5.1

To: George Massey Crossing Task Force

From: Neal Carley, General Manager, Parks and Environment

Date: March 23, 2022 Meeting Date: April 1,2022
Subject: Highway 99 Tunnel Program Update

RECOMMENDATION

That the George Massey Crossing Task Force receive for information the report titled “Highway 99
Tunnel Program Update”, dated March 23, 2022.

EXECUTIVE SUMMARY

Since the October 1, 2021 Task Force meeting, the Province has moved forward on the Highway 99
Tunnel Program. For the Fraser River Tunnel Project portion, the Province has awarded eight
consulting contracts. For the Corridor Improvements portion, the Province recently announced the
successful proponent for the Steveston Interchange Project with construction anticipated to start in
the summer of 2022. The Province has also started construction on the three Transit and Cycling
Improvements that will alleviate traffic congestion and improve transit and cycling infrastructure
along the Highway 99 corridor.

PURPOSE
To provide an update on the Province’s Highway 99 Tunnel Program.

BACKGROUND
The George Massey Crossing Task Force met on October 1, 2021 and received an update on the
Province’s Highway 99 Tunnel Program, which includes two main components:
1. Fraser River Tunnel Project
2. Corridor Improvements:
a. Steveston Interchange Project
b. Transit and Cycling Improvements

Fraser River Tunnel Project
Since October 1, 2021, the Province awarded eight technical and communications contracts for the
Fraser River Tunnel Project (eight-lane immersed-tube tunnel):

a) Immersed Tunnel Owners Engineer — COWI North America, Ltd.

b) Highways Owners Engineer — R.F. Binnie & Associates Ltd.

¢) Hydro-technical and River Hydraulics Services — Northwest Hydraulic Consultants Ltd.
d) Environmental Services — Golder Associates Ltd.

e) Archeological Services — Golder Associates Ltd.

f) Communications and Engagement Services — Lucent Quay Consulting Inc.

g) Marine Construction Advisor — RAM Consulting Inc.

h) Marine Navigation Advisor — TYPLAN Consulting Ltd.
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The Province will initiate the environmental assessment process, including a 30-day public comment
period, as part of the early engagement phase of the Environmental Assessment. The Province is
confirming the engagement period timeline with the Environmental Assessment Office and will
follow-up with details. As part of the public comment period, two in-person open houses and two
virtual information sessions are expected. The Province will follow-up with details once confirmed
with the Environmental Assessment Office.

Corridor Improvements
Since October 1, 2021, the corridor improvements have progressed.

Steveston Interchange Project

For the Steveston Interchange Project, the Province announced that the preferred proponent to
design and build the project is Flatiron Constructors Canada Limited. The Province is currently
finalizing the design-build agreement. Construction is anticipated to start in the summer of 2022 and
be completed in 2025.

Transit and Cycling Improvements
All of the Transit and Cycling Improvements are now currently under construction:
a) Construction of the Bridgeport Bus Connection began in February 2022 and is anticipated to
conclude in fall 2022.
b) Construction of the Highway 99/17A Off-Ramp Widening commenced in March 2022 and is
anticipated to conclude in fall 2022.
c) Construction of Bus-on-Shoulder lanes south of the Fraser River began in December 2021 and
is scheduled to be completed in summer 2023.

In addition, the Province is working collaboratively with TransLink on the Highway 99 Corridor Transit
Study, which is set to kick off in spring 2022.

ALTERNATIVES
This is an information report. No alternatives are presented.

FINANCIAL IMPLICATIONS

There are no financial implications associated with this report. Any financial implications for Metro
Vancouver that arise due to the Highway 99 Tunnel Program will be assessed and reported as the
project is developed.

CONCLUSION

Since the October 1, 2021 Task Force meeting, the Province has moved forward on the Highway 99
Tunnel Program. For the Fraser River Tunnel Project portion, the Province has awarded eight
contracts. For the Corridor Improvements portion, the Province recently announced the successful
proponent for the Steveston Interchange Project with construction anticipated to start in the summer
of 2022. The Province has also started construction on the three Transit and Cycling Improvements
that will alleviate traffic congestion and improve transit and cycling infrastructure along the Highway
99 corridor.
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3.1

To: Metro Vancouver Regional District From: Mr Roderick V. Louis,
Mayors Committee,
C/O Board and Information Services, White Rock, BC,
#4730 Kingsway, Burnaby, Canada, Il '
BC, Canada, V5H 0C6,
delegations@metrovancouver.org Alternative email:
gvrdsec@metrovancouver.org
604-432-6250, 604.432.6284

April 04-2022
2-pages;
Pls regard this as a late request to appear before the Mayors Committee at its April 06-2022 meeting:

http://www.metrovancouver.org/boards/search/Pages/default.aspx
http://www.metrovancouver.org/boards/Mayors/MAY 2022-Apr-6 AGE.pdf

Dear Committee members,

My apologies for the lateness of this delegation request...l only became aware of the April 06 meeting, and
its agenda subject matters (that are of significant interest to myself) yesterday...

| own property and pay taxes in White Rock, and as such am affected by the BC govt imposing commercial
& housing projects on MV's municipalities; And am affected by the negative consequences- in emergencies-
of not having one unified police dept for all of Metro Vancouver- instead of each MV member municipality
having its own police dept or contracted RCMP detachment;

| wish to speak to agenda Items:

4.4 Considerations of (BC's) Legislative Changes to Municipal Permitting Powers for Housing Construction;
5.2 Regional Public Works Mutual Aid Agreement for Major Emergencies; and

5.3 Manager’s Report re Mayors' Committee 2022 Work Plan

Re agenda item 4.4, the specific actions | am requesting of the committee are:

1) That the committee passes a motion that would require that a letter is sent from the committee (and or
the MV RD Board) to BC's Minister of Transportation and Infrastructure, and the BC NDP govt:

A) Requesting that the "funding model" that is described in the Surrey-Langley SkyTrain project Business
Case™ is amended to:

a) Remove ($4.4 Billion in debt, $5.5 Billion debt ceiling!!**) Translink from being required to provide 2/3 of
whatever funding is required to pay for the project's procurement and construction costs;

** https://lwww.dbrsmorningstar.com/research/386125/dbrs-morningstar-confirms-translink-at-aa-r-1-middle-
stable-trends

b) Add the BC govt as a project funder- with BC govt funding replacing all of the funding that Translink is
required to provide (pursuant to the "funding model" in the Jan 30-2020 project business case);

* The Business Case for the 16 km Surrey-Langley SkyTrain project was approved by Translink's board of
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directors & Mayors Council on Jan 30-2020, & was immediately submitted to the BC govt for its approval....

B) Requesting that the BC govt allocates sufficient funding to enable the immediate commencement of
procurement and construction of the Surrey-Langley SkyTrain project;

Why are A and B requests, above, relevant to the BC govt's imposing approvals for commercial and
housing projects in MV's member municipalities??

Metro Vancouver's "South of Fraser” sub-region's municipalities (such as Surrey, Delta and the 2
Langley's) should not be forced by the BC govt to approve commercial and housing projects in such
municipalities' urban centres and town centres... while rail rapid-transit (SkyTrain) mega-projects that for
many years have been intended to link these urban centres and town centres...

... are needlessly- and destructively- being prevented from commencing construction as a result of BC's
NDP govt refusals to honour their (2020) commitments to provide construction funding for such projects...

Re agenda items 5.2 and 5.3, the specific actions | am requesting of the committee are:

2) That the committee passes a motion that would require that a letter is sent from the committee (and or
from the MV RD Board) to the BC govt requesting that:

A) Actions are expeditiously taken to publicly identify the specific policy, legislative and funding actions that
would be required to establish a "Metro Vancouver Police Department"- that would be responsible for
providing police services in all of MV's member municipalities... (the new MV Police dept would replace all
of the Metro Vancouver Region's member municipalities' police forces and RCMP detachments);

3) That the committee passes a motion that would require that a letter is sent from the committee to the MV
RD Board recommending that:

A) The draft Metro Vancouver 2050 Regional Growth Strategy
http://www.metrovancouver.org/services/regional-planning/PlanningPublications/Metro2050.pdf

(given 1st and 2nd reading at MV RD board's March 25-2022 meeting)... is amended- before third reading-
to add the following or similar actions :

a) Metro Vancouver will... assertively advocate to the BC govt for it to provide construction funding for
major transportation mega projects- such as the Surrey-Langley SkyTrain project- that the BC govt/ its
representatives have previously "committed" to provide funding for...

b) Metro Vancouver will... identify the specific policy, legislative and funding actions that would be required
to establish a "Metro Vancouver Police Department'- that would be responsible for providing police
services in all of MV's member municipalities... (the new MV Police dept would replace all of the Metro
Vancouver Region's municipal police forces and municipal RCMP detachments);

| intend to prepare several very brief PPT slides for the meeting... and will email in advance if acceptable..

