

Figure 33. Flood-extent map for Jericho-Spanish Banks.
Flood extent (with freeboard) for i) a 0.2% flood today (0 m SLR) or high tide in 2100 (1 m SLR) is indicated
in dark blue, and ii) a 0.2% flood in 2100 (1 m SLR) is in light blue. White numbered circles indicate
representative locations where annual probability of inundation curves are calculated, as illustrated
below.
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3.3.5.3

Flood Probability, Magnitude, and Timing

Flood probability curves (with freeboard) for a range of representative locations in Jericho-Spanish Banks
are shown in Figure 34. The curves provide some insight into when the probability of major city assets
flooding might be considered too high, thereby requiring some form of adaptation. For example, the
curves below (along with the mapping provided above in Figure 33) show that large parts of this area are
at risk of flooding today, with the Jericho Sailing Centre and Jericho Beach Concession being at a
significant risk, which is evidenced by water reaching their doors during common events. Some of the
other major recreational assets are not as at as high a risk today, but could be flooded under a rare flood
event (e.g., West Point Grey Community Centre). As we look to mid-century, the Sailing Centre and
concession may experience wetting annually with king tides, and the West Point Grey Community Centre
may be flooded in common events. This insight into the timing and probability of events, along with the
consequences of each of these assets getting wet helps define priorities and timing for adaptation
interventions.

Figure 34. Annual probability of inundation for representative locations in Jericho-Spanish Banks
3.3.5.4

Alternatives Considered

Strategy

Alternative

Key features

Protect

Park dike

A 2 km dike along an established trail. The dike would be on average
1.8 m higher than the existing grade.

Road dike

A 1.7 km dike along established roadways (Marine Drive and Point
Grey Road), with the use of retaining walls in some areas. The dike
would be on average 1.7 m higher than the existing grade
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Adapt

Adapt with
multiple tools

Infrastructure, buildings, and communities are retrofitted or slowly
changed over the natural building cycle to be more resilient to
flooding.

Retreat

Managed
retreat

Slowly remove people and vulnerable assets from the floodplain over
time.

Protect with park dike
This alternative
involves the
construction of
approximately 2 km of
dike along an
established trail. The
dike would be on
average 1.8 m higher than the existing
pathway, and was assumed to meet
seismic standards and to include
appurtenant drainage structures. As with
all the alternatives evaluated as part of
this process, a simple “no-frills” design
was used for comparison with other
alternatives, and weaknesses of this
alternative as compared to the defined
measures were identified. There would
be an opportunity to substantially
improve this design with recreational,
habitat, or other landscape features.

Figure 35. Flood protection for Jericho-Spanish Banks
provided by a park dike
Location of the dike is indicated in red, protected floodplain
is indicated in orange.

This alternative protects most of the infrastructure at risk both today and in the future. However, the
beach would be situated shoreward of the dike. It is expected that over time the dike would look more
like a seawall, as the beach is overcome and washed away. This could likely be mitigated with aggressive
beach nourishment or other coastal engineering options.
As part of the SDM process, stakeholders provided their views on the park dike alternative for the JerichoSpanish Banks zone. These are summarized below. Further details on the stakeholder engagement
process are found in Appendix C.
Pros
•
•
•

Protection of green spaces and public
land.
Opportunity to improve the design for
aesthetics, recreation, habitat, etc.
Adaptable to even higher sea level rise.

Cons
•
•
•

Aesthetic issues with dike itself and
blocking of views.
Sacrifices beach for program space.
Limited opportunity for naturalization and
habitat enhancement.
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Protect with road dike
This alternative
involves the raising of
approximately 1.7 km
of established
roadways (Marine
Drive and Point Grey
Road), with the use of
retaining walls in some areas. The dike
would be on average 1.7 m higher than
the existing grade, and was assumed to
meet seismic standards and to include
appurtenant drainage structures. As with
all the alternatives evaluated as part of
this process, a simple “no-frills” design
Figure 36. Flood protection for Jericho-Spanish Banks
was used for comparison with other
provided by a road dike
alternatives, and weaknesses of this
Location of the dike is indicated in red, protected floodplain
approach as compared to the defined
is indicated in orange.
measures were identified. This
alternative would directly affect some
homes, as the raising would require additional footprint and would make driveway access difficult.
This alternative protects most of the infrastructure at risk both today and in the future. However, the
beach and park would be shoreward of the dike. It is expected that over time the dike would look more
like a seawall, as the beach is overcome and washed away. This could likely be mitigated with aggressive
beach nourishment or other coastal engineering options. In this strategy, most of the park space and
major park amenities are not protected from rare to common events today or from common ones in the
future.
As part of the SDM process, stakeholders provided their views on the road dike alternative for the JerichoSpanish Banks zone. These are summarized below. Further details on the stakeholder engagement
process are found in Appendix C.
Pros
•
•
•
•

Could possibly allow for more natural
beach (with shallow slope) to continue to
exist.
Direct adverse effects (of walls and loss of
land) would only be felt by a few
homeowners.
Economical.
Allows for natural adaptation and the
creation of new habitats (e.g., lakes and
marshes).

Cons
•
•
•

Loss of parks and recreational areas in
addition to beach and especially large
program space used for festivals.
Not a lot of opportunity to add value to
the structure (recreational trails, habitat,
etc.).
Not very adaptable to a greater than
expected rise in sea level.

Adapt
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This alternative works with the idea that coastal communities can accommodate
occasional flooding. In this option, infrastructure, buildings, and communities are
retrofitted or slowly changed over the natural building cycle to be more resilient to
flooding. This alternative can include a broad base of educational, planning, and
building options; more detailed information and examples are provided in
Appendix D. Specific components of the strategy used in this study included:
•
•
•
•

•
•

Bylaws requiring no new critical infrastructure in floodplain.
Raising of city services (roads, water, etc.) over time.
Flood-resilient design adjustments to building code along with the development of options and
incentives to help residents and businesses improve property-level protection.
Education of property owners on individual structural responses for flood-proofing (flood gates,
personal flood barriers, stop-valves, etc.). This strategy also includes an incentive program to
encourage individuals to flood-proof their homes and businesses.
A requirement for sub-division and density approvals in floodplains; this aims to keep the number
of people at risk of flooding from increasing in the future.
The development and continued support for a warning system that will warn residents and
business owners of impending high ocean levels, allowing them to minimize damage at an
individual property level.

This alternative provides more distributed protection from flooding, as it will increase flood-resiliency in
areas where the policies are adopted and buildings are turned over. This alternative can be implemented
quickly and will slowly improve flood-resiliency over time. Depending on which components are adopted
by individual building parcels, flood protection will be realized for very rare to common events today and
into the future. There are relatively few structures in the floodplain in the Jericho-Spanish Banks zone,
and many of those are older homes that might be expected to be updated in the near future.
As part of the SDM process, stakeholders provided their views on the Adapt alternative for the JerichoSpanish Banks zone. These are summarized below. Further details on the stakeholder engagement
process are found in Appendix C.
Pros
•
•

People won’t have to move.
Beach might be saved.

Cons
•
•

Loss of iconic area and recreational
values.
Expensive.

Managed retreat
A managed retreat alternative was examined for the Jericho-Spanish Banks zone. This
alternative aims to slowly remove people and vulnerable assets from the floodplain
over time. Specifics of the strategy proposed were:
•
•

Opportunistic buyouts as homes/businesses come up for sale for the next 40–60
years
More aggressive buyouts 60–90 years from now, which will require enabling
legislation.
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•
•

Opportunistic removal of roads, other infrastructure, and contaminants as land is
vacated for the next 40–60 years.
Aggressive re-naturalization around 2070.

This alternative provides more distributed protection from flooding, as it will increase flood-resiliency in
areas where the policies are adopted and properties bought up. This alternative will provide minimal
protection from near-term events, as it will take decades for all residents to relocate. Towards the end of
the century, the risk of flooding in the area will have essentially been removed completely.
As part of the SDM process, stakeholders provided their views on the managed retreat alternative for the
Jericho-Spanish Banks zone. These are summarized below. Further details on the stakeholder engagement
process are found in Appendix C.
Pros
•
•

3.3.5.5

City owns much of the land (leased to
others), so it would be relatively easy to
move people over time.
Not many people or homeowners are
affected.

Cons
•
•

Implementation challenges.
Loss of land, especially park and green
space.

Summary of Key Trade-offs Between Alternatives

Figure 37 shows a simplified summary of the trade-offs between the alternatives for Jericho-Spanish
Banks (full consequence table available in Appendix F). From the top half of the table, we can see the
baseline condition would likely result in a range of damage to economic, social, and environmental assets
per flood event. We estimate that the park dike would reduce economic damages by 55% compared to
the baseline, avoid displacement of people, and protect most of the park, at the expense of reduced
naturalization of the shoreline. A road dike would reduce economic damages by 40% compared to the
baseline; however, a significant portion of the park would be flooded and more than 200 residents of the
zone displaced. The Adapt alternative would reduce economic damages by 30% and people displaced by
25% compared to the baseline, but would not protect the park from flooding. Finally, a managed retreat
would result in no economic damage or displacement of people due to flooding (all assets and residents
would be moved out of the floodplain), but would not protect the park.
Over time, taking no action to prevent damages from sea level rise (bottom half of the table) could see a
small number of people permanently displaced, and 0.72 km2 of land lost in the area, but would
otherwise be preferred. A park dike would have an impact on coastal habitat and would not be very
adaptable over time, but would protect the greatest land area. A road dike would protect significantly less
area, but would have a lesser impact on coastal habitat. Both a park dike and road dike would come at a
moderate cost compared to other alternatives considered for this area. The Adapt alternative comes at a
higher cost, but is adaptable and would have a low impact on coastal habitat. A managed retreat would
result in no protection of land, and require relocating (buying-out) 450+ people at an expense of $350M.
However, this alternative would be highly adaptable and have a low impact on habitat.
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Jericho
Flood protection (PER EVENT)

Impacts of a 0.2% flood event in Economic
2100

Social
Environmental
Parks

Impacts of King Tides and
common flood events

Baseline

$4M in damages
45% of baseline
$9.5M in lost
losses
inventory
$0.3M in emergency
response
460 people displaced 0 people displaced
Reduced
naturalization
2

0.6 km of park
inundated

Loss of land opportunity by
2100
Aesthetics
Environmental

Adaptability (Ability to change
direction later)

2

0.04 km park
inundated

Road Dike

Adapt

Managed Retreat

65% of baseline
losses

30% of baseline
losses

No damage

230 people displaced 320 people displaced 0 people displaced
Some naturalization Some naturalization Natural shoreline
2

0.3 km park
inundated

Expect smaller scale No damage. Program No damage. Park
space and beaches
events starting in
park space behind
closed infrequently
now
dike useable

Implications of the Management Action (or lnaction)
Direct implementation costs
People permanently displaced

Park Dike

None
Small number* of
people forced out by
SLR
2
0.72 km

$7 - $25 M
Small number* of
people forced out by
SLR
2
0.30 km

$10 - $20 M
Small number* of
people forced out by
SLR
0.62 km2

Lose beach and park Protect park (but lose Gain beach at
space over time
beach)
expense of park
low impact
Medium impact
Medium Impact,
opportunity to
renaturalise ponds
Low
Moderate
Low

2

0.6 km of park
inundated

2

0.6 km of park
inundated

Some damage to non- Retreat unlikely in
upgraded homes
short term

$55 M
Small number* of
people forced out by
SLR
Some land use still
possible
Lose beach and park
over time
Low impact,
opportunity to
renaturalise ponds
High

$620 M
460 people bought
out
0.72 km

2

Beach may move
inland
Low impact,
opportunity to
renaturalise ponds
High

* Actual number difficult to establish due to census boundaries
Worst impacts
Neutral
Best impacts

Figure 37. Summary consequence table for Jericho-Spanish Banks
3.3.5.6

Summary of Trade-off Evaluation Discussions

Stakeholders and City staff expressed the value of this zone as a destination beach and park, and the
program space (for the Folk Festival) was considered unique in the city and particularly important.
Considering alternatives for Jericho-Spanish Banks, a dike alignment through the park protects some city
assets, but it does risk losing the beach over time. There is also significant opportunity to add value to a
dike that runs through the park through good design (landscape, amenities, etc.). A dike alignment that
runs along the road provides the benefit that the beach could likely be saved, but would most certainly
result in the loss of the park space over time. Similarly, the Adapt alternative has the same trade-off (lost
park, saved beach). The managed retreat alternative results in significant land losses, as well as some lost
residences; the biggest loss possibly being the unique large program space. It does, however, offer an
opportunity for a naturalized shoreline (potentially keeping the beach) and creating new biodiversity
spaces to compensate for coastal squeeze elsewhere around the city.
3.3.5.7

Conclusions and Recommendations

A key message we heard from stakeholders and City staff was that this is an iconic area of Vancouver and
that some parts of it are unique. The city will be at risk of losing many of its destination beaches and
parks, and it will be a significant cost to lose them or replace them.
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Given the flood extents, depths, and timing, this is an area where decisions will have to be made in the
short- to medium-term. Next steps for this zone include:
Short-Term (to 2020) Recommendations for Jericho-Spanish Banks
1. We recommend that the City consider investing in temporary barriers to be deployed for this area
during king tide events to protect from flooding until a more permanent solution is in place.
Sandbags, which are used currently, are an outdated technology prone to failure.
2. A city-wide warning system and emergency response plan should also be in place, so that
temporary protection can be placed in time to mitigate damages.
3. The City should avoid placing any additional critical infrastructure in the floodplain. Any public
infrastructure or assets built on the floodplain should be designed in a flood-resilient manner.
Ideally, any new City buildings should be built as models to showcase resilient and innovative
design.
4. The City should seek community feedback for this area. Given that the biggest trade-off between
the presented options was beach versus park, it will be important to better understand what
should be protected.
5. Any park infrastructure that comes up for renewal should be designed with flood-resiliency in
mind, and ideally as a model or showcase project.
6. The City should monitor available information on coastal squeeze and the likely morphologic
changes to the beach over time as a result of sea level rise. A site-specific coastal geomorphology
and coastal biology study for this area should be completed.
7. The City should begin strategic-level planning for this area based on the results of the stakeholder
engagement and community values discussion. A design competition or other mechanism could
be carried out to ensure that the selected cornerstone option is enhanced with landscape or
architectural features that maximize biodiversity and recreational values. This will likely be a more
fine-grained solution, where different reaches of the beach could be treated with different design
solutions. The City should not go ahead with the basic cornerstone protection options presented.
8. The City should maintain right-of-way along (and beside) proposed dike alignments.
Medium-Term (2020 to 2050) Recommendations for Jericho-Spanish Banks
9. Continue to monitor sea level rise information as well as local changes to the beach.
10. Re-evaluate alternatives (including the addition of new alternatives) given new information and
technologies.
11. The design and implementation of an adaptation alternative in this zone should occur.
Long-term (2050 to 2100) Recommendations for Jericho-Spanish Banks
12. Monitor sea level rise and adequacy of implemented adaptation response.

3.4

Zone-by-Zone Analysis: High-Level Assessment Zones

The first five zones were studied in detail. However, given resource and time constraints, the same level
of effort could not be employed for the entire length of the City of Vancouver coastline. Furthermore,
some zones are simpler and have more obvious adaptation alternatives, making a detailed trade-off
assessment unnecessary. For these zones, an assessment of hazard and major vulnerabilities was
completed as for the priority zones, but a more basic level of analysis of alternatives was undertaken.
The six zones that underwent this basic adaptation assessment include:
•

Coal Harbour
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•
•
•
•
•

Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road

The following provides an overview of the zones, hazard and vulnerabilities, proposed adaptation
alternatives, and recommended next steps.
3.4.1
3.4.1.1

Coal Harbour
Zone Summary

Coal Harbour consists of the coastal area along Burrard
Inlet bounded by Denman Street to the northwest and
Thurlow Street to the southeast. This zone is home to highend condominiums, waterfront businesses and parkland,
Coal Harbour Community Centre, and the Westin Bayshore
Hotel and conference centre. Dense commercial and
residential buildings abut the seawall. Dense development
limits the range of adaptation alternatives given the
limited waterfront area available.

Key assets at risk in zone
• Westin Bayshore Hotel
• A small number of
condominiums and waterfront
businesses
• Harbour Green Park
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Figure 38. Flood-extent map for Coal Harbour
Flood extent (with 0.6 m freeboard) for i) a 0.2% flood today (0 m SLR) or high tide in 2100 (1 m SLR) is
indicated in dark blue, and ii) a 0.2% flood in 2100 (1 m SLR) is in light blue. White numbered circles
indicate representative locations where annual probability of inundation curves are calculated, as
illustrated below.

3.4.1.2

Flood Probability, Magnitude, and Timing

The overall probability and extent of flooding in this area is relatively contained compared to other areas
in the city, with impacts generally limited to the Westin Bayshore Hotel, parkland, and a small number of
businesses and residences along the waterfront. While the potential for flooding in Coal Harbour in the
present day is minimal, the seawall and parts of the Westin Bayshore Hotel property may be affected in a
very rare flood event at today’s sea level. By mid-century, the Westin Bayshore Hotel and some
businesses and residences along the waterfront may experience flooding with a common flood event (5–
10% chance of occurring in any given year). Flooding will increase in frequency and depth by the end of
the century when flood events are expected annually with king tides, and common events will bring floods
with depths greater than 0.6 m to the hotel. A flood-probability curve for Westin Bayshore Hotel, as a
representative location for Coal Harbour, is shown in Figure 39.

Figure 39. Annual probability of inundation for the Westin Bayshore Hotel in Coal Harbour
3.4.1.3

Alternatives Considered

Three alternatives for protecting the Coal Harbour zone were identified: i) protecting with a raised
seawall, ii) protecting with a structured wall, and iii) adapting to accommodate occasional flooding using
planning options.
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Protect

With Raised Seawall

Protect

With Structured Wall

Adapt

With Planning
Options

Detailed designs were not developed for Coal Harbour at this
stage,
though workshop participants agreed in principle that these three alternatives should be considered
further. The two Protect alternatives are very similar, in that a physical structure (raised seawall or
structured wall—potentially a temporary barrier) would nominally run along the existing alignment of the
seawall. The raised seawall approach requires space to allow for gentle sloping, whereas a structured wall
could be accommodated in tighter spaces. The raised seawall approach would have recreational and
aesthetic benefits, in that the current user experience of walking or cycling along the seawall would
remain virtually the same. A structured wall might impede views and access to the water. Both Protect
alternatives will likely affect the views from existing ground-floor residences and businesses. The Adapt
alternative is a viable one for this area, as only the Westin Bayshore Hotel is severely affected. In this
case, assuming the existing structure remains as is for the next 50 years, then retrofits to the building that
create property-level barriers could be an effective option. Should the property turn over or undergo
significant re-design, the property should be designed for flood-resiliency (either by raising the main
structure, a sacrificial first floor, or temporary dry flood-proofing barriers as described for the retrofit
scenario).
3.4.1.4

Conclusions and Recommendations

Coal Harbour contains a number of businesses, residences, and parks that are subject to significant
flooding from mid-century onward, and will need to be protected. Immediate action in this area is not
required given the limited extent of flooding in the near term. However, flood protection at the Westin
Bayshore Hotel will be required in the coming decades.
In order to make an informed decision when developing an adaptation strategy for this area, we
recommend:
Short-Term (to 2020) Recommendations for Coal Harbour
1. The City should immediately provide the current owners of the hotel with information relating to
their existing hazard (i.e., this report).
Medium-Term Recommendations (to 2050) for Coal Harbour
2. A similar study to this one should be completed using new sea level rise projections as well as
updated information on development patterns within Coal Harbour. If a raised seawall path or
structured wall is recommended at this point, plans should be in place to implement it by 2050.
Long-Term Recommendations (to 2100) for Coal Harbour
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3. Continue to monitor sea level rise.

3.4.2
3.4.2.1

Waterfront
Zone Summary

This zone consists of the north downtown waterfront
Key assets at risk in zone:
along Waterfront Road from Thurlow Street to Main
• Vancouver Convention Centre
Street. The Vancouver Convention Centre and Canada
• Canada Place
Place occupy a large portion of the waterfront to the west
• Translink SeaBus Terminal
with large structures, as well as complex underground
• Rail yard
roads and building entrances. Flood risks underneath
• Crab Park
these structures are not well-understood given a lack of
• Port Metro Vancouver
information on sub-structure elevations (for roads,
walkways, the Canada Line Station, and rail lines) and
potential points of entry for water. A low-lying stretch of
Waterfront Road immediately to the east of Canada Place poses a potential entry point for water, with
present-day king tide events nearly breaching the top-of-bank. Adaptation alternatives have not been
considered in detail for this area to date because of the complicated inter-jurisdictional concerns.
However, Port Metro Vancouver has been involved in the CFRA process and is aware of the immediate
concerns. They have provided some design concepts to protect the area in the short term (Figure 41).
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Figure 40. Flood-extent map for Waterfront
Flood extent (with 0.6 m freeboard) for i) a 0.2% flood today (0 m SLR) or high tide in 2100 (1 m SLR) is
indicated in dark blue, and ii) a 0.2% flood in 2100 (1 m SLR) is in light blue. White numbered circles
indicate representative locations where annual probability of inundation curves are calculated, as
illustrated below.

a)

b)

Figure 41. Low-lying stretch along Waterfront Road
a) Location of the low-lying section (red) and potential flood extents in the area (green and yellow), b)
Photo taken from 2014 king tide event in front of the low-lying area. Concept from Sean Smith, Port
Metro Vancouver
3.4.2.2

Flood Probability, Magnitude, and Timing

Analysis of the probability and extent of flooding in this area suggests that the low-lying portion of
Waterfront Road to the east of Canada Place, as well as potential water entry points underneath these
structures, pose a significant threat of flooding today for Canada Place, the Vancouver Convention Centre,
the SeaBus Terminal, and potentially the Canada Line station and rail lines (Figure 42). Crab Park and the
Port Metro Vancouver loading docks could also flood today in very rare flood events. By mid-century, the
low-lying area of Waterfront Road may be flooded annually with increasing flood depths, while Crab Park
may flood with common flood events. Flooding will increase in frequency and depth by the end of the
century, with annual or multiple floods per year for Crab Park, and the low-lying stretch of Waterfront
Road, which could reach 1.5 m or more in depth.
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Figure 42. Annual probability of inundation for representative locations in Waterfront
3.4.2.3

Conclusions and Recommendations

The Waterfront zone is a hub for the city. It contains the terminus for multiple transportation networks as
well as the Convention Centre, Canada Place, and the cruise ship terminal. It is crucial that the City and
other stakeholders work together to reduce flood risk in this zone.
Due to a lack of information on elevations and potential points of water entry underneath the Convention
Centre and Canada Place, it is difficult to assess flood risks for these structures. Flood risks assessed at the
low-lying stretch of Waterfront Road may serve as a proxy until more information is collected. Specific
recommendations include:
Short-Term (to 2020) Recommendations for Waterfront
1. Considering that water levels with annual king tide events may breach the roadway west of the
SeaBus Terminal at today’s sea level, it should be an urgent priority for action by the City. We
recommend that the City form a committee with other affected parties (Port Metro Vancouver,
PavCo, Translink, railways) to investigate available options for raising this stretch of road in the
next few years, or alternately building a wall to block the water.
2. In addition, we recommend that the City consider investing in temporary barriers to be deployed
for this area during king tide events to protect from flooding until a more permanent solution is in
place. Sandbags, which are used currently, are an outdated technology prone to failure.
3. A city-wide warning system and emergency response plan should also be in place, so that
temporary protection can be placed in time to mitigate damages.
4. In order to make an informed decision with developing a broader adaptation strategy for the
Waterfront zone, we recommend that the City convene a broad stakeholder committee to:
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•
•
•

3.4.3
3.4.3.1

Collect elevation profile data and survey the waterfront underneath these structures to
identify potential points of water entry.
Review flood risks underneath the Convention Centre and Canada Place.
Identify and assess potential protection and adaptation options for the location.

Port Lands
Zone Summary

This zone comprises the coastal lands east of Main Street
to the edge of New Brighton Park. The mapped
floodplain (today and in the future) lies entirely within
the bounds of Port Metro Vancouver (PMV). The rail lines
are largely outside the floodplain in this zone, although
some of the spur lines are at risk of rare flooding today
and in the future.

Key assets at risk in zone:
• Port Metro Vancouver assets
including:
o Ballantyne Pier
o CenTerm
o VanTerm
o Alliance Grain Terminals
o Maintenance Yards

The impact of flooding in this area would directly affect
PMV operations, and the cascading effects of this in
terms of goods movement and economic losses would be significant for the region and country.

The floodplain in this area is not within the jurisdiction of the City of Vancouver, and therefore no
adaptation alternatives are presented as part of this report.
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Figure 43. Flood-extent map for Port Lands
Flood extent (with 0.6 m freeboard) for i) a 0.2% flood today (0 m SLR) or high tide in 2100 (1 m SLR) is
indicated in dark blue, and ii) a 0.2% flood in 2100 (1 m SLR) is in light blue. White numbered circles
indicate representative locations where annual probability of inundation curves are calculated, as
illustrated below.

3.4.3.2

Flood Probability, Magnitude, and Timing

Analysis of the probability and extent of flooding in this area suggests that the low-lying portions of Port
Lands are at risk of flooding in a very rare event today (Figure 44). Flooding will increase in frequency and
depth by the end of the century, with annual flooding or multiple floods per year.
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Figure 44. Annual probability of inundation for representative locations in Port Lands
3.4.3.3

Conclusions and Recommendations

Port Metro Vancouver is an economic driver for the city. Although outside the direct jurisdiction of the
City of Vancouver, it is important that the City inform PMV of their risk so that they can work to mitigate it
over time.
Short-Term (to 2020) Recommendations for Port Lands
1. Immediate action is not needed to protect this area, though we recommend that the City
continue a conversation with Port Metro Vancouver to review flood risks and adaptation options
available.
3.4.4
3.4.4.1

Brighton Beach
Zone Summary

The Brighton Beach zone consists of New Brighton Park
and the Cascadia Terminal to the west of Second
Narrows Bridge, and Bates Park and the westernmost
section of Montrose Park to the east of the Bridge. Much
of the area along the waterfront to the west of the
bridge is low-lying land. Impacts from flood events and
adaptation alternatives have not been explored in detail
for this zone.

Key assets at risk in zone:
• New Brighton Pool and field
house
• Cascadia Terminal
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Figure 45. Flood-extent map for Brighton Beach
Flood extent (with 0.6 m freeboard) for i) a 0.2% flood today (0 m SLR) or high tide in 2100 (1 m SLR) is
indicated in dark blue, and ii) a 0.2% flood in 2100 (1 m SLR) is in light blue. White numbered circles
indicate representative locations where annual probability of inundation curves are calculated, as
illustrated below.

3.4.4.2

Flood Probability, Magnitude, and Timing

The probability of flooding in the area of the Cascadia Terminal today is high given the low-lying land. The
Cascadia Terminal may flood today under a rare to common flood event, while New Brighton Park is
protected given its relatively higher elevation (Figure 46). By mid-century, the terminal may be flooded
annually with king tides, while the pool and field house in the park may flood with rare events
(approximately every twenty to fifty years). The frequency and depth of flooding will increase by the end
of the century with the terminal flooding once or more annually, and the park flooding with common
events.

89

PS20140119

Figure 46. Annual probability of inundation for representative locations in Brighton Beach
3.4.4.3

Alternatives Considered

Two alternatives for protecting the Brighton Beach zone were identified, including i) protecting with a
dike, and ii) managed retreat. Detailed designs were not developed for this zone, though workshop
participants agreed in principle that these alternatives should be considered further.

Protect
3.4.4.4

Managed Retreat

Conclusions and Recommendations

While immediate action is not required for this area, the Cascadia Terminal is at risk of significant flooding
at current sea levels, and action should be taken in the near future (the next 5–10 years) to explore
adaptation alternatives. We recommend the City inform affected stakeholders in the area (i.e., PMV, the
Parks Board, and Viterra, the owner of Cascadia Terminal). They can then further explore flood risks and
identify potential adaptation options to protect the Terminal.
New Brighton Park is not expected to flood in the near future, but will experience increased flood risks by
mid-century. We recommend that the City convene a committee to further explore risks and adaptation
options for New Brighton Park in the next decade or two to protect facilities from flood damage. A
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managed retreat alternative offers significant potential for habitat enhancement in this area, which may
align with the Parks Board vision for this area.
3.4.5
3.4.5.1

Stanley Park
Zone Summary

This zone consists primarily of beaches, seawall,
Key assets at risk in zone:
parkland, and park facilities, as well as residences and
• Deadman’s Island, HMCS Discovery
small businesses northwest of Denman Street and
• Royal Vancouver Yacht Club
along Beach Avenue from Stanley Park to Burrard
• Vancouver Rowing Club
Bridge. The zone is characterized by relatively steep
• Seawall and park waterfront
grades that constrain flood risks to areas close to the
roadways
waterfront, most of which lie within City of Vancouver
• Causeway
parks and are therefore under the jurisdiction of the
• Second Beach Pool and concession
Parks Board. Relatively few structural assets lie in the
• Sunset Beach concession
floodplains compared to other areas and therefore
flood impacts were not analyzed in detail for this zone,
and adaptation alternatives have not yet been developed.

Figure 47. Flood-extent map for Stanley Park
Flood extent (with 0.6 m freeboard) for i) a 0.2% flood today (0 m SLR) or high tide in 2100 (1 m SLR) is
indicated in dark blue, and ii) a 0.2% flood in 2100 (1 m SLR) is in light blue. White numbered circles
indicate representative locations where annual probability of inundation curves are calculated, as
illustrated below.
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3.4.5.2

Flood Probability, Magnitude, and Timing

The probability of flooding in this zone at today’s sea level is high along the seawall, with king tides
flooding some locations annually, common events expected to flood the Second Beach Pool and elevated
portions of the seawall, and very rare events expected to flood the Second Beach and Sunset Beach
concessions (Figure 48). By mid-century, annual flooding or multiple floods per year can be expected
along much of the seawall and at the Second Beach Pool, with common flood events inundating Second
Beach and Sunset Beach concessions, the Stanley Park Causeway at Lost Lagoon, and Deadman’s Island.
By 2100, flooding is expected once or more per year along the seawall, causeway, and concessions. It is
unclear to what extent the Royal Vancouver Yacht Club and Vancouver Rowing Club would be affected by
sea level rise and flood events over the next century; individual assessments of these structures with
detailed floor elevations could be conducted to improve on this analysis.

Figure 48. Annual probability of inundation for representative locations in Stanley Park
3.4.5.3

Conclusions and Recommendations

While flood risks for a number of structures in this area will increase over time, immediate action is not
required given the limited extent of flooding and relatively few locations that will experience damage in
the near-term. We recommend that the City work with the Parks Board in the next decade to further
investigate flood risks and adaptation alternatives for beaches, parkland, and structures including Second
Beach Pool and concession, Sunset Beach concession, Royal Vancouver Yacht Club, Vancouver Rowing
Club, and the Stanley Park Causeway at Lost Lagoon. Specific recommendations include:
Short-Term (to 2020) Recommendations for Stanley Park
1. The City should continue to inform the Parks Board of the hazards and risk, and help them
understand the implications of these.
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2. Any park infrastructure that comes up for renewal should be designed with flood-resiliency in
mind, and, ideally, as a model or showcase project.
3. Given that the raising of the seawall over time (especially west of Denman) might be a preferred
protection strategy in the future, a right-of-way should be established along this alignment so
that no structures are placed within the potential footprint of a raised walkway.
4. The City should monitor available information on coastal squeeze and the likely morphologic
changes to the beaches over time as a result of sea level rise.
5. The City should investigate the value of allowing flooding to reconnect Lost Lagoon to the ocean.
Medium-Term (2020 to 2050) Recommendations for Stanley Park
6. Continue to monitor sea level rise projections as well as local changes to the beach.
7. Re-evaluate options (including the addition of new options) given new information and
technologies.
Long-term (2050 to 2100) Recommendations for Stanley Park
8. Design and implement a solution.
3.4.6
3.4.6.1

Point Grey Road
Zone Summary

The Point Grey Road zone consists of the stretch of waterfront west of Kitsilano between Trafalgar and
Alma Streets. It is characterized by steep topography with low flood risk to properties well into the future.
No residential properties or businesses are within the floodplain, though the shoreline is prone to wave
attack and associated erosion.

Figure 49. Flood-extent map for Point Grey Road
Flood extent (with 0.6 m freeboard) for i) a 0.2% flood today (0 m SLR) or high tide in 2100 (1 m SLR) is
indicated in dark blue, and ii) a 0.2% flood in 2100 (1 m SLR) is in light blue.
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3.4.6.2

Alternatives Considered

Protect
With Armouring
Given that impacts are generally limited to erosion, workshop participants agreed in principle that the
City should consider protecting the zone with armouring.
3.4.6.3

Conclusions and Recommendations

The topography and morphology of this zone suggest a low overall flood risk. However, should storms
strengthen over time in conjunction with sea level rise, increased erosion of the shore could be expected
at this site. Specific recommendations to protect this area include:
Short-Term (to 2020) Recommendations for Point Grey Road
1. The City should monitor available information on coastal squeeze and the likely morphologic
changes and erosion of the shoreline over time as a result of sea level rise.
Medium-Term (2020 to 2050) Recommendations for Point Grey Road
2. Continue to monitor sea level rise information as well as local changes to the beach and shoreline.
3. Re-evaluate options (including the addition of new options) given new information and
technologies.
Long-term (2050 to 2100) Recommendations for Point Grey Road
4. Design and implement a solution.
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3.5

City-Wide Recommendations

In addition to the zone-specific recommendations described above, city-wide recommendations are
provided. Some of these are also re-confirmed in each of the zones. These include a mix of strategic
planning initiatives, as well as tangible short-term actions:
1. In 2014, the City updated its Building Bylaw to include floodplain standards and requirements for
floodplain areas. The City should continue to actively enforce these standards.
2. To support residents’ and others’ compliance with the updated regulations we recommend that
the City work with higher-level governments and industry bodies to develop a toolbox and
potentially an incentive program for property-level protection. A model of such a toolbox is the
UK Homeowner’s Guide to Flood Resilience 13. No known incentive programs (other than through
reduced insurance premiums, which is not applicable) were found as models.
3. Many of the recommended actions require that warning systems be in place. Therefore, we
recommend the City work with other stakeholders to develop/support a flood warning system.
The BC Storm Surge Forecasting Program, which provides storm surge forecasts, is not funded
beyond March 2016.
4. The City Emergency Management Team should develop a flood-specific strategic response plan.
Focus areas in the short term should be Fraser River Foreshore, Southlands, Waterfront, and
Jericho-Spanish Banks.
5. The City should purchase temporary flood barriers to be deployed as appropriate (based on
warnings—see recommendation 3 above). Sandbags, which are used currently, are an outdated
technology prone to failure.
6. The City should avoid placing any additional critical infrastructure in the floodplain.
7. Any public infrastructure or assets built on the floodplain should be designed in a flood-resilient
manner. Ideally, any new City or Parks Board buildings should be built as models to showcase
resilient and innovative design.
8. The City should develop public and stakeholder engagement and education strategies at a city
level as well as at a zone level (as discussed above).
9. The City should continue to work with and provide information to the Musqueam and Squamish
First Nations.
10. The City should design and implement an Adaptive Management Plan (similar to the one
proposed in Section 4). This will include monitoring activities, including the monitoring of actual
local sea level rise rates and forecasts, and the monitoring of success/failure of implemented
adaptation actions.
11. The City should continue to work with higher-level governments to develop better tools for future
risk assessments. In particular, the City should recommend that the Federal Government collect

13

UK Homeowner’s Guide to Flood Resilience:
http://www.knowyourfloodrisk.co.uk/sites/default/files/FloodGuide_ForHomeowners.pdf

95

PS20140119

data on damage and losses for flood events in Canada. This will allow for a vastly improved
Canadian Disaster Database, which can be used to improve the estimates presented in this report.