Pls confirm receipt of this delegation request, and of my last week's emailed x2 requests to be registered for
the upcoming April 20-2022 public hearing re the draft Metro Vancouver Regional Growth Strategy...

Regards,

Mr Roderick Louis,
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5.1

To: Mayors Committee

From: Gregory Freeman, Senior Economist, Invest Vancouver
Megan Gerryts, Senior Policy Advisor, Invest Vancouver

Date: March 25, 2022 Meeting Date: April 6, 2022

Subject: Clean Transportation: Findings and Actions to Strengthen the Sector in the Metro
Vancouver Region

RECOMMENDATION
That the Mayors Committee receive for information the report dated March 25, 2022, titled “Clean
Transportation: Findings and Actions to Strengthen the Sector in the Metro Vancouver Region.”

EXECUTIVE SUMMARY

The report Clean Transportation: Findings and Actions to Strengthen the Sector in the Metro
Vancouver Region (Attachment 1) presents an overview of the categories and competencies in the
sector, an analysis of the challenges faced by firms in the region, and recommended policies and
actions to support and grow the sector. In the clean transportation sector as a whole, the most
pressing challenges revolve around delays and uncertainty related to permitting and the general lack
of available industrial land. These obstacles need to be urgently addressed as their persistence risks
seeing growing, successful firms unwilling to invest further in the region or leaving entirely when they
cannot find suitable space.

Released in November 2021, the clean transportation report has been followed by an activation
phase to advocate for the recommendations contained in the report aimed at increasing the region’s
value proposition and overall competitiveness. Upcoming research reports for 2022 focus on other
key industry clusters within the region. The next research report on the agritech sector will be
presented to the Invest Vancouver Management Board at its meeting of April 20, 2022.

PURPOSE
To present to the Mayors Committee the findings and recommendations from Invest Vancouver’s
research into the clean transportation sector in the region.

BACKGROUND

Invest Vancouver provides independent, objective recommendations intended to position the region
for success in a rapidly evolving global economy. Reports are intended to provide actionable
intelligence that will better inform and guide the work of Invest Vancouver itself, as well as the
deliberations and work of key decision makers.

The clean transportation sector was chosen as a first area of study due to its strong alighnment with
regional priorities for emissions reductions and “green jobs”, as well as alignment with upcoming
mobility-related events and the advancement of the B.C. Hydrogen Strategy.
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CLEAN TRANSPORTATION

Clean transportation firms serve global markets, meaning that firms have a choice about where to
locate, and do not necessarily need to do more than sell products, service, and technologies in the
markets they serve. To support a flourishing clean transportation industry, the Metro Vancouver
region needs to do more than create a consumer market for their products; it must position itself as
an attractive place for such firms to site their headquarters and/or part of their operations. Therefore,
this report seeks to understand two aspects of clean transportation in the Metro Vancouver region:
What competitive advantages (if any) do firms in the industry enjoy by locating here? And what
barriers (if any) keep the region from being a more attractive place for firms?

Methodology

This report is based on primary qualitative research, consisting of interviews with chief executives
(CEOs), founders, and senior executives from clean transportation firms at all stages of development
and ownership types. Invest Vancouver conducted in-depth interviews covering everything from
business climate, infrastructure, physical spaces, capital, and workforce, to network organizations,
R&D, suppliers and customers. Interviewees were encouraged to discuss the production and strategic
gaps they have encountered along the product / service value chain continuums, from “idea” to
“export”, in this industry. The interviews were supplemented with secondary research consisting of
a literature review of existing studies, data from Emsi Analyst and PitchBook and other sources.

Findings and Recommendations

The findings are divided into six economic development-related themes, with 13 recommendations
across all themes. The themes were assigned an urgency level based on the risk that the underlying
gaps could prompt clean transportation firms to leave the region, or choose another location to set
up or expand their operations.

The recommendations are summarized in the table below:

Economic Theme

Development- | Urgency Key Recommendations

Related Theme Level

Talent Low e Expand capacity within the BCIT Chemical and Environmental Technology

Development program to increase the number of students graduating from 30 to 60 by

and Training 2025

Programs

Permitting High o Modernize permitting processes for projects to provide greater

Processes and accountability, certainty, predictability, and reduced risk

Rules e Update and harmonize rules governing hydrogen

Physical Spaces High e Invest in industry-critical physical spaces to be leased to firms at below-
market rates

e Amend the CleanBC Facilities Electrification Fund eligibility to include

utility upgrades of warehouses to meet clean technology R&D power
needs

Financial Capital | Medium | e Assess the capital formation and syndication relationships and network

Formation and interactions within the region’s clean transportation industry through

Access predictive analytics work
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Cluster Capacity | High e Launch a hydrogen hub
Building e Fund a large-scale hydrogen powered heavy-duty vehicle demonstration
Opportunities project

e Establish a centre to assert global leadership in hydrogen certification

e Create certainty by establishing a long-term electric power rate for
hydrogen production

e Expand eligibility for zero-emission vehicle (ZEV) subsidies to include
hydrogen fuel cell vehicles

e Strive for technology-neutral rules whenever possible

Culture of Medium | e Encourage greater participation in “Project Greenlight” and other public-
Innovation private partnerships to encourage a culture of innovation across the Metro
Vancouver region

All recommendations are intended to position the Metro Vancouver region for success and ensure
the region is an attractive place for investors.

Activation Phase

Following release of the clean transportation report, staff at Invest Vancouver have been connecting

with appropriate decision makers to activate the recommendations made in the report. To date

activation activities have included:

e Presentations to Minister Ralston, Minister of Energy, Mines and Low Carbon Innovation and
Minister Osborne, Minister of Municipal Affairs;

e Presentations to relevant Metro Vancouver Committees and Advisory Committees, including the
Climate Action Committee;

e Advocacy letter to InBC Chair Christine Bergeron and CEO lJill Earthy, with follow up meetings
scheduled;

e Advocacy letter to Minister Anne Kang, Minister of Advanced Education and Skills Training;

e Convening of municipal representatives to advance a hydrogen hub in the region; and,

e Follow up meetings with applicable Ministry staff.

In addition, as laid out in Invest Vancouver’s 2022 Annual Plan (Reference 1) staff will be undertaking
a review of permitting best practices and launching a data analytics program in support of the
recommendations made in this report.

2022 Research Activities

Invest Vancouver staff will be undertaking three industry specific gap analyses in 2022 with the aim
of providing actionable intelligence to regional decision makers. The next research report focused on
the agritech sector will be presented to the Invest Vancouver Management Board at its meeting of
April 20, 2022. Each industry gap analysis will be followed by an activation phase specific to the
recommendations contained in the report.

ALTERNATIVES
This is an information report. No alternatives are presented.

FINANCIAL IMPLICATIONS
There are no financial implications associated with this report.
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CONCLUSION

Invest Vancouver provides independent, objective recommendations intended to position the region
for success in a rapidly evolving global economy. Reports are intended to provide actionable
intelligence that will better inform and guide the work of Invest Vancouver itself, as well as the
deliberations and work of key decision makers. This report presents an overview of the regional
specializations and competencies in the sector, an analysis of the challenges faced by firms in the
region, and recommended policies and actions to support and grow the sector. The high priority
recommendations are related to permitting, physical spaces and opportunities to develop the
hydrogen cluster in the region. These areas were assigned high priorities, as they represent the
greatest threat to having clean transportation firms leave the region, or choose another location for
their operations.

Invest Vancouver staff will be undertaking three industry specific gap analyses in 2022 with the aim
of providing actionable intelligence to regional decision makers. The next research report focused on
the agritech sector will be presented to the Invest Vancouver Management Board at its meeting of
April 20, 2022.

Attachments
1. Clean Transportation: Findings and actions to strengthen the sector in the Metro Vancouver
region

References
1. Invest Vancouver 2022 Annual Plan
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Attachment

Clean Transportation:
Findings and actions to strengthen

the sector in the Metro Vancouver region

November 2021

Gregory Freeman, Senior Economist, Invest Vancouver

Megan Gerryts, Senior Policy Advisor, Invest Vancouver
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About Us

Invest Vancouver is the Metro Vancouver region's economic development
leadership service, created to advance broadly shared prosperity for all
residents of the region. This report has been prepared by Invest Vancouver,
which offers independent, objective research, analysis, and economic
development recommendations crafted to position the region for success

in a rapidly evolving global economy; one in which capital is highly mobile and
where firms have many choices about where to locate. The aim of the report is
to provide actionable intelligence that will better inform and guide the strategic
work of Invest Vancouver itself, as well as the work of key decision makers.

Invest Vancouver is a service of the Metro Vancouver Regional District,
operating in support of the Metro Vancouver regional economy and the
2.7 million residents who depend on it.




|. Executive Summary

Advancements in clean transportation technologies
are critical to reducing greenhouse gas emissions and
addressing the ongoing climate emergency. The sector
also presents an economic development opportunity, if
the Metro Vancouver region can take urgent action to
address obstacles faced by clean transportation firms
seeking to start, locate or expand here.