4

Adaptive Management Plan – A Proposal

Planning for sea level rise is an inherently complex problem, in great part because of the uncertainty of
the timing and nature of climate change itself. In this report, we have made a number of
recommendations that the City should consider for implementation now or in the near future—these are
recommendations that deal with areas that are at risk of flooding today or that preserve options for
adaptation in areas that will only be affected by floods in future. We also recommend a series of actions
that will help monitor sea level rise and the changing flood risk.
Making recommendations beyond a horizon of about twenty years for specific actions does not make
good sense; we do not have the information we need today to make robust decisions for the longer-term
future. In fact, committing to decisions now about concerns that do not need to be addressed for decades
could actually lead to bad outcomes—major infrastructure investments might be made several decades
before being needed. Also, alternatives that seem inferior now might be rejected and options lost when in
the future such alternatives might be viewed more favourably as situations and public values change over
time. Based on Phases I and II of this Coastal Flood Risk Assessment, we know enough to develop a
rational, systematic plan to address near- to medium-term risks, to preserve options for future decision
making on medium- to long-term risks, and to implement monitoring to help revise our path as we learn
more. However, we do not (and cannot) know enough about the future to recommend specific solutions
now to those longer-term challenges.
Applying the principles adopted early on in this planning process of seeking flexible, adaptable, and robust
solutions, we suggest the development of a formal Coastal Flood Adaptive Management Plan for the City.
Such an “AM Plan”, which would integrate closely with the Climate Change Adaptation Strategy, could
perform the following main functions:
•
•
•
•

Organize and keep track of the status of sea level rise and of each zone.
Formalize the value judgements of City staff and (optionally) external stakeholders about the best
time to make decisions to commit to a specific solution or solutions in each zone.
Allow for adaptability, flexibility, and robustness in management actions and changing public
values about choices.
Provide a long-term blueprint to communicate what is known on an ongoing basis.

The following sections outline the potential features of such a plan.

4.1

Framework for addressing medium- to long-term risks

Central to the proposed Coastal Flood Adaptive Management Plan would be a framework to aid in
determining when to make a decision about how to mitigate coastal flood risks in a specific zone (Figure
50). Two key thresholds may explicitly be defined and considered when choosing the timing of when flood
risks are “too high” for a zone, and when planning and preparations should begin.
The first threshold concerns the outlook for hazards to each zone and the City’s risk tolerance for
accepting the potential for flood damages there. At the present time, for most zones considered in this
study, the risk posed by coastal flooding (in terms of probability x consequences) is low. However, as sea
levels rise and zones change and grow, risk will begin to rise, even with the gradual ongoing
implementation of adaptation measures such as property-level protection to minimize vulnerability. At
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some point in time the risk posed to the zone will be deemed by the City to be “unacceptable”. This
threshold (T1) defines the estimated sea level and date at which risk to a zone becomes greater than the
City’s threshold of acceptable risk. The City would want to protect the zone by this date, therefore this
threshold defines the required in-service date for flood protection measures. As discussed further below,
the definition of such a threshold is a value judgment, and may differ from zone to zone.
The second threshold takes into consideration the expected lead time for the implementation of any of
the identified options in a zone. Many of the options identified to date involve infrastructure that, to be
built, would require a number of years to pass through the sequence of planning, consultation, financing,
design, permitting, building, and commissioning. For some major infrastructure items, this lead time may
be 15 years or more. The zone decision date (T2) is the date by which a decision must be made and
planning initiated for a zone. T2 is defined by the required in-service date (T1) minus the lead time of the
option with the longest expected lead time. This threshold also defines the mean sea level value, which
can also be used as a decision trigger. Since there is significant uncertainty over sea level rise projections,
one strategy may be to decide on a mean sea level trigger rather than a date trigger to account for
uncertainties over when a particular risk threshold is exceeded. Once observed mean sea levels reach the
T2 threshold, a decision process would be triggered.

Figure 50. Selection of adaptive management thresholds.
If the risk is predicted to become unacceptable for a location in year X (T1), and it would take a number of
years of planning and preparation to protect that location (lead time, in red), then a decision would need
to be made on an option in year X minus the required lead time of the option with the longest expected
lead time (T2).

Within an AM Plan framework (below), estimates for these dates could be updated on a five-year cycle as
the City has access to better information on sea level rise rates (the hazard) and city development (the
vulnerability). Table 5 shows options and estimated in-service dates, lead times, and decision dates for
various options in two zones. All numbers in this table are illustrative, and would need to be confirmed as
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part of the AM Plan. For False Creek, the City may determine, for example, that the risk of inundation of
key assets in a 5% flood event is unacceptable for the zone, and with rising seas that level of risk is
projected to occur around 2045. Of the four options considered for False Creek, if the longest lead time is,
say, 20 years, the City would need to make a decision by 2025 to provide enough time to implement an
option before the desired 2045 in-service date. The City may choose to closely monitor mean sea levels as
a trigger for making a decision (rather than selecting a firm decision date). In this case it may choose to
use a mean sea level of, say, 7.3 m GD as a trigger. This mean sea level may be reached before or after the
estimated threshold date, depending on how sea levels change over time, providing some ability to
account for uncertainties in sea level rise projections.

Zone

Latest
decision
threshold
criteria

Latest
estimate of
required Inservice date

Options

Latest
estimated
implementation
lead time

Conservative
estimate of
decision date
to meet inservice date

False
Creek

Key assets at
risk of
flooding in a
5% event

2045

Sea barrier

15 years

2030

Seawall

10 years

2035

3rd option

5 years

2030

Adapt

20 years

2025

Shoreline
dike

10 years

2025

Inland dike

10 years

2025

OR

Other
relevant
factors

Latest
estimate of
zone decision
date
2025

Mean sea
level reaches
7.3 m GD
Fraser
River
Foreshore

Key assets at
risk of
flooding in a
0.5% event

Happens now

OR
Mean sea
level reaches
7.1 m GD

Table 5. Illustrative example of risk thresholds, lead times, and required decision and planning start
dates for various zones

4.2

Possible structure of a Coastal Flood Adaptive Management Plan

Once a matrix is developed with key thresholds for unacceptable risk and decision triggers for floodprotection measures, a process could be followed to periodically review developments and decide what
actions are necessary. Figure 51 is a proposed decision flow chart for a Coastal Flood Adaptive
Management Plan that could be implemented on a five-year cycle during each AM Plan review. This
framework involves five key steps, each of which is elaborated upon below.
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Figure 51. Draft AM Plan decision flow chart (to be undertaken every five years)

5. Monitor
In the first step of each five-year cycle (or in the face of a sudden, significant change in circumstances),
the City (potentially with stakeholder input) would review the status of monitoring programs that have
been organized under this plan. A report to the City would detail, among other things:
•

•

•

Mean sea level rise – How much has the average sea level actually risen in the previous five years
relative to Vancouver? How does this compare with historical forecasts? How does it compare to
the water levels estimated in this study? What are the implications for future forecasts?
Effectiveness of previously implemented management actions – What has been learned over the
past five years about the efficacy of previously implemented actions (such as a dike or other
mitigation option)? Learning about which activities work and which prove ineffective will be a
vital role of a structured AM Plan.
City vulnerabilities – How have City vulnerabilities changed over the past five years, and do any of
these changes have implications for the risks associated with each zone? The performance
measures defined for this project, under the broad categories of People, Economy, Environment
and Infrastructure, are a starting point for this assessment. The precise measures should be
updated to reflect values of the time (we cannot presume what City residents will care about 50
years from now).
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Technological developments – What new technological changes have been made, and do any of
them represent opportunities for new options to be considered in any zones?
• Experiences in other jurisdictions – Have significant things been learned in other jurisdictions
that might have relevance for future decisions in Vancouver?
6. Review and amend objectives and decision triggers
•

After reviewing this contextual information, the next step should be to review and consider amending
summary Table 5. Dates may need to be adjusted to reflect better information on actual sea level rise,
planning conditions, new technologies, etc.
A feature of this framework concerns the setting of elevation-based decision triggers for each zone. These
could take several forms, but would functionally specify a mean average sea level value that would trigger
the need for a decision to be made for each zone. Setting and amending these triggers would be a valuebased exercise, ideally developed in partnership with stakeholders, that would take into account which
assets or items are at risk at different elevations. In the periods between plan updates, we might expect
to see changes in each zone to the number and type of the things that are valued in the area at risk (e.g.,
new buildings, new parks, higher populations, new transportation infrastructure, etc.). There might also
be changes in how vulnerable these things have become—perhaps vulnerability has increased due to
increasing numbers of assets at risk, or perhaps it has decreased as a result of the ongoing
implementation of adaptation measures over time.
7. Decide: Does a zone need a decision on possible infrastructure in the current planning cycle?
Ultimately, the previous two steps then inform a decision as to whether or not the zone decision date (or
sea level threshold) has been reached. If the answer to Step 3 is yes for one or more zones, then a parallel
process begins for each zone.
If a threshold has not been reached for any zone, then skip to Step 4.
3a. Prepare alternatives analysis and engagement process
Once a zone has been identified as requiring a decision within the present five-year planning cycle, the
City might consider reviewing the standard structured decision making steps of:
•
•

•
•
•

Clarifying the decision context – Define the scope of the decision: performance requirements,
budget constraints, stakeholder engagement process / communications plan, etc.
Reviewing objectives and performance measures – Ensure that relevant city-wide and zone
concerns are properly represented in objectives and performance measures. The performance
measures defined for this project, under the broad categories of People, Economy, Environment
and Infrastructure, are a starting point for this assessment. The precise measures should be
updated to reflect values of the time (we cannot presume what City residents will care about 50
years from now).
Refresh information on available options, including partial and full implementation variants,
making good use of any new technologies identified during monitoring (Step 1).
Assemble the options into various alternatives (combinations of options).
Develop a consequence table that shows the expected performance of alternatives on the
performance measures.
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This may be carried out with stakeholder involvement and public engagement, and may be conducted on
a zone-by-zone basis.
3b. Evaluate, decide, and implement with effectiveness monitoring
According to the appropriate engagement strategy developed for the zone, the City may then decide on a
preferred alternative and initiate steps to implement it with appropriate effectiveness monitoring.
8. Are any other actions or plan updates appropriate at this time?
AM Plans are living, dynamic strategy documents and all aspects of them require maintenance and
rejuvenation. In this step, the City should consider issues including:
Are monitoring efforts working (and if not, how might they be improved)?
Are previously implemented flood-management actions working effectively (and if not, how
might they be improved)?
• Are new monitoring efforts needed because there are new things we care about?
• Do new options exist that need to be preserved?
• Are any old options clearly no longer appropriate and should be released from consideration?
9. Update the plan and continue monitoring
•
•

After considering these questions, changes should then be made and the monitoring phase re-started.

5

Summary Recommendations

The process used for this study resulted in some specific recommendations on a zone-by-zone basis, but
also includes some broad city-wide ideas. For ease-of-use, we have summarized all of these in this
section.
The recommendations in this section are grouped into the following categories:
•
•
•
•
•

Preserve future options
Refine engineering design of specific short-term and/or big-ticket options
Implement short-term and “no-regrets” actions
Monitor developments and plan to actively adapt to them
Engage with communities, partners, and other levels of government

These categories are based on natural groupings, but can also be generally used to help define who at the
City might take ownership of each of these recommendations. For example, the preserve and engage
recommendations likely fall to the Planners, whereas many of the refine and implement
recommendations will require action by the Engineering, Parks, and Planning Departments. Monitoring
would likely be led by a co-ordinating project manager within the Sustainability Department.
Key to Summary Tables
Location: City-wide (CW); False Creek and Flats (FC); Fraser River Foreshore (FR); Southlands (SL); Kitsilano
(KL); Jericho-Spanish Banks (J-SB); Coal Harbour (CH); Waterfront (WF); Port Lands (PL); Brighton Beach
(BB); Stanley Park (SP); Point Grey Road (PG)
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Approximate Timeline: 2XXX = Rough approximation of timeline for implementation (subject to AM Plan
revision); NOW = Implement as soon as possible, ideally within 5 years; “+” = Once implemented,
maintain activity (or function) into the future
City Effort, Cost, and Priority: L = Relatively Low; M = Relatively moderate; H = Relatively High
Note that only recommendations that are in the near future are given values for City effort, cost and
priority.

5.1

Preserve future options

For the majority of zones for which immediate decisions are not required at this time, we believe that it is
more important to identify and take steps to preserve options that might need to be evaluated perhaps
decades into the future. The table summarizes specific suggestions we have on the area of preserving
future options.
Location

Approximate
Timeline

Description

City
Cost
Effort

Priority

CW

NOW+

Avoid placing any additional critical
infrastructure in floodplains.

L

L–M

H

FC

NOW+

Maintain/acquire right-of-way for partial dike in
False Creek as well as for raised seawall.

M

M

H

FC

NOW+

Maintain potential future footprint of barrier.

L

L

H

SL

NOW+

Enable regulations to maintain existing density
(i.e., do not allow increased density or
development).

M

L

H

SP

NOW+

Maintain right-of-way along (and beside)
existing seawall alignment to allow for future
raising if warranted.

L

L

H

KL, J-SB

NOW+

Maintain right-of-way along (and beside)
proposed dike alignments.

L

L

H

5.2

Refine engineering design of specific short-term and/or big-ticket options

In addition to dike alignments in Southlands and Fraser River Foreshore, more detailed engineering
investigations are necessary in the cases of potentially major infrastructure investments in False Creek
and Coal Harbour.
Location Approximate
Timeline

Description

City
Cost
Effort

Priority

FC

Site-level protection strategies for Granville
Island (CMHC).

M

H

NOW

H

102

PS20140119

Location Approximate
Timeline

Description

City
Cost
Effort

Priority

FR

NOW

Detailed design for dike alignments, specifically
looking for technical constraints.

H

M

H

SL

NOW

Detailed design for dike alignment, specifically
looking for technical constraints.

M

M

M

J-SB

NOW

Plan for design competition to develop finegrained adaptation solution.

L

M

M

FC

2020

Scoping-level design for sea barrier and
seawall.

M

L

M

WF

2030

Review existing data and potentially acquire
more detailed topographic (3D), hazard, and
vulnerability information for the Waterfront
zone that can be used to develop mitigation
solutions.

SP

2030

Investigate opportunity and consider value of
reconnecting Lost Lagoon to open water.

CH

2040

Revisit structural design solutions using latest
information on SLR, development patterns and
new technologies.

5.3

Implementation Actions

The following table summarizes actions that the City should consider implementing. In particular, policy
options should be considered that help potentially at-risk zones become less vulnerable to the effects of
sea level rise and flood events over the natural course of infrastructure turnover over the coming
decades.
Location Approximate
Timeline

Description

City
Cost
Effort

Priority

CW

NOW+

Enforce existing Flood Plain Standards and
Requirements. 14

L

L

H

CW

NOW

Develop/support a flood warning system.

M

M

H

CW

NOW

Develop Strategic Flood Response Plan with
focus on FR, SL, WF, and J-SB.

M

M

H

14

http://former.vancouver.ca/commsvcs/guidelines/F014.pdf
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Location Approximate
Timeline

Description

City
Cost
Effort

Priority

FR

NOW

Plan, with other affected stakeholders, to
finance approximately $150M dike
construction project in near-term. (See related
recommendation under Engagement.)

M

M

H

FR

NOW

Plan to acquire right-of-way along proposed
dike alignments, refine best on outcome of
detailed design project.

H

L

L

SL

NOW

Plan to finance dike project, with other
affected stakeholders, of approximately $90M
in near-term.

M

M

H

SL

NOW

Plan to acquire right-of-way along proposed
dike alignments, refine based on outcome of
detailed design project.

M

L

L

WF

NOW

Raise road or build permanent or temporary
barrier to stop water ingress west of SeaBus
Terminal.

L

L

H

J-SB,
WF, CW

NOW

Purchase temporary barriers to be deployed as
appropriate. Sandbags, which are used
currently, are an outdated technology prone to
failure.

L

M

H

FR

2020

Implement (i.e., build) a dike.

M

H

H

J-SB

2020

Plan to finance adaptation strategy.

L

L

M

KL

2020

Design and plan for implementation of
adaptation strategy.

J-SB

2030

Detailed design and construction of refined
adaptation plan.

CH

2050

Implement adaptation strategy.

FC

2050

Develop plan to finance large infrastructure
(barrier or raised seawall).

FC

2100

Subject to change based on new information,
but a barrier or seawall should be in place by
the end of the century.

SP, PG

2100

Implement adaptation strategy.
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5.4

Monitor developments and plan to actively adapt to them

Predictions on sea level rise are inherently uncertain, as are forecasts of increased frequency and
intensities of storm events. We believe it is important that the City design and implement a formal
adaptive management plan to help structure the timing and process of decision-making that will need to
be made on an ongoing basis. (A proposed approach to adaptive management is presented in Section 4.)
Location

Approximate Description
Timeline

City
Cost
Effort

Priority

CW

NOW+

Design and implement an Adaptive
Management Plan.

L

L

H

CW

NOW+

Monitor success of implemented projects on
variety of measures—using measures defined in
this project as a guide.

L

L

M

CW

NOW+

Monitor actual local sea level rise rates, as well
as updated forecasts. Review the suitability of
the Canadian Hydrographic Gauge at Vancouver
Harbour (Station 7735) for local sea level
monitoring. If it is not suitable because of local
effects (uplift, local hydraulics), then the City
should consider investing in a second gauge,
possibly in False Creek. This gauge could also be
tied into education and engagement if it were
designed for public interactions.

M

M

H

KL, J-SB,
SP, PG

NOW+

Monitor changes to beach profiles and erosion
of cliff faces.

L

L

H

5.5

Engage with communities, partners, and other levels of government

Finally, we urge the City to consider ways in which it can formally engage with communities, partners, and
other jurisdictions to coordinate a range of activities and to begin and maintain a wider public dialogue
about the often-difficult choices that lie ahead.
Location

Approximate Description
Timeline

City
Cost
Effort

Priority

KL, J-SB

NOW

Explore community values, specifically to
understand the value of beach versus
parklands.

M

L

M

CW

NOW

Work with higher level governments and
industry bodies to develop a toolbox and
incentive program for retrofit and new-build
property-level protection.

M

L

M
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Location

Approximate Description
Timeline

City
Cost
Effort

Priority

WF

NOW

Form a working group or committee with other
stakeholders in this area to further explore risks
and options. This would include Port Metro
Vancouver, PaVCo, Railways, Translink, etc.

M

L

H

FC

NOW

Provide this report to CMHC.

L

L

H

FC

NOW

Include results of this study in planning process
for False Creek Flats and Northeast False Creek.

L

L

H

CW

NOW

Provide report to higher-level governments.
Make them aware of resources that will be
required in future, especially for large
infrastructure projects.

L

L

H

CW

NOW

Work with higher-level governments to improve
data and tools for future risk assessments.

L

L

M

FR

NOW

Seek community feedback on the current
preferred solutions (shore and inland dikes).

M

M

H

FR, SL

NOW

Discuss funding options for dike
implementation with affected stakeholders.

L

L

H

FR

NOW

Provide report and detailed hazard information
to owners of critical infrastructure in floodplain
(BC Hydro, FortisBC, Translink, Metro
Vancouver). Research if any other critical
infrastructure is in this reach and inform
owners.

L

L

H

SL

NOW

Seek community feedback on the current
preferred solution (dike).

M

M

H

SL, FC,
J-SB

NOW+

Continue to work with and provide information
to Musqueam First Nation.

L

L

H

CW

NOW+

Use new City infrastructure as an opportunity to
showcase and model flood-resilient design.

M

L

H

PL

NOW

Provide report and hazard information to Port
Metro Vancouver.

L

L

H

SP

NOW

Provide report and hazard information to Parks
Board.

L

L

H

BB

2030

Form working group or committee with other
stakeholders in this area to further explore risks

L

L

M
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Location

Approximate Description
Timeline

City
Cost
Effort

Priority

and options. This would include Parks Board,
Port Metro Vancouver, and Viterra.

6

Closing

The City of Vancouver’s need to begin planning to adapt to climate change-driven coastal flood risk is a
major issue. Over the decades to come, the solutions that will need to be implemented will profoundly
shape the nature of many zones and will involve the expenditure of significant sums. The City has made
significant progress in coming to terms with this likely reality.
In the Southlands and Fraser River Foreshore zones, the City of Vancouver already faces immediate need
for flood protection. Fortunately, decisions in these areas are relatively straightforward since it appears
that diking options are clearly a highly competitive option—the question is mostly around the technical
feasibilities of potential alignments. However, as sea levels rise, other areas of the City will take their turn
as the necessary focus of attention, and in many of these cases, the choices will often be tougher.
This journey is far bigger than one report can fully address. However, this work provides a foundation
upon which subsequent work can build. We have developed options for examining in detail the trade-offs
that underpin some of the toughest choices laying ahead, and that often need to be tackled at the
appropriate time. Using the mapping, baseline consequence assessments, and probability curves, the City
can work, through an Adaptive Management Plan, to sequence how and when to address these needs.
Furthermore, the interests and perspectives of stakeholders and First Nations can be communicated
through the use of consequence tables during consultation and engagement processes.
There are some gaps in our work. Most pressingly, we would like to continue to develop an approach to
complement the scenario-based work presented here with a more risk-based, multi-objective approach to
estimating consequences (i.e., where the consequences of flood events at different probabilities can be
aggregated into an expected value for each objective). This would be another option to help weigh the
pros and cons of different forms of intervention at different times. We are concerned that the scenariobased approach presented here (only because we did not have sufficient data or resources to complete a
full risk-based assessment) does not adequately address the cumulative impacts of many small flood
events. Such an option would also be valuable for a deeper level of stakeholder engagement.
We were fortunate to have access to the many perspectives and viewpoints from the individuals who
participated in the various meetings and workshops we undertook for this process. However, moving
forward, the conversation should ideally involve more people in order that the broadest possible range of
perspectives are brought to bear. Through engagement, the City can learn about its citizens’ priorities and
preferences, and people can begin to understand and sympathize with the difficult values-based choices
that City managers face. Developing these kinds of relationships early could prove invaluable once
decisions that require highly controversial or potentially very large-scale interventions (e.g., at False
Creek) eventually come to the fore.
We have emphasized the double uncertainties associated with 1) the physical nature of climate change
itself, and 2) the changing needs and values of Vancouverites over time. In our view, an Adaptive
Management Plan is an ideal vehicle to help balance our understanding of both as they unfold over time
and to ensure that decisions are made at the right time. In conjunction with an external stakeholder
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committee, this could be a powerful means of both educating and engaging people over time. In order for
this to work, however, the City needs to invest both in the Plan and in a program of monitoring of the key
indicators discussed in Section 4. The staffing and monetary needs for this should be relatively modest.
The journey into the future of rising sea levels is an uncertain one, but one for which prudent, adaptive,
flexible, and robust solutions can be made available over the coming decades, providing the City
continues to demonstrate leadership in actively looking for them.
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Glossary
Adaptation

In human systems, adaptation is the process of adjustment to actual or
expected climate change and its effects, in order to moderate harm or exploit
beneficial opportunities. With respect to sea level rise, adaptation refers to
action taken to prepare for its occurrence.

Adaptation
alternative

One or a combination of several adaptation options that collectively could be
implemented to reduce the coastal flooding impacts associated with sea level
rise.

Adaptive capacity

The ability to adapt in the face of potential flood hazards and risks.

Adaptation option

An isolated activity or tool that could be used as part of an adaption
alternative (See Table 2 for list).

Adaptation strategy

A guiding overall philosophy to developing initial adaptation alternatives;
alternatives could, in a first iteration, be designed to protect from, adapt to, or
retreat from flood risk. More sophisticated alternatives could later be
developed that combine these approaches once learning about their
effectiveness has occurred.

Coastal squeeze

An environmental situation where the coastal margin is squeezed between the
fixed landward boundary (artificial or otherwise) and the rising sea level.

Exposure

Refers to the state of the elements at risk being exposed to contact with
something, such as a coastal flood event.

Flood event

An x% flood event is one with an x% chance of occurring in a given year, or
once in (1/x * 100) years.
Common flood event: High water levels associated with a combination of
tide and additional storm components, with a 5% to 99% chance of
occurring in any given year.
Rare flood event: High water levels associated with a combination of tide
and additional storm components, with a 1% to 5% chance of occurring in
any given year.
Very rare flood event: High water levels associated with a combination of
tide and additional storm components, with a <1% chance of occurring in
any given year. The City of Vancouver flood construction level (FCL) is
currently set to the 0.2% event with 1 m of sea level rise. This would be
considered a very rare flood both in the present-day and in 2100.

Flood hazards

The features of flooding that have adverse impacts on elements at risk such as
the depth of water, speed of flow, duration, and water quality.

Freeboard

A freeboard is a safety factor used by engineers and managers to account for
uncertainties in the calculation of water levels. In line with convention in BC,
the flood extent mapping used here includes a 0.6 m freeboard.
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HAZUS

A standardized methodology using Geographic Information System technology
to estimate potential physical, economic, and social impacts from floods and
other natural disasters. It was developed by the Federal Emergency
Management Agency (FEMA) in the USA and is being adapted by Natural
Resources Canada.

King tide

A predictable high-tide event without exacerbation from an accompanying
storm. This would occur on average once or twice a year.

Likelihood
(probability) of
Flooding

A general concept relating to the chance of an event occurring. Likelihood is
generally expressed as a probability or a frequency of a flood of a given
magnitude or severity occurring or being exceeded in any given year. It is
based on the average frequency estimated, measured or extrapolated from
records over a large number of years and is usually expressed as the chance of
a particular flood level being exceeded in any one year. For example, a 1-in200-year flood would, on average, be expected to occur once in 200 years or
with a 0.5% probability in any given year. Similarly, a 1-in-500-year flood would
be expected to occur, on average, once in 500 years or with a 0.2% chance
each year.

Option

See adaptation option.

Resilience

The capacity to anticipate, prepare for, respond to, and recover from the
effects of sea level rise with minimum damage to social well-being, the
economy, and the environment.

Risk

The likelihood of a negative event occurring (e.g., flooding due to sea level
rise) combined with the magnitude of the potential consequences.
Risk = Likelihood (Probability) x Consequence

Sea level rise

A slow increase in sea levels associated with the thermal expansion of
warming seas and melting of major stores of land ice, due to climate change.

Storm surge

An increase or decrease in sea level due to atmospheric pressure changes and
large-scale wind stress associated with a storm.

Strategy

See adaptation strategy.

Vulnerability

Refers to the degree to which a system is susceptible to, or unable to cope
with, the adverse effects of climate change, including variability and extremes.
It is a function of exposure, sensitivity, and adaptive capacity.
Vulnerability = Exposure x Sensitivity x Adaptive Capacity

Wave set-up

An increase in sea level shoreward on the wave-breaking zone due to
momentum transferred from breaking waves. The wave-breaking process
“pushes” water up the shore causing an increase in sea level. Wave set-up has
a static component which is a constant increase in water level and a dynamic
component which oscillates and is sometimes known as “surf beat”.
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Wind set-up

An increase or decrease in sea level caused by wind stresses on the surface of
the water. On‐shore winds blowing over shallow water “push” the water up
the shore causing an increase in sea level.
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Appendix A
Draft Guiding Principles for Sea Level Rise
Adaptation in the City of Vancouver

Draft Guiding Principles for Sea Level Rise Adaptation in the City of Vancouver
The City of Vancouver’s sea level rise strategy will:
o

Prioritize and phase solutions to obtain the best value for money;

o

Seek flexible, adaptive solutions that can adjust to a wide range of future conditions;

o

Seek “no regrets” actions that are beneficial to the city regardless of the degree of sea level rise;

o

Take advantage of opportunities that arise through infrastructure lifecycles and land redevelopment;

o

Prioritize green infrastructure that supports the Greenest City 2020 Plan, Healthy City Strategy,
Transportation 2040 and other related initiatives;

o

Seek ways to protect our city’s most vulnerable populations;

o

Be resilient, by providing multiple lines of protection where appropriate; and

o

Use the best available science, while recognizing the uncertainties of climate change and sea level
rise.

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix A: Draft Guiding Principles
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Appendix B
Zone Summaries

1

Introduction

The diversity of the City of Vancouver’s floodplains from a development, planning and hazard
perspective is great. To simplify the SDM process for the coastal flood risk assessment project, the City
was divided into zones. Initially, fifteen zones were defined; within each zone the development and
hazard was relatively homogeneous. The characteristics of the fifteen zones were summarised and
provided to stakeholders and working group members early on in the SDM process (September, 2014).
This appendix includes the zone summaries provided to this group.
Subsequent to this work, some of the zones were combined as follows:
1. Fraser Lands and Fraser Industrial were combined into a single zone despite the differences in
development patterns (residential versus industrial). This was done because the proposed
adaptation solutions for these areas were contingent on a single solution. For example, diking
only one zone would be ineffective. And therefore the zones were merged to become Fraser
River Foreshore.
2. Similar to the Fraser zones, the initial separate zones of Spanish Banks and Jericho were
combined into Jericho-Spanish Banks, on the basis that the adaptation solution would need to
span both zones.
3. Initially the areas around False Creek (False Creek, False Creek Flats, Granville Island) were
divided into zones based on land use. However, like the above – some of the adaption solutions
would provide reduced risk across all zones; a sea barrier for example. And, for simplicity these
zones were merged in a single False Creek and Flats zone.

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix B: Zone Summaries
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In Storm Today and at
High Tide in 2100
0.35 km2 of flooded area
No Residences Damaged

In Storm in 2100
0.98 km2 of flooded area
31 Damaged Buildings*
with an estimated loss of
$95.1M

FALSE CREEK
Site Description
•
•
•
•

•
•
•
•
•
•
•
•

Seawall will be inundated during a flood event.
Significant inundation stretches inland in the Olympic Village with depths of up to 100 cm
are anticipated.
Residential condos in the Olympic Village will be affected by flooding. They have been
constructed to a higher FCL than lands west of Cambie Bridge.
New residential buildings are expected in the lots east of Cambie Bridge and in Southeast
False Creek, which will see up to 100 cm flood depths. The lot at Northeast False Creek
will be affected if freeboard is considered.
The Southeast False Creek NEU is in the flood zone.
Creekside Community Centre will be affected by flooding.
Park land, including Creekway, Habitat Island, Creekside Park will be inundated during a
flood.
Science World itself will experience flooding of its deck and surroundings.
W 2nd Avenue will remain relatively clear of floodwaters, but Quebec Street will be
inundated.
The marina at the Plaza of Nations will be affected by flooding, but not significantly by
waves (less than 0.2 m). The Aquabus/False Creek Ferries docks will be inundated.
If freeboard is included, Andy Livingstone Park, the BC Hydro Murrin Substation, the
Chinese Community Policing Centre, BC Place and Pacific Boulevard will be affected.
Evacuation route of W. Georgia St to Prior or Terminal St. will be affected by flooding, if
freeboard is considered.

24 Residences Damaged
(All Multi-Family)
*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater

In Storm Today and
at High Tide in 2100
0 km2 of flooded area
No Damaged Buildings
No Residences Damaged

In Storm in 2100
1.44 km2 of flooded area

No Residences Damaged

FALSE CREEK FLATS
Site Description
•

Almost all of this area will be inundated if freeboard is included due to its low relief (flat
topography).
o
Rail transport will be disrupted by flooding, affecting both movement of goods
and people.
o
Produce warehouses will be affected.
o
Strathcona Park and the community gardens will be affected.
o
Parts of Terminal Ave, Great Northern Way and Main St. will be affected.
o
Great Northern Way Campus (with its art and digital media hub) in this flood
zone.
o
A police station (located near National Ave and Chess St.) will be affected.
o
Pacific Central station, which is a railway station and Greyhound terminal will be
affected, as will the Rocky Mountaineer Station.

Site Constraints
•

Maintaining industrial uses in the area.

*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater

In Storm Today and at
High Tide in 2100
0.12 km2 of flooded area

No Residences Damaged

In Storm in 2100
0.19 km2 of flooded area
26 Damaged Buildings*
with an estimated loss of
$57.4M

GRANVILLE ISLAND
Site Description
•
•

•
•
•
•
•

Under future flood event the entire island will be inundated with up to 0.5 m flood
depths.
Flooding affects half the island even under ‘present with storm’ conditions and
‘future without storm’ conditions. During King Tides, the island experiences
flooding by stormwater backups.
Major tourist and commercial hub within the City.
Emily Carr University is in the flood zone; what will replace it when it moves?
False Creek Community Centre is also in the flood zone.
Sutcliff Park is in the flood zone.
Marinas (including boats) offshore will experience flood damage. The adjacent
seawall will be affected, including by waves.
The on-ramps to Granville Bridge and Burrard Bridge are NOT affected.

Site Constraints
•
•

Jurisdictional; Federal (CMHC) lands within the City of Vancouver.
Balancing structural flood protection options with recreational uses that enhance
liveability and aesthetic (views) concerns.

6 Residences Damaged
(All Multi-Family)
*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater

In Storm Today and at
High Tide in 2100

1.71 km2 of flooded area
70 Damaged Buildings* with an
estimated loss of $23.2M
1 Residences Damaged (SingleFamily)
(

In Storm in 2100

2.21 km2 of flooded area
180 Damaged Buildings* with an
estimated loss of $200M

FRASER INDUSTRIAL
Site Description
•
•
•
•
•
•

Largely industrial neighbourhood with many businesses that historically used the
Fraser River for boat access. It is now a diverse industrial and commercial area.
Translink operates a large bus yard at the western fringe.
A BC Hydro substation is located near the Marine Drive skytrain.
Alternate mixed-use developments are proposed (and being built) near the
skytrain station.
The CoV owns some of the waterfront lots along this reach.
A rail corridor runs parallel to the river.

Site Constraints
•
•

Jurisdictional/land ownership.
Maintaining industrial uses and boat access where needed.

3 Residences Damaged
(Most Multi-Family)
*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater

In Storm Today and at
High Tide in 2100
0.41 km2 of flooded area
1 Damaged Building*
No Residences Damaged

In Storm in 2100
0.64 km2 of flooded area
7 Damaged Buildings*
with an estimated loss of
$3.6M

EAST FRASER LANDS
Site Description
•
•
•
•

Primarily a neighbourhood of newer multi-family residences and a waterfront
restaurant.
Two CoV parks (Gladstone and Riverfront) are within this reach and would be
severely impacted by flooding in the present day and in future.
There is a natural gas facility in this reach.
A rail corridor runs parallel to the river.

Site Constraints
•
•
•

Jurisdictional/land ownership.
Maintaining industrial uses and boat access where needed.
Balancing structural flood protection options with recreational uses that enhance
liveability and aesthetic (views) concerns.

3 Residences Damaged
(All Multi-Family)
*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater

In Storm Today and at
High Tide in 2100

3.50 km2 of flooded area
383 Damaged Buildings* with an
estimated loss of $93.5M
309 Residences Damaged (All
Single-Family)

In Storm in 2100

3.86 km2 of flooded area
469 Damaged Buildings* with an
estimated loss of $101M

SOUTHLANDS
Site Description
•

•
•
•
•

Primarily residential neighbourhood, much of which is within the ALR. There are
also two golf courses and several parks. Under present day and future flood
scenarios large swaths of land are inundated.
Hazus modelling showed extensive losses, both from damages to buildings and
to disturbance to people who would have to evacuate or retreat.
Existing protection in this area includes some non-standard diking.
This area also includes Deering Island; a residential neighbourhood that would
be inundated.
There are two storm outfalls within this reach.

Site Constraints
•
•
•

Jurisdictional, if a comprehensive solution for the whole foreshore is considered;
the Musqueam reserve lies to the west of the site.
Balancing structural flood protection options with recreational uses that enhance
liveability and aesthetic (views) concerns.
Property values?