The region is well-positioned for success, with a
burgeoning clean transportation sector thatincludes
strong entrants in particular niches and that has

an advanced and growing hydrogen cluster. Invest
Vancouver has undertaken this study as part of its work
o build capacity in key industries in which the region has
establisned and emerging industrial strengths, such asin
the clean transportation sector!

The key asset in the region's clean transportation sector
is talent; firms in the sector overwhelmingly report that
they are present in the region because of the access to
and the leveragability of the collected knowledge and
experience in the workforce. That talent is developed,
supported, and supplemented by strong ties to research
institutes and universities, incubators, and accelerators.

Policies that incentivize the reduction of greenhouse

gas emissions are helping to create alocal marketinthe
Metro Vancouver region for clean transportation vehicles,
components, and services. The firms that meet this demand,
however, don't necessarily need to be located in the region.
To support a flourishing clean transportation industry, the
Metro Vancouver region needs to be an attractive place for
firms that have a choice about where to locate.

Urgent Needs:

- Streamline industry-relevant
permitting processes

- Investin industry-critical physical spaces

- Launch a hydrogen hub in the region

In the clean transportation sector as a whole, the most
pressing challenges revolve around delays and uncertainty
related to permitting and the general lack of available
industrial land. These obstacles need to be urgently
addressed as their persistence risks seeing growing,
successful firms unwilling to invest further in the region or
leaving entirely when they cannot find suitable space.

The region also has a unique opportunity created by

the presence of firms along the entire hydrogen value
chain, from supply, transportation, and storage through
membranes, fuel cells, and testing. The Metro Vancouver
region has an early lead in the area due, inlarge part,

10 the presence and growth of Ballard Power Systems
and the ecosystem that has developed around it. Other
locations around the globe are moving forward with
hydrogen; however, and the region needs to help early-
and development- stage firms, particularly with the
establishment of a hydrogen hub, if these firms are going
to grow and thrive here.

Invest Vancouver seeks to understand two aspects of
clean transportation in the Metro Vancouver region: What
competitive advantages (if any) do firms in this industry
enjoy by locating here? And what barriers (if any) keep
the region from being a more attractive place for firms
that have a choice about where to site their headquarters
and operations? These questions are addressed based
on primary qualitative research, consisting of interviews
with chief executives (CEOs), founders, and senior
executives from clean transportation firms at all stages
of development and ownership types. This process led

1o the formulation of 13 recommendations to support

a thriving clean transportation sector in the Metro
Vancouver region.

1 Formore on the regional economic development strategies pursued by Invest Vancouver, see the technical paper Preparing Metro

vancouver for the Digital Economy.
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Recommendations Overview

Economic Development- Theme Urgency Key Recommendations

Related Theme Level*

Talent Development and Low - Expand capacity within the BCIT Chemical and Environmental

Training Programs Technology program to increase the number of students graduating
from 30 to 60 by 2025

Permitting Processes High - Modernize permitting processes for projects to provide greater

and Rules accountability, certainty, predictability, and reduced risk

- Update and harmonize rules governing hydrogen

Physical Spaces High - Investinindustry-critical physical spaces to be leased to firms at
below-market rates

- Amend the CleanBC Facilities Electrification Fund eligibility to include
utility upgrades of warehouses to meet clean technology research
and development (R&D) power needs

Financial Capital Formation Medium - Assess the capital formation and syndication relationships and
and Access network interactions within the region’'s clean transportation industry
through predictive analytics work

Cluster Capacity Building High - Launch a hydrogen hub

Opportunities - Fund alarge-scale hydrogen powered heavy-duty vehicle
demonstration project

- Establish a centre to assert global leadership in hydrogen certification

- Create certainty by establishing a long-term electric power rate for
hydrogen production

« Expand eligibility for zero-emission vehicle (ZEV) subsidies to include
hydrogen fuel cell vehicles

- Strive for technology-neutral rules whenever possible

Culture of Innovation Medium - Encourage greater participation in “Project Greenlight” and other
public-private partnerships to encourage a culture of innovation
across the Metro Vancouver region

*The urgency level has been assigned based on the risk that the underlying gaps could prompt clean transportation firms to leave the region,
or choose another location to set up or expand their operations.
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ll. Clean Transportation

Overview

The Metro Vancouver region is home to a vibrant
network of emerging and mature clean transportation
firms, which collectively benefit from the push to

lower and eventually eliminate harmful transportation-
related emissions. The sector is supported by research
universities, specialized academic programs, start-up
accelerators and incubators, and government policies.

Progressive municipal, regional, and provincial

goals, targets, and initiatives aimed at lowering
greenhouse gas emissions, particularly those from
transportation, help create and sustain a local
consumer market for low- and zero-emission mobility
products and services. Indeed, the transition to clean
transportation is well under way, with zero-emission
vehicles (ZEVs) accounting for 9.4 percent of all light-
duty vehicle sales in the province in 2020, the highest
rate of adoption of ZEVs in North America

Creating a local market for clean transportation,
while vital to meeting climate goals, is distinct from
building and scaling a clean transportation industry.
More specifically, ZEVs and their components, plus
the related infrastructure, fuels, and services being
adopted in the Metro Vancouver region, do not
necessarily need to be designed, sourced or built

2 Province of British Columbia, Zero-Emission Vehicle Update 2020

locally. Firms located elsewhere, whether outside of
theregion or the nation, can and do meet many of
these needs. Supporting a clean transportation
industry, therefore, begins with the recognition
that firms serving global markets can choose
where to site their headquarters, research and
development (R&D) activities, and production
facilities.

To understand how to make the region an attractive
place for clean transportation firms, consider the
location decisions from their point of view. What

is the cost and ease of doing business? How long
does it take to get permits? Is a suitable location
available? How difficult is it to find skilled workers?
Are there opportunities to collaborate with and to
transfer technologies out of research universities? Is
it easy to connect with global suppliers, partners and
customers? How is the access to capital? Are there
investors? How hard will it be to find initial customers,
especially for innovative early-stage products? This
report considers these questions and more, with the
goal of identifying the challenges, roadblocks, and
headaches faced by clean transportation firms in
the Metro Vancouver region and recommending
policies and actions to ameliorate them.
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Layout and Methodology

This report seeks to understand two aspects of
clean transportation in the Metro Vancouver region:
What competitive advantages (if any) do firms in the
industry enjoy by locating here? And what barriers

(if any) keep the region from being a more attractive
place for firms? Answering these questions is critical
for economic development, public policy, industry
and labour association, and education and workforce
development decision-makers. A purely statistical
approach, such as an industry contribution analysis,
would provide an estimate of economic, job, and fiscal
impacts of clean transportation firms, but would not
address competitive advantages or barriers. Indeed,
there is no quantitative approach that will zero in on
the answers to these specific questions.

Instead, thisreport is based on primary qualitative
research, consisting of interviews with chief
executives (CEOs), founders, and senior executives
from clean transportation firms at all stages of
development and ownership types, including, in
certain instances, firms that no longer exist because
they were acquired, or because they folded. Invest
Vancouver conducted in-depth interviews lasting from
30 minutes to more than an hour covering everything

from business climate, infrastructure, physical spaces,

capital, and workforce, to network organizations,

R&D, suppliers and customers. Interviewees were
encouraged to discuss the production and strategic
gaps they have encountered along the product /
service value chain continuums, from “idea’” to “export’,
in this industry.

Firms were identified for inclusion using existing
industry resources and relevant news articles; by
suggestions from local government members of the
Invest Vancouver Advisory Committee; from industry
associations and their memberships; by examining

and classifying job postings aggregated by Emsi
Analyst; by querying the PitchBook database of firms;
and by reviewing relevant company materials.

Invest Vancouver met with interviewees from almost
one-third of the region's clean transportation firms.
The interviewees' experiences and insights underpin
the report findings, and have not been attributed

to specific individuals or firms to encourage candid
discussion. Additional information was collected in
helpful discussions with: the B.C. Ministry of Energy.
Mines and Low Carbon Innovation; BC Hydro; FortisBC;
and the Port of Vancouver, as well as with multiple
industry associations.

Unless explicitly stated otherwise, the
characterization of the industry gaps, and Invest
Vancouvers recommenaations for addressing them,
0o not represent the official policy or position of any
of the firms, associations, or government entities
mentioned in this report.

Thereportis presented in two sections. The first
provides an overview of the clean transportation firms
in the region, as well as the supporting assets that
make it an advantage to locate, expand, hire and/or re-
invest in the region. This section was prepared based
on secondary research, including a literature review of
previous studies supplemented with data from Emsi
Analyst and PitchBook, and verified in discussions with
the interviewees. The second describes the barriers
preventing the region from being more attractive

to clean transportation firms at different stages of
firm development, and Invest Vancouver's specific,
deployable recommendations for addressing them.
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|dentifying Clean Transportation Firms Based in

the Metro Vancouver Region

The clean transportation sector is comprised of

firms that are working to decarbonize transportation
and to reduce greenhouse gas emissions. Following
previous work done in this area, Metro Vancouver's
clean transportation sector is divided into three
categories: low- and zero-emission vehicles and
components; renewable and low carbon fuels and
charging infrastructure; and transferable technologies
and services.

With these categories as a guide, deciding which
firms to include still made for some hard choices.
To be included, the firms have to be working on
transportation (or an input to transportation, such
as biofuels); their product, process, service, or
technology needs to be exportable; and the firm

Q..si'iat_-\lgt hen e
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has to be located in the Metro Vancouver region.
Thus, local firms doing valuable work on renewable
electricity, such as run-of-river hydroelectricity and
tidal power, are not included despite the important
contribution of clean energy to green transportation.
Nor are firms doing innovative work on metal-air
batteries, which are not primarily intended for
transportation uses. There are firms providing mobility
as a service that are helping reduce greenhouse gas
emissions directly, for example by sharing electric cars
or bikes, or indirectly by reducing demand for fossil
fuel powered trips, that are not included because their
focus is on the local market. And some leading B.C.
companies in renewable fuels, for example, are not
included because they are based outside the Metro
Vancouver region.

Image credit: Breeze Traffic
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Clean Transportation Firms in the Metro Vancouver Region

In total, there are at least 60 export-oriented firms, of
which 52 are firm headquarters, in the three above-
identified clean transportation categories across the
region. As locally anchored firms grow, their activity
has major positive impacts, with a direct effect not
only on employment, tax revenue, and earnings,
which flow to the headquarters, but also on the
municipalities in which they locate as they become
part of the local social and community fabric. Region-
wide, these firms directly employ more than 2,800
people,® and sustain many more indirect

and induced jobs, which are created when the firms
and their employees make purchases of goods and
services in the local economy.

As a group, the firms are relatively young -

70 percent were founded in the past 15 years -
which is unsurprising for an emerging field such as
clean transportation. And, the presence of so many
new and early-stage firms helps explain the median
firm size of 21 employees.

Figure 1lists firms in each clean transportation category in
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Low & Zro Emissioh
Venhicles &
Components

Alinker, AVL Fuel Cell Canada Inc., Ballard
Power Systems, Blue-O Technology,
cellcentric, Corvus Energy, Damon
Motorcycles, ElectraMeccanica Vehicles,
FTXT Energy Technology, FVT Research,
GreenPower Motor Company, Grin

Technologies, lonomr Innovations, Loop

Energy, Molicel, Nano One Materials, Rivian,

Robert Allan Naval Architects and Marine
Engineers, Sandvault, Unilia Fuel Cells,
VeloMetro Mobility

the region.

Renewable & Low

Carbon Fuels & Charging
Infrastructure

AddEnergie Technologies, Analytics
Systems, Consolidated Biofuels, Daanaa
Resolution, Delta-Q Technologies, Ekona
Power, Electrum Charging Solutions,
Enbala, EverGen Infrastructure, G4,
Greenlane Renewables, Greenlight
Innovation, HTEC Hydrogen Technology
and Energy Corporation, Hydra Energy,
Hydrogen in Motion, IRDI System, Lab 498
Products/VoltSafe, Palcan Power Systems,
Parkland Fuels, Powertech Inc, Quadrogen,
Recharged Technologies, Shift Clean
Energy, Tandem Technologies, West Coast
Reduction, Westport Fuel Systems

Figure 1: Clean Transportation Firms by Category in the Metro Vancouver Region
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Transferable
Technologies
& Services

7 Generation Capital, Breeze Traffic,
Freightera, Greenline Technologies,
Liftango, LOOPShare, Mojio, Plugzio,
Poparide, Routific, Spare, Uplight, VuLog

Firms identified in green are
within the hydrogen cluster.

3 The direct employment number will soon be higher still, as many of the firms report they are hiring now and/or expect

to add more people soon.
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The internal combustion engine-based automotive
manufacturing industry, including suppliers of
parts and components, is highly concentratedin
central Canada. Ontario accounts for virtually all
light-duty passenger vehicles produced in Canada,
while Quebec leads inrecreational, heavy-duty,
and speciality vehicles, plus buses. Given the deep
supply chains and concentrations of talent there,
itis unremarkable that Ford and GM are investing in
battery electric vehicle production in Ontario.

The production of low- and zero-emission vehicles
and components in the Metro Vancouver region,

in contrast, is compromised of firms working in
specialized niche markets. Surrey-based Damon
Motors, for example, will soon begin commercial
production of high-end electric motor cycles;

Pitt Meadows-based FVT Research designs and
installs electric drives that convert underground
mining equipment to ZEVs; Vancouver-headquartered
GreenPower Motor Company supplies electric buses;
and Vancouver-based Robert Allan Naval Architects
and Marine Engineers designs (among other things)
electric tugboats. There is also an impressive
collection of firms working on all aspects of hydrogen
fuel cells, headlined by Burnaby-based Ballard Power
Systems, cellcentric, and Loop Energy.

Image credit: Damon Motors

In renewables and low carbon fuels and charging
infrastructure, there are firms working on renewable
natural gas and biogas (such as Burnaby-based

G4 and Quadrogen) and low carbon fuels (such

as Burnaby-based Parkland Fuels, which uses
feedstock from West Coast Reduction to produce
biodiesel). Also batteries (Maple Ridge-based Molicel
makes batteries for a variety of uses, including
transportation) and battery chargers (Burnaby-based
Delta-Q). Firms working on all aspects of hydrogen
production and storage (such as Vancouver-based
Ekona Power, Vancouver-based Hydrogen in Motion,
North Vancouver-based HTEC, and many others)
comprise the largest group in this category.

Transferable technologies and services is a small

but exciting collection of firms working on clean
transportation-related apps, software, technologies,
and services. Vancouver-based Breeze Traffic, for
example, converts ‘dumb’ intersections to smart ones
that can be optimized to reduce vehicles emissions
using Al and machine vision; Richmond-based Plugzio
sells a smart outlet and billing service that allows building
owners to charge electric vehicle owners for power; and
Vancouver-based 7 Generation Capital offers turn-key
electric vehicle solutions for fleet operators.
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Clean Transportation Assets in the Metro Vancouver Region

Firms across the clean transportation sector identify
their top reason for locating in the Metro Vancouver
region as frictionless access to skilled, “ready to work”
talent. Firms started or moved here to take advantage
of the knowledgeable and experienced workforce.

In particular, the region has deep pools of talentin

systems engineers; test engineers; and research
scientists/engineers. The region’s clean transportation
sector is further supported by an active network
structure and strong ties to research institutions and
accelerators (see figure 2). Interviewees from firmsin
all three clean transportation categories praised the

the following occupational categories: mechanical local innovation ecosystem.

systems engineers; infrastructure team leads; fuel

Figure 2: Innovation Ecosystem Assets in the Metro Vancouver Region
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Capital Investment

From 2017 through to 2021, firms headquartered Public Sector Financial and Technical Support
in the region attracted more than $2.6 billion in for the Clean Transportation Sector

capital investment (see figure 3) “ This investment

activity has been concentrated in low- and zero- B.C. Hydrogen Strategy is setting the

course for B.C. to be a world leader in
the growing hydrogen economy.

emission vehicles and components (67%); followed
by renewables and low-carbon fuels and charging
infrastructure (29%), and transferable technologies
and services (4%). The largest deals year-to-date are
highlighted in the box (see figure 4).

Scientific Research and Experimental
Development (SR&ED) tax programs to
encourage Canadian businesses of all sizes and in

Capital Investment (2017-2021) all sectors to conduct R&D in B.C. and Canada.
Investment in Firms Headquartered in the Region B.C. Low Carbon Fuel Standard provides a
_ N financial incentive for low carbon fuel use. This
Year Sinvested (millions) bzl et generates revenue for low carbon transportation
fuel suppliers and supports investment in clean
20017 o 2 fuels and vehicles.
2018 271 / CleanBC Go Electric Advanced Research and
Commercialization (ARC) program supports the
2013 1oz 19 development of companies operating in the zero-
emission vehicle (ZEV) sector.
2020 663 21
B.C. Centre for Innovation and Clean Energy
2021 1,536 16

will be anincubator for the research and

Source: PitchBook 2021 commercialization of technologies, including
carbon capture, utilization and storage,
production and distribution of low-carbon
2021 Deal Highlights hydrogen, biofuels, synthetic fuels, renewable
natural gas and battery technologies.