391 Residences Damaged
(All Single-Family)

*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater

In Storm Today and
at High Tide in 2100
0.18 km2 of flooded area

In Storm in 2100
0.28 km2 of flooded area
50 Damaged Buildings
with an estimated loss of
$14.6M

KITSILANO
Site Description
•
•
•
•
•
•
•

Seawall, and adjacent beach with no seawall, will be inundated during a flood
event, including impact from large waves (0.3 – 0.6 m).
Flooding of single-family homes and apartment buildings along Arbutus St of up
to 200 cm.
Flood would inundate Kitsilano Beach and Park and Kitsilano Pool; Hadden Park;
and Vanier Park.
Maritime Museum will experience some flooding. City of Vancouver Archives,
Museum of Vancouver, and HR MacMillan Space Centre are on the flood fringe.
Boathouse restaurant on Kitsilano Beach would be affected.
Kitsilano Yacht Club (including boats) may experience flood damage.
If freeboard is considered, there would be some disruption of commercial land
uses along Cornwall Ave.

Site Constraints
•

Balancing structural flood protection options with recreational uses that enhance
liveability and aesthetic (views) concerns.

44 Residences Damaged
(Many Multi-Family)
*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater, especially when
considering wave damage

In Storm Today and
at High Tide in 2100
0.45 km2 of flooded area
29 Damaged Buildings
with an estimated loss of
$5.8M
20 Residences Damaged

In Storm in 2100
0.57 km2 of flooded area

JERICHO
Site Description
•
•

•
•
•
•

Beach path will be inundated during a flood event, including attack by waves of
up to 0.6 m.
Flooding extends inland a distance, such that there will be inundation of singlefamily homes along NW Marine Drive of up to 200 cm. Flooding affects large
swath of land even under ‘present with storm’ conditions and ‘future without
storm’ conditions.
Flood would inundate Jericho Beach Park, Locarno Beach Park and Locarno
Park.
Royal Vancouver Yacht Club/Jericho Sailing Centre (including boats) may
experience flood damage.
Youth hostel, West Point Grey Community Centre are in the flood zone.
English Bay and Alma-Discovery sewer outfalls are in the flood zone.

Site Constraints
•

Balancing structural flood protection options with recreational uses that enhance
liveability and aesthetic (views) concerns.

45 Damaged Buildings
with an estimated loss of
$13.4M
33 Residences Damaged

In Storm Today and
at High Tide in 2100
0.13 km2 of flooded area
No Damaged Buildings

In Storm in 2100
0.15 km2 of flooded area
3 Damaged Buildings
with an estimated loss of
$185k

SPANISH BANKS
Site Description
•
•
•
•

Beach shore will be inundated during a flood event, including
impact from large waves (0.3 – 0.6 m).
Flooding of NW Marine Drive of up to 1 m.
Flood would inundate Spanish Banks (and concession stand).
High ground shoreward of NW Marine Drive means that flooding
will not affect homes.

Site Constraints
•
•

Balancing structural flood protection options with maintaining
beach access and aesthetic (views) concerns.
Limited land available for structural flood protection options.

No Residences Damaged

In Storm Today and at
High Tide in 2100
0.03 km2 of flooded area
No Damaged Buildings*
No Residences Damaged

In Storm in 2100
0.08 km2 of flooded area
3 Damaged Buildings*
with an estimated loss of
$28.2M

COAL HARBOUR
Site Description
•
•

•
•
•

Marinas (including boats) offshore will experience flood damage.
Seawall would be inundated by 50-100 cm flood depths. Adjacent
parks, including Devonian Harbour Park and Harbour Green Park,
could see up to 50 cm flood depths.
Flood (both without and with freeboard) would affect residential
buildings and commercial on streetscape along seawall.
Westin Bayshore Hotel is in flood zone.
Coal Harbour Community Centre is on flood fringe.

Site Constraints
•
•
•

Balancing structural flood protection options with recreational uses
that enhance liveability and aesthetic (views) concerns.
Property values?
Limited land available for structural flood protection options.

1 Residence Damaged
(Multi-Family)
*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater

In Storm Today and at
High Tide in 2100
0.09 km2 of flooded area
1 Damaged Buildings*
No Residences Damaged

In Storm in 2100
0.26 km2 of flooded area
2 Damaged Buildings*
with an estimated loss of
$2.6M

WATERFRONT
Site Description
•
•
•
•
•

•
•

*Based on data available at time of analysis.
Significant data gaps exist. True value is

Major transportation hub exists in flood zone, including: Skytrain station, Canada Line
likely much greater
station/tunnel infrastructure, SeaBus station, WestCoast Express station, Helijet terminal,
float plane terminal, cruise ship terminal, CN rail yard.
50-200 cm flood depths expected in the area around Waterfront Road, including rail yard,
under future flooding. Impact of waves of 0.2 to 0.6 m also a consideration. Flood inundates
area even under ‘present with storm’ conditions and ‘future without storm’ conditions.
Canada Place (including hotel) and Crab Park are in the flood zone (when include
freeboard).
Note that flooding may affect infrastructure that is located below elevated structures (e.g.
tunnels, parkades). Depths and extents of flooding in these areas are not represented in
the maps.
Historic buildings in Gastown and Chinatown will be affected by flooding, as well as some
non-market housing.

Site Constraints
•
•

1 Residence Damaged
(Multi-Family)

Jurisdictional – Port lands, CoV lands, CN lands, Translink infrastructure
Balancing structural flood protection options with recreational uses that enhance liveability
and aesthetic (views) concerns.
Property values?
Limited land available for structural flood protection options.

In Storm Today and at
High Tide in 2100
0.12 km2 of flooded area
No Damaged Buildings*
No Residences Damaged

In Storm in 2100
0.19 km2 of flooded area
26 Damaged Buildings*
with an estimated loss of
$57.4M

PORTLANDS
Site Description
•

•
•
•

Extent of future flooding is limited to Port Lands, but transportation
corridors of Commissioner St, Stewart St and Powell St are along
flood fringes. Cambridge Park is also at fringe.
Container terminal activity will be disrupted by flooding.
Waves have an impact along edges of terminal.
Clark Drive and Vernon Relief sewer outfalls are in the flood zone.

Site Constraints
•

Jurisdictional, as Port lands (Federal) abut City of Vancouver
(municipal) land.

6 Residences Damaged
(All Multi-Family)
*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater

In Storm Today and at
High Tide in 2100
0.12 km2 of flooded area
No Damaged Buildings*
No Residences Damaged

In Storm in 2100
0.19 km2 of flooded area
26 Damaged Buildings*
with an estimated loss of
$57.4M

BRIGHTON BEACH
Site Description
•

•
•
•

*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater

Under future flood event large portions of New Brighton Park,
including the pool and fieldhouse are under water. Creekway Park
is within the flood fringe.
The Cascadia Terminal to the east of the park will also be
affected.
Cassiar St. sewer outfall is within the flood zone.
Creekway Park is on the flood fringe.

Site Constraints
•
•

6 Residences Damaged
(All Multi-Family)

Contaminated Site
Inter-jurisdictional issues, with portions owned separately by PMV
and CoV.

In Storm Today and at
High Tide in 2100
0.88 km2 of flooded area
No Damaged Buildings*
No Residences Damaged

In Storm in 2100
1.03 km2 of flooded area
3 Damaged Buildings* with
an estimated loss of $0.5M

WEST END/STANLEY PARK
Site Description
•
•
•
•
•
•
•
•

Seawall and foreshore will be inundated during a flood event, including by waves of up to
0.6 m.
Road access along Stanley Park Drive will be affected. If freeboard is included, flood
extents will affect the approach to the Stanley Park causeway, which provides access to
and from the North Shore.
Marinas (including boats) offshore will experience flood damage, and be affected by large
waves.
The whole of Deadman’s Island, which is home to the HMCS Discovery Base, will be
inundated during a flood event.
More inland parts of the park will be inundated, including seaward of the totem poles and at
Lumberman’s Arch (and waterpark).
Brockton Pt. sewer outfall is in the flood zone.
Second Beach (pool and café building) will be inundated and impacted by waves, as will
Sunset Beach and adjacent park area. The Aquatic Centre would also be affected by
flooding.
Future flooding may (re-)open the hydraulic connection between the ocean and Lost
Lagoon, potentially altering its habitat and ecosystem.

Site Constraints
•
•

Jurisdictional; Federal (DND) lands within the City of Vancouver.
Balancing structural flood protection options with recreational uses that enhance liveability
and aesthetic (views) concerns.

No Residences Damaged
*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater

In Storm Today and
at High Tide in 2100
0.07 km2 of flooded area

In Storm in 2100
0.07 km2 of flooded area
*Based on data available at time of analysis.
Significant data gaps exist. True value is
likely much greater, especially when
considering wave damage

POINT GREY ROAD
Site Description
•
•
•
•

Beach shore will be inundated during a flood event, including
impact from large waves (0.3 – 0.6 m).
Flooding of single-family homes along shoreline of up to 200 cm.
Flood would affect several parks along shoreline, including Point
Grey Park and Margaret Piggot Park among others.
Balaclava St. sewer outfall is in the flood zone.

Site Constraints
• Balancing structural flood protection options with maintaining
beach access and aesthetic (views) concerns.
• Property values?
• Limited land available for structural flood protection options.
• Public optics following bike path installation?

Appendix C
Workshop Agendas

CFRA Adaptation Working Group (AWG) Meeting
September 23, 2014
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!
!
!

Agenda – CFRA Adaptation Working Group (AWG) Meeting
Tuesday,)September)23,)2014,)255pm)
507)W)Broadway)5)5th)floor)RM)511))
Cityscape)Conference)Room)
!
2:00$ Introductions$
)
Consultants$
Lee!Failing!–!CompassRM!
Graham!Long!–!CompassRM!
Christian!Beaudrie!9!CompassRM!
Tamsin!Lyle!–!Ebbwater!
Charlene!Menezes!–!NHC!
Glen!Shkurhan!–!Urban)Systems!
!
!
!
!
$
2:10$
•!
$
2:30$
•!
!
2:45$
•!
!
4:35$
•!
•!
!
4:50$
•!
$
5:00$
$

City$of$Vancouver$
Dane!Doleman!
Doug!Manarin!!
Mark!Schwark!
Brad!Badelt!!
Paula!Huber!!
Kirsten!Behler!!
Katherine!Isaac!
Karima!Mulji!
Pat!Ryan!!
Doug!Smith!!
!

Role/DepartmentStreets,)Structures)
Infrastructure)
Sewer)
Project)Manager)
Planning)(Downtown))
Planning)(Vancouver)South))
Parks)
Engineering)Projects)
Buildings)
Sustainability)
)

Overview$of$Phase$II$Proposal$
Compass!to!provide!a!brief!overview!of!the!proposed!approach!to!Phase!II!work!
Brief$Recap$of$Phase$I$
Brief!recap!of!Phase!I!findings!to!bring!new!AWG!members!up!to!speed!
Review$and$Feedback$on$Draft$Objectives$&$Adaptation$Options$
Working!session!to!review!and!revise!draft!objectives!and!adaptation!options!in!preparation!for!
the!upcoming!ASC!meeting!and!Workshop!#1!!
Preparation$for$Workshop$#1$–$Objectives$&$Adaptation$Options$
Confirm!participants!for!the!Adaptation!Advisory!Group!(AAG)!
Discuss!timeline!and!steps!for!preparation,!scheduling!for!ASC,!AWG,!and!AAG!meetings!
Next$Steps$
Clarify!follow9up!items!$
Close$
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CFRA Adaptation Steering Committee (ASC) Meeting
September 26, 2014
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Meeting Agenda
Coastal Flood Risk Assessment
Adaptation Steering Committee
September 26, 2014 (11:00am-Noon)
City Hall - 2nd Floor Business Centre Meeting Room

Purpose: Provide a summary of work completed in Phase 1 of Coastal Flood Risk
Assessment and outline the process and desired outcomes for Phase 2.
Committee members:

Sadhu Johnston
Brian Crowe
Taryn Scollard
Robert Bartlett
Daniel Stevens
Pat Ryan
Yvonne Liljefors
Jane Pickering
Kevin McNaney
Doug Smith

Agenda:
1. Introductions (5 mins)
2. Phase 1—Coastal Flood Risk Assessment (15 mins)
•

Summarize the results from the first phase of the CFRA, including flood
analysis, vulnerability assessment and potential impacts

•

Identify gaps or areas that might require additional work in the future

•

Update on FCL’s

3. Phase 2—Coastal Flood Risk Assessment (40 mins)
•

Proposed process and timeline

•

High-level discussion of adaptation options and evaluation criteria

4. Next steps

bb.
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CFRA Adaptation Working Group (AWG) Meeting
October 27, 2014
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Agenda – CFRA Adaptation Working Group (AWG) Meeting
Monday, October 27, 2014, 1-3pm
507 W Broadway - 5th floor RM 511
Cityscape Conference Room
1:00

Introductions

Consultants
Lee Failing – CompassRM
Graham Long – CompassRM
Christian Beaudrie - CompassRM
Tamsin Lyle – Ebbwater

City of Vancouver
Dane Doleman
Doug Manarin
Mark Schwark
Brad Badelt
Holly Sovdi
Paula Huber
Kirsten Behler
Katherine Isaac
Karima Mulji
Matthew Lam
Doug Smith

Role/Department
Structures
Streets
Sewers
Sustainability
Planning (Downtown)
Planning (Midtown)
Planning (Vancouver South)
Parks
Engineering Projects
Buildings
Sustainability

1:10
•
•
•

Summary of Alternatives
Presentation of eight basic strategies
Presentation of selected strategy by neighbourhood
Discussion amongst group – are we working with the right strategies?

1:40
•

Objectives and Measures
Presentation of selected measures used to compare strategies (including means to consider
extreme and more-frequent events)
Discussion amongst group – are these appropriate measures? How can the City help us populate
the tables?

•

2:10
•

Example of Consequence Table
Discussion of a sketch consequence table for a neighbourhood

2:30
•

Example of a Trade-off analysis
Demonstration of a trade-off analysis exercise for a neighbourhood

2:45
•

Next Steps
Clarify follow-up items

3:00

Close
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CFRA External Stakeholder Advisory Group (ESAG) Meeting
March 30, 2015
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Coastal Flood Response Planning Workshop
Monday, March 30, 2015, 8:30 am – 12 pm
Creekside Community Centre (Multi-purpose Room #4)
1 Athlete’s Way
Participants
City of
Vancouver
Dane Doleman
Doug Manarin
Mark Schwark
Jennifer Draper
Brad Badelt
Holly Sovdi
Kirsten Behler
Pat Ryan
Clarence Lai
Katherine Isaac
Doug Smith

Department

Guest

Organization

Structures
Streets
Sewers
Major Projects
Sustainability
Planning (Downtown)
Planning (Vancouver South)
Buildings
Emergency Management
Parks
Sustainability

Ed Mah
Brent Burton
Sev Araujo

BC Hydro
Metro Vancouver
CMHC, Granville Island

Matt Osler
Mo Mofrad /
Sean Smith
Jeff Fisher /
Jonathan Meads
John Oakley
Deb Harford
Neil Peters /
John Pattle
Jackie Yip
Nicky Hastings

City of Surrey
Port Metro Vancouver

Consultants
Tamsin Lyle – Ebbwater
Graham Long – CompassRM
Christian Beaudrie – CompassRM
Charlene Menezes – Northwest Hydraulic Consultants
Glen Shkurhan – Urban Systems

8:30-8:40 Welcome and Introductions
8:40-8:55 Phase 1—Coastal Flood Risk Assessment Presentation
8:55-9:15 Phase 2—Coastal Flood Risk Assessment Presentation
9:15-10:45 False Creek: Options Exercise and Discussion
10:45-10:55 Break
10:55-11:45 Fraser Industrial: Options Exercise and Discussion
11:45-12:00 Wrap up, What’s next
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Urban Development Institute
TransLink
SFU
BC Ministry of Forests, Lands and
Natural Resource Operations
UBC
Natural Resources Canada

CFRA External Stakeholder Advisory Group (ESAG) Meeting
June 9, 2015
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Coastal Flood Response Planning Workshop
Tuesday,)June)9,)2015,)8:30)am)–)12)pm)
Creekside)Community)Centre)(Multi@purpose)Room)#4))
1)Athlete’s)Way)
!
Participants!
City!of!Vancouver!

Department!

Guest!

Organization!

Dane%Doleman%
Doug%Manarin%%
Mark%Schwark%
Jennifer%Draper%
Brad%Badelt%%

Structures%
Streets%
Sewers%
Major%Projects%
Sustainability%%

Ed%Mah%
Ben%Peco%
Brent%Burton%
Sev%Araujo%
Matt%Osler%

BC%Hydro%
BC%Hydro%
Metro%Vancouver%
CMHC,%Granville%Island%
City%of%Surrey%

Holly%Sovdi%

Planning%(Downtown)%

Mo%Mofrad%/%Sean%Smith%

Port%Metro%Vancouver%

Pat%Ryan%
Katherine%Isaac%

Planning%(Vancouver%
South)%
Buildings%
Parks%

Jeff%Fisher%/%Jonathan%
Meads%
John%Oakley%%
Deb%Harford%

Doug%Smith%

Sustainability%

Neil%Peters%/%John%Pattle%

Urban%Development%
Institute%
TransLink%
SFU%
BC%Ministry%of%Forests,%
Lands%and%Natural%
Resource%Operations%
UBC%
Natural%Resources%Canada%
Vancouver%Coastal%Health%
CN%Rail%

Kirsten%Behler%

Jackie%Yip%
%
Nicky%Hastings%
%
Claire%Gram%
%
Robert%Sewell%
%
Consultants!
Tamsin%Lyle%–%Ebbwater%
Graham%Long,%%Christian%Beaudrie%–%CompassRM%
Charlene%Menezes%–%Northwest%Hydraulic%Consultants%
Glen%Shkurhan%–%Urban%Systems%
%
8:30>8:40!Welcome!and!Introductions!
%
8:40>9:25!Southlands:!Options!Exercise!and!Discussion!
%
9:25>10:10!Kitsilano:!Options!Exercise!and!Discussion!
!
10:10>10:20!Break!
!
10:20>11:05!Jericho:!Options!Exercise!and!Discussion!
%
11:05>11:50!Overview!of!approach!for!other!locations!
%
11:50>12:00!!Wrap!up,!What’s!next!

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix C: Workshop Agendas

C-10

Appendix D
Alternatives Summaries

FALSE CREEK AND THE FLATS

ALTERNATIVES
Strategy

Alternative

Protect

Sea Barrier

Protect

Raised Seawall

Protect

Partial Dike

Adapt

Adapt with Multiple Tools
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False Creek and Flats

CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY

Location

False Creek and Flats

Adaptation Approach

Protect

Adaptation Variation

Barrier

Prepared By

NHC

Date

March 11, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
The approach involves constructing a sea barrier at the mouth of False Creek to prevent coastal
flooding from causing damage to the significant number of assets in False Creek. It would be open
during normal conditions and closed in storm surge/high tide conditions to prevent coastal flooding.
This strategy is most frequently applied at narrow tidal inlets where the length of the structure is not
required to be so great and where defenses behind the barrier (e.g. seawall) can be reduced in height
or length.

Detailed Description
An alignment west of or at Burrard Bridge offers protection of the most assets to the east in False
Creek. The structure can have gates that swing laterally to close, or lowered vertically to close, or
swing from horizontal flush with the bed to vertical to act as a barrier to the flow. It requires a
simultaneous implementation of a water level monitoring and forecasting system so that the barrier is
moved into place before the event. Open under normal conditions, it allows tides and saltwater to enter
behind the barrier and allows continued use of waterways for boating.

Design Constraints
The right-of-way inland and along the shore at the preferred alignment will need to be secured. This is
more difficult to achieve east of the Burrard bridge due to the density of assets there. The Squamish
Nation has jurisdiction over a parcel of land underneath the southern on-ramp to the Burrard Bridge,
but this is narrow enough to be avoidable by shifting the alignment seaward.

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix D: Alternative Summaries

D-2

False Creek and Flats
Protect with Sea Barrier

Design Opportunities
The approach is adaptable to sea level rise scenarios greater than expected. If a portion of the barrier
were built to be a permanent structure (e.g. bridge crossing with gates below) at an alignment seaward
of Burrard Bridge, there would be an opportunity to establish a separate bike crossing to connect the
bike path directly between Sunset Beach (Stanley Park) and Kitsilano Beach.

Any Other Comments
There is potential to take advantage of the existing Burrard Bridge abutments to minimize engineering
design and costs and also minimize adverse visual impacts.

ADAPTATION APPROACH IMPACTS
Please note which measures will be impacted by the management action and which measures will be affected by the
action during a flood event. For example, the construction of a dike may impact the displacement of people in two
ways – first the dike itself may require the expropriation of homes (the management action impact) and the dike will
reduce the number people impacted during a flood event (event impact). This information will be used to inform the
development of consequence tables at a later date. There is no need to quantify or detail the impact, just to
acknowledge that there will or will not be an impact.
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

☒

Would avoid having to displace
people in buildings around False
Creek, depending on scale of a
flood event.

☒

Eliminates risk to daycare centre in
Olympic Village

☒

Eliminates the need for closures of
seawall and shoreline parks during
a flood event

☐

Reduces the impacts of storm and
sewer system backup on homes
and businesses

Comments
People

People
Displaced

☐

At-Risk
People
Impacted

☐

Park and
Recreational
Amenity Value

☒

Largely requires land
designated for park use, so no
major expropriation of homes is
expected

Possible adverse impacts to
navigation for recreational
boating community.
Minimal loss of parkland and
associated parking lots for
footprint of structure
Amenity value could be
increased by combining
structure with bike crossing

Loss of
Critical

☒

Metro Vancouver Sewer
Forcemain crossing seaward of
Burrard Bridge and pump
station in West End may need
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False Creek and Flats
Protect with Sea Barrier

Services or
Lifelines

Aesthetics

to be relocated accommodated
in barrier design

☒

Reduces the height of seawall
around the perimeter of False
Creek

Eliminates potential for BC Hydro
Murrin Substation and consequent
electricity availability to be
impacted by flooding
☐

Potential for adverse aesthetic
impacts if not congruent with
existing landscape
Could also improve aesthetics
if well-designed
Environment
Risk of
Contaminant
Release

☒

Possible reduction in water
quality (e.g. high coliform
levels) due to reduced flushing

☒

Reduces the risk of contaminated
sewer water (e.g. from Heather St
outfall)
Reduces risk of contaminant
release from heavy industryimpacted soils around False Creek

Environmental
Benefits

☐

☒

Eliminates potential for mould
damage to buildings and volume of
debris generated

Economy
Building
Stock

☒

Potential loss of Vancouver
Aquatic Centre building to
accommodate barrier structure

☒

Infrastructure

☒

Potential loss of some boat
slips to accommodate barrier
structure

☒

Eliminates risk to rail corridor in
False Creek Flats as well as transit
depot at Pacific Central Station
Reduces risk of damage to marina
facilities

Critical
Infrastructure

☐

☒

Eliminates risk to NEU facility
Eliminates risk to BC Hydro Murrin
Substation
Reduces potential for backup of the
storm sewer system during
flooding and/or high tides

Building
Contents and
Inventory

☒

Business
Disruption

☐

Potential loss of Vancouver
Aquatic Centre building (public
facility) to accommodate barrier
structure
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☒

Protection of industrial inventory
(e.g. luxury cars) in False Creek
Flats, and commercial contents and
inventory in Yaletown, Granville
Island and Olympic Village

☒

Reduced disruption to businesses
in Yaletown, Granville Island and
Olympic Village and hi-

False Creek and Flats
Protect with Sea Barrier

tech/education/auto industry in
False Creek Flats
Other
Emergency
Response

☐

☒

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To Height of sea barrier gate could either
changing
SLR upper bound of projected increases in

be constructed such that it is high enough to accommodate the
sea level rise. Alternatively, the gate could be made to be
adaptable such that the height can be increased in time as the need arises.

To a Limited to no ability to
different
decision barrier infrastructure.

be adaptable to different strategy in the future due to costs and scale of the

Ease of Implementation
Difficult to implement as it is a major capital cost and would require significant regulatory permitting
(e.g. DFO) and political will. As an upside, it is largely City-owned land on both sides of the inlet so
inter-jurisdictional coordination would be limited. However, because it would largely only protect CoV
land, there would be limited opportunity for cost-sharing (with the exception of CMHC’s Granville
Island).

Other Comments

COST ESTIMATES
Please provide high-level (Class D) costs in 2015 $ for the adaptation approach. Include structural, engineering,
property, environmental costs in addition to others that may be appropriate for the site and approach. Please also
include a 50% contingency in keeping with the Class D approach.

Summary
Capital Cost Estimate
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False Creek and Flats
Protect with Sea Barrier

Annual Maintenance Cost Estimate

$9.5M

Methodology Summary
A summary of existing storm surge barriers, their characteristics and costs were prepared. The
average construction cost per linear metre was determined to be roughly $1.4M. Based on an
assumed barrier length at False Creek of 360 m, the cost of a sea barrier for Vancouver is estimated to
be approximately $500M. After including a 50% contingency, the total capital cost is estimated to be
$750M. A range has been applied to this to address uncertainties.
The summary of existing barriers also included the operation and maintenance costs per year. This
averaged roughly $6M/y, and including the contingency, yields a total of $9.5 in annual costs. The
trend based on existing barriers is for the annual O&M cost to be a little over 1% of the construction
cost.

Limitations and Caveats
Besides the overall span of the barrier, capital costs will depend on the number of navigation and tidal
gates; the type of gate (vertical lifting, rotating, floating, flap, inflatable); the gate dimensions; the span
of the movable parts; the building materials (e.g. concrete/steel vs. inflatable rubber); and the presence
and number of locks.
Maintenance of barriers involves maintaining the gates, the hydraulic components, the electronic
system and the computer system to close the gates. There is also a cost for personnel to operate the
barrier and conduct periodic inspections. Maintenance costs are dependent on the type, size and
location of the barrier (e.g. if partially situated under water, costs may be higher), and are ultimately a
function of the complexity of the barrier.
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False Creek and Flats
Protect with Sea Barrier

CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTNERATIVE SUMMARY

Location

False Creek and Flats

Adaptation Approach

Protect

Adaptation Variation

Raising the seawall

Prepared By

Ebbwater Consulting

Date

February 18, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
We envision raising the seawall to FCL along the length of the False Creek edge from Granville Island
to the Aquatic Centre.

Detailed Description
This alternative involves raising the seawall to the flood construction level of 4.6 m GD along the length
of the False Creek edge, encompassing the entire seawall east of Burrard Bridge with a total length of
8.6 km. On average, the seawall would have to be raised by 2.3 m above the existing grade, and some
sections would require raising up as much as 6.3 m where the existing path is very low. The types of
treatment to increase the elevation would vary along the length of the path. In some locations, there
are currently large areas of public space where the raising of the seawall could be integrated into the
existing landscape. However, in other areas, the existing seawall abuts directly on structures, therefore
requiring a more engineered solution using concrete walls or other harder edges. No detailed or
scoping-level design was completed as part of this project

Design Constraints
In some areas, the raising of the seawall may overtime cause inland ponding. Some additional design
will likely be required in areas where existing buildings are close to the seawall, or where the Seawall is
a cantilevered structure. Property-Level-Protection solutions may also be required.
Raising the seawall may constrain park lands.
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False Creek and Flats
Protect with Seawall

Design Opportunities
A gradual raising of the seawall over time and in conjunction with required maintenance work will allow
for reasonable budgeting. This alternative also provides a lot of scope for creating public spaces and
public art.

Any Other Comments

ADAPTATION APPROACH IMPACTS
Please note which measures will be impacted by the management action and which measures will be affected by the
action during a flood event. For example, the construction of a dike may impact the displacement of people in two
ways – first the dike itself may require the expropriation of homes (the management action impact) and the dike will
reduce the number people impacted during a flood event (event impact). This information will be used to inform the
development of consequence tables at a later date. There is no need to quantify or detail the impact, just to
acknowledge that there will or will not be an impact.
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

Comments
People

Displacement
of People

☐

☒

Reduced displacement of people

@ Risk
populations
affected

☐

☒

Less effects on at risk people within
the area (Main Street)

Park/Amenity
Use

☒

Loss of park land due

☒

Reduced flooding of park land and
amenities

Loss of Use of
Services

☒

during construction phase

☒

Less flooding of critical infrastructure

Aesthetics

☒

during construction phase

☐

Environment
Contamination

☐

Ecosystems

☒

☒

Reduced flooding of industrial area

☐

Ecosystem disruption
Economy
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Building Stock

☐

☒

Reduced flooding

Infrastructure

☐

☒

Reduced flooding

Critical
Infrastructure

☐

☒

Reduced flooding

Inventory

☐

☒

Reduced flooding

Business
Disruption

☐

☒

Reduced flooding

☒

Reduced impacts on evacuation
routes

Other
Emergency
Response

☐

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To This approach is relatively to adaptable
changing
SLR considerable public space (Parks, etc.)
To a Raising the seawall
different
decision different decision

to changing levels of SLR, especially there is currently

doesn’t limit also completing an alternate option. It is therefore very adaptable to a

Ease of Implementation
This approach would be relatively easy to implement from a public and political perspective as it is just
a slight change to the status quo. There may however be some technical constraints, especially in
areas where the seawall abuts existing structures that will mean it will be difficult to implement from an
engineering and cost perspective.

Other Comments
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COST ESTIMATES
Please provide high-level (Class D) costs in 2015 $ for the adaptation approach. Include structural, engineering,
property, environmental costs in addition to others that may be appropriate for the site and approach. Please also
include a 50% contingency in keeping with the Class D approach.

Summary
Capital Cost Estimate

$300M to $400M

Annual Maintenance Cost Estimate

$4M

Methodology Summary
From Worley Parsons (2013): Order of Magnitude Cost Estimate Stanley Park and English Bay
Seawalls
Reconstruction:
-

Wall Height > 2.5 m: $12,500 / 1m

-

Wall Height < 2.5 m & > 1.0 m: $8,500 / 1 m

-

Wall Height < 1 m: $5,000 / 1 m

-

 Wall Height Increase ~ $5,000 / 1 m height increase

Wall Rehabilitation and Height Increase
-

Reinforced Concrete Retaining Wall without Facing: $3,000 / 1 m

-

Reinforced Concrete Retaining Wall with Facing: $2,000 / 1 m

-

Wall at Sensitive Areas: $10,000 / 1 m

From (Delcan, 2012):
-

Construction of Sea Wall: $5,000 / 1 m

Estimation for 7200 m of Seawall (from East of Granville Island to Aquatic Centre)
-

Reconstruction Wall Height > 2.5 m: $90 Mio. (Worley Parsons, 2013)

-

Wall Height < 2.5 m & > 1.0 m: $61.2 Mio. (Worley Parsons, 2013)

-

Wall Height < 1 m: $5,000 / 1 m: $36 Mio. (Worley Parsons, 2013)

-

Seawall construction: Wall Height 1.5 m, $5,000 / 1 m: $36 Mio. (Delcan, 2012)

An existing seawall profile, pulled from 2013 LiDAR was then compared to the required elevation (4.6
m GD) in 100 m segments. A total cost to raise each segment based on the above was calculated.
Total Cost as per above = $85M
Multiplied by 3 to account for seismic requirements = $255M (multiplier provided by MFLNRO IOD,
April 2015)
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Add 50% Contingency = $380M, use range $300M-$400M in consequence tables
Assume annual maintenance is 1% of capital cost

Limitations and Caveats
Estimates are very high level, and should be used for discussion only. More refined estimates would
involve a more detailed design that would account for variations in current seawall construction, space,
etc.

References
Delcan. (2012). Cost of Adaptation - Sea Dikes & Alternative Strategies, (October).
Worley Parsons. (2013). Internal City Document.
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY

Location

False Creek and Flats

Adaptation Approach

Protect

Adaptation Variation

Partial Dike

Prepared By

Urban Systems

Date

March 23, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
Involves raising existing sidewalks and cycle lanes along the west side of Quebec Street from 1st
Avenue to Pacific Avenue. The height of rising ranges from 0.3 m to 0.7 on average. It is expected that
most of the length will involve retaining walls and guardrails.

Detailed Description
If necessary, provide a detailed description (1-3 paragraphs) of the approach. Add images as appropriate.

Design Constraints
There are relatively few constraints, other than property lines and existing features within the proposed
corridor that may need relocation or adjustment. It is anticipated that all works can be completed with
minimal impact and without property acquisition.

Design Opportunities
The top of proposed structure will remain as a pedestrian and cycle route.
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Any Other Comments
See attached concept figure and cost estimate.
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ADAPTATION APPROACH IMPACTS
Please note which measures will be impacted by the management action and which measures will be affected by the
action during a flood event. For example, the construction of a dike may impact the displacement of people in two
ways – first the dike itself may require the expropriation of homes (the management action impact) and the dike will
reduce the number people impacted during a flood event (event impact). This information will be used to inform the
development of consequence tables at a later date. There is no need to quantify or detail the impact, just to
acknowledge that there will or will not be an impact.
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

Comments

People
People
Displaced

☐

☒

At-Risk
People
Impacted

☐

☐

Park and
Recreational
Amenity Value

☒

☒

Loss of
Critical
Services or
Lifelines

☐

☐

Aesthetics

☒

☒
Environment

Risk of
Contaminant
Release

☐

☐

Environmental
Benefits

☐

☐
Economy

Building
Stock

☐

☒

Infrastructure

☐

☒

Critical
Infrastructure

☐

☒

Building
Contents and
Inventory

☐

☒
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Business
Disruption

☐

☒
Other

Emergency
Response

☐

☒

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To This option
changing
SLR defined.

is highly adaptable, however further changes may have greater impacts than as currently

To a This option involves a comparably low investment (particularly when excluding the pump station)
different
option should the City decide to later implement another solution for the general area long term.

Ease of Implementation
As a general statement, this option is easy to implement. There are expected to be some minor
adjustments required to existing utilities and other surface features. Maintaining pump access and
safety during construction will be important.

Other Comments

COST ESTIMATES
Please provide high-level (Class D) costs in 2015 $ for the adaptation approach. Include structural, engineering,
property, environmental costs in addition to others that may be appropriate for the site and approach. Please also
include a 50% contingency in keeping with the Class D approach.

Summary
Capital Cost Estimate

City of Vancouver Coastal Flood Risk Assessment - Phase 2
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Annual Maintenance Cost Estimate

$5,000 (excluding pump station)

Methodology Summary
For construction values, geometry of dikes were estimates and broken down into the key construction
element (eg. fill, surfacing, retaining walls, etc.). Estimated unit costs were assigned to each element,
including an allowance for engineering and contingencies.
Unit Costs:

Unit Costs (including 50% E&C)
Top surface ($/m2)

- gravel (100) $
20
ad pavement (150 base + 80 asphalt) $
65
th pavement (100 base + 50 asphalt) $
50
- concrete sidewalk (100 base +
100 conc) $
85
Compacted fill ($/m3)
$
60
Water side retaining wall (see note
below) ($/ m2 face area)
$
450 + $500 per lin met
Land side retaining wall (not water
resistance and no special footing) AllanBlock type ($ / m2 face area,
includes base)
$
525
Small local pump station
$ 1,500,000
Medium communal pump station
$ 3,750,000
Large communal pump station
$ 5,000,000
Land ($/m2)
$
Topsoil and Grass ($/m2)
$
25
Water side rip rap (Class 3, 1 m
thick) ($/m2)
$
75 based on $75 per
Guard railing for peds / cyclists ($/
lin. M)
$
250
Stripping and removals
$
20
concrete curb and gutter redo
$
75
Water Side Wall assumes 1.5 m wide x 0.3 m thick footing, burried 0.6

Dimensions and Costs:

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix D: Alternative Summaries

D-17

False Creek and Flats
Protect with Partial Dike

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix D: Alternative Summaries

D-18

False Creek and Flats
Protect with Partial Dike

$ 159,530

$ 237,332

42,000
18,000
18,900
46,080
60,984
34,200
17,168

$
$
$
$
$
$
$

20,000
12,000
9,000
44,800
34,080
19,000
20,650

Fill

Stripping and
removals

$
$
$
$
$
$
$

Pump Station?
Totals

$

$
$
$
$
$
$
$

342,750

50,000
39,000
22,500
80,000
60,000
47,500
43,750

Top Surface

Segment

965

200
30
90
160
120
190
175

0.7
0.5
0.7
0.4
0.7
0.6
0.3

$

$
$
$
$
$
$
$
27,251

8,158
6,641
12,451
$

$
$
$
$
$
$
$
14,799

8,158
6,641
129,200

$

335,100

63,900

$

$

142,000

$

0
0
0
5
3
0
3

Water
Side

$

$
$

$

$

0
0
0
5
3
0
0
3956

700
300
315
768
1016
570
286

193,988

59,850
27,563

33,075

73,500

$

$
$

$

$

283,750

95,000
43,750

45,000

100,000

Guardrails

Estimated Costs

5
20
5
14
14
5
6

$
$
$
$
$
$
$
$ 5,000,000
$ 5,000,000

Pump
Stations

7977

1000
600
450
2240
1704
950
1033

$

$

$

$

$
$
6,750 $
$
$
14,250 $
$
$
36,000 $
Cost per km of barrier

15,000

1000
600
450
1600
1200
950
875

Private Land

paved pa
parking l
paved pa
paved pa
paved pa
paved pa
paved pa

Special
Allowance

0

0
0
0
0
0

Physica Land Acquisition
Top
Base
Fill
l
Width Volume
Footpri Width Acquisit
(m)
(m3)
nt (m2) (include ion Surface Area
Type
(m2)
s1m
Area

Land Side
Wall

Land
Side

"H" side slopes
H:1

Water Side
Wall

5
20
5
10
10
5
5

Top
width
(m)

Water Side
Land Side
Bank Surface Bank Surface

1
2
3
4
5
6
7

Averag
e
Length
Height
(m)
(m)

Quebec Street - 1st Avenue to Pacific

592

326
266

Land
Side
Bank

Large

Size

1

Numbe
r of
units

Special Allowance Description.

114
53

63

63

114

140

Land
Side
(m2)
140

Water
Side
(m2)

$ 442,500 roadway curb and gutter redo
$
69,000
$ 199,125 roadway curb and gutter redo
$ 187,197
$ 168,346
$ 399,000 roadway curb and gutter redo
$ 165,331
$ 5,000,000
$ 6,630,499
$ 1,689,636 without pump station
$
4,825 annual maintenance (on average)

Total

758

166

326
266

Water
Side
Bank

Sloped Banks aining Wall Face A Pump Station

Final cost of dike was multiplied by 3 to account for seismic requirements as per suggestion of BC
Ministry of Forests Lands and Parks.

Limitations and Caveats
The costs are very high level (order of magnitude) for purposes of conducting a relative comparison of
options. The values are not sufficient for capital planning. It is believed that all works will be contained
in public right of ways, therefore no land acquisition costs are included. The dike construction costs do
not include any ground improvements for seismic stability nor do they include any environmental
impact compensation, if they occur. Allowances for incidentals such as road adjustments, pump
stations and local drainage improvements is a judgment only. A dedicated study would be required
should the City wish to explore this option further.
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION OPTION SUMMARY
Location

False Creek and Flats

Adaptation Strategy

Adaptation

Adaptation Alternative

Adapt with Multiple Tools

Prepared By

Ebbwater

Date

March 3, 2015

ADAPTATION ALTERNATIVE DESCRIPTION
Summary Description
The adaptation alternative is based on the idea that coastal communities can accommodate occasional
inundation. Infrastructure, buildings, and communities are retrofitted or slowly changed over the natural
building cycle to be more resilient to flooding. This alternative can include a broad base of educational,
planning, and building options.

Detailed Description
The adaptation alternative incorporates multiple ideas with the aim of, over time, creating zones that can
accommodate occasional flooding. These include a broad base of educational, planning and building options.
For this project we have assumed that the 2015 Designated Floodplain Standards and Requirements are in
effect (i.e. 4.6 m FCL). In addition to this regulation, the specific options explored for this project include:
•
•
•
•
•

Bylaws prohibiting new critical infrastructure in the designated floodplain and protection or relocation of
existing critical infrastructure.
Raising of city services (roads, water utilities, etc.) over time.
Adjustments to building code to accommodate innovative strategies for property-level protection.
Education of property owners on individual structural responses for flood-proofing (flood gates, flood
barriers, stop-valves, etc.). This is supported by incentive programs, for instance, to encourage individuals
to flood-proof their homes.
Development and continued support for a flood warning system, including detection (monitoring and
forecasting), identification of thresholds to issue flood warnings, and dissemination of warnings to the
public. The warning system will warn residents and business owners of impending high ocean levels,
allowing them to minimize damage at an individual property level.

Design Constraints
Many of the options assumed for this alternative first require the implementation of a forecasting and warning
system. Second, this alternative is not immediately effective; it requires a long-term view, as the whole
planning program of the zone needs to change. This is particularly problematic in areas that are already built
up, and unlikely to see renewal in the coming decades. False Creek and the Flats have some historic areas
and some areas of new building stock that are unlikely to be rebuilt in the near future – these will require
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imaginative retrofits. In contrast, many other areas in this zone have not yet been developed or have older
building stock and can more easily be changed to reflect the actions described above.

Note: There is no fully attributed data set of building age available, and therefore only a portion of buildings
are coloured above. The buildings attributed with building age were used (and attributed) as part of the Hazus
modelling completed in Phase 1. Floodplain shown on map represents the very rare flooding event (0.2 %
AEP) in 2100.

Design Opportunities
The adapt alternative provides a variety of design opportunities as it is an extremely flexible alternative.
The options defined for the purposes of this project are relatively bare-boned, but still have some
positive externalities:
•

Adapt options can present a shift in strategy from ad-hoc reaction to coastal hazard to a more
holistic and proactive strategy (Linham & Nicholls, 2010). Adapt options provide many cobenefits as they can help to maintain natural landscape and create environmental habitat,
while offering opportunities for communities.

•

Opportunity to recreate lively and sustainable neighbourhoods in line with the “Liveable Cities”
concept (Chye et al., 2014).

•

Opportunity to create green spaces for recreational and environmental benefits, in which the
habitat of the natural floodplain is preserved, and where effects of floods are not transferred to
other locations.

•

Flood-proofing of buildings allows adaptation to living in the floodplain, where people can stay
living in their home areas and where communities are not sterilized for the majority of time
when they are not flooded. Flood-proofing is possible on an individual or community level and
is considered to allow a quick recovery and cleanup after floods (Linham & Nicholls, 2010).
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•

Adapt options minimize the additional land that would be needed for the construction of
seawalls or dikes.

•

They also allow more flexibility over time, in contrast to structural defenses, that, once they
are constructed, are difficult to change or to develop new management policies. In contrast,
adapt options provide opportunity to adapt slowly over time to different levels of sea level rise
and integrate new technologies.

•

Flood education increases awareness of floods in the population and can aid the public in
making good decisions with regards to flood risk reduction. It is important that appropriate
measures to reduce flood risk are well communicated to the communities before an
emergency. People thus learn to live with floods, in contrast to structural defenses that often
create a false sense of security on the landward side of a dike (Linham & Nicholls, 2010).

Specific design opportunities present themselves for the False Creek Zone because there are large areas that
are up for re-development in the near future. North-east False Creek and the False Creeks Flats are both
currently undergoing planning processes.

Any Other Comments

ADAPTATION ALTERNATIVE IMPACTS
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

Comments
People

People
Displaced

☐

☒

Fewer people displaced than for
baseline case

At-Risk
People
Impacted

☐

☒

Less impact than for baseline case.

Park and
Recreational
Amenity Value

☒

Potentially positive impact, as
natural floodplain habitat is
preserved and recreational
green space is created.

☐

As baseline

Loss of
Critical
Services or
Lifelines

☒

Flood-proofing or relocation of
critical services buildings is
necessary.

☒

Negative impacts will occur until
critical services are protected or
relocated.

Aesthetics

☒

Potential positive or negative
impact

☐

Environment
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Risk of
Contaminant
Release

☒

Flood-proofing or relocation of
potential risk sites is
necessary.

☒

Environmental
Benefits

☒

Potentially a positive impact,
especially if option is improved
with co-beneficial
environmental/recreational
features

☐

Potential impact until buildings are
relocated or protected.

Economy
Building
Stock

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Infrastructure

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Critical
Infrastructure

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Building
Contents and
Inventory

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Business
Disruption

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

☒

Costs are less than for baseline
case.

Other
Emergency
Response

☒

Detailed development of an
emergency response plan is an
important part of the Adapt
strategy.

Public education will help to
prepare the public for an event of
emergency.

ADAPTATION ALTERNATIVE IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To This alternative has a high adaptability to changing SLR and can be implemented in stages. For
changing
SLR instance, FCLs are relatively adaptable as they can be raised over time as SLR predictions are

updated.
To a This alternative allows later adaptation to different
different
decision structural changes, such as building a dike.
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Ease of Implementation
The adaptation alternative incorporates many different facets, including regulatory, educational, and
planning options. The ease of implementation varies across these options, but in general and in
comparison to other more structural options, adaptation options are considered to have a high to
medium ease of implementation in the adaptation literature.

Other Comments
It should be noted that City staff did not feel that this option would be easily implemented; it scored an
average of 1.5 (where 1 is a no-go, and 5 describes a project that is easily implementable).

COST ESTIMATES
Summary
Capital Cost Estimate

$M 338

Annual Maintenance Cost Estimate

$M 0.55

Methodology Summary
Each of the elements outlined above as part of the adapt alternative were costed at a high level. Many
of the elements are new ideas, with few, if any, precedents. And, as such many assumptions have
been made. However, the order-of-magnitude costs presented here are robust enough for the relative
comparison that they are used for in the structured decision making process.
Capital Costs
Protection or Relocation of Critical Infrastructure. This cost is coarsely calculated as this number
of critical infrastructure in floodplain x $1M. The $1M cost was derived from reporting on retrofit costs
for flood protection from the European Union (Vermeer, 2013), The number of critical infrastructure in
the zone floodplain was calculated in GIS as described in Appendix E.
Raising of City Services. As described in Appendix E, a weighted-roads measure was used as a
proxy for City assets in the zone. Similarly the cost of raising City services was calculated as a
function of the weighted-roads measure and a cost of $10,000/m. This approximate cost was provided
by the City Streets Department (in 2013 as part of the Phase 1 work) as the marginal cost to raise
roads over and above the normal costs for repair and maintenance.
Policy Costs
Regulatory Changes. Regulatory changes are proposed as part of this alternative and include
changes to the building code to allow for innovation in flood-resilient building. An initial cost of $20,000
is assumed for this; this is based on discussions with the District of North Vancouver who recently
revamped their hazards policies.
Program Costs
Warning Program. The adapt alternative is contingent on the development and long-term support of a
monitoring and warning system. This system could easily be scaled-up to be Citywide, however for the
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purposes of this exercise, we have assumed that the cost would be assigned to the False Creek
neighbourhood only. An initial conservative cost of $1M is assumed based on discussions with
Provincial and City Staff (Emergency Management). This would cover monitoring, forecast modelling,
warnings and the development of communication materials to help residents understand what the
warnings mean. A $50,000 annual maintenance cost is also assumed.
Property-Level-Protection Program. The adapt alternative requires that individuals (homeowners,
business owners, etc.) increase the resilience of their buildings. Despite changes to the building code,
it is likely that for this policy to be effective that both a toolkit and incentive programs be in place. A
further component of this will be the piloting of flood-resilient design projects for future city buildings.
An initial cost of $1M is estimated based on discussions with the developers of a comparable program
in the UK (Dhonau, Wilson, McHugh, & Burton, 2014), and an estimate of the marginal cost making
City buildings flood-resilient. A further $0.5M cost is assumed to cover annual incentive program. As
for the warning system cost, although the benefits of this type of program would be city-wide, we have
assigned all the costs to False Creek in this exercise. Further, a simplistic assumption was made to
make this a fixed cost per zone, rather than basing it on actual number of buildings or another
representative measure.
Total Cost
Capital Cost = $1M x 23 + $10,000 x 31,343/1000 + $20,000 + $1M + 1M
= $338 M

Annual Cost = $50,000 + $0.5M
= $550,000

Limitations and Caveats
All cost estimates provided are high-level estimates and can only provide the approximate range of
costs. No standard methodologies exist; best efforts were made to source appropriate information, but
it is subject to error.
Costs are provided in 2015 $. Given the multiple uncertainties associated with future predictions, and
the desire to present only relative costs (as compared to other options) no effort was made to calculate
a net present value.

References
Chye, K. T., Kwan, T. B., Somasundram, P., Oliviero, V., Yong, J., & Lee, L. (2014). Liveable & sustainable cities: A
framework. Singapore: Civil Service College.
Dhonau, M., Wilson, G., McHugh, A., & Burton, R. (2014). Homeowners Guide to Flood resilience.
Linham, M. M., & Nicholls, R. J. (2010). Technologies for climate change adaptation: coastal erosion and flooding.
Retrieved from http://eprints.soton.ac.uk/202641/
Vermeer, D. (2013). Flood PROBE D 4 . 3 : Technologies for flood- proofing “ hotspot ” buildings, 6–7.
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FRASER FORESHORE

ALTERNATIVES
Strategy

Alternative

Protect

Shoreline Dike

Protect

Inland Dike

Adapt

Adapt with Multiple Tools
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY

Location

Fraser River Foreshore

Adaptation Approach

Protect

Adaptation Variation

Shoreline Dike

Prepared By

Urban Systems

Date

March 23, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
Involves building a protective barrier (dike) predominantly along the river between Angus Road and
Boundary Road.

Detailed Description
If necessary, provide a detailed description (1-3 paragraphs) of the approach. Add images as appropriate.

Design Constraints
There are a number existing commercial and industrial operations along the waterfront that would be
impacted. Road crossings will require extensive roadway re-profiling that may also affect some
property accesses. Existing sewers that have an outfall to the River will need to be converted to
pressure sewers and the properties behind the dike, but within the flood HGL zone, will need to have
local drainage improvements to prevent surcharge impact. This will involve both local piping
improvements and pumping. .
Several properties south of Kent Road will remain unprotected.

Design Opportunities
Top of off road dike could be used for ped / cycle path.

Any Other Comments
See attached concept figure and cost estimate.
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ADAPTATION APPROACH IMPACTS
Please note which measures will be impacted by the management action and which measures will be affected by the
action during a flood event. For example, the construction of a dike may impact the displacement of people in two
ways – first the dike itself may require the expropriation of homes (the management action impact) and the dike will
reduce the number people impacted during a flood event (event impact). This information will be used to inform the
development of consequence tables at a later date. There is no need to quantify or detail the impact, just to
acknowledge that there will or will not be an impact.
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

Comments

People
People
Displaced

☐

☒

At-Risk
People
Impacted

☐

☐

Park and
Recreational
Amenity Value

☒

☒

Loss of
Critical
Services or
Lifelines

☐

☐

Aesthetics

☒

☒
Environment

Risk of
Contaminant
Release

☐

☐

Environmental
Benefits

☐

☐
Economy

Building
Stock

☒

☒

Infrastructure

☒

☒

Critical
Infrastructure

☒

☒

Building
Contents and
Inventory

☒

☒
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Business
Disruption

☒

☒
Other

Emergency
Response

☒

☒

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To This
changing
SLR

option is highly adaptable, however far more challenging for the roadway portions.

To a If
different
decision a

the City acquires land and elects to not build the dike, there is an opportunity to discharge the land if
new decision is made. However, there may be impacts in simply acquiring the land in the first place
which may not be fully recoverable.

Ease of Implementation
From a construction perspective, the system is generally easy to implement. However, there are
number of anticipated public relations and land ownership challenges. There are likely legal and
political challenges associated with land acquisition as many existing operations would be impacted.
Coordination with the City of Burnaby will be important at Boundary Road. Within the residential zone
east of Knight there could be residential push back from loss of views.

Other Comments

COST ESTIMATES
Please provide high-level (Class D) costs in 2015 $ for the adaptation approach. Include structural, engineering,
property, environmental costs in addition to others that may be appropriate for the site and approach. Please also
include a 50% contingency in keeping with the Class D approach.

Summary
Capital Cost Estimate
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Annual Maintenance Cost Estimate

$107,900 (dyke only, no drainage systems)

Methodology Summary
For construction values, geometry of dikes were estimates and broken down into the key construction
element (eg. fill, surfacing, retaining walls, etc.). Estimated unit costs were assigned to each element,
including an allowance for engineering and contingencies. For land value, the estimated footprint of
the dike was estimated and applied to all properties using 2013 / 2014 BC Assessment land value.
There has been no allowance for property improvements or demolition of existing facilities. A rough
allowance for infrastructure impacts has been included (road impacts, property access, retaining walls,
pump stations and local drainage improvements). Please see attached spreadsheet for details.
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Land Acquisition

Ground
Improvem
ents

Top

Sloped Banks
Retaining Wall Face Area

10,785

540
400
400
700
920
1000
1200
1020
415
770
660
230
100
510
1500
420

1.7

1.1
0.8
1.5
1.8
2
1.7
1.6
1.6
3.5
1.7
2
1.4
1.4
1.4
1.8
1.5
3.5
3.5
3.5
3.5
20

3.5
8
4
3.5
3.5
3.5
3.5
3.5
3.5
8

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
0
3
3
0

3
3
3
3
3
3
3
3
3
3
12
8
12
14
25

10
13
13
14
16
14
13
13
25
18

169554

2479
784
5498
24030
14018

4039
3328
5100
11214
17480
14620
15936
13546
20335
17148

148324

2737
770
6069
21450
10290

5454
5120
5200
10010
14260
13700
15720
13362
10168
14014
14
10
14
16
27

12
15
15
16
18
16
15
15
27
20

162000
120000
120000
210000
276000
300000
360000
306000
124500
231000
198000
69000
30000
153000
450000
126000

168,574 3,235,500

3197
970
7089
24450
11130

6534
5920
6000
11410
16100
15700
18120
15402
10998
15554
paved path
paved path
paved path
gravel
road

gravel
paved path
paved path
gravel
gravel
road
road
road
gravel
paved path
805
350
1785
5250
8400

1890
3200
1600
2450
3220
3500
4200
3570
1453
6160

58,355

1878
1012
1897
3984
5819
5376
6072
5161
4593
4139
4174
1018
443
2258
8538
1992

52,516

1018
140
2258
8538
630

1878
1012
1897
3984
5819
5376
6072
5161
4593
4139

200

1
2

small
small

1
1
3

small
400 small
Small

100

1

150 Small

umber of un

Ground improvement volume based on base 20 m wide by 15 meter deep (approximatley equal to recommendation by Thurber in the Delcan / Province "Cost of Adaptation - Sea Dikes & AlternTotal Costs without ground improvements in roa

Annual maintenance based on $10,000 per annum per km (including regular maintenance, long range resurfacing, and grade adjustment to compensate for settling (estimated value provided by City of Surrey).

Totals

1E
2AES
2BES
3ES
4E
5AES
5BES
6AES
6BES
7E
8E
9E
10E
11E
12E
13E

Size

Pump Station

Total Costs without ground improvements in roa

Physical
Average Top width
Base
Fill Volume
Width
Footprint
Segment Length (m)
Height (m)
(m)
Width (m)
(m3)
(includes 1 Acquisition Volume
(m2)
Water Side Land Side
m beyond
Area
(m3) -see
Water Side Land Side
Bank Area Bank Area Water Side Land Side
dike each
(m2)**
note
(m2)
(m2)
(m2)
(m2)
side) (m)
Surface Type Area (m2)

"H" side slopes H:1

Fraser River East of Angus - Shoreline
Segments distinctly different from inland option highlighted in red.
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adway sections.

2,966,470

$

$ 10,173,264

242,352
199,680
306,000
672,840
1,048,800
877,200
956,160
812,736
1,220,100
1,028,874
148,764
47,040
329,868
1,441,800
841,050

109,080
102,400
104,000
200,200
285,200
274,000
314,400
267,240
203,350
280,280
54,740
15,400
121,380
429,000
205,800

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Fill

Stripping and
removals

adway sections.

$

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

2,258,800

37,800
160,000
80,000
49,000
64,400
227,500
273,000
232,050
29,050
308,000
40,250
17,500
89,250
105,000
546,000

Top Surface

$

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

4,376,632

140,879
75,895
142,302
298,835
436,394
403,190
455,368
387,063
344,491
310,457
313,065
76,369
33,204
169,340
640,361
149,418

$

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

1,312,898

46,960
25,298
47,434
99,612
145,465
134,397
151,789
129,021
114,830
103,486
25,456
3,500
56,447
213,454
15,750

$

-

52,500

105,000

$

$

446,250

210,000

$

$

78,750

$

Water Side Bank Land Side Bank
Surface
Surface
Water Side Wall Land Side Wall

$

$

$

$

$

212,500

50,000

25,000

100,000

37,500

Guardrails

Estimated Costs

1,500,000

$

$ 13,500,000

3,000,000

1,500,000
1,500,000
4,500,000

$
$
$

$

1,500,000

$

Pump Stations

$

$
$
$

$

$
$

$

$
$

$

$
$
$
$
$
$
$
$
$
$

1,204,006
3,991,377

114,672

504,715
1,154,755
1,806,806
1,081,026
969,221
1,453,410
1,840,991
4,902,192
1,198,393
592,563

Private Land

4,250,000 $ 20,814,127
Cost per km of barrier

250,000
50,000
200,000

250,000

500,000
1,000,000

2,000,000

Special
Allowance
4,860,000
3,600,000
3,600,000
6,300,000
8,280,000
9,000,000
10,800,000
9,180,000
3,735,000
6,930,000
5,940,000
2,070,000
900,000
4,590,000
13,500,000
3,780,000

$ 97,065,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Ground
Improvements

9,558,036
5,318,028
6,086,543
10,201,513
13,539,480
17,869,697
14,791,708
15,910,302
6,845,214
9,553,659
6,253,065
4,280,251
1,094,144
9,810,291
20,370,992
5,893,018

local piping
protect existing p
utility adjustment

bank protection o
local piping

local piping and p
local piping

local piping

Special
Allowance
Description.

$ 124,615,941

$ 157,375,941
$ 13,201,293 excluding pump st
$
107,850 per year

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Total $

$ 113,291,920

Limitations and Caveats
The costs are very high level (order of magnitude) for purposes of conducting a relative comparison of
options. The values are not sufficient for capital planning. The land acquisition value assumes only
the portion required for the dike is purchased. No lands currently owned by the City of Vancouver are
included in the land acquisition cost. The dike construction costs do not include any ground
improvements for seismic stability nor do they include any environmental impact compensation, if they
occur. Allowances for incidentals such as road adustments, pump stations and local drainage
improvements is a judgment only. A dedicated study would be required should the City wish to explore
this option further.
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY

Location

Fraser River Foreshore

Adaptation Approach

Protect

Adaptation Variation

Inland Dike

Prepared By

Urban Systems

Date

June 22, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
Involves building a protective barrier (dike) predominantly along the river between Angus Road and
Boundary Road. However, in the vicinity of the Arthur Lang bridge the dike is moved inland to avoid
impact to existing commercial / industrial facilities. In addition, to capitalize on public right of ways, a
significant portion involves raising South Kent Road.

Detailed Description
If necessary, provide a detailed description (1-3 paragraphs) of the approach. Add images as appropriate.

Design Constraints
There are a number of significant roadway impacts that will most certainly require intersection and road profile
adjustments. Clearances beneath existing bridges and structures will need confirming. The existing rail line
paralleling Kent Road is also a significant barrier. Rail spurs to individual properties may need to be
decommissioned. Substantial retaining walls will likely be required to avoid encroachment into the main rail
corridor. It is not likely that the rail line can be raised; therefore the roads that cross between South Kent and
North Kent are major constraints. Some key intersections can perhaps be reconfigured, but it is anticipated
that several of the crossings may need to be closed. Existing sewers that have an outfall to the River will
need to be converted to pressure sewers and the properties behind the dike, but within the flood HGL zone,
will need to have local drainage improvements to prevent surcharge impact. This will involve both local piping
improvements and pumping.
Several properties south of Kent Road will remain unprotected.

Design Opportunities
Top of off road dike could be used for ped / cycle path.
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Any Other Comments
See attached concept figure and cost estimate.
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ADAPTATION APPROACH IMPACTS
Please note which measures will be impacted by the management action and which measures will be affected by the
action during a flood event. For example, the construction of a dike may impact the displacement of people in two
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ways – first the dike itself may require the expropriation of homes (the management action impact) and the dike will
reduce the number people impacted during a flood event (event impact). This information will be used to inform the
development of consequence tables at a later date. There is no need to quantify or detail the impact, just to
acknowledge that there will or will not be an impact.
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

Comments

People
People
Displaced

☐

☒

At-Risk
People
Impacted

☐

☐

Park and
Recreational
Amenity Value

☒

☒

Loss of
Critical
Services or
Lifelines

☐

☐

Aesthetics

☒

☒
Environment

Risk of
Contaminant
Release

☐

☐

Environmental
Benefits

☐

☐
Economy

Building
Stock

☒

☒

Infrastructure

☒

☒

Critical
Infrastructure

☒

☒

Building
Contents and
Inventory

☒

☒

Business
Disruption

☒

☒
Other
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Emergency
Response

☒

☒

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To This
changing
SLR

option is highly adaptable, however far more challenging for the roadway portions.

To a If
different
decision a

the City acquires land and elects to not build the dike, there is an opportunity to discharge the land if
new decision is made. However, there may be impacts in simply acquiring the land in the first place
which may not be fully recoverable.

Ease of Implementation
From a construction perspective, the system is generally easy to implement, with exception to raising
existing roadways. Traffic management, property access management, and minimizing impacts to
other infrastructure within the roadway corridors will add extra challenge. More comprehensive study is
required to evaluate the impact and opportunities for road rising.
In addition, there are number of anticipated public relations and land ownership challenges. There are
likely legal and political challenges associated with land acquisition, and on the other hand may be
significant challenges from property owners along the waterfront who will remain unprotected.
Coordination with the City of Burnaby will be important at Boundary Road. Liaison with the rail
companies is also expected to be significant. Within the residential zone east of Knight there could be
residential push back from loss of views.

Other Comments

COST ESTIMATES
Please provide high-level (Class D) costs in 2015 $ for the adaptation approach. Include structural, engineering,
property, environmental costs in addition to others that may be appropriate for the site and approach. Please also
include a 50% contingency in keeping with the Class D approach.
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Summary
Capital Cost Estimate

$55,332,000 including land and drainage improvements

Annual Maintenance Cost Estimate

$107,600 (dyke only, no drainage systems)

Methodology Summary
For construction values, geometry of dikes were estimates and broken down into the key construction
element (eg. fill, surfacing, retaining walls, etc.). Estimated unit costs were assigned to each element,
including an allowance for engineering and contingencies. For land value, the estimated footprint of
the dike was estimated and applied to all properties using 2013 / 2014 BC Assessment land value.
There has been no allowance for property improvements or demolition of existing facilities. A rough
allowance for infrastructure impacts has been included (road impacts, property access, retaining walls,
pump stations and local drainage improvements). Please see attached spreadsheet for details.
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Land Acquisition

Ground
Improvem
ents

Top

Sloped Banks

Retaining Wall Face Area

10,760

540
680
530
920
2100
100
150
1400
150
770
660
230
100
510
1500
420

1.1
1.3
1.8
2
2.1
2
1.5
1.5
1.5
1.7
2
1.4
1.4
1.4
1.8
1.5
3.5
3.5
3.5
3.5
20

3.5
3.5
3.5
3.5
8
8
8
8
8
8

3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
0
3
3
0

3
3
3
3
0
3
3
0
3
3
12
8
12
14
25

10
11
14
16
14
20
17
13
17
18

179630

2479
784
5498
24030
14018

4039
6542
8491
17480
49172
2800
2813
21525
2813
17148

144937

2737
770
6069
21450
10290

5454
7684
7579
14260
30030
2000
2550
17500
2550
14014
14
10
14
16
27

12
13
16
18
16
22
19
15
19
20

95,174

6,237
2,329
8,943
17,971
16,936
1,893
8,634
28
6,400
5,627
964
4,581
14,210
422
3228000

162000
204000
159000
276000
630000
30000
45000
420000
45000
231000
198000
69000
30000
153000
450000
126000
paved path
paved path
paved path
gravel
road

gravel
gravel
gravel
gravel
road
road
road
road
road
paved path
805
350
1785
5250
8400

1890
2380
1855
3220
16800
800
1200
11200
1200
6160

58,714

1878
2795
3017
5819
13946
632
712
6641
712
4139
4174
1018
443
2258
8538
1992
38,798

1018
140
2258
8538
630

1878
2795
3017
5819
4410
632
712
2100
712
4139

Annual maintenance based on $10,000 per annum per km (including regular maintenance, long range resurfacing, and grade adjustment to compensate for settling (estimated value provided by City of Surrey).

Totals

1E
2E
3E
4E
5E
ersection 1E
ersection 2E
6E
ersection 3E
7E
8E
9E
10E
11E
12E
13E

200

100

1
2

small
small

1
3

400 small
2100 Small

1400

1

Size

Number of
units
(rough
estimate)

Pump Station

150 Small

Physical
Width
Average Top width
Fill Volume
Base
Footprint (includes 1 Acquisition Volume
Segment Length (m)
Height (m)
(m)
(m3)
Width (m)
(m2)
Water Side Land Side
m beyond
Area
(m3) -see
Water Side Land Side
Bank Area Bank Area Water Side Land Side
dike each
(m2)**
note
(m2)
(m2)
(m2)
(m2)
side) (m)
Surface Type Area (m2)

"H" side slopes H:1

Fraser River East of Angus (with inland segments)
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2,898,740

$

$ 10,777,770

148,764
47,040
329,868
1,441,800
841,050

54,740
15,400
121,380
429,000
205,800

$
$
$
$
$

$
$
$
$
$

242,352
392,496
509,436
1,048,800
2,950,290
168,000
168,750
1,291,500
168,750
1,028,874

109,080
153,680
151,580
285,200
600,600
40,000
51,000
350,000
51,000
280,280

$
$
$
$
$
$
$
$
$
$

$
$
$
$
$
$
$
$
$
$

Fill

Stripping and
removals

$

$
$
$
$
$

$
$
$
$
$
$
$
$
$
$

3,320,900

40,250
17,500
89,250
105,000
546,000

37,800
47,600
37,100
64,400
1,092,000
52,000
78,000
728,000
78,000
308,000

Top Surface

$

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
4,403,551

140,879
209,659
226,261
436,394
1,045,923
47,434
53,363
498,059
53,363
310,457
313,065
76,369
33,204
169,340
640,361
149,418
$

$
$
$
$
$

$
$
$
$
$
$
$
$
$
$

969,961

25,456
3,500
56,447
213,454
15,750

46,960
69,886
75,420
145,465
110,250
15,811
17,788
52,500
17,788
103,486

$

-

$

2,283,750

105,000

$

735,000

$

52,500

210,000
1,102,500

$
$

$

78,750

$

Water Side Bank Land Side Bank
Surface
Surface
Water Side Wall Land Side Wall

$

$

$

$

$
$

$

1,087,500

50,000

25,000

350,000

100,000
525,000

37,500

Guardrails

Estimated Costs

3,000,000

1,500,000

1,500,000
4,500,000

1,500,000

$ 12,000,000

$

$

$
$

$

Pump Stations

$

$
$
$

$

$

$
$
$
$
$

$
$
$
$
$

$
$
$
$
$
$
$
$
$
$
114,672
186
198,649
3,991,361
55,141

504,715
258,433
734,490
707,721
2,173,042
737,572
1,694,186
5,941
113,640

Property
Acquisition

6,300,000 $ 11,289,749
Cost per km of barrier

250,000
50,000
200,000

250,000

500,000

2,000,000
50,000
500,000
500,000
2,000,000

Special
Allowance$
4,860,000
6,120,000
4,770,000
8,280,000
18,900,000
900,000
1,350,000
12,600,000
1,350,000
6,930,000
5,940,000
2,070,000
900,000
4,590,000
13,500,000
3,780,000
$ 96,840,000

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Ground
Improvements

9,558,037
7,301,754
7,004,287
13,277,980
34,999,605
1,223,246
2,456,474
18,799,245
1,724,842
9,074,736
6,253,065
4,280,251
1,094,330
8,804,934
20,370,976
5,948,158

local piping
protect existing p
utility adjustment

bank protection o
local piping

utility adjustment

local piping
project sanitary p
road and site acce
local piping and p
local piping and u

$ 152,171,920
$ 12,650,736 excluding pump st
$
107,600 per year

$
$
$
$
$
$
$
$
$
$
$
$
$
$
$
$

Total

Special
Allowance
Description.

Limitations and Caveats
The costs are very high level (order of magnitude) for purposes of conducting a relative comparison of
options. The values are not sufficient for capital planning. The land acquisition value assumes only
the portion required for the dike is purchased. No lands currently owned by the City of Vancouver are
included in the land acquisition cost. The dike construction costs do not include any ground
improvements for seismic stability nor do they include any environmental impact compensation, if they
occur. Allowances for incidentals such as road raisings, pump stations and local drainage
improvements is a judgment only. A dedicated study would be required should the City wish to explore
this option further.
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY
Location

Fraser River Foreshore

Adaptation Strategy

Adaptation

Adaptation Alternative

Adapt with Multiple Tools

Prepared By

Ebbwater Consulting

Date

March 3, 2015

ADAPTATION ALTERNATIVE DESCRIPTION
Summary Description
The adaptation alternative is based on the idea that coastal communities can accommodate occasional
inundation. Infrastructure, buildings, and communities are retrofitted or slowly changed over the natural
building cycle to be more resilient to flooding. This alternative can include a broad base of educational,
planning, and building options.

Detailed Description
The adaptation alternative incorporates multiple ideas with the aim of, over time, creating zones that can
accommodate occasional flooding. These include a broad base of educational, planning and building options.
For this project we have assumed that the 2015 Designated Floodplain Standards and Requirements are in
effect (i.e. 4.6 m FCL). In addition to this regulation, the specific adaptation options explored for this project
include:
•
•
•
•
•
•

Bylaws prohibiting new critical infrastructure in the designated floodplain and protection or relocation of
existing critical infrastructure.
Raising of city services (roads, water utilities, etc.) over time.
Adjustments to building code to accommodate innovative strategies for property-level protection.
Education of property owners on individual structural responses for flood-proofing (flood gates, flood
barriers, stop-valves, etc.). This is supported by incentive programs, for instance, to encourage individuals
to flood-proof their homes.
A requirement for sub-division and density approvals in floodplains; this aims to keep the number of
people at risk of flooding from increasing in future.
Development and continued support for a flood warning system, including detection (monitoring and
forecasting), identification of thresholds to issue flood warnings, and dissemination of warnings to the
public. The warning system will warn residents and business owners of impending high ocean levels,
allowing them to minimize damage at an individual property level.

Design Constraints
Many of the options assumed for this alternative first require the implementation of a forecasting and warning
system. Second, this alternative is not immediately effective; it requires a long-term view, as the whole
program of the zone needs to change. This is particularly problematic in areas that are already built up, and
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unlikely to see renewal in the coming decades. The Fraser River foreshore has many areas that have not yet
been developed or have older building stock and can more easily be changed to reflect the actions described
above. For some historic areas and some areas of new building stock that are unlikely to be rebuilt in the near
future, imaginative retrofits will be required.

Note: There is no fully attributed data set of building age available, and therefore only a portion of buildings
are coloured above. The buildings attributed with building age were used (and attributed) as part of the Hazus
modelling completed in Phase 1. Floodplain shown on map represents the very rare flooding event (0.2 %
AEP) in 2100.