Figure 3: Capital Investment in Firms Headquartered in the Region

- $922M cellcentric (Daimler Truck AG and Volvo Group)

- S2T/MHTEC BC-SMART Low Carbon Fuels Consortium brings
together industry, the provincial government and

UBC to encourage the production and use of drop-
- $100M Loop in biofuels to decarbonize long-distance transport.

- S139M Westport Fuel Systems

Source: PitchBook 2021

Figure 4: 2021 Deal Highlights

4 The actual total is likely much higher, due to limitations with PitchBook which doesn't include, for example, a situation where a firm from
outside the region sets up a new operation here.
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lll. Findings and
Recommendations

Talent Development and Training Programs

Findings

The clean transportation sector requires specialized
knowledge covering a wide range of occupations
along the educational attainment continuum,
including: mechanical and systems engineers;
research scientists; technologists; machinists

and technicians; and technical experts in areas
ranging from software development to clean energy
processes. The quality and specialization of the talent
available in the Metro Vancouver region have been
major draws for firms choosing to locate here. This

is especially true of the hydrogen sector, where the
engineering expertise in the region leads the world.
Indeed, one firm described choosing to locate in the
Metro Vancouver region “as a shortcut,” because the
ability to hire skilled engineers with hydrogen fuel cell
expertise shaved years off its development schedule.
Accordingly, this has also led to aggressive firm-to-
firm competition for experienced engineers, with firms
‘poaching” talent from each other.
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And while the clean transportation sector represents
an attractive field for people looking for a career that
contributes to a more sustainable future, the Metro
Vancouver region faces significant challenges retaining
talent and attracting new workers from outside the
region due to the high overall cost of living, and in
particular, high housing costs. This is especially seenin
mid-career-level talent for in-demand positions, such
as mechanical engineers, where a lack of affordable
single-family homes deters relocations to the region.
This could become an acute constriction point on
growth as more affordable locales, such as the Calgary
and Edmonton metropolitan regions, look to compete
inthe clean energy space, particularly inrenewable
natural gas (RNG).
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In-Demand Hard Skills in
the Hydrogen Cluster:

- New Product Development
- Mechanical Engineering

- Supply Chain

- Chemistry

- Instrumentation

- SolidWorks (CAD)

- Thermodynamics

- Chemical Engineering

- Data Analysis

Source: Emsi 20211

Figure 5: Top Hard Skills Identified in Hydrogen Sector Job
Postings 2018-2021.

Technologists are an in-demand occupation in

the region's hydrogen sector, with skills such as
chemistry and instrumentation being highly sought
after (figure 5). Technologists are also a critical
component in the R&D phase of emerging clean
energy technologies, such as hydrogen and biofuels.
The British Columbia Institute of Technology (BCIT)
Chemical and Environmental Technology program was

specifically referenced during the interview process
as an excellent program that graduates approximately
30 ready to work’ individuals per year in emerging
clean energy fields. Often students graduating from
this program have secured employment long before
graduation, as their skill sets are in short supply.
Fostering in-region talent is a critical step in offsetting
the Metro Vancouver region's out-of-market talent
attraction issues, as Metro Vancouver-based talent

is often less willing to leave the region, housing
challenges notwithstanding.

Recommendation:

Expand capacity within the BCIT Chemical and
Environmental Technology program to increase the
number of students graduating from 30 to 60 by
2025. A shortage of available technologists within
the clean transportation sector has led to engineers
and research scientists being underemployed as
technologists. While BCIT currently does not have
any plans to expand the program, it is in the midst of
a program and curriculum review. That the program's
graduates are effectively “‘over-subscribed” is clear
evidence itis aligned with industry needs; increasing
the capacity of such an industry-responsive program
(or creating a similar program at another college or
university campus) seems to be an easy choice.
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Permitting Processes and Rules

Findings

Mirroring the experience of firms in other fast-growing
industries, clean transportation firms are routinely
encountering problems securing required permits in a
timely fashion. Transferable technologies and services
firms, whose physical space requirements are often
modest, faced the least trouble, while those in
renewable fuels and hydrogen reported the greatest
difficulties. The process of getting permits for working
with (and in particular, storing) hydrogen has been
described by industry interviewees as ‘ridiculous,”
“frustrating,” and "dreadful” In a related problem,
existing regulatory regimes do not always account for
hydrogen, as in rules covering the sale of gasoline and
diesel at gas stations, which understandably did not
anticipate the sale of hydrogen.

Interviewees were candid in describing the importance
of a clear, timely, technology-based permitting process.
One interviewee described the permitting issue as an
‘almost certain barrier to further in-region investment,”
and several interviewees acknowledged that their firms
were adding space outside of the region in locations
where permitting processes are perceived to be

less onerous. The uncertainty, lack of transparency,
and delays encountered in the permitting process
could deter additional investments made in-market.
Fixing burdensome and time-consuming permitting
processes should be a top priority.

Recommendations:

Modernize permitting processes for projects to
provide greater accountability, certainty, predictability,
and reduced risk. Delays to obtaining permits are a
significant barrier to success for clean transportation
firms and risk future investments in this sector.

A modernized approach needs to be implemented

for the region to compete in this global market. As
an example, Surrey City Council recently approved
guaranteed permitting timelines as part of a shift
to a more customer service-focused approach that
includes multiple best practices such as:

- single point of contact / one project, one planner
- pre-application meetings
- enhanced digital service

- improved communications, including more regular
permit status updates

A similar initiative of process reform should be
considered by other cities within the Metro Vancouver
region that are interested in attracting more clean
transportation investment. Invest Vancouver will
support this effort by conducting a best management
practices scan of municipal permitting processes
elsewhere in Canada and globally with the aim of
identifying promising permit approval approaches that
competitive firms expect when selecting a business
location.

Update and harmonize rules governing hydrogen.
There is currently a patchwork approach across the
region to the rules governing hydrogen. Through
relevant industry associations, such as the Canadian
Hydrogen and Fuel Cell Association, industry and
government should collaborate on a set of sample
‘model regulations” covering the distribution and sale
of hydrogen that can be broadly relied upon, locally
adapted, and eventually adopted by municipalities
across the region.
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Physical Spaces

Findings

Suitable physical spaces are in critical need for

clean transportation firms, especially those that are
engaged in industrial activities, such as storing of
hydrogen and testing of hydrogen fuel cells or other
clean energy processes including RNG or biofuels. The
vacancy rate for industrial land region-wide has fallen
below one percent (see figure 6), which is reflected
ininterviewees reporting site searches taking 12 to 18
months, or more. The problem is especially acute for
light and heavy industrial spaces; the latter of whichis
required for chemical processes, for example, involved
in low pressure hydrogen storage. Spaces larger than
50,000 square feet are particularly in need but hard

to find, and those larger than 100,000 square feet are
simply unavailable, which precludes many anchor-
potential firms from considering and/or investing in
the region.

Given these market conditions, itis unsurprising

that many interviewees reported feeling “lucky” to
have found the space(s) that they currently occupy.
Policy makers should be worried about potential new
entrants to the industry or market who are not as lucky,
as well as existing firms looking to expand. All of the
interviewees from firms in the hydrogen cluster, and
many of those from non-hydrogen firms, reported their
firms were growing, adding employees, and looking for
space. If they were not currently looking for space, they
expected to be looking within the next several years. If
they are unable to find suitable industrial space in the
region, these firms will be forced to look elsewhere,
however deep the local pool of specialized talent.

Beyond issues of scarcity and cost, industrial

land policy presents myriad challenges. From the
perspective of clean transportation firms, they need
options. As employers, they want centrally located,
transit accessible sites that avoid burdening their
employees with long commutes. Some firms working
on RNG and hydrogen have addressed these needs by
effectively converting warehouse space into de facto
R&D spaces with addition of higher capacity electrical
service. (Testing their prototypes, for example,
requires considerably more power than is supplied to a
typical warehouse, so the building's power supply has
to be upgraded.)

Industrial Lands in Metro Vancouver

- Industrial lands comprise 4% of the region's
land base, and accommodate 27% of the
region’s jobs.

- Industrial land prices in Metro Vancouver are
amongst the highest in North America.

- Industrial jobs pay 10% higher than the regional
average

- Business activity on industrial lands generates
30% of the region's total Gross Domestic
Product (GDP).

- The Q3 2021 vacancy rate for industrial land in
Metro Vancouver was 0.5%.

Sources: Metro Vancouver, Colliers

Figure 6: Industrial Lands in Metro Vancouver
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Recommendations

Invest in sector-critical physical spaces to be leased
to firms at below-market rates. For example, to assist
with applied/translational research, prototyping,
design, commercialization, production, and market
penetration, the recently announced INBC fund
should carve out a portion of the assets under
management to invest in building or renovating clean
transportation sector-supporting physical spaces,
such as sites with hydrogen storage, and leasing
them to clean transportation firms at below-market
rates. Unlike investing directly or indirectly, through a
fund-of-fund strategy or otherwise, in start-up and
development-stage firms, investing in physical assets,
such as sector-supporting facilities, would serve many
vintages of start-up and development-stage firms,
while providing the fund with an appreciating asset

and coupon (in the form of lease payments) that could
be re-invested in the fund.