Design Opportunities
The adapt alternative provides a variety of design opportunities as it is an extremely flexible alternative.
The options defined for the purposes of this project are relatively bare-boned, but still have some
positive externalities:
•

Adapt options can present a shift in strategy from ad-hoc reaction to coastal hazard to a more
holistic and proactive strategy (Linham & Nicholls, 2010). Adapt options provide many cobenefits as they can help to maintain natural landscape and create environmental habitat,
while offering opportunities for communities.

•

Opportunity to recreate lively and sustainable neighbourhoods in line with the “Liveable Cities”
concept (Chye et al., 2014).

•

Opportunity to create green spaces for recreational and environmental benefits, in which the
habitat of the natural floodplain is preserved, and where effects of floods are not transferred to
other locations.

•

Flood-proofing of buildings allows adaptation to living in the floodplain, where people can stay
living in their home areas and where communities are not sterilized for the majority of time
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when they are not flooded. Flood-proofing is possible on an individual or community level and
is considered to allow a quick recovery and cleanup after floods (Linham & Nicholls, 2010).
•

Adapt options minimize the additional land that would be needed for the construction of
seawalls or dikes.

•

They also allow more flexibility over time, in contrast to structural defenses, that, once they
are constructed, are difficult to change or to develop new management policies. In contrast,
adapt options provide opportunity to adapt slowly over time to different levels of sea level rise
and integrate new technologies.

•

Flood education increases awareness of floods in the population and can aid the public in
making good decisions with regards to flood risk reduction. It is important that appropriate
measures to reduce flood risk are well communicated to the communities before an
emergency. People thus learn to live with floods, in contrast to structural defenses that often
create a false sense of security on the landward side of a dike (Linham & Nicholls, 2010).

•

These options can also be used as complementary measures.

Specific design opportunities present themselves for the Fraser River Foreshore Zone in terms of creating
habitat and recreational gains along the Fraser River.

Any Other Comments

ADAPTATION ALTERNATIVE IMPACTS
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

☒

Fewer people displaced than for
baseline case

☒

Less impact than for baseline case.

Comments
People

Fewer people displaced than
for baseline case

People
Displaced

☒

At-Risk
People
Impacted

☐

Park and
Recreational
Amenity Value

☒

Potentially positive impact, as
natural floodplain habitat is
preserved and recreational
green space is created.

☐

As baseline

Loss of
Critical
Services or
Lifelines

☒

Flood-proofing or relocation of
critical services buildings is
necessary.

☒

Negative impacts will occur until
critical services are protected or
relocated.
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Aesthetics

☒

Potential positive or negative
impact

☐

Environment
Risk of
Contaminant
Release

☒

Flood-proofing or relocation of
potential risk sites is
necessary.

☒

Environmental
Benefits

☒

Potentially a positive impact,
especially if option is improved
with co-beneficial
environmental/recreational
features

☐

Potential impact until buildings are
relocated or protected.

Economy
Building
Stock

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Infrastructure

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Critical
Infrastructure

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Building
Contents and
Inventory

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Business
Disruption

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

☒

Costs are less than for baseline
case.

Other
Emergency
Response

☒

Detailed development of an
emergency response plan is an
important part of the Adapt
strategy.

Public education will help to
prepare the public for an event of
emergency.

ADAPTATION ALTERNATIVE IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To This alternative has a high adaptability to changing SLR and can be implemented in stages. For
changing
SLR instance, FCLs are relatively adaptable as they can be raised over time as SLR predictions are

updated.
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To a This alternative allows later adaptation to different
different
decision structural changes, such as building a dike.

management decisions, as it does not include major

Ease of Implementation
The adaptation alternative incorporates many different facets, including regulatory, educational, and
planning options. The ease of implementation varies across these options, but in general and in
comparison to other more structural options, the constraints coming with the adaptation alternative are
considered to be relatively easily surmountable, and the alternative is considered to have a high ease
of implementation.

Other Comments

COST ESTIMATES
Summary
Capital Cost Estimate

$405 M

Annual Maintenance Cost Estimate

$0.55 M

Methodology Summary
Each of the elements outlined above as part of the adapt alternative were costed at a high level. Many
of the elements are new ideas, with few, if any, precedents. And, as such many assumptions have
been made. However, the order-of-magnitude costs presented here are robust enough for the relative
comparison that they are used for in the structured decision making process.
Capital Costs
Protection or Relocation of Critical Infrastructure. This cost is coarsely calculated as this number
of critical infrastructure in floodplain x $1M. The $1M cost was derived from reporting on retrofit costs
for flood protection from the European Union (Vermeer, 2013), The number of critical infrastructure in
the zone floodplain was calculated in GIS as described in Appendix E.
Raising of City Services. As described in Appendix E, a weighted-roads measure was used as a
proxy for City assets in the zone. Similarly the cost of raising City services was calculated as a
function of the weighted-roads measure and a cost of $10,000/m. This very approximate cost was
provided by the City Streets Department (in 2013 as part of the Phase 1 work) as the marginal cost to
raise roads over and above the normal costs for repair and maintenance.
Policy Costs
Regulatory Changes. Regulatory changes are proposed as part of this alternative and include
changes to the building code to allow for innovation in flood-resilient building. An initial cost of $20,000
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is assumed for this; this is based on discussions with the District of North Vancouver who recently
revamped their hazards policies.
Program Costs
Warning Program. The adapt alternative is contingent on the development and long-term support of a
monitoring and warning system. This system could easily be scaled-up to be Citywide, however for the
purposes of this exercise, we have assumed that the cost would be assigned to the Fraser River
Foreshore zone only. An initial conservative cost of $1M is assumed based on discussions with
Provincial and City Staff (Emergency Management). This would cover monitoring, forecast modelling,
warnings and the development of communication materials to help residents understand what the
warnings mean. A $50,000 annual maintenance cost is also assumed.
Property-Level-Protection Program. The adapt alternative requires that individuals (homeowners,
business owners, etc.) increase the resilience of their buildings. Despite changes to the building code,
it is likely that for this policy to be effective that both a toolkit and incentive programs be in place. A
further component of this will be the piloting of flood-resilient design projects for future city buildings.
An initial cost of $1M is estimated based on discussions with the developers of a comparable program
in the UK (Dhonau, Wilson, McHugh, & Burton, 2014), and an estimate of the marginal cost making
City buildings flood-resilient. A further $0.5M cost is assumed to cover annual incentive program. As
for the warning system cost, although the benefits of this type of program would be city-wide, we have
assigned all the costs to the Fraser River Foreshore zone in this exercise. Further, a simplistic
assumption was made to make this a fixed cost per zone, rather than basing it on actual number of
buildings or another representative measure.
Total Cost
Capital Cost = $1M x 5 + $10,000 x 39,820 + $20,000 + $1M + 1M
= $405 M

Annual Cost = $50,000 + $0.5M
= $550,000

Limitations and Caveats
All cost estimates provided are high-level estimates and can only provide the approximate range of
costs. No standard methodologies exist; best efforts were made to source appropriate information, but
it is subject to error.
Costs are provided in 2015 $. Given the multiple uncertainties associated with future predictions, and
the desire to present only relative costs (as compared to other options) no effort was made to calculate
a net present value.
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SOUTHLANDS

ALTERNATIVES
Strategy

Alternative

Protect

Dike

Adapt

Adapt with Multiple Tools

Retreat

Managed Retreat
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Location

Southlands

Adaptation Approach

Protect

Adaptation Variation

Dike

Prepared By

Urban Systems

Date

March 23, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
Involves building a protective barrier (dike) along the river frontage from Angus Road to the boundary
with the Musqueam First Nations Land. It is understood that the works are likely to continue further
west across Musqueam lands, however if that does not occur the barrier will need to continue
northbound to the limit of the flood zone. A number of optional north / south legs to the barrier system
have been identified and included in this review and estimate.

Detailed Description
If necessary, provide a detailed description (1-3 paragraphs) of the approach. Add images as appropriate.

Design Constraints
Some impact to existing property and buildings. This solution cannot protect Deering Island. In the
vicinity of Deering Island there are a few buildings along the water front that could not be protected
unless the buildings removed or a local non-standard dike be identified. It is expected that trunk
sewers with discharge to the Fraser River would need to be converted to pressure sewers within the
limits of the flood zone, along with local drainage improvements and pumping.

Design Opportunities
Top of dike could be used for ped / cycle path.
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Any Other Comments
See attached concept figure and cost estimate.

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix D: Alternative Summaries

D-54

Southlands
Protect with Dike

ADAPTATION APPROACH IMPACTS
Please note which measures will be impacted by the management action and which measures will be affected by the
action during a flood event. For example, the construction of a dike may impact the displacement of people in two
ways – first the dike itself may require the expropriation of homes (the management action impact) and the dike will
reduce the number people impacted during a flood event (event impact). This information will be used to inform the
development of consequence tables at a later date. There is no need to quantify or detail the impact, just to
acknowledge that there will or will not be an impact.
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

Comments

People
People
Displaced

☐

☒

At-Risk
People
Impacted

☐

☐
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Park and
Recreational
Amenity Value

☒

☒

Loss of
Critical
Services or
Lifelines

☐

☐

Aesthetics

☒

☒
Environment

Risk of
Contaminant
Release

☐

☐

Environmental
Benefits

☐

☐
Economy

Building
Stock

☒

☒

Infrastructure

☒

☒

Critical
Infrastructure

☒

☒

Building
Contents and
Inventory

☒

☒

Business
Disruption

☒

☒
Other

Emergency
Response

☒

☒

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To This
changing
SLR

option is highly adaptable.
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To a If
different
decision a

the City acquires land and elects to not build the dike, there is an opportunity to discharge the land if
new decision is made. However, there may be impacts in simply acquiring the land in the first place
which may not be fully recoverable.

Ease of Implementation
From a construction perspective, the system is relatively easy to implement, but there are number of
anticipated public relations and land ownership challenges. There are likely legal and political
challenges associated with land acquisition. In addition, golf courses will be impacted and likely in
need of design adjustments. Some property accesses may need to be reconstructed and the result
may not be ideal. Some view lines may be impacted. Coordination with the Musqueam FN.

Other Comments

COST ESTIMATES
Please provide high-level (Class D) costs in 2015 $ for the adaptation approach. Include structural, engineering,
property, environmental costs in addition to others that may be appropriate for the site and approach. Please also
include a 50% contingency in keeping with the Class D approach.

Summary
Capital Cost Estimate

$90M including land (includes all optional alignments)

Annual Maintenance Cost Estimate

$65,800 (dike only, no drainage systems)

Methodology Summary
For construction values, geometry of dikes were estimates and broken down into the key construction
element (eg. fill, surfacing, retaining walls, etc.). Estimated unit costs were assigned to each element,
including an allowance for engineering and contingencies. For land value, the estimated footprint of
the dike was estimated and applied to all properties using 2013 / 2014 BC Assessment land values.
An allowance from infrastructure impacts has also been given (road impacts, property access, retaining
walls, pump stations and local drainage improvements). Please see attached spreadsheet for details.
Please note that to account for seismic upgrades engineering and construction costs were multiplied
by three as per request of the BC Ministry of Forests, Lands and Natural Resource Operations.
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6,576

635
504
1512
3662
263

1.5
1.9
3
1.4
1.5

3.5
3.5
3.5
3.5
3.5

3
3
3
3
3

3
3
3
3
0

13
15
22
12
8

114,875

7620
8810
56700
39476
2268

93,637

7937.5
7509.6
32508
43577.8
2104

15
17
24
14
10

190500
151200
453600
1098600
78900

49,230 1,972,800

956
6465
12875
28074
860

gravel
gravel
gravel
gravel
gravel

2222.5
1764
5292
12817
920.5

37,844

3012
3028
14344
16212
1248

36,991

3012
3028
14344
16212
394.5

150

6,892,479

1,872,738

$

$

457,200
528,595
3,402,000
2,368,582
136,103

158,750
150,192
650,160
871,556
42,080

$
$
$
$
$

$
$
$
$
$

Fill

Stripping and
removals

$

$
$
$
$
$

1,110,585

44,450
35,280
343,980
640,850
46,025

Top Surface

$

$
$
$
$
$

2,838,318

225,905
227,115
1,075,807
1,215,927
93,564

$

$
$
$
$
$

924,781

75,302
75,705
358,602
405,309
9,863

$

$

45,540

45,540

341,250

210,000
52,500

$
$

$

78,750
-

$
$

Water Side Bank Land Side Bank
Surface
Surface
Water Side Wall Land Side Wall

$

-

Guardrails

Estimated Costs

$

$

$

5,250,000

1,500,000

3,750,000

Pump Stations

$
$

$

$
$
$
$
$

340,770
117,628
61,163
5,038,756
695,128

Property
Acquisition

5,000,000 $
5,200,000 $ 6,253,445
Cost per km of barrier

200,000

Special
Allowance

5,715,000
4,536,000
13,608,000
32,958,000
2,367,000

$ 59,184,000

$
$
$
$
$

Ground
Improvements

Medium

Total

400
100 Small

150

Size

Special
Allowance
Description.

$ 5,000,000 Drainage Improve
$ 89,913,136
$ 12,114,224 dikes and barriers
$
65,760 per year

1

1

Number of
units
(rough

Pump Station

$ 7,341,667 road raisings
$ 9,420,515
$ 19,499,712
$ 43,708,980
$ 4,942,262

Annual maintenance based on $10,000 per annum per km (including regular maintenance, long range resurfacing, and grade adjustment to compensate for settling (estimated value provided by City of Surrey).

1 - Optional
2 - Optional
3 - Optional
4
5 - Optional
Drainage
Improvem
ents in
Totals

Ground
Land Acquisition
Top Surface
Sloped Banks
Retaining Wall Face Area
Improvem
Physical
Average Top width
Base
Fill Volume
ents
Footprint
Segment Length (m)
Water Side Land Side
Width Acquisition Volume
Height (m)
(m)
Width (m)
(m3)
(m2)
Bank Area Bank Area Water Side Land Side
(includes 1
Area
(m3) -see
Water Side Land Side
(m2)
(m2)
(m2)
(m2)
m beyond (m2)**
note Surface Type Area (m2)
"H" side slopes H:1

Limitations and Caveats
The costs are very high level (order of magnitude) for purposes of conducting a relative comparison of
options. The values are not sufficient for capital planning. The land acquisition value assumes only
the portion required for the dike is purchased. No lands currently owned by the City of Vancouver are
included in the land acquisition cost. The dike construction costs do not include any ground
improvements for seismic stability nor do they include any environmental impact compensation, if they
occur. Allowances for incidentals such as road raisings, pump stations and local drainage
improvements is a judgment only. A dedicated study would be required should the City wish to explore
this option further.
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Location

Southlands

Adaptation Strategy

Adaptation

Adaptation Alternative

Adapt with Multiple Tools

Prepared By

Ebbwater Consulting

Date

March 3, 2015

ADAPTATION ALTERNATIVE DESCRIPTION
Summary Description
The adaptation alternative is based on the idea that coastal communities can accommodate occasional
inundation. Infrastructure, buildings, and communities are retrofitted or slowly changed over the natural
building cycle to be more resilient to flooding. This alternative can include a broad base of educational,
planning, and building options.

Detailed Description
The adaptation alternative incorporates multiple ideas with the aim of, over time, creating zones that can
accommodate occasional flooding. These include a broad base of educational, planning and building options.
For this project we have assumed that the 2015 Designated Floodplain Standards and Requirements are in
effect (i.e. 4.6 m FCL). In addition to this regulation, the specific adaptation options explored for this project
include:
•
•
•
•
•
•

Bylaws prohibiting new critical infrastructure in the designated floodplain and protection or relocation of
existing critical infrastructure.
Raising of city services (roads, water utilities, etc.) over time.
Adjustments to building code to accommodate innovative strategies for property-level protection.
Education of property owners on individual structural responses for flood-proofing (flood gates, flood
barriers, stop-valves, etc.). This is supported by incentive programs, for instance, to encourage individuals
to flood-proof their homes.
A requirement for sub-division and density approvals in floodplains; this aims to keep the number of
people at risk of flooding from increasing in future.
Development and continued support for a flood warning system, including detection (monitoring and
forecasting), identification of thresholds to issue flood warnings, and dissemination of warnings to the
public. The warning system will warn residents and business owners of impending high ocean levels,
allowing them to minimize damage at an individual property level.
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Design Constraints
Many of the options assumed for this alternative first require the implementation of a forecasting and warning
system. Second, this alternative is not immediately effective; it requires a long-term view, as the whole
program of the zone needs to change. This is particularly problematic in areas that are already built up, and
unlikely to see renewal in the coming decades. There are some newer builds as well as heritage buildings in
this zone – these will require imaginative retrofits. Many of these are located along the water front.

Note: There is no fully attributed data set of building age available, and therefore only a portion of buildings
are coloured above. The buildings attributed with building age were used (and attributed) as part of the Hazus
modelling completed in Phase 1. Floodplain shown on map represents the very rare flooding event (0.2 %
AEP) in 2100.

Design Opportunities
The adapt alternative provides a variety of design opportunities as it is an extremely flexible alternative.
The options defined for the purposes of this project are relatively bare-boned, but still have some
positive externalities:
•

Adapt options can present a shift in strategy from ad-hoc reaction to coastal hazard to a more
holistic and proactive strategy (Linham & Nicholls, 2010). Adapt options provide many cobenefits as they can help to maintain natural landscape and create environmental habitat,
while offering opportunities for communities.

•

Opportunity to recreate lively and sustainable neighbourhoods in line with the “Liveable Cities”
concept (Chye et al., 2014).

•

Opportunity to create green spaces for recreational and environmental benefits, in which the
habitat of the natural floodplain is preserved, and where effects of floods are not transferred to
other locations.
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•

Flood-proofing of buildings allows adaptation to living in the floodplain, where people can stay
living in their home areas and where communities are not sterilized for the majority of time
when they are not flooded. Flood-proofing is possible on an individual or community level and
is considered to allow a quick recovery and cleanup after floods (Linham & Nicholls, 2010).

•

Adapt options minimize the additional land that would be needed for the construction of
seawalls or dikes.

•

They also allow more flexibility over time, in contrast to structural defenses, that, once they
are constructed, are difficult to change or to develop new management policies. In contrast,
adapt options provide opportunity to adapt slowly over time to different levels of sea level rise
and integrate new technologies.

•

Flood education increases awareness of floods in the population and can aid the public in
making good decisions with regards to flood risk reduction. It is important that appropriate
measures to reduce flood risk are well communicated to the communities before an
emergency. People thus learn to live with floods, in contrast to structural defenses that often
create a false sense of security on the landward side of a dike (Linham & Nicholls, 2010).

•

These options can also be used as complementary measures.

Specific design opportunities present themselves for the Southlands Zone in terms of creating habitat and
recreational gains along the Fraser River.

Any Other Comments

ADAPTATION ALTERNATIVE IMPACTS
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

☒

Fewer people displaced than for
baseline case

☒

Less impact than for baseline case.

☐

As baseline

Comments
People

People
Displaced

☒

At-Risk
People
Impacted

☐

Park and
Recreational
Amenity Value

☒

Fewer people displaced than
for baseline case

Potentially positive impact, as
natural floodplain habitat is
preserved and recreational
green space is created.
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Loss of
Critical
Services or
Lifelines

☒

Flood-proofing or relocation of
critical services buildings is
necessary.

☒

Aesthetics

☒

Potential positive or negative
impact

☐

Negative impacts will occur until
critical services are protected or
relocated.

Environment
Risk of
Contaminant
Release

☒

Flood-proofing or relocation of
potential risk sites is
necessary.

☒

Environmental
Benefits

☒

Potentially a positive impact,
especially if option is improved
with co-beneficial
environmental/recreational
features

☐

Potential impact until buildings are
relocated or protected.

Economy
Building
Stock

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Infrastructure

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Critical
Infrastructure

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Building
Contents and
Inventory

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Business
Disruption

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

☒

Public education will help to
prepare the public for an event of
emergency.

Other
Emergency
Response

☒

Detailed development of an
emergency response plan is an
important part of the Adapt
strategy.

ADAPTATION ALTERNATIVE IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.
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Adaptability
To This alternative has a high adaptability to changing SLR and can be implemented in stages. For
changing
SLR instance, FCLs are relatively adaptable as they can be raised over time as SLR predictions are

updated.
To a This alternative allows later adaptation to different
different
decision structural changes, such as building a dike.

management decisions, as it does not include major

Ease of Implementation
The adaptation alternative incorporates many different facets, including regulatory, educational, and
planning options. The ease of implementation varies across these options, but in general and in
comparison to other more structural options, adaptation options are considered to have a high to
medium ease of implementation.

Other Comments

COST ESTIMATES
Summary
Capital Cost Estimate

$150 M

Annual Maintenance Cost Estimate

$0.55 M

Methodology Summary
Each of the elements outlined above as part of the adapt alternative were costed at a high level. Many
of the elements are new ideas, with few, if any, precedents. And, as such many assumptions have
been made. However, the order-of-magnitude costs presented here are robust enough for the relative
comparison that they are used for in the structured decision making process.
Capital Costs
Protection or Relocation of Critical Infrastructure. This cost is coarsely calculated as this number
of critical infrastructure in floodplain x $1M. The $1M cost was derived from reporting on retrofit costs
for flood protection from the European Union (Vermeer, 2013), The number of critical infrastructure in
the zone floodplain was calculated in GIS as described in Appendix E.
Raising of City Services. As described in Appendix E, a weighted-roads measure was used as a
proxy for City assets in the zone. Similarly the cost of raising City services was calculated as a
function of the weighted-roads measure and a cost of $10,000/m. This very approximate cost was
provided by the City Streets Department (in 2013 as part of the Phase 1 work) as the marginal cost to
raise roads over and above the normal costs for repair and maintenance.
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Policy Costs
Regulatory Changes. Regulatory changes are proposed as part of this alternative and include
changes to the building code to allow for innovation in flood-resilient building. An initial cost of $20,000
is assumed for this; this is based on discussions with the District of North Vancouver who recently
revamped their hazards policies.
Program Costs
Warning Program. The adapt alternative is contingent on the development and long-term support of a
monitoring and warning system. This system could easily be scaled-up to be Citywide, however for the
purposes of this exercise, we have assumed that the cost would be assigned to the Southlands zone
only. An initial conservative cost of $1M is assumed based on discussions with Provincial and City
Staff (Emergency Management). This would cover monitoring, forecast modelling, warnings and the
development of communication materials to help residents understand what the warnings mean. A
$50,000 annual maintenance cost is also assumed.
Property-Level-Protection Program. The adapt alternative requires that individuals (homeowners,
business owners, etc.) increase the resilience of their buildings. Despite changes to the building code,
it is likely that for this policy to be effective that both a toolkit and incentive programs be in place. A
further component of this will be the piloting of flood-resilient design projects for future city buildings.
An initial cost of $1M is estimated based on discussions with the developers of a comparable program
in the UK (Dhonau, Wilson, McHugh, & Burton, 2014), and an estimate of the marginal cost making
City buildings flood-resilient. A further $0.5M cost is assumed to cover annual incentive program. As
for the warning system cost, although the benefits of this type of program would be city-wide, we have
assigned all the costs to Southlands in this exercise. Further, a simplistic assumption was made to
make this a fixed cost per zone, rather than basing it on actual number of buildings or another
representative measure.
Total Cost
Capital Cost = $1M x 0 + $10,000 x 14,803/1000 + $20,000 + $1M + 1M
= $150 M

Annual Cost = $50,000 + $0.5M
= $550,000

References
Chye, K. T., Kwan, T. B., Somasundram, P., Oliviero, V., Yong, J., & Lee, L. (2014). Liveable & sustainable cities: A
framework. Singapore: Civil Service College.
Dhonau, M., Wilson, G., McHugh, A., & Burton, R. (2014). Homeowners Guide to Flood resilience.
Linham, M. M., & Nicholls, R. J. (2010). Technologies for climate change adaptation: coastal erosion and flooding.
Retrieved from http://eprints.soton.ac.uk/202641/
Vermeer, D. (2013). Flood PROBE D 4 . 3 : Technologies for flood- proofing “ hotspot ” buildings, 6–7.
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY
Location

Southlands

Adaptation Approach

Retreat

Adaptation Variation
Prepared By

Ebbwater Consulting

Date

June 5, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
A Retreat strategy is often considered a special form of exposure-reducing strategy in which
vulnerable assets are actively moved away from particular areas over time. A managed retreat
alternative could, over time, remove the economic, environmental, and social assets at risk from
the flood-prone area.

Detailed Description
A managed retreat alternative aims to slowly remove people and vulnerable assets from the
floodplain over time.
Specifics of the alternative proposed were:
• Moving of assets (buildings, businesses, people) and infrastructure (roads, services) out of
the floodplain.
• Acquisition of developed and undeveloped land: Opportunistic buyouts using public funds as
homes/businesses come up for sale for the next 40–60 years, thereby reducing future assets
at risk.
• More aggressive buyouts 60–90 years from now, which will require enabling legislation.
• Opportunistic removal of roads, other infrastructure, and contaminants, as land is vacated
for the next 40–60 years.
• Aggressive re-naturalization around 2070.
This alternative provides more distributed protection from flooding, as it will increase floodresiliency in areas where the policies are adopted and properties are acquired. This alternative will
provide minimal protection from near-term events, as it will take decades for a significant number
of residents to relocate. Towards the end of the century, the risk of flooding in the area will have
essentially been removed completely. Finally, a managed Retreat alternative could successfully
minimize economic and social damages associated with flood events, but only at the considerable
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expense of moving valuable assets out of the floodplain. Around 4 km2 of land would gradually be
re-naturalized and eventually permanently flooded.

Design Constraints
Constraints of this approach are its high implementation challenges and relatively high costs in
relation to property buyouts. Loss of City land is another constraint. This approach would not be
implemented immediately, so it would require decades before it is effective. Further, for this
strategy to be effective, Musqueam First Nation would also have to adopt this strategy.

Design Opportunities
This approach provides opportunities for creating natural habitat and wetlands along the
coastline that have high environmental, recreational and aesthetic value. It would also reduce the
risk from seismic hazards (assumed hazard, seismic hazard was not specifically addressed in the
study). The population density is relatively low in this area, so relocation would only affect a
smaller number of people. It can also be considered a long-term strategy with high adaptability to
changing sea level rise rates.

Any Other Comments
Please append any figures, drawings, etc.

ADAPTATION APPROACH IMPACTS
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

☐

No impact

Comments
People

People
Displaced

☒

At-Risk
People
Impacted

☐

☐

No impact

Park and
Recreational
Amenity Value

☐

☒

Inundation same as baseline

Loss of
Critical

☐

☐

No impact

More people displaced then
under baseline (1/3 more)
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Services or
Lifelines
Aesthetics

☒

☐

Positive: naturalized
Environment

Risk of
Contaminant
Release

☐

Environmental
Benefits

☒

☒

Sites would need to be cleaned

☐

Positive: naturalized

Economy
Building
Stock

☐

☐

No impact

Infrastructure

☐

☐

No impact

Critical
Infrastructure

☐

☐

No impact

Building
Contents and
Inventory

☐

☐

No impact

Business
Disruption

☐

☐

No impact

Other
Emergency
Response

☐

☐

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To
High
changing
SLR over

adaptability to changing sea level rise, as this approach will slowly be implemented
time.

To a
Options remain
different
decision over time.

open to different decisions, as this approach will slowly be implemented
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Ease of Implementation
The approach is considered to have a low ease of implementation, due to its challenges in regards
to regulatory changes, policies and costs of property buyouts.

Other Comments

COST ESTIMATES
Summary
Capital Cost Estimate

$990 M

Annual Maintenance Cost Estimate

$0 M

Methodology Summary
Capital cost estimates for the Managed Retreat alternative were based on the assessment values
of land and buildings today ($690M) (under the assumption that the City might provide
compensation to landowners, although, the legal requirement to do this is unclear at the time), in
addition to costs associated with the rehabilitation of land. The costs of removing roads and
rehabilitating the land was estimated using area and amount of existing infrastructure as variables
($300 M).
Capital Cost Estimate = Value of lands and buildings + Costs of removing infrastructure and
rehabilitating
$990 M = $690 M + $300 M

Limitations and Caveats
All cost estimates provided are high-level estimates and can only provide the approximate
range of costs.
In order to limit scope (recognising the many uncertainties as described in the main report),
costs are provided in 2015 dollars, and are not pro-rated. Whereas the strategy outlines
slow, managed buy-outs over time, and the assessed values of the lands and buildings will
change if and when they are actually acquired. They might rise in value (as per the current
trend) or they might decrease in value with the increased understanding of the flood
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hazard. Given the multiple uncertainties, and the understanding that the number is only
being used as a relative comparison with other alternatives, the cost estimation is
simplified to represent cost in 2015 dollars.
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KITSILANO

ALTERNATIVES
Strategy

Alternative

Protect

Park Dike

Protect

Road Dike

Adapt

Adapt with Multiple Tools
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY

Location

Kitsilano

Adaptation Approach

Protect

Adaptation Variation

Park Dike and Trail System

Prepared By

Urban Systems

Date

June 1, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
Involves building a protective barrier (dike) approximately 700 lineal meters predominantly along the
established beach trail system or through grassed park. Rise by 1.4 meters on average (4.9 m crest
elevation).

Detailed Description
If necessary, provide a detailed description (1-3 paragraphs) of the approach. Add images as appropriate.

Design Constraints
There are isolated locations where the site is constrained either by mature vegetation or buildings.
Mature vegetation is the most significant constrain, as will be a design to not excessively limit the
movement of people. This may warrant accepting a bigger dyke footprint to soften the lines and
increase the ability for people to migrate across the dyke.

Design Opportunities
Re-establish a new meandering trail alignment. There are some large areas through the park that are
void of trees and the dyke could be integrated into the park. Also, some encroachment of the structure
into the beach area would reduce impact to mature trees, but may impact the beach volley ball court
area. More of a super-dyke approach.
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Any Other Comments
Kits pool and Show Boat Theatre remains unprotected. See attached concept figure and cost estimate.
Note that this design includes Segments K1 and K2 ONLY.

ADAPTATION APPROACH IMPACTS
Please note which measures will be impacted by the management action and which measures will be affected by the
action during a flood event. For example, the construction of a dike may impact the displacement of people in two
ways – first the dike itself may require the expropriation of homes (the management action impact) and the dike will
reduce the number people impacted during a flood event (event impact). This information will be used to inform the
development of consequence tables at a later date. There is no need to quantify or detail the impact, just to
acknowledge that there will or will not be an impact.
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

Comments

People
People
Displaced

☐
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At-Risk
People
Impacted

☐

☐

Park and
Recreational
Amenity Value

☒

☒

Loss of
Critical
Services or
Lifelines

☐

☐

Aesthetics

☒

☒
Environment

Risk of
Contaminant
Release

☐

☐

Environmental
Benefits

☐

☐
Economy

Building
Stock

☐

☐

Infrastructure

☐

☐

Critical
Infrastructure

☐

☐

Building
Contents and
Inventory

☐

☐

Business
Disruption

☐

☐
Other

Emergency
Response

☒

☒

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.
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Adaptability
To This option is
changing
SLR constrained.

reasonably adaptable in most segments, however may be less adaptable where highly

To a The level of protection and the specific properties or facilities to be protected are critical decisions that
different
decision would govern design and impact. Also, specific alignment and desire for a common dyke versus a

super-dyke approach.

Ease of Implementation
There are number of anticipated public relations and land ownership challenges. There are likely
political challenges associated with impact to property access, and possibly views. Construction would
be challenging given the high use of the park.

Other Comments

COST ESTIMATES
Please provide high-level (Class D) costs in 2015 $ for the adaptation approach. Include structural, engineering,
property, environmental costs in addition to others that may be appropriate for the site and approach. Please also
include a 50% contingency in keeping with the Class D approach.

Summary
Capital Cost Estimate

$3,200,000 excludes land and ground improvements if a
conventional dyke. Likely $5,000,000 to $6,000,000 if more
of a super-dike approach taken.
$9,400,000 with ground improvements but no land
(conventional dike foot print).

Annual Maintenance Cost Estimate

$7,000 per year, on average.

Methodology Summary
For construction values, geometry of dikes were estimates and broken down into the key construction
element (e.g. fill, surfacing, retaining walls, etc.). Estimated unit costs were assigned to each element,
including an allowance for engineering and contingencies. There has been no allowance for property
improvements or demolition of existing facilities. Also no allowance for land as it’s assumed that no
private lands would be required, and that other adjacent lands are city owned. A rough allowance for
infrastructure impacts has been included (landscaping, local pump station, and intersection

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix D: Alternative Summaries

D-75

Kitsilano
Protect with Park Dike

improvements). Allowance for ground improvements based on information for Fraser River alignment.
A dedicated geotech review would be required. Please see attached spreadsheet for details.
Unit Costs:
Unit Costs (including 50% E&C)
Top surface ($/m2)

- gravel (100) $
- road pavement (150 base + 80 asphalt) $
- path pavement (100 base + 50 asphalt) $

20
65
50

- concrete sidewalk (100 base + 100 conc) $
Compacted fill ($/m3)
$

85
60

Water side retaining wall (see note below) ($/ m2
face area)

$

Land side retaining wall (not water resistance and
no special footing) - AllanBlock type ($ / m2 face
area)
Small local pump station
Medium communal pump station
Large communal pump station
Land ($/m2)
Topsoil and Grass ($/m2)

$
$
$
$
$
$

Water side rip rap (Class 3, 1 m thick) ($/m2)

$

450 + $500 per lin meter f

525
1,500,000
3,750,000
5,000,000
25

75 based on $75 per ton

Guard railing for peds / cyclists ($/ lin. M)
$
250
Stripping and removals
$
20
concrete curb and gutter redo
$
75
Water Side Wall assumes 1.5 m wide x 0.3 m thick footing, burried 0.6 below grade to base. Burr
Ground Improvements using vibro replacement
per m3 (as per Delcan / Province "Cost of
Adaptation - Sea Dikes & Alternative Strategies" Soil Profile A)

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix D: Alternative Summaries

$

30 this cost included 50%

D-76

Kitsilano
Protect with Park Dike

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix D: Alternative Summaries

D-77

Kitsilano
Protect with Park Dike

120
444
690
1,254

0.4
1.4
1.4

20
16
5

Water
Side
3
3
3

3
3
3

Land Side

"H" side slopes H:1

22
24
13

Base
Width (m)

1,018
12,556
8,887
22,461

Fill
Volume
(m3)

2688
10833.6
9246
22,768

n/a
n/a
n/a
0

Surface
Type

Sloped Banks

Retaining Wall Face
Area

2400
7104
3450

152
1966
3055
5,172

152
1966
3055
5,172

444

Water
Land Side
Side Bank Bank Area Water
Land Side
(m2)
Area (m2) Area (m2)
Side (m2)
(m2)

Top Surface

n/a
roadway
n/a
roadway
207000 paved path
207,000

Ground
Improvem
Physical
ents
Width
Footprint
Acquisitio Volume
(includes
1
(m2)
n Area
(m3) -see
m beyond
(m2)**
note
dike each
Land Acquisition

Size

Number of
units
(rough
estimate)

Pump Station

Fill

$ 53,760 $ 61,056
$ 216,672 $ 753,379
$ 184,920 $ 533,232
$ 455,352 $ 1,347,667

Stripping
and
removals

$
$
$
$

156,000
461,760
172,500
790,260

Land Side
Bank
Surface

-

Guardrails

Pump
Stations

$
$ 233,100 $ 111,000 $ 1,500,000
$ 1,500,000
$ 233,100 $ 111,000 $ 3,000,000

Land Side
Wall

Property
Ground
Acquisition Improvements

Cost per km of barrier

785,995
4,972,478
9,406,128
15,164,601
12,092,984
12,540

Total

dikes and barriers only without land
per year

misc. infrastructure adjustments.
misc. infrastructure adjustments.
special landscaping, more expansive restor…at key locations.

Special Allowance Description.

$ 7,140,830 assumes no ground improvements.

$ 500,000
$
$ 1,500,000
$
$ 500,000
$ 6,210,000 $
$ 2,500,000 $
$ 6,210,000 $
$
Cost per km of barrier
$

Special
Allowance

Estimated Costs

######## note this option includes ground im######## if no ground improvements
######## note this option assumes NO grou assumes no compensation to residents fronting.

Water Side
Wall

$ 11,384 $
3,795
$ 147,425 $ 49,142
$ 229,107 $ 76,369
$ 387,917 $ 129,306 $

Water Side
Bank
Top Surface
Surface

Option 1 Assumes that K3 would be done alone.
total cost
Option 2 Assumes that K1 and K2 would need to be donetotal cost

Ground improvement volume based on base 20 m wide by 15 meter deep (approximatley equal to recommendation by Thurber in the Delcan / Province "Cost of Adaptation - Sea Dikes & Alternative Strategies" - Soil Profile A)
Assumes no long acquisition - existing road right of way or park.

Annual maintenance based on $10,000 per annum per km (including regular maintenance, long range resurfacing, and grade adjustment to compensate for settling (estimated value provided by City of Surrey).

Totals

K1
K2
K3

Average Top width
Segment Length (m)
Height (m)
(m)

Kits

Limitations and Caveats
The costs are very high level (order of magnitude) for purposes of conducting a relative comparison of
options. The values are not sufficient for capital planning. The dike construction costs do not include
any environmental impact compensation, if they occur. Allowances for incidentals such as road
adjustments, pump stations and local drainage improvements is a judgment only. A dedicated study
would be required should the City wish to explore this option further.
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY

Location

Kitsilano

Adaptation Approach

Protect

Adaptation Variation

Road Dike

Prepared By

Urban Systems

Date

June 1, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
Involves building a protective barrier (dike) predominantly by raising approximately 600 lineal meters of
established roadways (Arbutus north of Cornwall and associated intersections). In general the roadway
needs to be raised 1.4 meters(4.9 m crest elevation).

Detailed Description
Raise roadway and sidewalks. Likely involving considerable retaining walls on east side against
residential lots, possibly using slopes bank on west down into park space.

Design Constraints
Roads have significant infrastructure that would likely prevent the ability to improve the ground for
seismic criteria, should it be needed. Constraints are significant greater on the east side (residential)
versus the west side (park). Roadway parking is heavily used. Most front access to residential
properties is by foot only, rear lane used for vehicles. Some buildings are set slightly below roadway
today, and all buildings have relatively small setback from road, so the road / lot interface will be
significantly impacted. Approximately 22 lots would be directly impacted.
Significant infrastructure and facilities would remain unprotected with the roadway alignments alone.

Design Opportunities
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Any Other Comments
Several park buildings / facilities would remain unprotected.
See attached concept figure and cost estimate.
Note that this design includes Segment K3 ONLY.

ADAPTATION APPROACH IMPACTS
Please note which measures will be impacted by the management action and which measures will be affected by the
action during a flood event. For example, the construction of a dike may impact the displacement of people in two
ways – first the dike itself may require the expropriation of homes (the management action impact) and the dike will
reduce the number people impacted during a flood event (event impact). This information will be used to inform the
development of consequence tables at a later date. There is no need to quantify or detail the impact, just to
acknowledge that there will or will not be an impact.
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

Comments

People
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People
Displaced

☐

☒

At-Risk
People
Impacted

☐

☐

Park and
Recreational
Amenity Value

☒

☒

Loss of
Critical
Services or
Lifelines

☐

☐

Aesthetics

☒

☒
Environment

Risk of
Contaminant
Release

☐

☐

Environmental
Benefits

☐

☐
Economy

Building
Stock

☐

☐

Infrastructure

☐

☐

Critical
Infrastructure

☐

☐

Building
Contents and
Inventory

☐

☒

Business
Disruption

☐

☐
Other

Emergency
Response

☒

☒

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.
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Adaptability
To This
changing
SLR

option is not highly adaptable given the impacts to adjacent properties and infrastructure.

To a The level of protection and the specific properties or facilities to be protected are critical decisions that
different
decision would govern design and impact. Skewing the roadway to the west (encroach park) would also assist

somewhat in lessening the impact to residential properties, however it would be more cost effective to
simply build the dyke in park space.

Ease of Implementation
There are number of anticipated public relations and land ownership challenges. There are likely legal
and political challenges associated with impact to property access, and possibly views.

Other Comments

COST ESTIMATES
Please provide high-level (Class D) costs in 2015 $ for the adaptation approach. Include structural, engineering,
property, environmental costs in addition to others that may be appropriate for the site and approach. Please also
include a 50% contingency in keeping with the Class D approach.

Summary
Capital Cost Estimate

$6,000,000 excludes land, ground improvements,
infrastructure replacement.
Cost could go upwards of $10M to $15M to account for
infrastructure and private property impacts (but not
purchasing properties)

Annual Maintenance Cost Estimate

$10,000 per year, on average.

Methodology Summary
For construction values, geometry of dikes were estimates and broken down into the key construction
element (e.g. fill, surfacing, retaining walls, etc.). Estimated unit costs were assigned to each element,
including an allowance for engineering and contingencies. There has been no allowance for property
improvements or demolition of existing facilities. Also no allowance for land as it’s assumed that no
private lands would be required, and that other adjacent lands are city owned. A rough allowance for
infrastructure impacts has been included (landscaping, local pump station, and intersection
improvements). Allowance for ground improvements based on information for Fraser River alignment.
A dedicated geotech review would be required. Please see attached spreadsheet for details.
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Unit Costs:
Unit Costs (including 50% E&C)
Top surface ($/m2)

- gravel (100) $
- road pavement (150 base + 80 asphalt) $
- path pavement (100 base + 50 asphalt) $

20
65
50

- concrete sidewalk (100 base + 100 conc) $
Compacted fill ($/m3)
$

85
60

Water side retaining wall (see note below) ($/ m2
face area)

$

Land side retaining wall (not water resistance and
no special footing) - AllanBlock type ($ / m2 face
area)
Small local pump station
Medium communal pump station
Large communal pump station
Land ($/m2)
Topsoil and Grass ($/m2)

$
$
$
$
$
$

Water side rip rap (Class 3, 1 m thick) ($/m2)

$

450 + $500 per lin meter f

525
1,500,000
3,750,000
5,000,000
25

75 based on $75 per ton

Guard railing for peds / cyclists ($/ lin. M)
$
250
Stripping and removals
$
20
concrete curb and gutter redo
$
75
Water Side Wall assumes 1.5 m wide x 0.3 m thick footing, burried 0.6 below grade to base. Burr
Ground Improvements using vibro replacement
per m3 (as per Delcan / Province "Cost of
Adaptation - Sea Dikes & Alternative Strategies" Soil Profile A)
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120
444
690
1,254

0.4
1.4
1.4

20
16
5

Water
Side
3
3
3

3
3
3

Land Side

"H" side slopes H:1

22
24
13

Base
Width (m)

1,018
12,556
8,887
22,461

Fill
Volume
(m3)

2688
10833.6
9246
22,768

n/a
n/a
n/a
0

Surface
Type

Sloped Banks

Retaining Wall Face
Area

2400
7104
3450

152
1966
3055
5,172

152
1966
3055
5,172

444

Water
Land Side
Side Bank Bank Area Water
Land Side
(m2)
Area (m2) Area (m2)
Side (m2)
(m2)

Top Surface

n/a
roadway
n/a
roadway
207000 paved path
207,000

Ground
Improvem
Physical
ents
Width
Footprint
Acquisitio Volume
(includes
1
(m2)
n Area
(m3) -see
m beyond
(m2)**
note
dike each
Land Acquisition

Size

Number of
units
(rough
estimate)

Pump Station

Fill

$ 53,760 $ 61,056
$ 216,672 $ 753,379
$ 184,920 $ 533,232
$ 455,352 $ 1,347,667

Stripping
and
removals

$
$
$
$

156,000
461,760
172,500
790,260

Land Side
Bank
Surface

-

Guardrails

Pump
Stations

$
$ 233,100 $ 111,000 $ 1,500,000
$ 1,500,000
$ 233,100 $ 111,000 $ 3,000,000

Land Side
Wall

Property
Ground
Acquisition Improvements

Cost per km of barrier

785,995
4,972,478
9,406,128
15,164,601
12,092,984
12,540

Total

dikes and barriers only without land
per year

misc. infrastructure adjustments.
misc. infrastructure adjustments.
special landscaping, more expansive restor…at key locations.

Special Allowance Description.

$ 7,140,830 assumes no ground improvements.

$ 500,000
$
$ 1,500,000
$
$ 500,000
$ 6,210,000 $
$ 2,500,000 $
$ 6,210,000 $
$
Cost per km of barrier
$

Special
Allowance

Estimated Costs

######## note this option includes ground im######## if no ground improvements
######## note this option assumes NO grou assumes no compensation to residents fronting.

Water Side
Wall

$ 11,384 $
3,795
$ 147,425 $ 49,142
$ 229,107 $ 76,369
$ 387,917 $ 129,306 $

Water Side
Bank
Top Surface
Surface

Option 1 Assumes that K3 would be done alone.
total cost
Option 2 Assumes that K1 and K2 would need to be donetotal cost

Ground improvement volume based on base 20 m wide by 15 meter deep (approximatley equal to recommendation by Thurber in the Delcan / Province "Cost of Adaptation - Sea Dikes & Alternative Strategies" - Soil Profile A)
Assumes no long acquisition - existing road right of way or park.

Annual maintenance based on $10,000 per annum per km (including regular maintenance, long range resurfacing, and grade adjustment to compensate for settling (estimated value provided by City of Surrey).

Totals

K1
K2
K3

Average Top width
Segment Length (m)
Height (m)
(m)

Kits

Limitations and Caveats
The costs are very high level (order of magnitude) for purposes of conducting a relative comparison of
options. The values are not sufficient for capital planning. The dike construction costs do not include
any environmental impact compensation, if they occur. Allowances for incidentals such as road
adjustments, pump stations and local drainage improvements is a judgment only. A dedicated study
would be required should the City wish to explore this option further.
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY
Location

Kitsilano

Adaptation Strategy

Adaptation

Adaptation Alternative

Adapt with Multiple Tools

Prepared By

Ebbwater Consulting

Date

June 3, 2015

ADAPTATION ALTERNATIVE DESCRIPTION
Summary Description
The adaptation alternative is based on the idea that coastal communities can accommodate occasional
inundation. Infrastructure, buildings, and communities are retrofitted or slowly changed over the natural
building cycle to be more resilient to flooding. This alternative can include a broad base of educational,
planning, and building options.

Detailed Description
The adaptation alternative incorporates multiple ideas with the aim of, over time, creating zones that can
accommodate occasional flooding. These include a broad base of educational, planning and building options.
For this project we have assumed that the 2015 Designated Floodplain Standards and Requirements are in
effect (i.e. 4.6 m FCL). In addition to this regulation, the specific adaptation options explored for this project
include:
•
•
•
•
•
•

Bylaws prohibiting new critical infrastructure in the designated floodplain and protection or relocation of
existing critical infrastructure.
Raising of city services (roads, water utilities, etc.) over time.
Adjustments to building code to accommodate innovative strategies for property-level protection.
Education of property owners on individual structural responses for flood-proofing (flood gates, flood
barriers, stop-valves, etc.). This is supported by incentive programs, for instance, to encourage individuals
to flood-proof their homes.
A requirement for sub-division and density approvals in floodplains; this aims to keep the number of
people at risk of flooding from increasing in future.
Development and continued support for a flood warning system, including detection (monitoring and
forecasting), identification of thresholds to issue flood warnings, and dissemination of warnings to the
public. The warning system will warn residents and business owners of impending high ocean levels,
allowing them to minimize damage at an individual property level.

Design Constraints
Many of the options assumed for this alternative first require the implementation of a forecasting and warning
system. Second, this alternative is not immediately effective; it requires a long-term view, as the whole
program of the zone needs to change. This is particularly problematic in areas that are already built up, and
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unlikely to see renewal in the coming decades. This area has many older buildings; these might come up for
renewal in the medium to long-term. Over time, in the unmitigated case, current areas of parkland will be
replaced with beach, shifting the shoreline inwards.

Note: There is no fully attributed data set of building age available, and therefore only a portion of buildings are coloured
above. The buildings attributed with building age were used (and attributed) as part of the Hazus modelling completed in
Phase 1. Floodplain shown on map represents the very rare flooding event (0.2 % AEP) in 2100.

Design Opportunities
The adapt alternative provides a variety of design opportunities as it is an extremely flexible alternative.
The options defined for the purposes of this project are relatively bare-boned, but still have some
positive externalities:
•

Adapt options can present a shift in strategy from ad-hoc reaction to coastal hazard to a more
holistic and proactive strategy (Linham & Nicholls, 2010). Adapt options provide many cobenefits as they can help to maintain natural landscape and create environmental habitat,
while offering opportunities for communities.

•

Opportunity to recreate lively and sustainable neighbourhoods in line with the “Liveable Cities”
concept (Chye et al., 2014).

•

Opportunity to create green spaces for recreational and environmental benefits, in which the
habitat of the natural floodplain is preserved, and where effects of floods are not transferred to
other locations.

•

Flood-proofing of buildings allows adaptation to living in the floodplain, where people can stay
living in their home areas and where communities are not sterilized for the majority of time
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when they are not flooded. Flood-proofing is possible on an individual or community level and
is considered to allow a quick recovery and cleanup after floods (Linham & Nicholls, 2010).
•

Adapt options minimize the additional land that would be needed for the construction of
seawalls or dikes.

•

They also allow more flexibility over time, in contrast to structural defenses, that, once they
are constructed, are difficult to change or to develop new management policies. In contrast,
adapt options provide opportunity to adapt slowly over time to different levels of sea level rise
and integrate new technologies.

•

Flood education increases awareness of floods in the population and can aid the public in
making good decisions with regards to flood risk reduction. It is important that appropriate
measures to reduce flood risk are well communicated to the communities before an
emergency. People thus learn to live with floods, in contrast to structural defenses that often
create a false sense of security on the landward side of a dike (Linham & Nicholls, 2010).

Any Other Comments

ADAPTATION ALTERNATIVE IMPACTS
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

☒

Fewer people displaced than for
baseline case

☒

Less impact than for baseline case.

Comments
People

Fewer people displaced than
for baseline case

People
Displaced

☒

At-Risk
People
Impacted

☐

Park and
Recreational
Amenity Value

☒

Potentially positive impact, as
natural floodplain habitat is
preserved and recreational
green space is created.

☐

As baseline

Loss of
Critical
Services or
Lifelines

☒

Flood-proofing or relocation of
critical services buildings is
necessary.

☒

Negative impacts will occur until
critical services are protected or
relocated.

Aesthetics

☒

Potential negative impact as
shoreline moves inward over
time

☒
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Environment
Risk of
Contaminant
Release

☒

Flood-proofing or relocation of
potential risk sites is
necessary.

☒

Environmental
Benefits

☒

Potentially a positive impact,
especially if option is improved
with co-beneficial
environmental/recreational
features

☐

Potential impact until buildings are
relocated or protected.

Economy
Building
Stock

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Infrastructure

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Critical
Infrastructure

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Building
Contents and
Inventory

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Business
Disruption

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

☒

Costs are less than for baseline
case.

Other
Emergency
Response

☒

Detailed development of an
emergency response plan is an
important part of the Adapt
strategy.

Public education will help to
prepare the public for an event of
emergency.

ADAPTATION ALTERNATIVE IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To This alternative has a high adaptability to changing SLR and can be implemented in stages. For
changing
SLR instance, FCLs are relatively adaptable as they can be raised over time as SLR predictions are

updated.
To a This alternative allows later adaptation to different
different
decision structural changes, such as building a dike.
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Ease of Implementation
The adaptation alternative incorporates many different facets, including regulatory, educational, and
planning options. The ease of implementation varies across these options, but in general and in
comparison to other more structural options, adaptation options are considered to have a medium ease
of implementation.

Other Comments

COST ESTIMATES
Summary
Capital Cost Estimate

$13.11 M

Annual Maintenance Cost Estimate

$0.55 M

Methodology Summary
Each of the elements outlined above as part of the adapt alternative were costed at a high level. Many
of the elements are new ideas, with few, if any, precedents. And, as such many assumptions have
been made. However, the order-of-magnitude costs presented here are robust enough for the relative
comparison that they are used for in the structured decision making process.
Capital Costs
Protection or Relocation of Critical Infrastructure. This cost is coarsely calculated as this number
of critical infrastructure in floodplain x $1M. The $1M cost was derived from reporting on retrofit costs
for flood protection from the European Union (Vermeer, 2013), The number of critical infrastructure in
the zone floodplain was calculated in GIS as described in Appendix E.
Raising of City Services. As described in Appendix E, a weighted-roads measure was used as a
proxy for City assets in the zone. Similarly the cost of raising City services was calculated as a
function of the weighted-roads measure and a cost of $10,000/m. This very approximate cost was
provided by the City Streets Department (in 2013 as part of the Phase 1 work) as the marginal cost to
raise roads over and above the normal costs for repair and maintenance.
Policy Costs
Regulatory Changes. Regulatory changes are proposed as part of this alternative and include
changes to the building code to allow for innovation in flood-resilient building. An initial cost of $20,000
is assumed for this; this is based on discussions with the District of North Vancouver who recently
revamped their hazards policies.
Program Costs
Warning Program. The adapt alternative is contingent on the development and long-term support of a
monitoring and warning system. This system could easily be scaled-up to be Citywide, however for the
purposes of this exercise, we have assumed that the cost would be assigned to the Kitsilano zone
only. An initial conservative cost of $1M is assumed based on discussions with Provincial and City
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Staff (Emergency Management). This would cover monitoring, forecast modelling, warnings and the
development of communication materials to help residents understand what the warnings mean. A
$50,000 annual maintenance cost is also assumed.
Property-Level-Protection Program. The adapt alternative requires that individuals (homeowners,
business owners, etc.) increase the resilience of their buildings. Despite changes to the building code,
it is likely that for this policy to be effective that both a toolkit and incentive programs be in place. A
further component of this will be the piloting of flood-resilient design projects for future city buildings.
An initial cost of $1M is estimated based on discussions with the developers of a comparable program
in the UK (Dhonau, Wilson, McHugh, & Burton, 2014), and an estimate of the marginal cost making
City buildings flood-resilient. A further $0.5M cost is assumed to cover annual incentive program. As
for the warning system cost, although the benefits of this type of program would be city-wide, we have
assigned all the costs to Kitsilano in this exercise. Further, a simplistic assumption was made to make
this a fixed cost per zone, rather than basing it on actual number of buildings or another representative
measure.
Total Cost
Capital Cost = $1M x 1 + $10,000 x 909 + $20,000 + $1M + 1M
= $12.1 M

Annual Cost = $50,000 + $0.5M
= $550,000

Limitations and Caveats
All cost estimates provided are high-level estimates and can only provide the approximate range of
costs. No standard methodologies exist; best efforts were made to source appropriate information, but
it is subject to error.
Costs are provided in 2015 $. Given the multiple uncertainties associated with future predictions, and
the desire to present only relative costs (as compared to other options) no effort was made to calculate
a net present value.
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JERICHO – SPANISH BANKS

ALTERNATIVES
Strategy

Alternative

Protect

Park Dike

Protect

Road Dike

Adapt

Adapt with Multiple Tools

Retreat

Managed Retreat
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY

Location

Jericho – Spanish Banks

Adaptation Approach

Protect

Adaptation Variation

Beach/Park Dike

Prepared By

Urban Systems

Date

June 1, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
Involves building a protective barrier (dike) approximately 2000 lineal meters predominantly along the
established beach trail system. Rise average 1.8 meters (4.9 m crest elevation).

Detailed Description
If necessary, provide a detailed description (1-3 paragraphs) of the approach. Add images as appropriate.

Design Constraints
There are isolated locations where the site is constrained either by mature vegetation or buildings.
Mature vegetation is the most significant constraint. However, there appears to be significant flexibility
on dyke alignment. A decision around encroaching into the beach or not is either a constraint or an
opportunity.

Design Opportunities
Re-establish a new meandering trail alignment to minimize impact. Encroachment into the beach
where possible.

Any Other Comments
See attached concept figure and cost estimate. ONLY segment J1 relates to this option.

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix D: Alternative Summaries

D-93

Jericho - Spanish Banks
Protect with Park Dike

ADAPTATION APPROACH IMPACTS
Please note which measures will be impacted by the management action and which measures will be affected by the
action during a flood event. For example, the construction of a dike may impact the displacement of people in two
ways – first the dike itself may require the expropriation of homes (the management action impact) and the dike will
reduce the number people impacted during a flood event (event impact). This information will be used to inform the
development of consequence tables at a later date. There is no need to quantify or detail the impact, just to
acknowledge that there will or will not be an impact.
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

Comments

People
People
Displaced

☐

☒

At-Risk
People
Impacted

☐

☐
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Park and
Recreational
Amenity Value

☒

☒

Loss of
Critical
Services or
Lifelines

☐

☐

Aesthetics

☒

☒
Environment

Risk of
Contaminant
Release

☐

☐

Environmental
Benefits

☐

☐
Economy

Building
Stock

☐

☐

Infrastructure

☐

☐

Critical
Infrastructure

☐

☐

Building
Contents and
Inventory

☐

☐

Business
Disruption

☐

☐
Other

Emergency
Response

☒

☒

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To This option is
changing
SLR constrained.

reasonably adaptable in most segments, however may be less adaptable where highly
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To a The level of protection and the specific
different
decision would govern design and impact.

properties or facilities to be protected are critical decisions that

Ease of Implementation
There are number of anticipated public relations challenges. There are likely legal and political
challenges associated with impact to views from homes on NW Marine Drive. Construction would be
challenging given the high use of the area as a park / cycling corridor.

Other Comments
This alignment provides far greater protection to existing lands and facilities than the roadway
alignment. This may warrant accepting a bigger dyke footprint to soften the lines and increase the
ability for people to migrate across the dyke.

COST ESTIMATES
Please provide high-level (Class D) costs in 2015 $ for the adaptation approach. Include structural, engineering,
property, environmental costs in addition to others that may be appropriate for the site and approach. Please also
include a 50% contingency in keeping with the Class D approach.

Summary
Capital Cost Estimate

$6,500,000 excludes land and ground improvements.
Likely in order of $10,000,000+ if more of a super-dyke to
soften lines, but also greater impact to existing vegetation.
$24,500,000 with ground improvements but no land
(conventional dyke).

Annual Maintenance Cost Estimate

$20,000 per year, on average.

Methodology Summary
For construction values, geometry of dikes were estimates and broken down into the key construction
element (e.g. fill, surfacing, retaining walls, etc.). Estimated unit costs were assigned to each element,
including an allowance for engineering and contingencies. There has been no allowance for property
improvements or demolition of existing facilities. Also no allowance for land as it’s assumed that no
private lands would be required, and that other adjacent lands are city owned. A rough allowance for
infrastructure impacts has been included (landscaping, local pump station, and intersection
improvements). Allowance for ground improvements based on information for Fraser River alignment.
A dedicated geotech review would be required. Please see attached spreadsheet for details.
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Unit Costs:
** - Acquisition area is ONLY for NON public ROW's and parcels NOT currently owned by the City
Unit Costs (including 50% E&C)
Top surface ($/m2)

- gravel (100) $
- road pavement (150 base + 80 asphalt) $
- path pavement (100 base + 50 asphalt) $

20
65
50

- concrete sidewalk (100 base + 100 conc) $
Compacted fill ($/m3)
$

85
60

Water side retaining wall (see note below) ($/ m2
face area)

$

Land side retaining wall (not water resistance and
no special footing) - AllanBlock type ($ / m2 face
area)
Small local pump station
Medium communal pump station
Large communal pump station
Land ($/m2)
Topsoil and Grass ($/m2)

$
$
$
$
$
$

Water side rip rap (Class 3, 1 m thick) ($/m2)

$

450 + $500 per lin meter f

525
1,500,000
3,750,000
5,000,000
25

75 based on $75 per ton

Guard railing for peds / cyclists ($/ lin. M)
$
250
Stripping and removals
$
20
concrete curb and gutter redo
$
75
Water Side Wall assumes 1.5 m wide x 0.3 m thick footing, burried 0.6 below grade to base. Burr
Ground Improvements using vibro replacement
per m3 (as per Delcan / Province "Cost of
Adaptation - Sea Dikes & Alternative Strategies" Soil Profile A)

$
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2007
366
1273
3,646

1.8
1.0
1.7

5
8
12

3
3
3

3
3
3

16
14
22

37,571
4,026
37,006
78,603
31710.6
5124
28260.6
65,095

n/a
n/a
n/a
0

602100 paved path
n/a
roadway
n/a
roadway
602,100

Surface
Type

Sloped Banks

Retaining Wall Face
Area

10035
2928
15276

11424
1157
6843
19,425

11424
1157
6843
19,425

Pump Station
Number of
units
(rough
estimate)
Size

$ 634,212
$ 102,480
$ 565,212
$ 1,301,904

Stripping
and
removals

$ 856,803
$
86,805
$ 513,261
$ 1,456,869

$
$
$
$

285,601
28,935
171,087
485,623 $
-

$
$
$
$

Pump
Stations

Special
Allowance

Property
Ground
Acquisition Improvements

Total

Special Allowance Description.

Cost per km of barrier

$

4,548,298 assumes no ground improvements.

$ 1,500,000 $ 500,000
$ 18,063,000 $ 24,595,629 special landscaping, parking lot adjustment
$ 1,500,000 $
50,000
$ 2,200,099 special landscaping
125,000
$ 3,000,000
$ 7,850,367 intersection adjustments, special landscaping, hydro adjustments.
125,000 $ 3,000,000 $ 3,550,000 $
$ 18,063,000 $ 34,646,095
Cost per km of barrier
$ 9,502,495 dikes and barriers only without land
$
36,460 per year

Guardrails

262,500 $
262,500 $

Land Side
Wall

Estimated Costs

######## note this option includes ground im ######## if no ground improvements
######## note this option assumes NO groun assumes no compensation to residents with direct driveway access to NW Marine.

Water Side
Land Side Water Side
Top Surface Bank Surface Bank Surface
Wall

$ 2,254,262 $ 501,750
$ 241,560 $ 190,320
$ 2,220,367 $ 992,940
$ 4,716,189 $ 1,685,010

Fill

Option 1 Assumes that J1 would be done alone.
total cost
Option 2 Assumes that J2 and J3 would need to be done tototal cost

Ground improvement volume based on base 20 m wide by 15 meter deep (approximatley equal to recommendation by Thurber in the Delcan / Province "Cost of Adaptation - Sea Dikes & Alternative Strategies" - Soil Profile A)
Assumes no long acquisition - existing road right of way or park.

500

Water Side Land Side
Bank Area Bank Area Water Side Land Side
(m2)
(m2)
(m2)
(m2)
Area (m2)

Top Surface

Annual maintenance based on $10,000 per annum per km (including regular maintenance, long range resurfacing, and grade adjustment to compensate for settling (estimated value provided by City of Surrey).

Totals

J1
J2
J3

Segment

Ground
Land Acquisition
Improvem
Physical
ents
Average Top width
Base
Fill Volume
Width
Footprint
Length (m)
Acquisitio Volume
Height (m)
(m)
Width (m)
(m3)
(includes 1
(m2)
Water Side Land Side
n Area
(m3) -see
m beyond
(m2)**
note
dike each
"H" side slopes H:1

Limitations and Caveats
The costs are very high level (order of magnitude) for purposes of conducting a relative comparison of
options. The values are not sufficient for capital planning. The dike construction costs do not include
any environmental impact compensation, if they occur. Allowances for incidentals such as road
adjustments, pump stations and local drainage improvements is a judgment only. A dedicated study
would be required should the City wish to explore this option further.
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY

Location

Jericho – Spanish Banks

Adaptation Approach

Protect

Adaptation Variation

Road Dike

Prepared By

Urban Systems

Date

June 1, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
Involves building a protective barrier (dike) approximately 1,700 lineal meters, predominantly within
established roadways (NW Marine / Point Grey). Rise 1.0 Point Grey to 1.7 meters NW Marine on
average. (4.9 m crest elevation).

Detailed Description
If necessary, provide a detailed description (1-3 paragraphs) of the approach. Add images as appropriate.

Design Constraints
All roadway segments have significant infrastructure that would likely prevent the ability to improve the
ground for seismic criteria, should it be needed. Otherwise, there are highly varied conditions along
the roadway lengths – parks and green space exist for approximately half of the total road length,
whereas single family residential homes exist in the remaining half. Where those homes do exist,
some are already set well below the existing road level. As such, elevating the road further would
significantly worsen the road / lot interface. There are approximately 15 homes that are likely directly
impacted. Roadside parking, sidewalks and cycle paths are significant on NW Marine Drive in this
area.
Significant infrastructure and facilities would remain unprotected with the roadway alignments alone.

Design Opportunities
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Any Other Comments
See attached concept figure and cost estimate. ONLY segment J2 relates to this option.

ADAPTATION APPROACH IMPACTS
Please note which measures will be impacted by the management action and which measures will be affected by the
action during a flood event. For example, the construction of a dike may impact the displacement of people in two
ways – first the dike itself may require the expropriation of homes (the management action impact) and the dike will
reduce the number people impacted during a flood event (event impact). This information will be used to inform the
development of consequence tables at a later date. There is no need to quantify or detail the impact, just to
acknowledge that there will or will not be an impact.
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

Comments

People
People
Displaced

☐
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At-Risk
People
Impacted

☐

☐

Park and
Recreational
Amenity Value

☒

☒

Loss of
Critical
Services or
Lifelines

☐

☐

Aesthetics

☒

☒
Environment

Risk of
Contaminant
Release

☐

☐

Environmental
Benefits

☐

☐
Economy

Building
Stock

☐

☒

Infrastructure

☒

☒

Critical
Infrastructure

☒

☒

Building
Contents and
Inventory

☐

☒

Business
Disruption

☐

☐
Other

Emergency
Response

☒

☒

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.
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Adaptability
To This
changing
SLR

option is not highly adaptable given the impacts to adjacent properties and infrastructure.

To a The level of protection and the specific properties or facilities to be protected are critical decisions that
different
decision would govern design and impact. Realigning roadway away from residential lots, or purchasing the

properties (not currently factored into costs).

Ease of Implementation
There are number of anticipated public relations and land ownership challenges. There are likely legal
and political challenges associated with impact to property access, and possibly views, on NW Marine
Drive. Construction would be challenging given the high use of the area as a park / cycling corridor.

Other Comments
Expected to be significant impact to roadside vegetation.

COST ESTIMATES
Please provide high-level (Class D) costs in 2015 $ for the adaptation approach. Include structural, engineering,
property, environmental costs in addition to others that may be appropriate for the site and approach. Please also
include a 50% contingency in keeping with the Class D approach.

Summary
Capital Cost Estimate

$10,000,000 excludes land and ground improvements, with
relatively minor allowance for private properties.
With 15 homes directly impacted, the costs could escalate
to $15M to $20M if significant property improvements or
compensation considered (but not property purchase)

Annual Maintenance Cost Estimate

$15,000 per year, on average.

Methodology Summary
For construction values, geometry of dikes were estimates and broken down into the key construction
element (e.g. fill, surfacing, retaining walls, etc.). Estimated unit costs were assigned to each element,
including an allowance for engineering and contingencies. There has been no allowance for property
improvements or demolition of existing facilities. Also no allowance for land as it’s assumed that no
private lands would be required, and that other adjacent lands are city owned. A rough allowance for
infrastructure impacts has been included (landscaping, local pump station, and intersection
improvements). Allowance for ground improvements based on information for Fraser River alignment.
A dedicated geotech review would be required. Please see attached spreadsheet for details.
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Unit Costs:
** - Acquisition area is ONLY for NON public ROW's and parcels NOT currently owned by the City
Unit Costs (including 50% E&C)
Top surface ($/m2)

- gravel (100) $
- road pavement (150 base + 80 asphalt) $
- path pavement (100 base + 50 asphalt) $

20
65
50

- concrete sidewalk (100 base + 100 conc) $
Compacted fill ($/m3)
$

85
60

Water side retaining wall (see note below) ($/ m2
face area)

$

Land side retaining wall (not water resistance and
no special footing) - AllanBlock type ($ / m2 face
area)
Small local pump station
Medium communal pump station
Large communal pump station
Land ($/m2)
Topsoil and Grass ($/m2)

$
$
$
$
$
$

Water side rip rap (Class 3, 1 m thick) ($/m2)

$

450 + $500 per lin meter f

525
1,500,000
3,750,000
5,000,000
25

75 based on $75 per ton

Guard railing for peds / cyclists ($/ lin. M)
$
250
Stripping and removals
$
20
concrete curb and gutter redo
$
75
Water Side Wall assumes 1.5 m wide x 0.3 m thick footing, burried 0.6 below grade to base. Burr
Ground Improvements using vibro replacement
per m3 (as per Delcan / Province "Cost of
Adaptation - Sea Dikes & Alternative Strategies" Soil Profile A)

$
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2007
366
1273
3,646

1.8
1.0
1.7

5
8
12

3
3
3

3
3
3

16
14
22

37,571
4,026
37,006
78,603
31710.6
5124
28260.6
65,095

n/a
n/a
n/a
0

602100 paved path
n/a
roadway
n/a
roadway
602,100

Surface
Type

Sloped Banks

Retaining Wall Face
Area

10035
2928
15276

11424
1157
6843
19,425

11424
1157
6843
19,425

Pump Station
Number of
units
(rough
estimate)
Size

$ 634,212
$ 102,480
$ 565,212
$ 1,301,904

Stripping
and
removals

$ 856,803
$
86,805
$ 513,261
$ 1,456,869

$
$
$
$

285,601
28,935
171,087
485,623 $
-

$
$
$
$

Pump
Stations

Special
Allowance

Property
Ground
Acquisition Improvements

Total

Special Allowance Description.

Cost per km of barrier

$

4,548,298 assumes no ground improvements.

$ 1,500,000 $ 500,000
$ 18,063,000 $ 24,595,629 special landscaping, parking lot adjustment
$ 1,500,000 $
50,000
$ 2,200,099 special landscaping
125,000
$ 3,000,000
$ 7,850,367 intersection adjustments, special landscaping, hydro adjustments.
125,000 $ 3,000,000 $ 3,550,000 $
$ 18,063,000 $ 34,646,095
Cost per km of barrier
$ 9,502,495 dikes and barriers only without land
$
36,460 per year

Guardrails

262,500 $
262,500 $

Land Side
Wall

Estimated Costs

######## note this option includes ground im ######## if no ground improvements
######## note this option assumes NO groun assumes no compensation to residents with direct driveway access to NW Marine.

Water Side
Land Side Water Side
Top Surface Bank Surface Bank Surface
Wall

$ 2,254,262 $ 501,750
$ 241,560 $ 190,320
$ 2,220,367 $ 992,940
$ 4,716,189 $ 1,685,010

Fill

Option 1 Assumes that J1 would be done alone.
total cost
Option 2 Assumes that J2 and J3 would need to be done tototal cost

Ground improvement volume based on base 20 m wide by 15 meter deep (approximatley equal to recommendation by Thurber in the Delcan / Province "Cost of Adaptation - Sea Dikes & Alternative Strategies" - Soil Profile A)
Assumes no long acquisition - existing road right of way or park.

500

Water Side Land Side
Bank Area Bank Area Water Side Land Side
(m2)
(m2)
(m2)
(m2)
Area (m2)

Top Surface

Annual maintenance based on $10,000 per annum per km (including regular maintenance, long range resurfacing, and grade adjustment to compensate for settling (estimated value provided by City of Surrey).