Amend the CleanBC Facilities Electrification Fund
eligibility to include utility upgrades of warehouses

to meet clean technology R&D power needs. To
reduce barriers to suitable industrial spaces, the
eligibility of the CleanBC Facilities Electrification Fund
should be amended to include clean technology

R&D firms as eligible to receive a subsidy to upgrade
their utility connections to meet their sizable power
needs. Reducing the financial burden of having to
upgrade warehouse spaces to suit their power needs
will provide the clean transportation sector's R&D-
intensive firms with more options when it comes to
finding physical spaces in the region.

Image credit: ElectraMeccanica  Clean Transportation: Findings ard actions to strengthen the sector in the Metro Vancouver region | 15




Financial Capital Formation and Access

Findings

For firms operating in a globally competitive
environment, access to debt, equity or specialty
financial capital is a crucial input at every stage along
a firm's development life-cycle. Many interviewees
cited access to capital as a particular challenge.
Fortunately, many of the interviewees said their
firms have recently closed or are about to close
funding rounds.

Generally, interviewees expressed support for the
clean technology-related funding programs available
through the federal and provincial governments, while
still describing them as “difficult to access,” even for
interviewees who are serial entrepreneurs who have
successfully secured funding from the same public
sources for previous ventures. Some interviewees
believed there is a public funding bias against

certain clean fuel technologies, including hydrogen,
associated with government funding programs. In
addition, some interviewees also voiced concern that
the financialization of real estate and the continued
price escalations across most segments of the real
estate market, with its potential for comparatively
‘quick and easy wins,” were crowding out investment
in other industries, including clean transportation.

Other interviewees expressed disappointment

that despite the perceived environmentally
conscious resident population of the province, local
investors have been less willing to invest in clean
transportation technologies compared to investors
from the European Union and China. For some clean
transportation firms, where the investment and
demonstration opportunities for their technologies
are coming from other countries, relocating out

of the region becomes a more attractive option.

This was the case for Corvus Energy (Corvus), the
battery technology company that found a receptive
audience in Norway. In 2019, Corvus relocated their
headquarters, effectively becoming a Norwegian
company, with all the direct and downstream value-
added economic benefits flowing to Norway instead of
the Metro Vancouver region.

Finally, interviewees that had successfully built and
‘exited’ companies in the past were more easily able to
navigate the capital finance and investing ecosystem
due torelationships formed in pastroles. This
relationships-based funding often excludes women
and communities of colour, who may be excluded

from or not have access to the same network that
traditionally offer connections to investors.

Recommendations

Assess the capital formation and syndication
relationships and network interactions within the
region’s clean transportation industry through
predictive analytics work. Private capital access,
formation, and redeployment (‘post-exit’, for example)
inthe clean transportation sector, as well as across
other industries in which the Metro Vancouver region
has specialization, is a hotly debated issue; some
believe there is a systemic lack of proof-of-concept,
‘pre-seed, and 'seed'-stage capital in the Metro
Vancouver region, while others believe the more
pressing problem is not having enough ‘investment
worthy” firms. And, of course, both could be equally
or unequally true. This requires further analysis, as
the economic development strategies differ markedly
depending onwhat is found. For this reason, Invest
Vancouver is undertaking a major investigation of the
role of capital in this and other industries as a prelude
to developing recommendations in this area.
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Cluster Capacity Building Opportunities

Findings

A hydrogen-based industry cluster has developed

in the Metro Vancouver region, encompassing all
aspects of the hydrogen ecosystem, including
production, transport, storage, membranes, fuel cells,
testing, and consulting. Firms in the industry cluster
have been attracting private capital investment and
adding employees. The sector is poised to become an
economic driver for the region if pressing challenges
can be overcome, such as:

- breaking the supply/demand deadlock;

- creating opportunities to demonstrate hydrogen
technology in the region; and

- addressing the lack of industrial space and resolving
the difficulty with permits, as discussed above.

The growing hydrogen industry cluster represents

a lucrative economic and fiscal opportunity for the
region (see figure 7), as it is well positioned globally
since so few other economic regions have an equally
concentrated cluster of firms working with hydrogen.
A concentration of firms in the same industry (or
adjacent, complimentary industries) can foster the
cross-pollination of ideas and create a reinforcing
cycle where skilled workers are drawn to a regional
industry’s pooling of employment prospects in their
respective fields, and new firms are attracted to or
created by the collected pool of talent. This dynamic
can be seen in the constellation of firms founded by
former Ballard Power Systems employees, and the
arrival in the region of AVL (an Austrian firm that is the
world’s largest independent powertrain company), as
well as the joint venture between Daimler Truck and
Volvo Group, cellcentric.

As touched on above, the hydrogen industry cluster’s
greatest strength is the presence of an unparalleled
collection of experienced workers. It is bolstered by

strong ties to the University of British Columbia (UBC),

Simon Fraser University (SFU), and BCIT, along with
locally-allied industry associations and accelerators,
and the industry stands to benefit from provincial, and
federal hydrogen strategies.

Itis estimated that by 2050 clean

hydrogen will make up as much as 25 percent

of the world's net-zero energy mix, generating a
$20 trillion infrastructure investment opportunity,
new technologies, companies, jobs, and ultimately
acheaper energy system.

Source: Bloomberg New Energy Finance

Figure 7: the Future Hydrogen Economy

Yet, the development of the region's hydrogen
industry cluster is at a critical juncture. The industry

is plagued by a classic ‘chicken-and-egg’ problem
with respect to supply and demand; namely, there is
little incentive to supply hydrogen without demand,
and such demand will never materialize without the
promise of a steady supply. Access to readily available
green hydrogen in the region (taking advantage of
B.C’'s abundant supply of clean electricity) would
encourage the testing of new technologies to lower
greenhouse gas emissions, such as within heavy-duty
vehicles. Firms that are pressing ahead with supply
face multiple challenges, particularly with respect to
regulations that do not account for hydrogen as a fuel.

Firms based here have to look elsewhere for
demonstration opportunities, most notably in the
Province of Alberta and countries, such as Italy,
Germany, and China. One interviewee likened the
situation in hydrogen to “trying to demonstrate a
new computer graphics card by pointing to shelves
full of computer parts in a room without an electrical
outlet.” Even more important than the obvious

need to demonstrate new technologies, firms

need opportunities for real-world testing. Multiple
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- Image credit: HTEC

interviewees stressed the importance of being able
to test (and refine) their technologies closer to home.
Deploying hydrogen applications in-region would be a
powerful indication of support for the industry.

Permits and suitable workspace challenges (as
described above) are acute for firms working with
hydrogen. There is areal risk that unless these
challenges can be overcome, firms will drift away one
location, demonstration project, or permitting decision
atatime, as happened with Corvus (described above).

Recommendations

Launch a hydrogen hub. Getting a reliable in-region
hydrogen hub established in the Metro Vancouver
region is a crucial component of the B.C. Hydrogen
Strategy. The strategy emphasizes the importance
of co-locating hydrogen production with end-use
applications. In collaboration with the Ministry of Energy,
Mines and Low Carbon Innovation and the Canadian
Hydrogen and Fuel Cell Association, Invest Vancouver
has agreed to convene member-municipalities to
accelerate this project. Municipalities should support
this effort as both a major economic development
opportunity for the region's clean transportation
sector and an opportunity to decarbonize hard-to-
decarbonize sectors of the economy.

ING THE DRIVE TO HYDROGEN
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Fund a large-scale hydrogen powered heavy-duty
vehicle demonstration project. No one wants to be
the *first mover” on what are perceived to be unproven
technologies. So understandably, municipalities

and the Port of Vancouver are conservative in

their procurement and purchasing decisions, and,

for this reason, expecting them to commit huge

sums to purchase early-stage technologies may

not be realistic. The province, however, should
purchase a small fieet (for example) of heavy-duty
hydrogen-powered vehicles for lease to interested
municipalities. By shifting some of the financial risk
associated with early adoption, such a strategy might
help encourage more expansive local deployment.
And scaling up from tests to production will eventually
help move hydrogen technologies along the cost
curve towards lower prices and, most important, early
deployments will serve as in-region ‘test beds’ for
locally developed technologies. This is one way to
move the industry along the development continuum
from start-up stage, to development-stage, to
commercial-stage, to production-stage, to global
export-stage.

Establish a centre to assert global leadership in
hydrogen certification. Create a centre that can
test fuel cells and balance of plant components to
the specifications of the U.S. Department of Energy,
the European Union (*harmonized protocols’ FCH-
JU), and Japan (NEDO). The goal should be to follow
the pathin solar energy testing and certification
blazed by Germany, and create accredited hydrogen
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certification labs, much as the Fraunhofer Institute

of Solar Energy Systems does for photovoltaics.