Totals

J1
J2
J3

Segment

Ground
Land Acquisition
Improvem
Physical
ents
Average Top width
Base
Fill Volume
Width
Footprint
Length (m)
Acquisitio Volume
Height (m)
(m)
Width (m)
(m3)
(includes 1
(m2)
Water Side Land Side
n Area
(m3) -see
m beyond
(m2)**
note
dike each
"H" side slopes H:1

Limitations and Caveats
The costs are very high level (order of magnitude) for purposes of conducting a relative comparison of
options. The values are not sufficient for capital planning. The dike construction costs do not include
any environmental impact compensation, if they occur. Allowances for incidentals such as road
adjustments, pump stations and local drainage improvements is a judgment only. A dedicated study
would be required should the City wish to explore this option further.
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY
Location

Jericho – Spanish Banks

Adaptation Strategy

Adaptation

Adaptation Alternative

Adapt with Multiple Tools

Prepared By

Ebbwater Consultgin

Date

June 4, 2015

ADAPTATION ALTERNATIVE DESCRIPTION
Summary Description
The adaptation alternative is based on the idea that coastal communities can accommodate occasional
inundation. Infrastructure, buildings, and communities are retrofitted or slowly changed over the natural
building cycle to be more resilient to flooding. This alternative can include a broad base of educational,
planning, and building options.

Detailed Description
The adaptation alternative incorporates multiple ideas with the aim of, over time, creating zones that can
accommodate occasional flooding. These include a broad base of educational, planning and building options.
For this project we have assumed that the 2015 Designated Floodplain Standards and Requirements are in
effect (i.e. 4.6 m FCL). In addition to this regulation, the specific adaptation options explored for this project
include:
•
•
•
•
•
•

Bylaws prohibiting new critical infrastructure in the designated floodplain and protection or relocation of
existing critical infrastructure.
Raising of city services (roads, water utilities, etc.) over time.
Adjustments to building code to accommodate innovative strategies for property-level protection.
Education of property owners on individual structural responses for flood-proofing (flood gates, flood
barriers, stop-valves, etc.). This is supported by incentive programs, for instance, to encourage individuals
to flood-proof their homes.
A requirement for sub-division and density approvals in floodplains; this aims to keep the number of
people at risk of flooding from increasing in future.
Development and continued support for a flood warning system, including detection (monitoring and
forecasting), identification of thresholds to issue flood warnings, and dissemination of warnings to the
public. The warning system will warn residents and business owners of impending high ocean levels,
allowing them to minimize damage at an individual property level.

Design Constraints
Many of the options assumed for this alternative first require the implementation of a forecasting and warning system.
Second, this alternative is not immediately effective; it requires a long-term view, as the whole program of the zone
needs to change. This is particularly problematic in areas that are already built up, and unlikely to see renewal in the
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coming decades. However, there are relatively few structures in the floodplain in the Jericho-Spanish Banks zone,
and many of those are older homes that might be expected to be updated in the near future.

Design Opportunities
The adapt alternative provides a variety of design opportunities as it is an extremely flexible alternative.
The options defined for the purposes of this project are relatively bare-boned, but still have some
positive externalities:
•

Adapt options can present a shift in strategy from ad-hoc reaction to coastal hazard to a more
holistic and proactive strategy (Linham & Nicholls, 2010). Adapt options provide many cobenefits as they can help to maintain natural landscape and create environmental habitat,
while offering opportunities for communities.

•

Opportunity to recreate lively and sustainable neighbourhoods in line with the “Liveable Cities”
concept (Chye et al., 2014).

•

Opportunity to create green spaces for recreational and environmental benefits, in which the
habitat of the natural floodplain is preserved, and where effects of floods are not transferred to
other locations.

•

Flood-proofing of buildings allows adaptation to living in the floodplain, where people can stay
living in their home areas and where communities are not sterilized for the majority of time
when they are not flooded. Flood-proofing is possible on an individual or community level and
is considered to allow a quick recovery and cleanup after floods (Linham & Nicholls, 2010).
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•

Adapt options minimize the additional land that would be needed for the construction of
seawalls or dikes.

•

They also allow more flexibility over time, in contrast to structural defenses, that, once they
are constructed, are difficult to change or to develop new management policies. In contrast,
adapt options provide opportunity to adapt slowly over time to different levels of sea level rise
and integrate new technologies.

•

Flood education increases awareness of floods in the population and can aid the public in
making good decisions with regards to flood risk reduction. It is important that appropriate
measures to reduce flood risk are well communicated to the communities before an
emergency. People thus learn to live with floods, in contrast to structural defenses that often
create a false sense of security on the landward side of a dike (Linham & Nicholls, 2010).

•

For the Jericho-Spanish Banks zone particular opportunities exist to use and adapt the park
and beach areas under this alternative.

Any Other Comments

ADAPTATION ALTERNATIVE IMPACTS
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

☒

Fewer people displaced than for
baseline case

Comments
People

Fewer people displaced than
for baseline case

People
Displaced

☒

At-Risk
People
Impacted

☐

Park and
Recreational
Amenity Value

☒

Potentially positive impact, as
natural floodplain habitat is
preserved and recreational
green space is created.

☐

As baseline

Loss of
Critical
Services or
Lifelines

☒

Flood-proofing or relocation of
critical services buildings is
necessary.

☒

Negative impacts will occur until
critical services are protected or
relocated.

Aesthetics

☐

☐

☐
Environment
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Risk of
Contaminant
Release

☐

☐

Environmental
Benefits

☐

☐
Economy

Building
Stock

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Infrastructure

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Critical
Infrastructure

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Building
Contents and
Inventory

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

Business
Disruption

☒

Flood-proofing necessary.

☒

Less impact than for baseline case.

☒

Costs are less than for baseline
case.

Other
Emergency
Response

☒

Detailed development of an
emergency response plan is an
important part of the Adapt
strategy.

Public education will help to
prepare the public for an event of
emergency.

ADAPTATION ALTERNATIVE IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To This alternative has a high adaptability to changing SLR and can be implemented in stages. For
changing
SLR instance, FCLs are relatively adaptable as they can be raised over time as SLR predictions are

updated.
To a This alternative allows later adaptation to different
different
decision structural changes, such as building a dike.

management decisions, as it does not include major

Ease of Implementation
The adaptation alternative incorporates many different facets, including regulatory, educational, and
planning options. The ease of implementation varies across these options, but in general and in
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comparison to other more structural options, adaptation options are considered to have a medium ease
of implementation.

Other Comments

COST ESTIMATES
Summary
Capital Cost Estimate

$59.5 M

Annual Maintenance Cost Estimate

$0.55 M

Methodology Summary
Each of the elements outlined above as part of the adapt alternative were costed at a high level. Many
of the elements are new ideas, with few, if any, precedents. And, as such many assumptions have
been made. However, the order-of-magnitude costs presented here are robust enough for the relative
comparison that they are used for in the structured decision making process.
Capital Costs
Protection or Relocation of Critical Infrastructure. This cost is coarsely calculated as this number
of critical infrastructure in floodplain x $1M. The $1M cost was derived from reporting on retrofit costs
for flood protection from the European Union (Vermeer, 2013), The number of critical infrastructure in
the zone floodplain was calculated in GIS as described in Appendix E.
Raising of City Services. As described in Appendix E, a weighted-roads measure was used as a
proxy for City assets in the zone. Similarly the cost of raising City services was calculated as a
function of the weighted-roads measure and a cost of $10,000/m. This very approximate cost was
provided by the City Streets Department (in 2013 as part of the Phase 1 work) as the marginal cost to
raise roads over and above the normal costs for repair and maintenance.
Policy Costs
Regulatory Changes. Regulatory changes are proposed as part of this alternative and include
changes to the building code to allow for innovation in flood-resilient building. An initial cost of $20,000
is assumed for this; this is based on discussions with the District of North Vancouver who recently
revamped their hazards policies.
Program Costs
Warning Program. The adapt alternative is contingent on the development and long-term support of a
monitoring and warning system. This system could easily be scaled-up to be Citywide, however for the
purposes of this exercise, we have assumed that the cost would be assigned to the Jericho-Spanish
Banks Zone only. An initial conservative cost of $1M is assumed based on discussions with Provincial
and City Staff (Emergency Management). This would cover monitoring, forecast modelling, warnings
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and the development of communication materials to help residents understand what the warnings
mean. A $50,000 annual maintenance cost is also assumed.
Property-Level-Protection Program. The adapt alternative requires that individuals (homeowners,
business owners, etc.) increase the resilience of their buildings. Despite changes to the building code,
it is likely that for this policy to be effective that both a toolkit and incentive programs be in place. A
further component of this will be the piloting of flood-resilient design projects for future city buildings.
An initial cost of $1M is estimated based on discussions with the developers of a comparable program
in the UK (Dhonau, Wilson, McHugh, & Burton, 2014), and an estimate of the marginal cost making
City buildings flood-resilient. A further $0.5M cost is assumed to cover annual incentive program. As
for the warning system cost, although the benefits of this type of program would be city-wide, we have
assigned all the costs to Jericho-Spanish Banks in this exercise. Further, a simplistic assumption was
made to make this a fixed cost per zone, rather than basing it on actual number of buildings or another
representative measure.
Total Cost
Capital Cost = $1M x 8 + $10,000 x 4,948+ $20,000 + $1M + 1M
= $59.5 M

Annual Cost = $50,000 + $0.5M
= $550,000

Limitations and Caveats
All cost estimates provided are high-level estimates and can only provide the approximate range of
costs. No standard methodologies exist; best efforts were made to source appropriate information, but
it is subject to error.
Costs are provided in 2015 $. Given the multiple uncertainties associated with future predictions, and
the desire to present only relative costs (as compared to other options) no effort was made to calculate
a net present value.
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CITY OF VANCOUVER CFRA PHASE 2
ADAPTATION ALTERNATIVE SUMMARY
Location

Jericho – Spanish Banks

Adaptation Approach

Retreat

Adaptation Variation
Prepared By

Ebbwater Consulting

Date

June 8, 2015

ADAPTATION APPROACH DESCRIPTION
Summary Description
A Retreat strategy is often considered a special form of exposure-reducing strategy in which
vulnerable assets are actively moved away from particular areas over time. A managed retreat
alternative could, over time, remove the economic, environmental, and social assets at risk from
the flood-prone area.

Detailed Description
A managed retreat alternative aims to slowly remove people and vulnerable assets from the
floodplain over time.
Specifics of the alternative proposed were:
• Moving of assets (buildings, businesses, people) and infrastructure (roads, services) out of
the floodplain.
• Acquisition of developed and undeveloped land: Opportunistic buyouts using public funds as
homes/businesses come up for sale for the next 40–60 years, thereby reducing future assets
at risk.
• More aggressive buyouts 60–90 years from now, which will require enabling legislation.
• Opportunistic removal of roads, other infrastructure, and contaminants, as land is vacated
for the next 40–60 years.
• Aggressive re-naturalization around 2070.
This alternative provides more distributed protection from flooding, as it will increase floodresiliency in areas where the policies are adopted and properties are acquired. This alternative will
provide minimal protection from near-term events, as it will take decades for a significant number
of residents to relocate. Towards the end of the century, the risk of flooding in the area will have
essentially been removed completely. Finally, a managed Retreat alternative could successfully
minimize economic and social damages associated with flood events, but only at the considerable
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expense of moving valuable assets out of the floodplain. Around 4 km2 of land would gradually be
re-naturalized and eventually permanently flooded.

Design Constraints
Constraints of this approach are its high implementation challenges and relatively high costs in
relation to property buyouts. Loss of City land is another constraint. This approach would not be
implemented immediately, so it would require decades before it is effective.

Design Opportunities
This approach provides opportunities for creating natural habitat and wetlands along the
coastline that have high environmental, recreational and aesthetic value. It would also reduce the
risk from seismic hazards (assumed hazard, seismic hazard was not specifically addressed in the
study). The population density is relatively low in this area, so relocation would only affect a
smaller number of people. It can also be considered a long-term strategy with high adaptability to
changing sea level rise rates.

Any Other Comments
Please append any figures, drawings, etc.

ADAPTATION APPROACH IMPACTS
Measure

Management Action Impact

Event Impact

Yes?

Yes?

Comments

Comments
People

People
Displaced

☒

☐

No impact

At-Risk
People
Impacted

☐

☐

No impact

Park and
Recreational
Amenity Value

☐

☒

Inundation same as baseline

Loss of
Critical

☐

☐

No impact
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Services or
Lifelines
Aesthetics

☒

☐

Positive: naturalized
Environment

Risk of
Contaminant
Release

☐

Environmental
Benefits

☒

☒

Sites would need to be cleaned

☐

Positive: naturalized

Economy
Building
Stock

☐

☐

No impact

Infrastructure

☐

☐

No impact

Critical
Infrastructure

☐

☐

No impact

Building
Contents and
Inventory

☐

☐

No impact

Business
Disruption

☐

☐

No impact

Other
Emergency
Response

☐

☐

ADAPTATION APPROACH IMPLEMENTATION
In this section, issues (other than cost) related to the implementation of the project are described.

Adaptability
To
High
changing
SLR over

adaptability to changing sea level rise, as this approach will slowly be implemented
time.

To a
Options remain
different
decision over time.

open to different decisions, as this approach will slowly be implemented
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Ease of Implementation
The approach is considered to have a low ease of implementation, due to its challenges in regards
to regulatory changes, policies and costs of property buyouts.

Other Comments

COST ESTIMATES
Summary
Capital Cost Estimate

$620 M

Annual Maintenance Cost Estimate

$0 M

Methodology Summary
Capital cost estimates for the Managed Retreat alternative were based on the assessment values
of land and buildings today ($470M) (under the assumption that the City might provide
compensation to landowners, although, the legal requirement to do this is unclear at the time), in
addition to costs associated with the rehabilitation of land. The costs of removing roads and
rehabilitating the land was estimated using area and amount of existing infrastructure as variables
($150 M). The existing ‘naturalised’ state of this zone means that the cost of re-naturalising it will
be relatively small (as compared to the Southlands zone for example).
Capital Cost Estimate = Value of lands and buildings + Costs of removing infrastructure and
rehabilitating
Total = $470 M + $150 M
= $620 M

Limitations and Caveats
All cost estimates provided are high-level estimates and can only provide the approximate
range of costs.
In order to limit scope (recognising the many uncertainties as described in the main report),
costs are provided in 2015 dollars, and are not pro-rated. Whereas the strategy outlines
slow, managed buy-outs over time, and the assessed values of the lands and buildings will

City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix D: Alternative Summaries

D-116

Jericho - Spanish Banks
Managed Retreat

change if and when they are actually acquired. They might rise in value (as per the current
trend) or they might decrease in value with the increased understanding of the flood
hazard. Given the multiple uncertainties, and the understanding that the number is only
being used as a relative comparison with other alternatives, the cost estimation is
simplified to represent cost in 2015 dollars.
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1

Introduction

This appendix summarizes the methods used to estimate the values contained in the detailed
Consequence Tables presented in Appendix F, and summarised in the main report.
As discussed in the main report, we first asked the City and stakeholders what measures they thought
would be most important in considering the relative performances of alternatives. The following
methodologies were then developed with input from the City to estimate the likely relative performance
of each of the alternatives on each of the measures.
As always, a balance had to be struck between the detail of information required for this level of
analysis, the types of information available, and the time and resources required to perform the
analysis. Furthermore, for many of the measures, there are no standard methodologies in the literature.
We therefore had to establish new methodologies based on heuristic techniques, within the confines of
available data and resources. Many of the techniques that follow could be improved in future
iterations, and we have made suggestions in each case for doing so.
As described in the main body of the report, provisional objectives and measures were established
relatively early in the process, and initial calculations were completed in the spring of 2015 for
presentation to stakeholder groups. At this time, flood hazard maps and Hazus modelling results were
only available for the scenarios calculated as part of the phase 1 work. Therefore a scenario-based
approach for the consequence tables is presented here; only results for the 1m SLR + 0.2 % AEP Flood
Event scenario is presented here. Additional high-level flood hazard mapping of interim scenarios was
completed in the summer of 2015 for use in the frequency curves (see main body of report); however
resources were unavailable to complete a full-set of consequences, which could then be used to
estimate annual expected impacts or damages. This would be a preferred method (see discussion in
main report); but does require significantly more resources. A summary of work completed, and work
that could be completed in future is shown in the table below.
SLR/Event
0m
0.6 m
1.0 m

HHWLT
Coarse hazard data available,
consequences not yet
calculated
Coarse hazard data available,
consequences not yet
calculated
Complete*

6.7 % AEP (1:15)
Coarse hazard data
available, consequences
not yet calculated
Coarse hazard data
available, consequences
not yet calculated
Coarse hazard data
available, consequences
not yet calculated

0.2% AEP (1:500)
Complete
High quality hazard data
available, consequences
not yet calculated
Complete

* Broad assumption that the 0.2% AEP event with 0 m of SLR is approximately equivalent to the HHWLT event with
1.0 m of SLR.

The methods are presented in the same order as in the Consequence tables, i.e. as follows:
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Impacts from Flood Event (Per Event)
PEOPLE
•
•
•
•

People displaced temporarily
“At risk” people impacted
Park and recreational amenity value
Loss of critical services

ENVIRONMENT
•

Risk of contaminant release

ECONOMY
•
•
•
•
•

Damage to infrastructure
Damage to buildings
Loss of inventory
Business disruption
Emergency response costs

Impacts from Management Action (or Inaction)
PEOPLE
•
•

People displaced permanently
Aesthetics

ENVIRONMENT
•

Environmental benefits

IMPLEMENTATION
•
•
•
•

Capital costs
Maintenance costs
Adaptability
Ease of implementation

Initial measures were calculated in the spring of 2015, and were presented at stakeholder workshops as
well as internal City Meetings. Further to these workshops, City staff and management requested
additional information on the flood areas within each zone, as well as total assessed values. These are
presented at the end of this appendix.
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2

Impacts from Flood Event (Per Event)

2.1
2.1.1

People
People displaced temporarily

Measure: Number of people displaced during a flood event.
Summary: Quantitative assessment of affected people using Hazus model (no changes to base methods)
and 2011 Statistics Canada census information.
Detail: The Hazus model reports the number of displaced people and households and the expected
number of people who will seek shelter at public shelters. The number of people is calculated as a
function of the population and the inundated area. Shelter needs are calculated as a function of the
number of the displaced households, the number of people within the household and their perceived
need for public shelters; wealthier families are assumed to be less likely to seek shelter in a public
shelter for example (see Phase 1 Report, Annex F for more details, and for a discussion of the
methodology).
The demographic outputs from Hazus are based on the default census-based inputs, and are therefore
most accurate when considered at the aggregate scale. Consequently, the figures show large areas of
impact because whole census dissemination areas are considered, whereas the figures of building
damages (see below) show individual building damages and therefore the impact area looks smaller in
that case. However, all figures can be viewed at a high-level to explore relative differences across the
City associated with each of the alternatives; they should not be directly compared to each other.
Household numbers were used to best reflect the impact to people in general. Vulnerable populations
were examined with their own measure.
Calculations were completed in GIS for each Zone under the 1 m of sea level rise and 0.2% AEP Flood
Event scenario, for each of the alternatives: baseline condition, Protect, Adapt and Retreat. In the
Protect and Retreat scenarios, people are presumed to be removed from the hazard. For the adapt
scenarios, a percentage of the baseline population is assumed to be protected - this percentage is based
on turnover rates for the City provided by the planning department: 0.86% annually on average, 1.0%
annually for single-family residential areas (Southlands, Jericho-Spanish Banks and Kitsilano).
Sample Results: The image below is a hotspot map of people displaced during a flood event in the
baseline condition. False Creek and Flats has the highest density of population temporarily displaced.
Total displaced population by zone are also presented in the table below.
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Zones
False Creek and Flats
Fraser River Foreshore
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road

Displaced Population for 1m SLR + 0.2% AEP Flood

3985
2339
2094
719
461
934
401
323
0
214
0

Comments: The methods and data used to calculate impacts to people are relatively robust.
Improvements to the calculation of this measure could be made as follows:
•

Calculations could be completed outside Hazus, allowing for more flexibility and quality
control in the results. For example, Statistics Canada data at the dissemination block
level (as opposed to dissemination areas that are used in Hazus) could be used along
with hazard mapping.
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•

2.1.2

As a result of schedule and resources only a single scenario was calculated. A more
complete annual expected loss calculation could be completed with a full set of Hazus
results (see introduction for table of all scenarios available when CTs were initially
developed and at the end of the project).

“At risk” people impacted

Measure: Social Vulnerability Indexed Affected Population
Summary: Quantitative assessment of at-risk population displacement during flood events. This is a
function of People Displaced (see above) and a Social Vulnerability Index by census tract as developed
by Western University.
Detail: The City of Vancouver made clear that a measure to look at vulnerable populations within the
City was critical for the project. No standard best practice for the quantification of vulnerable
populations that could be directly applied to the City of Vancouver was found in the literature. We
therefore took a simple approach to the calculation, where the displaced populations calculated as
described above were weighted with a Social Vulnerability Index for the Census Area. The University of
Western Ontario recently completed research that culminated with the development of a social
vulnerability index by dissemination area – see Map below. A full description of the methodology for
this work is available in Oulahen, 2015. Simply, the higher the index number (5 is the maximum) the
more vulnerable the population.
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Calculations were completed in GIS for each Zone under the 1 m of sea level rise and 0.2% AEP Flood
Event scenario, for each of the alternatives: baseline condition, Protect, Adapt and Retreat. In the
Protect and Retreat scenarios, people are presumed to be removed from the hazard. For the adapt
scenarios, a percentage of the baseline population is assumed to be protected - this percentage is based
on turnover rates for the City provided by the planning department: 0.86% annually on average, 1.0%
annually for single-family residential areas (Southlands, Jericho-Spanish Banks and Kitsilano).
Sample Results: The image below is a hotspot map of people ‘at risk’ displaced during a flood event in
the baseline condition. Similar to the general population ‘at risk’, False Creek and Flats has the highest
density of population temporarily displaced. Total displaced ‘at risk’ population by zone are also
presented in the table below.
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Zone
False Creek and Flats
Fraser River
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road

Displaced Vulnerable Population for 1m SLR + 0.2% AEP Flood (-)
2377
1552
553
306
231
445
261
233
0
145
0

Comments: The methods and data used to calculate impacts to people are adequate. Improvements to
the calculation of this measure could be made as follows:
•

•

•

2.1.3

Calculations could be completed outside Hazus, allowing for more flexibility and quality
control in the results. For example, Statistics Canada data at the dissemination block
level (as opposed to dissemination areas that are used in Hazus) could be used along
with hazard mapping.
As a result of schedule and resources only a single scenario was calculated. A more
complete annual expected loss calculation could be completed with a full set of Hazus
results (see introduction for table of all scenarios available when CTs were initially
developed and at the end of the project).
Literature into social vulnerability to flooding (especially coming from the University of
Middlesex, UK and from the University of Alberta) should be reviewed prior to the recalculation of this measure. Progress in the development of standardised methods for
the calculation of Social Vulnerability to flooding is anticipated in the near future.

Park and recreational amenity value

Measure: Park area affected per event
Summary: Quantitative assessment of the area of park affected by flood events based on GIS analysis. A
qualitative assessment of the value of each flooded parcel was described to stakeholders (e.g., this is a
destination park, or this is the only program space of its kind in the City).
Detail: Early-on in the SDM process, it became clear that Park areas were of significant value to the City.
There are many aspects to these values including recreational value to citizens, economic value local and
tourist visits, and ecological value. This measure focusses specifically on the recreational value to local
people. Initially, we had hoped to measure this using a metric that reflected park use and enjoyment;
visitor-days for example. However, at this time the City does not have a comprehensive database of this
type of information. Quantitatively the project was limited to mapped areas for the parks. The methods
for looking at impacts to areas is what is presented here. However, over the course of the project, the
consultant team met with Parks Board staff to gain a broader understanding of the differing values
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associated with the large number of parks affected by flooding. This information was presented
qualitatively to stakeholders during the workshops. Specifics included:
•
•
•

Some parks are neighbourhood parks, while others are destination parks (e.g. Stanley Park,
Kitsilano Beach Park)
Some parks have unique program space (e.g. Jericho Beach Park contains the only large program
space available for events like the Folk Festival)
Parks staff partially completed a worksheet noting if park:
o Has water access
o Contains part of high-use pathway
o Serves high-density area
o Has unique program/revenue space

Quantitative assessments of the total area of parks within each zone flooded under various flood event
scenarios were calculated in GIS using basic tools. Calculations were completed in GIS for each Zone
under the 1 m of sea level rise and 0.2% AEP Flood Event scenario, for each of the alternatives: baseline
condition, Protect, Adapt and Retreat. Parks were assumed to be flooded under all but protect
scenarios. Parks potentially have significant value even if vulnerable to occasional flooding; they can be
used under all but flood conditions.
Sample Results: The image below shows flooded park areas for the baseline condition. Areas are also
presented in the table below.
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Zone
False Creek and Flats
Fraser River Foreshore
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road

Park Area Flooded (km2)
0 m SLR, 0.2% AEP Flood Event
1 m SLR, 0.2% AEP Flood Event
0.06
0.28
0.04
0.06
1.52
1.60
0.13
0.18
0.47
0.57
0.00
0.02
0.01
0.03
0.00
0.00
0.01
0.05
0.47
0.62
0.00
0.00

Comments: The methods and data used to calculate impacts to people are relatively coarse.
Improvements to the calculation of this measure could be made as follows:
•
•

2.1.4

As a result of schedule and resources only a three scenarios were calculated. A more
complete annual expected loss calculation could be completed with time and resources.
Area flooded isn’t a true reflection of the impacts to recreational (people) values for
many reasons:
o A flooded park doesn’t necessarily mean that it is not useable
o The relative recreational value of each park (or even each part of a park) is not
included in this calculation. For example, arguably the beach areas of Kitsilano
Beach Park are the most valuable, and these will be the most impacted.
However, Kitsilano Beach is shown as equally valuable to Strathcona Park.
The above failings could be improved with additional data and mapping that would
better highlight the higher-value portions of the park system.

Loss of critical services

Measure: Number of critical infrastructure pieces within floodplain.
Summary: Quantitative assessment of the number of identified pieces of critical infrastructure (Hydro
substations, pump stations, energy facilities, etc.) affected by a flood event.
Detail: Working with City of Vancouver staff, critical infrastructure sites within the floodplain were
identified. These include City-owned infrastructure, as well as privately-owned infrastructure:
1.
2.
3.
4.
5.
6.
7.

BC Gas Utility Sites
BC Hydro substations
City Emergency Shelter Sites
City Fire Halls
City Pump Stations and Sewer Outfalls
City Neighbourhood Energy Utilities
City Works Yards
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8. Translink and Canada Line Transit Stations and Hubs
9. Port Metro Vancouver terminals
10. CP and CN Railyards
Calculations were completed in GIS for each Zone under the 1 m of sea level rise and 0.2% AEP Flood
Event scenario, for each of the alternatives: baseline condition, Protect, Adapt and Retreat. For the
Protect and Retreat alternatives, critical infrastructure are presumed to be removed from the
hazard. For the adapt alternative, a percentage of the baseline is assumed to be protected - this
percentage is based on turnover rates for the City provided by the planning department: 0.86%
annually on average.
Sample Results: The image below shows the location of impacted pieces of critical infrastructure for the
baseline condition. Total numbers are also presented in the table below.
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Zone
False Creek and Flats
Fraser River
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road

Number of Pieces of Critical Infrastructure for 1 m of SLR + 0.2%
AEP Flood Event
23
5
0
1
8
7
4
9
4
3
1

Comments: The methods and data used to calculate impacts to people from the failure or critical
infrastructure are relatively coarse. For example, the relative value of each piece of infrastructure was
not included, as no standard methods to account for this were available. Further, a more accurate
measure would have combined the number of affected people with the length of disruption (affected
people-days). However, suitable data to complete this analysis (e.g. the service area associated with
electricity substations) was not available.
Improvements to the calculation of this measure could be made by:
•
•
•
•

2.2
2.2.1

Reviewing and improving the City’s list of critical infrastructure
Working with the City to create a weighted index of critical infrastructure pieces
Studying the probability of failure to each piece of critical infrastructure in the case of flooding
events
Studying in more detail the people and businesses affected by critical infrastructure failure

Environment
Risk of contaminant release

Measure: Risk of contaminant Release.
Summary: Quantitative assessment of the number of businesses that might be a contamination source
within the floodplain. City of Vancouver Business Licenses were assessed using GIS.
Detail: Flood impacts related to contaminants being released into the environment are an important
component of disaster risk. It is not possible to fully calculate the detailed impact of this as there are
many uncertainties associated with contaminant release – the existence of the contaminant on the
floodplain in the first place, the type of contaminant, the containment and security of the contaminant,
etc. As a proxy, potential contamination sources were mapped and compared to flood extents. The City
of Vancouver business license directory was used for this task, where specific business types were
assumed to be a potential source of contaminants:
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•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

Auto Dealer, Auto Detailing, Auto Painter & Body Shop, Auto Parking Lot/Parkade, Auto Repairs,
Auto Washer, Auto Wholesaler
Boat Charter Services
Carpet/Upholstery Cleaner
Dry Cleaner
Food Processing
Gasoline Station
Junk Dealer
Landscape Gardener
Laundry (w/equipment), Laundry Depot
Livery and Feed Stables
Machinery Dealer
Manufacturer (Food, Food with Anc. Retail, and with Anc. Retail)
Marine Services
Painter
Plumber
Printing Services
Recycling Depot
Repair/Service/Maintenance
Scavenging
Secondhand Dealer
Wholesale Dealer (Food with Anc. Retail, with Anc. Retail)
Window Cleaner

Calculations were completed in GIS for each Zone under the 1 m of sea level rise and 0.2% AEP Flood
Event scenario, for each of the alternatives: baseline condition, Protect, Adapt and Retreat. For the
Protect and Retreat alternatives, sites are presumed to be removed from the hazard. For the adapt
alternative, a percentage of the baseline sources are assumed to be protected - this percentage is based
on turnover rates for the City provided by the planning department: 0.86% annually on average.
Sample Results:
The image below is a hotspot map of contaminant sources during a flood event in the baseline
condition. False Creek and Flats and the Fraser Foreshore are the show the highest densities of potential
contaminant sources. Number of potential contaminant sources by zone are also presented in the table
below.
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Zone
False Creek and Flats
Fraser River Foreshore
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road

Number of Potential Contaminant Sources for
1 m SLR + 0.2% AEP Flood Event

192
326
2
3
0
7
12
17
0
0
0

Comments: The methods and data used to calculate impacts from potential contaminant source release
during a flood are coarse, but relatively adequate for this planning exercise. Improvements to the
calculation of this measure could be made through the use of more detailed information on
contaminated sites inventories(Exactly where, exactly what, how well protected, what are probabilities
of it being removed over time). The project team reviewed the Provincial and Federal contaminated
site registries, but did not have access to exact site locations. This type of data in tandem with the City
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Business License data would provide a more complete sense of risk. However, the proxy used, provides
enough data for this level of study.

2.3
2.3.1

Economy
Damage to infrastructure

Measure: Length of roads affected
Summary: Quantitative assessment of length of roads within the floodplain, completed using a GIS
analysis. Arterial roads were weighted more highly than neighbourhood streets or alleys. Roads were
used as a proxy to describe all linear City Infrastructure that would be impacted (e.g. sewers, water, etc.)
Detail: Flood impacts to City Infrastructure are an important direct impact (infrastructure is damaged or
unusable when flooded) that has numerous cascading impacts to people (who can’t get around because
roads are shut, or who have no water or sewer service) and to business (who can’t deliver goods or run
their businesses) and to the City and its citizens (who will have to pay for repairs). A full representation
of all the direct and indirect impacts related to infrastructure being damaged or unusable is very
complex. Given the limited resources and data available for this project, a simple proxy for all of the
above was calculated, based on lengths of road affected. Roads were selected because they represent
overall City assets reasonably well (road density and road size correlates well to density of
population/businesses and therefore other City services), and there is good data available.
All calculations were completed in GIS using City Public Streets data downloaded in 2014 from the City
of Vancouver Open Data Catalogue. Road segment lengths were calculated in GIS, and road weights
were assigned as follows:
Road Type
Residential
Secondary and Collector
Arterial

Weight
1
2
3

A value for each segment was then calculated as Road Length (m) x Weight.
Calculations were completed in GIS for each Zone under the 1 m of sea level rise and 0.2% AEP Flood
Event scenario, for each of the alternatives: baseline condition, Protect, Adapt and Retreat. For the
Protect and Retreat alternatives, sites are presumed to be removed from the hazard. For the adapt
alternative, a percentage of the baseline roads are assumed to be protected - this percentage is based
on turnover rates for the City provided by the planning department: 0.86% annually on average.
Sample Results:
The image below shows impacted roads and road-weights for flood event in the baseline condition.
False Creek and Flats and the Fraser Foreshore are the show the highest number of impacted roads.
The total road-weights by zone are also presented in the table below.
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Zone
False Creek and Flats
Fraser River Foreshore
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park*
Point Grey Road

Weighted Road-Lengths for 1m SLR + 0.2% AEP Flood Event (-)
31343
39820
14803
909
4948
2034
2799
0
0
0
0

*Parks Board and Port roads are not included in the City of Vancouver data sets, and therefore no roads are reported for Stanley Park or
Waterfront. Whereas, some roads are in fact impacted. The total length of roads is minimal, and neither of these zones are detailed
assessment zones, so no effort was made to improve this result.

Comments: The methods and data used to calculate impacts to City infrastructure during a flood are
adequate for this purpose. Improvements to the calculation of this measure could be made if more
detailed asset data were available. Methods for assessing indirect or even direct costs associated with
infrastructure damages and loss-of-use are still in their infancy, especially in Canada. This measure
should be revisited and revised based on the latest available loss methodologies if and when the
assessment is repeated.
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2.3.2

Damage to buildings

Measure: Millions of Dollars
Summary: Quantitative assessment of the dollar cost of building damage based on Hazus modelling
Detail: The Hazus model reports the number of dollar value of damaged buildings. The value is
calculated as a function of percent building damage, which in turn is based on water depth and buildingtype, and the assessed value of the building. There are several concerns with this method as outlined in
Phase 1 Report, Annex F. However, this was the most robust methodology available at the time of
calculation, and it provides excellent information on the relative difference between various hazard
scenarios as well as between adaptation alternatives.
Calculations were completed in GIS for each Zone under the 1 m of sea level rise and 0.2% AEP Flood
Event scenario, for each of the alternatives: baseline condition, Protect, Adapt and Retreat. For the
adapt alternatives, a percentage of the baseline building damaged is assumed to be protected - this
percentage is based on turnover rates for the City provided by the planning department: 0.86% annually
on average, 1.0% annually for single-family residential areas (Southlands, Jericho-Spanish Banks and
Kitsilano).
Sample Results:
The image below is a hotspot map of building losses during a flood event in the baseline condition. The
largest losses are seen around False Creek and Granville Island. Dollar losses by zone are also presented
in the table below.
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Zones
False Creek and Flats
Fraser River
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road

Building Losses for 1 m SLR + 0.2% AEP Flood Event ($M)

76
35
40
4
4
14
1
24
0
-

Comments: The methods and data used to calculate dollar losses to buildings are adequate for this level
of work. For means of improvements to the measure, please see list of recommendations in Phase 1
Report, Annex F.

E-17
City of Vancouver Coastal Flood Risk Assessment - Phase 2
Appendix E: Description of Analytical Methodologies for Consequence Tables

2.3.3

Loss of inventory

Measure: Millions of Dollars
Summary: Quantitative assessment of the dollar cost of content and inventory losses based on Hazus
modelling
Detail: The Hazus model reports the dollar value of inventory and contents. The value is calculated as a
function of percent building damage, which in turn is based on water depth and building-type, and the
likely building contents. For residential buildings the content value is based on the assessed value; more
expensive homes are assumed to have more expensive furnishings. For industrial and commercial
buildings, and additional factor related to business-type is also used in the calculation. There are several
issues with this method as discussed in Phase 1 Report, Annex F. However, this was the most robust
methodology available at the time of calculation, and it provides good information on the relative
difference between the alternatives.
Calculations were completed in GIS for each Zone under the 1 m of sea level rise and 0.2% AEP Flood
Event scenario, for each of the alternatives: baseline condition, Protect, Adapt and Retreat. For the
Protect and Retreat alternatives, buildings are presumed to be removed from the hazard. For the adapt
alternative, a percentage of the baseline building damaged is assumed to be protected - this percentage
is based on turnover rates for the City provided by the planning department.
Sample Results:
The image below is a hotspot map of inventory losses during a flood event in the baseline condition. The
largest losses are seen around False Creek and Granville Island. Dollar losses by zone are also presented
in the table below.
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Zones
False Creek and Flats
Fraser River
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road

Content and Inventory Losses for 1 m SLR + 0.2% AEP Flood Event
($M)
76
169
61
10
10
14
1
132
0
-

Comments: The methods and data used to calculate dollar losses to buildings are adequate for this level
of work. For means of improvements to the measure, please see list of recommendations in Phase 1
Report, Appendix F.
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2.3.4

Business disruption

Measure: Number of employees in affected businesses
Summary: Quantitative assessment of the number of employees within the floodplain. City of
Vancouver Business Licenses data was analyzed using GIS.
Detail: Clearly, a large indirect impact to Vancouver’s economy would be the temporary closures of
businesses in the flood-affected area. A simple metric of total impacted employees was to represent
this was selected on the basis of available information.
Business License Information from the City of Vancouver Open Data catalogue was analysed in GIS to
calculate the number of impacted employees.
Calculations were completed in GIS for each Zone under the 1 m of sea level rise and 0.2% Flood Event
scenario, for each of the alternatives: baseline condition, Protect, Adapt and Retreat. For the Protect
and Retreat alternatives employees are presumed to be removed from the hazard. For the adapt
alternatives, a percentage of the baseline is assumed to be protected - this percentage is based on
turnover rates for the City provided by the planning department: 0.86% annually on average, 1.0%
annually for single-family residential areas (Southlands, Jericho-Spanish Banks and Kitsilano).
Sample Results:
The image below is a hotspot map of impacted employees during a flood event in the baseline
condition. The largest losses are seen around False Creek and in the Waterfront zone. Impacted
employees by zone are also presented in the table below.
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Zone
False Creek and Flats
Fraser River
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road

Number of Affected Employees

12055
4498
400
46
124
831
3948
391
0
51
0

Comments:
This method assumes that number of employees is a good proxy for economic impacts to businesses.
The total number of employees is obviously a factor in the value of a business, but it is only one of many
factors that makes up revenues. More detailed sectoral economic models could be used if resources
and data were available. A local example of this type of analysis has been completed by the District of
North Vancouver with help from Natural Resources Canada and UBC for earthquake impacts (Journey et
al., 2015).
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2.3.5

Emergency response costs

Measure: $M Event Cost
Summary: An estimated cost based on the size of the area flooded and the number of people affected.
Calibration information was solicited from Canadian cities that experienced recent flood events
(Edmonton, Calgary, etc.).
Detail: Emergency response costs for a coastal flood event in Vancouver are difficult to measure as to
date there has not been an event that could be used to calibrate this cost, and many international
algorithms and studies reviewed were not deemed appropriate for this case. In order to develop
reasonably robust values, information was solicited from neighbouring communities who had
experienced large flood events in recent years. Specifically, the City of Calgary (2013) and the City of
Edmonton (2014) both of whom provided the City costs for response and short-term recovery. The City
of Edmonton’s event was primarily stormwater back-ups and was therefore not used. In order to
translate costs from Calgary to Vancouver, a simple rate of $700 per evacuee was used based on
provided City of Calgary costs (Expert Panel on River Flood Mitigation, 2014). This was selected as the
method because data was available for both cities; it is a reasonable proxy.
Calculations were completed in GIS for each Zone under the 1 m of sea level rise and 0.2% AEP Flood
Event scenario, for each of the alternatives: baseline condition, Protect, Adapt and Retreat. For the
Protect and Retreat alternatives, people are presumed to be removed from the hazard and therefore
there is no associated cost.
Summary Results: The image below is a hotspot map of emergency response costs during a flood event
in the baseline condition. The largest losses are seen around False Creek. Dollar losses by zone are also
presented in the table below.
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Zones
False Creek and Flats
Fraser River
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road

Emergency Response Cost for 1 m SLR + 0.2% AEP Flood Event ($M)
2.8
1.6
1.5
0.5
0.3
0.7
0.3
0.2
0.0
0.1
0.0

Comments: The methodology is based on a single event in Calgary 2013 to estimate costs per person. It
also uses displaced people as part of the equation; this has its own limitations as described above. A
larger pool of more detailed emergency response costs for large flood events in Canada would provide
make the methodology much more robust. A larger data set would improve our ability to correlate
events of different characteristics with the costs associated with them. The City could perhaps ask the
Federal Government to improve the Canadian Disaster Database to help with this task in future.
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3

Impacts from Management Action (or inaction)

3.1
3.1.1

People
People displaced permanently

Measure: Number of people permanently displaced.
Summary: Quantitative assessment of the number of people permanently displaced as a result of
permanent or semi-permanent wetting (from sea level rise) or who have been moved as a result of the
management action (e.g. people moved to make room for a dike).
Detail: This measure considers the impact to people of permanent displacement. Two types of
displacement our considered and then summed together. First, permanent displacement as a result of
sea level rise that creates areas that are permanently wet, or wetted on an annual basis, such that given
the current building form, no one could live there. The calculation for this was based on the Hazus
results (described above), except that the scenario looks at impacts from HHWLT as opposed to flood
events. Second, permanent displacement resulting from the management actions themselves were
considered. For example, some actions will require the acquisition of land to build a flood protection
structure, or alternately some people will be permanently displaced as a result of a retreat strategy.
Estimates for permanent displacement from the management action were made based on the footprint
of the strategy itself and current population numbers (from the 2011) census.
Calculations were completed in GIS for each Zone under the 1 m of sea level rise and 0.2% Flood Event
scenario, for each of the alternatives: baseline condition, Protect, Adapt and Retreat. For the Protect
and Retreat alternatives, people are presumed to be removed from the hazard. For the adapt
alternatives, a percentage of the baseline population is assume to be protected - this percentage is
based on turnover rates for the City provided by the planning department: 0.86% annually on average,
1.0% annually for single-family residential areas (Southlands, Jericho-Spanish Banks and Kitsilano).
Sample Results: The image below is a hotspot map of people permanently displaced by SLR in the
baseline condition. Southlands has the highest density of population permanently displaced. Total
displaced population by zone are also presented in the table below.
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Zone
False Creek and Flats
Fraser River Foreshore
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road

Permanently Displaced Population (1 m SLR)

1046
1154
1572
56
0
249
122
159
0
0
0

Comments: The methods and data used to calculate impacts to people could be improved as more
information becomes available. Improvements to the calculation of this measure could be made as
follows:
•

Calculations could be completed outside Hazus, allowing for more flexibility and quality
control in the results. For example, Statistics Canada data at the dissemination block
level (as opposed to dissemination areas that are used in Hazus) could be used along
with hazard mapping.
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•

•

3.1.2

As a result of schedule and resources only a single scenario was calculated. A more
complete annual expected loss calculation could be completed with a full set of Hazus
results (see introduction for table of all scenarios available when CTs were initially
developed and at the end of the project).
A limitation of this method is that calculations are based on 2011 census information
and do not account for population growth over time. As discussed in the main body of
this report, we have taken this approach for all the calculations as a means of
simplification. This is a necessary means of reducing complexity, but still provides
robust information on the relative differences between alternatives.

Aesthetics

Measure: Qualitative Aesthetics Scale
Summary: Qualitative assessment based on basic design concepts. Multiple City staff were asked to rank
options for each zone on a scale of -2 to +2, with 0 meaning no change from the baseline.
Detail: The aesthetic impact of a management action (such as a barrier or dike) was seen as an
important measure by the project stakeholders. The public acceptability of an action is partly
predicated on how it will look. Aesthetic-values are clearly subject individuals’ taste, and therefore
there is a need to consider a variety of individuals’ thoughts about the aesthetic appeal of a
management action.
To estimate this measure, City staff were provided summary sheets describing management actions
(similar to those in Appendix D), and were then asked to provide a number rank from -2 to +2, where
negative numbers connotes an action that will likely diminish the existing aesthetic appeal and positive
numbers describe an action that will beautify the existing state. A 0 score means no change from the
baseline.
Sample Results: The table below shows average scores for aesthetics for each of the alternatives.
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Zone
False Creek and Flats

Fraser River Foreshore

Southlands

Kitsilano

Jericho-Spanish Banks

Alternative
Baseline
Protect with Barrier
Protect with Seawall
Protect with Partial Dike
Adapt with Multiple Tools
Baseline
Protect with Shoreline
Dike
Protect with Inland Dike
Adapt with Multiple Tools
Baseline
Protect with Dike
Adapt with Multiple Tools
Managed Retreat
Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
Managed Retreat

Average Score

0
-1.5
-1
0
0
0
-0.5
-1
-0.5
0
-1
-0.5
1
0
-1
-1
0
0
0
-0.5
2
-0.5

Comments: The methods and data used to estimate aesthetic impacts were very simple, but adequate
for this level of study. When more specific designs are completed in the decades to come, revised
assessments will be required. Specific improvements to this high-level analysis that could be made with
more resources:
•
•

3.2
3.2.1

The sample size for scoring could have been increased significantly. Only a small number of City
staff provided scores.
In order to increase the sample size, it would be necessary to prepare more visual tools to better
describe the alternatives. The project team had a good understanding of the proposed
alternatives, however, lay-people without intimate knowledge require additional, usually visual,
tools to better understand the alternative and therefore its potential impacts to the
environment.

Environment
Environmental benefits

Measure: A simple means of evaluating the potential environmental impacts of a management action.
Summary: Qualitative assessment based on basic design concepts. The project team ranked options for
each zone on a scale of -2 to +2, with 0 meaning no change from the baseline.
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Detail: The environmental impact of a management action (such as a barrier or dike) was seen as an
important measure by the project stakeholders. For this high-level project, a simple qualitative measure
was used primarily because of the resources available, and partly because of the lack of robust data
available. However, the data that was available from the City of Vancouver relating to environmental
values was used to inform the project team when they made their assessments.
To calculate this measure, project team members were provided summary sheets describing
management actions (similar to those in Appendix D), and were then asked to provide a number rank
from -2 to +2, where negative numbers connotes an action that would diminish environmental values,
and positive numbers describe and action that will improve environmental values from the existing
state. . A 0 score means no change from the baseline.
Participants were also provided with the following draft datasets from the City of Vancouver:
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Sample Results: The table below shows average scores for environmental benefits for each of the
alternatives.
Zone
False Creek and Flats

Fraser River Foreshore

Southlands

Kitsilano

Alternative
Baseline
Protect with Barrier
Protect with Seawall
Protect with Partial Dike
Adapt with Multiple Tools
Baseline
Protect with Shoreline
Dike
Protect with Inland Dike
Adapt with Multiple Tools
Baseline
Protect with Dike
Adapt with Multiple Tools
Managed Retreat
Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
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Average Score

0
-1
0
0
0
0
-1
0
0
0
-2
0
2
0
-1
0
0

Jericho-Spanish Banks

Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
Managed Retreat

0
-1
0
0
0

Comments: The methods and data used to calculate impacts to the environment were basic, but
adequate for this level of study. When more detailed designs are completed in the decades to come,
more meaningful environmental assessments will be required. Specific improvements to this high-level
analysis that could be made with more resources include:
•
•

3.3
3.3.1

The sample size for scoring could have been increased significantly. Only the project team
provided scores. Additional scores from City Staff would have improved the measure.
In order to increase the sample size, it would be necessary to prepare more visual tools to better
describe the alternatives. The project team had a good understanding of the proposed
alternatives, however, lay-people without intimate knowledge require additional, usually visual,
tools to better understand the alternative and therefore its potential impacts to the
environment.

Implementation
Capital costs

Measure: Millions of $
Summary: Quantitative Class D estimate of the capital cost to implement specific alternatives
Detail: Engineering options were costs based on Class D estimate guidelines and designs that conform
with provincial seismic standards. Adaptation options were costed based on discussions with other
jurisdictions that have implemented parts of the adaptation strategy. Retreat options were costed based
on the assessment values of land today plus costs associated with the rehabilitation of land, using area
and amount of existing infrastructure as variables. Further details are provided in Appendix D, where
costing methodologies for each alternative are outlined.
Sample Results: The table below shows estimated capital costs for each of the alternatives.
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Zone
False Creek and Flats

Fraser River Foreshore

Southlands

Kitsilano

Jericho-Spanish Banks

Alternative
Baseline
Protect with Barrier
Protect with Seawall
Protect with Partial Dike
Adapt with Multiple Tools
Baseline
Protect with Shoreline
Dike
Protect with Inland Dike
Adapt with Multiple Tools
Baseline
Protect with Dike
Adapt with Multiple Tools
Managed Retreat
Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
Managed Retreat

Cost ($M)

0
500 to 850
300 to 400
10.1
338
0
157
152
405
0
90
150
990
0
5 to 6
10 to 15
12.2
0
7 to 25
10 to 20
60
620

Comments: The methods and data used to calculate impacts to the environment were robust for this
level of study. Specific limitations are noted in the Alternative Summaries in Appendix D, and specific
recommendations for refining some of the alternative cost estimates are found in the main report.
3.3.2

Maintenance costs

Measure: Millions of $
Summary: Quantitative Class D estimate of the annual maintenance cost to implement specific
alternatives
Detail: Engineering options were costed based on Class D estimate guidelines and designs that conform
with provincial seismic standards. Adaptation options were costed based on discussions with other
jurisdictions that have implemented parts of the adaptation strategy.
Sample Results: The table below shows estimated maintenance costs for each of the alternatives.
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Zone
False Creek and Flats

Fraser River Foreshore

Southlands

Kitsilano

Jericho-Spanish Banks

Alternative
Baseline
Protect with Barrier
Protect with Seawall
Protect with Partial Dike
Adapt with Multiple Tools
Baseline
Protect with Shoreline
Dike
Protect with Inland Dike
Adapt with Multiple Tools
Baseline
Protect with Dike
Adapt with Multiple Tools
Managed Retreat
Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
Managed Retreat

Cost ($M/Year)

0
9.5
4.0
0.01
0.55
0
0.1
0.1
0.55
0
0.07
0.55
0
0
0.01
0.01
0.06
0
0.02
0.15
0.55
0

Comments: The methods and data used to calculate impacts to the environment were robust for this
level of study. Specific limitations are noted in the Alternative Summaries in Appendix D, and specific
recommendations for refining some of the alternative cost estimates are found in the main report.
3.3.3

Adaptability

Measure: Adaptability scale from 1 to 4.
Summary: Qualitative assessment based on basic design. The project team ranked options for each zone
on a scale of 1 to 4, where 1 is non-adaptable and 4 is highly-adaptable and reversible.
Detail: There is considerable uncertainty associated with future sea level rise in addition to uncertainty
in the state of long-range development in the City of Vancouver; this is laid out in more detail in the
main report. A key measure for the alternatives was therefore their ability to adapt to change – either
from lower or higher than expected sea level rise, or a change in development patterns. Two
components of adaptability were considered:
1. The ability to adjust the alternative to different sea level elevations
2. The ability to reverse or undo the option and pursue a different path
Scores for each alternative were developed as shown below
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Adaptability
Management option is not at all adaptable, and the decision path is not easily reversed
Management option is not at all adaptable, but the decision path is easily reversed
OR
Management option is somewhat adaptable, but the decision path is not easily reversed
Management option is somewhat adaptable, and the decision path is easily reversed
OR
Management option is fully adaptable, but the decision path is not easily reversed
Management option is fully adaptable, and the decision path is easily reversed

1

Score

2
3
4

Sample Results: The table below shows average scores for adaptability for each of the alternatives.
Zone
False Creek and Flats

Fraser River Foreshore

Southlands

Kitsilano

Jericho-Spanish Banks

Alternative
Baseline
Protect with Barrier
Protect with Seawall
Protect with Partial Dike
Adapt with Multiple Tools
Baseline
Protect with Shoreline
Dike
Protect with Inland Dike
Adapt with Multiple Tools
Baseline
Protect with Dike
Adapt with Multiple Tools
Managed Retreat
Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
Managed Retreat

Score

4
2
3
3
3
4
3
3
3
4
1
3
4
4
1
1
3
4
1
1
3
4

Comments: The methods and data used to characterize Adaptability were basic, but adequate for this
level of study. When more detailed designs are completed in the decades to come, refined assessments
will be required. Specific improvements to this high-level analysis that could be made with more
resources:
•

The sample size for scoring could have been increased significantly. Only the project team
provided scores. Additional scores from City Staff would have improved the measure.
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•

3.3.4

In order to increase the sample size, it would be necessary to prepare more visual tools to better
describe the alternatives. The project team had a good understanding of the proposed
alternatives, however, lay-people without intimate knowledge require additional, usually visual,
tools to better understand the alternative and therefore its potential impacts to the
environment.
Ease of implementation

Measure: Ease of Implementation Scale
Summary: Qualitative assessment based on basic design. Multiple City staff were asked to rank options
for each zone on a scale of 1 to 5, where 1 is a “no go” and 5 is easily implementable.
Detail: A measure of the constraints to implementing a mitigation option, such as technical complexity
of design, difficulty procuring land or right-of-way, political challenges, degree of negotiations and
consultations required, liability issues, and responsibility for impacts. Where a score of 1 means
constraints are easily surmountable and a score of 5 means not possible given constraints.
Sample Results: The table below shows average scores for ease of implementation for each of the
alternatives.
Zone
False Creek and Flats

Fraser River Foreshore

Southlands

Kitsilano

Jericho-Spanish Banks

Alternative
Baseline
Protect with Barrier
Protect with Seawall
Protect with Partial Dike
Adapt with Multiple Tools
Baseline
Protect with Shoreline
Dike
Protect with Inland Dike
Adapt with Multiple Tools
Baseline
Protect with Dike
Adapt with Multiple Tools
Managed Retreat
Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
Baseline
Protect with Park Dike
Protect with Road Dike
Adapt with Multiple Tools
Managed Retreat
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Score

1.0
4.0
3.5
2.0
1.5
1.0
3.0
2.0
1.0
1.0
3.0
2.0
4.0
1.0
2.0
3.0
3.0
1.0
2.0
3.0
2.0
4.0

Comments: The methods and data used to estimate implementation challenges were basic, but
adequate for this level of study. When more detailed designs are completed in the decades to come,
revised assessments will be required. Specific improvements to this high-level analysis that could be
made with more resources:
•
•

•

4

The sample size for scoring could have been increased significantly. Only a small number of City
staff provided scores.
In order to increase the sample size, it would be necessary to prepare more visual tools to better
describe the alternatives. The project team had a good understanding of the proposed
alternatives, however, lay-people without intimate knowledge require additional, usually visual,
tools to better understand the alternative and therefore its potential impacts to the
environment.
Additional work to look into the implementation challenges needs to be conducted. For
example, what are public feelings about the alternative, would Provincial and Federal regulatory
bodies allow such an alternative, etc.

Additional Measures

4.1.1

Area Flooded

Measure: City area affected per event
Summary: Quantitative assessment of the area affected by flood events based on GIS analysis.
Detail: Over the course of the SDM process, as City staff and decision-makers provided input on
alternatives there was interest in understanding some of the more simple impacts that would result
from flood events and sea level rise. And therefore, additional calculations were performed to assess
the area flooded under storm conditions as well as with sea level rise (no storms).
Quantitative assessments of the total area within each zone flooded under various flood event scenarios
were calculated in GIS using basic tools. Calculations were completed in GIS for each Zone under the 1
m of sea level rise and 0.2% AEP Flood Event scenario, for each of the alternatives: baseline condition,
Protect, Adapt and Retreat. Area was assumed to be flooded under all but protect scenarios.
Sample Results: The image below shows flooded park areas for the baseline condition. Areas are also
presented in the table below.
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Flooded Area (km2) for
1 m SLR, 0.2% AEP Flood Event

Zone
False Creek and Flats
Fraser River Foreshore
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road
Total

4.1.2

2.62
2.80
3.83
0.28
0.72
0.08
0.26
0.96
0.11
1.04
0.07
12.78

Property Value

Measure: Millions of Dollars
Summary: Quantitative assessment of the assessed value of land and buildings within the floodplain.
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Detail: Property values were deemed an important additional measure in the later part of the project.
To this end, assessed values were calculated using 2014 assessed values downloaded from the City of
Vancouver open data catalogue.
Calculations were completed in GIS for each Zone under the 1 m of sea level rise and 0.2% AEP Flood
Event scenario, for each of the alternatives: baseline condition, Protect, Adapt and Retreat. Area was
only assumed to be removed from the hazard under protect alternatives.
Sample Results:
The image below is a hotspot map of property values during a flood event in the baseline condition.
Values by zone are also presented in the table below. The assessed value of the land in the flood plain
(with 1 m of SLR + 0.2% AEP Flood Event) is just over $7 Bn.
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Zones
False Creek and Flats
Fraser River
Southlands
Kitsilano
Jericho-Spanish Banks
Coal Harbour
Waterfront
Port Lands
Brighton Beach
Stanley Park
Point Grey Road
Total

5

Property values within 1 m SLR + 0.2 % AEP floodplain ($M)
2623
1035
633
299
471
351
666
47
17
899
0
7040
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Appendix F
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F-1

Scale

Area affected per event
(km2)

Emergency response costs

Loss of critical services

$M

# of pieces of
infrastructure impacted
ENVIRONMENT
# of sites with potential
Risk of contaminant release
contaminants
ECONOMY
Value-weighted km
Damage to infrastructure
of roads impacted
Damage to buildings
$M
Loss of inventory
$M
# of employees working in
Business disruption
impacted businesses

Park and recreational amenity
value

PEOPLE
People displaced temporarily
# of people displaced
Social Vulnerability Index
“At risk” people impacted
(SVI) weighted
displacement

Measure

0
0
0
0

31.3
76
76
12055

0

0

192

2.8

0

23

0

0

2387
0.28

0

PROTECT
Sea
Barrier

3985

BASELINE

Impacts from Flood Event (Per Event – 1 m SLR + 0.2% AEP Flood Event)

False Creek and Flats

0

0

0
0

0

0

0

0

0

0

PROTECT
Seawall

2.7

7232

76
76

8.9

146

16

0.14

2241

3817

PROTECT
Partial
Dike

1

3243

20
20

8.4

52

0

0.28

642

1072

Multiple
Tools

ADAPT
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F-2

1 to 5 (constructed scale)

-1.5

-1

0

0

4

500 to 600
9.5
2

0

PROTECT
Sea
Barrier

1046

1

People displaced permanently

Ease of implementation

BASELINE

0
0
4

PEOPLE

Scale

# of people displaced
permanently
(by SLR or action)
-2 to +2 (constructed
Aesthetics
scale)
ENVIRONMENT
-2 to +2 (constructed
Environmental benefits
scale)
IMPLEMENTATION
Capital costs
$M
Maintenance costs
$M/Year
Adaptability
1 to 4 (constructed scale)

Measure

Impacts from Flood Management Action (or Inaction)

False Creek and Flats

3.5

300 to 400
4
3

0

-1

0

PROTECT
Seawall

2

10.1
0.01
3

0

0

1046

PROTECT
Partial
Dike

1.5

338
0.55
3

0

0

281

Multiple
Tools

ADAPT
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F-3

Scale

Area affected per event
(km2)

Emergency response costs

Loss of critical services

$M

# of pieces of
infrastructure impacted
ENVIRONMENT
# of sites with potential
Risk of contaminant release
contaminants
ECONOMY
Value-weighted km
Damage to infrastructure
of roads impacted
Damage to buildings
$M
Loss of inventory
$M
# of employees working in
Business disruption
impacted businesses

Park and recreational amenity
value

PEOPLE
People displaced temporarily
# of people displaced
Social Vulnerability Index
“At risk” people impacted
(SVI) weighted
displacement

Measure

0.0
0.02
0.08
178

39.8
35
169
4498

0

0

326

1.6

0

5

0.02

0

1552
0.06

0

PROTECT
Shoreline
Dike

2339

BASELINE

Impacts from Flood Event (Per Event – 1 m SLR + 0.2% AEP Flood Event)

Fraser River Foreshore

0

1441

14
74

2.9

209

2

0.02

0

0

PROTECT
Inland Dike

0.4

1210

9
45

10.7

88

0

0.06

417

629

ADAPT

Multiple Tools
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F-4

157
0.1
3

0
0
4
1

Ease of implementation

3

-1

0

1 to 5 (constructed scale)

-0.5

0

People displaced permanently

0

BASELINE

1154

PEOPLE

Scale

PROTECT
Shoreline
Dike

# of people displaced
permanently
(by SLR or action)
-2 to +2 (constructed
Aesthetics
scale)
ENVIRONMENT
-2 to +2 (constructed
Environmental benefits
scale)
IMPLEMENTATION
Capital costs
$M
Maintenance costs
$M/Year
Adaptability
1 to 4 (constructed scale)

Measure

Impacts from Flood Management Action (or Inaction)

Fraser River Foreshore

2

152
0.1
3

0

-1

0

PROTECT
Inland Dike

1

405
0.06
3

0

-0.5

310

Multiple Tools

ADAPT
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F-5

Scale

Area affected per event
(km2)

Emergency response costs

Loss of critical services

$M

# of pieces of
infrastructure impacted
ENVIRONMENT
# of sites with potential
Risk of contaminant release
contaminants
ECONOMY
Value-weighted km
Damage to infrastructure
of roads impacted
Damage to buildings
$M
Loss of inventory
$M
# of employees working in
Business disruption
impacted businesses

Park and recreational amenity
value

PEOPLE
People displaced temporarily
# of people displaced
Social Vulnerability Index
“At risk” people impacted
(SVI) weighted
displacement

Measure

14.4
39
60
400

14.8
40
61
400

0

0

2

1.5

0

0

0.06

0

553
1.6

0

PROTECT
Dike

2094

BASELINE

Impacts from Flood Event (Per Event – 1 m SLR + 0.2% AEP Flood Event)

Southlands

0.4

108

11
16

4.0

1

0

1.6

149

563

Multiple
Tools

ADAPT

0

0

0
0

0

0

0

1.6

0

0

RETREAT
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F-6

1 to 5 (constructed scale)

-1

-2

0

0

3

90
0.07
1

0

PROTECT
Dike

1572

1

People displaced permanently

Ease of implementation

BASELINE

0
0
4

PEOPLE

Scale

# of people displaced
permanently
(by SLR or action)
-2 to +2 (constructed
Aesthetics
scale)
ENVIRONMENT
-2 to +2 (constructed
Environmental benefits
scale)
IMPLEMENTATION
Capital costs
$M
Maintenance costs
$M/Year
Adaptability
1 to 4 (constructed scale)

Measure

Impacts from Flood Management Action (or Inaction)

Southlands

2

150
0.06
3

0

-0.5

423

Multiple
Tools

ADAPT

4

990
0
4

2

1

2094

RETREAT
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Scale

Area affected per event
(km2)

Emergency response costs

Loss of critical services

$M

# of pieces of
infrastructure impacted
ENVIRONMENT
# of sites with potential
Risk of contaminant release
contaminants
ECONOMY
Value-weighted km
Damage to infrastructure
of roads impacted
Damage to buildings
$M
Loss of inventory
$M
# of employees working in
Business disruption
impacted businesses

Park and recreational amenity
value

PEOPLE
People displaced temporarily
# of people displaced
Social Vulnerability Index
“At risk” people impacted
(SVI) weighted
displacement

Measure

0.0
0.01
0.01
13

0.9
4
10
46

0.1

1

3

0.5

0

1

0.01

98

306
0.18

199

PROTECT
Park Dike

719

BASELINE

Impacts from Flood Event (Per Event – 1 m SLR + 0.2% AEP Flood Event)

Kitsilano

0.4

13

1
8.4

0.2

1

1

0.05

231

531

PROTECT
Inland Dike

0.1

12

1
3

0.2

1

0

0.18

82

193

ADAPT

Multiple Tools
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1 to 5 (constructed scale)

-1

-1

0

0

2

5 to 6
0.01
1

49

PROTECT
Park Dike

56

1

People displaced permanently

Ease of implementation

BASELINE

0
0
4

PEOPLE

Scale

# of people displaced
permanently
(by SLR or action)
-2 to +2 (constructed
Aesthetics
scale)
ENVIRONMENT
-2 to +2 (constructed
Environmental benefits
scale)
IMPLEMENTATION
Capital costs
$M
Maintenance costs
$M/Year
Adaptability
1 to 4 (constructed scale)

Measure

Impacts from Flood Management Action (or Inaction)

Kitsilano

3

10 to 15
0.01
1

0

-1

56

PROTECT
Inland Dike

3

12.1
0.06
3

0

0

15

Multiple Tools

ADAPT
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Scale

Area affected per event
(km2)

Emergency response costs

Loss of critical services

$M

# of pieces of
infrastructure impacted
ENVIRONMENT
# of sites with potential
Risk of contaminant release
contaminants
ECONOMY
Value-weighted km
Damage to infrastructure
of roads impacted
Damage to buildings
$M
Loss of inventory
$M
# of employees working in
Business disruption
impacted businesses

Park and recreational amenity
value

PEOPLE
People displaced temporarily
# of people displaced
Social Vulnerability Index
“At risk” people impacted
(SVI) weighted
displacement

Measure

0.0
1.1
5.4
107

4.9
4
10
124

0

0

0

0.3

6

8

0.04

0

231
0.6

0

PROTECT
Park Dike

461

BASELINE

Impacts from Flood Event (Per Event – 1 m SLR + 0.2% AEP Flood Event)

Jericho-Spanish Banks

0.2

121

1.3
6.7

0.5

0

7

0.34

185

231

PROTECT
Road Dike

0.1

33

1
3

1.3

0

0

0.6

62

124

ADAPT

Multiple Tools

0

0

0
0

0

0

0

0.6

0

0

RETREAT
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-1

0

2

3

10 to 20
0.15
1

0

-0.5

0

PROTECT
Road Dike

2

60
0.06
3

0

2

0

Multiple Tools

ADAPT

4

620
0
4

0

0.5

461

RETREAT

* Methodology used to calculate baseline case is coarse and based on Census Block areas. No displacement was calculated using standard methodology,
however some households with between 10-20 people would be expected to be displaced.

1 to 5 (constructed scale)

0

0

7 to 25
0.02
1

0

PROTECT
Park Dike

0*

1

People displaced permanently

Ease of implementation

BASELINE

0
0
4

PEOPLE

Scale

# of people displaced
permanently
(by SLR or action)
-2 to +2 (constructed
Aesthetics
scale)
ENVIRONMENT
-2 to +2 (constructed
Environmental benefits
scale)
IMPLEMENTATION
Capital costs
$M
Maintenance costs
$M/Year
Adaptability
1 to 4 (constructed scale)

Measure

Impacts from Flood Management Action (or Inaction)

Jericho-Spanish Banks

Appendix G
Methodology for Probability of
Inundation Curves

1. Introduction
A major desired outcome of the project was to provide information to decision-makers to help them
prioritise adaptation projects, and to provide timelines as to when adaptation in a given zone will be
required. To help with this, Compass Resource Management and Ebbwater Consulting developed a tool
that estimates, for key locations in the city, the probability of floods, and expected flood depths, over
time as the sea level rises. Some of the results of this work are presented in the main document, and
the tool has been provided to the City. This appendix outlines the methodology used to develop the
tool and curves.

2. Development and Methods
A tool was built in excel with Visual Basic coding to interactively show the changing probability of
inundation with time for selected assets in the City. The tool and curves are based on water level
exceedance probability curves developed by Northwest Hydraulic Consultants and Cascadia Coast
Research using the coastal model from Phase I. The frequency of a given ocean water elevation was
defined for five locations offshore of the Vancouver coast for the baseline year of 2000. Additional
curves for each successive decadal horizon year (i.e. 2010, 2020 and so on) were created by adding a
10 cm increment per decade to account for an assumed linear increase in relative sea levels from 0 m in
2000 to 1 m in 2100 1. The ocean levels associated with these curves were then extended inland to
shoreline reaches using the same coastal zones defined in Phase 1. Ground elevations for asset locations
in each zone were determined using 2013 LiDAR and the Digital Elevation Model (DEM) developed in
Phase 1. The probability of inundation at those elevations was interpolated from the water level
exceedance probability curves for each decade.
In a number of areas, asset locations may be at an elevation that appears to be subject to inundation as
predicted by the probability of inundation (PoI) curve, but may be protected by higher elevation land
features between the asset and the sea (Figure 1). Because the PoI methodology does not take into
account land topography, we must compare the PoI estimates against the modelled SLR scenarios
developed in Phase II to confirm that the asset will get wet under ocean elevations in each scenario.
These SLR scenarios were developed using a more sophisticated flood model that can predict the
movement of water inland based on both ocean elevation and land topography, and thus can provide an
indication of whether an asset will get wet under various scenarios.
To do this, we first determine the ocean water elevation for each SLR scenario. Next, we determine
under which SLR scenario the asset is first estimated to be flooded. This tells us what the minimum
ocean water elevation is at which the asset begins to flood (e.g., Scenario C in Figure 1). If the asset
elevation is below the minimum ocean elevation, we assume that the asset is protected by higher
elevation land around it. To account for this in the PoI curves, we calculate the PoI curve based on the
minimum ocean water elevation at which the asset gets wet, rather than the actual asset elevation. This
is considered the ‘adjusted asset elevation’.

A toggle button is provided in the spreadsheet tool to change the assumed rate of SLR to the IPCC 5 non-linear
projection.

1
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Figure 1. Illustration of an asset being protected from flooding by higher elevation land.
In this example, the asset elevation is 3.4 m GD, but it is protected by higher elevation land and would
not experience flooding until the ocean water level reached 4.0m, as in SLR Scenario C. Because the PoI
model does not take into account topography, it would incorrectly estimate that the asset would be
flooded under Scenario B at 3.5m. By comparing the output of the SLR scenario model and the PoI
model, we confirm that the asset does not begin to get wet until the ocean water level reaches 4.0m, and
so we set 4.0m as the adjusted asset elevation for the PoI model.

3. PoI Curve Use
The procedure outlined above allowed for the development of probability of inundation curves for each
asset location. This is a simplistic approach, but one that adds significant value. By investigating flood
probability and flood depth curves for various locations across each vulnerable zone, insights were
gathered as to when in the future flooding may become problematic, and when the City should consider
taking action to protect these zones.
Figure 2 illustrates a probability of inundation curve for an example location. As the sea rises from its
current level to a projected level of 1 m in 2100, the annual probability of inundation for a given location
will increase as indicated by the curve (in dark purple). This curve indicates the highest probability of
inundation for a location, while the shaded area underneath the curve indicates that inundation may
also occur during lower probability but higher magnitude flood events. Dashed lines indicate when a
curve corresponds to a very rare, rare, or a common flood event, as defined in the project final report.
King tide events are indicated at the very top of each figure (occurring with 100% probability annually).
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Figure 2. Example annual probability of inundation curves
The elevation for each element is based on the best estimate of the ground elevation (or first floor
elevation) at the site and is shown in Geodetic Datum (GD).
In this example, the highest annual probability of this location flooding, based on sea levels in 2020, is
approximately 1% (equivalent to a 1-in-100-year flood event), as indicated by point A on the curve. This
point indicates that the example location will begin to get wet in a 1-in-100-year flood event. Point B
(below the curve) indicates that flooding with a greater depth is possible for this location with a lower
probability flood event (e.g., 0.3 m depth with a 0.5% probability annually), while point C indicates even
deeper flooding with less frequent events. By comparison, point D indicates that this location will begin
to get wet in 2070 with an annual probability of 60%, while point E indicates a 40% chance of flooding to
depths of 0.3 m, and point F indicates even greater flood depths with less frequent flood events. In
summary, the annual probability of inundation curves indicate that the probability of a location getting
wet in a given year increases over time, while floods with greater depth may also occur, albeit with
lower probability. The annual probability of inundation curves illustrated throughout the report omit the
shading under the curves for clarity.
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