This would deepen the R&D, design, and prototyping
capacities of the hydrogen industry cluster here in the
province, attract work from major original equipment
manufacturers, and provide additional *stickiness”
tothe industry in the region. (Powertech Labs does
some of the only global balance of system certification
work and would be a logical partner.)

Create certainty by establishing along-term electric
power rate for hydrogen production. The new CleanBC
industrial electrification rates offered by BC Hydro
provide up to seven years of discounted power for
industries setting up or expanding operations in B.C.,
including hydrogen. With the cost of major industrial
facilities amortized over decades, it makes sense

to create a matching, longer-lived rate structure as
an incentive for “first movers” assuming the risk of
building facilities for water electrolysis production

of hydrogenin B.C. Certainty around the cost of
green hydrogen production through electrolysis will
actas signal to investors that hydrogen is a priority
area for the province. Additionally, as more capital is
invested in the production of hydrogen, technological
improvements will be made and the cost of producing
hydrogen will decline. Encouraging in-region
production of green hydrogen will also mean that the
need to use out-of-province higher carbon-intensity
gray or blue hydrogen will decline in the region.

Expand eligibility for ZEV subsidies to include hydrogen
fuel cell venhicles. Due to accelerating gains in
productivity, specialization, and experience, hydrogen
technologies will likely follow the same declining price
per unit trend of other clean technologies, such as
solar panels and electric vehicles. For now, hydrogen

technology is earlier along the price curve (meaning it
is more expensive), so the price cap for ZEV rebates,
which were intended to prevent the public from
subsidizing luxury battery electric vehicles, excludes
fuel cell vehicles. The province should consider setting
a provisionally higher limit for ZEV rebates specific to
fuel cell vehicles, which would then decline over time
as those productivity and other gains are realized
and prices decline. This would have the effect of
encouraging the use of hydrogen fuel cell vehicles in
the province and Metro Vancouver region, providing
industry with the opportunity to demonstrate their
technologies and advancing improvements to bring
the price down.

Strive for technology-neutral rules whenever possible.
With rapidly changing technology, itis important to
avoid locking in or locking out potential technological
solutions, especially when the excluded ones just
might beget entirely new industry sectors. For
example, burning green hydrogen in a modified
internal combustion engine is omitted from the
provincial Commercial Vehicle Pilot program, and the
Motor Fuel Tax regulation provides an exemption for
hydrogen, but only *when used in fuel-cell vehicles”
There is broad scope for applying this technological
neutrality principle with respect to hydrogen in
particular, and clean transportation in general.
Technology-neutral policies should be standard,
sending the signal to entrepreneurs and start-up
companies all over the world that British Columbia
offers a competitive landscape that values and wants
you, your firm, and your intellectual property (and
potential royalties) to come innovate, build, scale,
headquarter, and export from here.
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Culture of Innovation

Findings

Interviewees from firms in all three categories of
clean transportation mentioned the need “to create

a culture of innovation in the region.” Thereis a
general disappointment, amongst interviewees, that
the commitment to tackling the climate emergency

is not matched by public support for local firms
developing the technologies that will make lowering
greenhouse gas emissions possible. Municipalities, in
particular, were cited for their risk-aversion” when it
comes to their procurement policies and purchasing
new or emerging technologies from “home-grown’
enterprises. Multiple firms described finding local
governments in the U.S. and Alberta, for example, more
open to supporting new technologies and enterprises

in their procurement decisions than governments here.

LQO P

Recommendations

Encourage greater participation in “Project Greenlight”
and other public-private partnerships to encourage

a culture of innovation across the Metro Vancouver
region. Project Greenlight is a membership-

driven demonstration platform that forges

strategic partnerships between public and private
enterprises (‘members’) and technology companies
("innovators”). Governments and government
agencies should commit to greater participationin
Project Greenlight, as well as in similar public-private
partnership programs as a way to balance their
understandable desire to de-risk their procurement
decisions by purchasing “already commercialized”
technologies with economic development. The goal
should be to catalyze innovation and to build capacity
within target industries, such as clean transportation,
by using procurement levers to produce an
environment in which innovative firms and new (and
previously unknown) industry sectors can thrive,
expand, hire and reinvest in the region.

|
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V. Conclusion

Talent, the innovation ecosystem, supporting incentive and
regulatory environment, and leading hydrogen expertise mean
that the Metro Vancouver region is well-positioned to seize the
opportunities presented by the transition to a cleaner future. Yet,
urgent action is needed to address barriers to investment for the
Clean transportation sector. Most time sensitive are the need to
modernize and streamline the permitting process, improve access
to highly-limited industrial space, and support a hydrogen hub to
accelerate industry growth. The recommendations in this report
will allow the region to go beyond creating a market for low carbon
transportation and create a thriving clean transportation industry.

Invest Vancouver would like to thank alll
interviewees for their time and for sharing
their insights.
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5.1

To: Electoral Area Committee

From: Tom Pearce, Regional Planner, Regional Planning and Housing Services

Date: March 7, 2022 Meeting Date: April 7, 2022
Subject: Electoral Area A Geotechnical Study — Phase One Report

RECOMMENDATION

That the Electoral Area Committee receive for information the report dated March 7, 2022, titled
“Electoral Area A Geotechnical Study — Phase One Report”.

EXECUTIVE SUMMARY

Metro Vancouver is the building inspection authority for the areas of Electoral Area A outside of UBC
and UEL. To address the need to have local-scale geohazard maps and to help provide a better
understanding of potential risk, including from the effects of climate change, the 2021 Board-
approved budget included funding for an Electoral Area A Geotechnical Study for these areas. The
recently finalized phase one portion of the study is presented in this report. Phase one involved the
creation of geohazard maps that show areas at risk of or previously impacted by landslides, riverine
and coastal flooding, and snow avalanches. The maps provide a good baseline of information
regarding impacts that have occurred to date, and through modelling that incorporates climate
change, will enable Metro Vancouver to better predict areas of future risk (phase two). Future phase
two work will also focus on integrating the maps into the development approvals process for building
permits, and will be considered as part of the 2023 Electoral Area Services financial plan discussions
later this year.

PURPOSE
This report provides the Electoral Area Committee with the recently completed phase one portion of
the Electoral Area A Geotechnical Study and describes planned phase two work.

BACKGROUND

The Electoral Area A Geotechnical Study was approved as part of the 2021 Board-approved budget
for Electoral Area Services, and is a second quarter item on the 2022 Electoral Area Committee Work
Plan. The phase one portion of the Study (Attachment) was recently finalized and is provided in
accordance with the work plan.

DEVELOPMENT IN ELECTORAL AREA A (OUTSIDE UBC AND UEL)

Metro Vancouver is the building inspection authority for the areas of Electoral Area A outside of UBC
and UEL, which are comprised of small established rural and remote communities, often located in
steep or flood or landslide-susceptible terrain. There is a low volume of development activity in these
areas, with fewer than 10 building permits per year and no rezonings or subdivisions.

Currently, due in part to a lack of geohazard mapping and guidance specific to Electoral Area A,
applicants for building permits are routinely asked to provide a geotechnical report, regardless of the
project’s size (e.g. shed or new home) or location. The Electoral Area A Geotechnical Study is
intended to address the need to have local-scale geohazard maps and to help provide a better

48687134
33 of 258



Electoral Area A Geotechnical Study — Phase One Report
Electoral Area Committee Regular Meeting Date: April 7, 2022
Page 2 of 2

understanding of potential risk, including from the effects of climate change, to staff, applicants, and
qualified professionals.

ELECTORAL AREA A GEOTECHNICAL STUDY

BGC Engineering Inc. was retained in 2021 to undertake work on a two-phased Electoral Area
Geotechnical Study that would create a baseline of geohazard maps (Phase One), followed by work
to integrate the maps and identified risks into Metro Vancouver’s development approval process (i.e.
building permit applications) (Phase Two).

Phase One — Geohazard Mapping (Attachment)

Phase one involved research to complete a desktop inventory and characterization of geohazards
(landslide, riverine and coastal flooding, and snow avalanches) with the potential to affect
developable lands in Electoral Area A (outside of UBC and UEL).

Tasks included:
1. Examining geotechnical reports on file;
2. Conducting new research (e.g. review of provincial mapping data) where there is limited or
no information;
Preparing PDF maps and GIS data that identify high geohazard areas; and
4. Providing a methodology report for the mapping work. The methodology included reviewing
existing reports, past air photos, existing Lidar data and an elevation model.

w

Phase Two — Modelling Future Risk and Integration with Development Approvals Process

Phase two will involve finer grain analysis of the geohazard maps, including modelling that
incorporates climate change and preparing a report with advice on how to incorporate the geohazard
mapping into the development approvals process. This would include acceptable risk thresholds,
exemptions for low value and/or non-habitable space, mitigation best practices, and processes for
public access for new reports. Proposed phase two work will be considered as part of the 2023
financial plan discussions for Electoral Area Services.

ALTERNATIVES
This is an information report. No alternatives are presented.

FINANCIAL IMPLICATIONS

Phase one of the study cost $30,000 from the 2021 Board-approved Electoral Area Services budget.
Costs associated with phase two will be considered by Electoral Area Committee and MVRD Board as
part of the 2023 financial plan.

CONCLUSION

Phase one of the Electoral Area Geotechnical Study fills a gap by making local-scale geohazard maps
available when considering building permits in rural and remote portions of Electoral Area. Phase two
work will better integrate these maps with the building permit application approval process,
improving risk mitigation and streamlining the process for applications in low risk areas.

Attachment
Electoral Area A — Geohazard Mapping Report, dated March 30, 2022
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Metro Vancouver, Electoral Area A — Geohazard Mapping (Phase 1) March 30, 2022
Methodology Project No.: 0431031

EXECUTIVE SUMMARY

BGC Engineering Inc. (BGC) was retained by Metro Vancouver to complete a desktop inventory
and characterization of geohazards (landslide, riverine and coastal inundation, and snow
avalanches) with the potential to affect key parcels in Metro Vancouver’s Electoral Area A. This
is Phase 1 of a two-phase project to characterize geohazards and translate results into technical
and policy maps for use in the review of building and land development permit applications. The
current work is based on new landslide and snow avalanche mapping and existing geohazard
information compiled from published reports and geoscience/engineering reports held by Metro
Vancouver. The deliverables for this project are several pdf maps and the supporting spatial
database (geographical information system — GIS). These deliverables provide a starting point
and structure to update and refine results once further information becomes available through
more detailed assessments.

BGC recommends that Metro Vancouver proceeds with their planned Phase 2 for this project
which consists of developing a methodology to incorporate the findings of the geohazard mapping
in Metro Vancouver's review process of building permit (primarily) and land development
applications in Electoral Area A.

Electoral Area A - Geohazard Mapping Methodology Page i
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LIMITATIONS

BGC Engineering Inc. (BGC) prepared this document for the account of Metro Vancouver. The
material in it reflects the judgment of BGC staff in light of the information available to BGC at the
time of document preparation. Any use which a third party makes of this document or any reliance
on decisions to be based on it is the responsibility of such third parties. BGC accepts no
responsibility for damages, if any, suffered by any third party as a result of decisions made or
actions based on this document.

As a mutual protection to our client, the public, and ourselves all documents and drawings are
submitted for the confidential information of our client for a specific project. Authorization for any
use and/or publication of this document or any data, statements, conclusions or abstracts from or
regarding our documents and drawings, through any form of print or electronic media, including
without limitation, posting or reproduction of same on any website, is reserved pending BGC's
written approval. A record copy of this document is on file at BGC. That copy takes precedence
over any other copy or reproduction of this document.
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1.0 INTRODUCTION

BGC Engineering Inc. (BGC) was retained by Metro Vancouver to map geohazards of select
sections of the Electoral Area A (Figure 1-1, Areas of Interest, AOI). BGC understands that the
geohazard mapping in Metro Vancouver’s Electoral Area A forms Phase 1 of a two-phase project.
This first phase synthesizes previous geohazard studies in a spatial database (geographical
information system — GIS), supplemented by terrain analyses to confirm, refine, or add to
previously developed geohazard inventories. The second phase of the project will develop a
methodology to incorporate the findings of the geohazard mapping in Metro Vancouver’s review
process of building permit (primarily) and land development applications in Electoral Area A. The
work was performed under Metro Vancouver’'s Consulting and Professional Services Agreement
with the limit of liability and insurance coverage outlined in Document 49096723, RFSQ No 21-
364, and approved on November 16, 2021.

1.1. Scope

The scope for this project is to map geohazards (landslide, riverine and coastal inundation, and
snow avalanches) with the potential to affect key parcels! in Electoral Area A (Figure 1-1). The
work plan to support this scope includes:

e Compiling geohazard information in published reports and contained in
geoscience/engineering reports held by Metro Vancouver
¢ Mapping new landslide and snow avalanche hazards to fill gaps in current knowledge.

1.2. Limitations and Exclusions

BGC notes the following limitations and exclusions for the scope of this project:

¢ Magnitude-frequency (how large and how often) characterization of geohazards in the
project area, nor their intensity (velocity, depth, erosion potential, impact forces).

e Mapping or modelling to characterize the potential impact area of a landslide or snow
avalanche.

e Generating geohazard zonation maps (zone of high, medium, low hazard within a hazard
extent).

e Landslide or snow avalanche susceptibility mapping.

¢ Geohazard risk assessment (i.e., inclusion of geohazard consequences).

e Characterization of hazards initiating within the project area and impacting infrastructure
or people outside Electoral Area A.

e Existing geohazard mitigation strategies.

e Coastal inundation hazards related to tsunamis or wind and boat-generated waves.

e Detailed assessment of the potential effects of wildfire, insect infestations, or climate
change on geohazards.

1 Key parcels were identified by Metro Vancouver (email from Tom Pearce, personal communication October 2021).
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Geohazards that are not part of this scope include ground shaking and liquefaction due to
earthquakes and landslide-generated impulse waves. While they were considered out-of-scope
for this study, they still represent credible geohazard scenarios with the potential for intense and
widespread damage. Ground shaking during an earthquake can generate landslides as
documented during the 2012 Haida Gwaii earthquake (Barth et al., 2020). Liquefaction can occur
in saturated sandy soil during an earthquake. Sections of Electoral Area A may be susceptible to
earthquake-triggered landslide and liquefaction. While landslide-generated impulse waves are
infrequent occurrences, they have been documented in southwestern British Columbia (BC)
(Evans, 1989; Roberts et al., 2012; Hughes et al., 2021) and their potential in Howe Sound has
been discussed (Jackson et al., 2014).

Figure 1-1. Project area showing the key parcels identified by Metro Vancouver and the extent of
publicly available lidar.

As this project consists of a compilation of site-specific and regional-level geohazard
assessments, one of its limitations is the variable mapping scale. That is, the entirety of the project
area is hot mapped at a set scale (e.g., 1:20,000). In the new mapping area, only landslides and
snow avalanches of a size large enough to be observed on the consulted aerial photographs and
imagery were recorded. As no fieldwork was conducted for this project, the geohazards were
characterized based on the source material consulted during the desktop study. Based on the
vintage of aerial photographs and imagery consulted, this represents a snapshot of 1953 to 1957
and 2018 to 2021. As additional past or present-day field observations become available these
can be used to update the geohazard mapping and characterization. Empirical classification of
steep creek geohazards (i.e., clear-water flood, debris-flood, or debris- flow hazards) was used in
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this study as it can be applied to large regions. However, classification reliability is lower than for
detailed studies, which typically combine multiple lines of evidence such as statistical, remote-
sensed, and field observation data. Assigning each fan with one of three likely steep creek
process types also does not recognize that there is a continuum between clear-water floods and
steep-creek processes that is not accounted for in morphometrics. Simlarly, many creeks are
prone to a specific hazard up to a certain return period, above which another process dominates.

1.3. Project Area

The select sections of Electoral Area A that are part of the project include a range of physiographic
regions from rugged steep mountains of the Coast Mountain Range, to rocky islands and a
low-lying island of surficial material (Holland, 1976; Armstrong and Hickock, 1980; Blais-Stevens,
2008). While the climate of the low-lying area differs from the high elevation peak, they typically
all received significant amounts of precipitation (rain or snow) in the winter (Figure 1-2). The
project area is also within the zone of influence of the Cascadia Subduction zone which represents
a high seismic hazard (Figure 1-3).

Figure 1-2. Climate Normals for three weather stations at or near sea level (data from PCIC, 2021).
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Figure 1-3. Simplified seismic hazard map for British Columbia (Natural Resources Canada, 2015).
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2.0 METHODOLOGY

2.1. Landslide Mapping

In this geohazard compilation, landslide hazards were characterized using points, lines, and
polygons (areas) depending on the spatial extent and uncertainty associated with the hazard.
Points typically represent historical or potential hazards. Lines are predominantly used to
represent the travel path of past landslides. Depending on context, areas can represent a
potentially unstable section of the slope (e.g., block bounded by tension cracks) or the source and
depositional areas (e.g., steep cliff and talus). The level of this project along with the inherent
uncertainty associated with natural processes means that the absence of mapped feature does
not represent an absence of hazard.

The landslide type classification by Hungr et al. (2014) was used in this report.

2.1.1.  Previous Landslide Hazard Inventory

Landslide hazard information was extracted from geotechnical and geoscience reports provided
by Metro Vancouver (See Table Al in Appendix A for detailed list) and spatially compiled in a GIS
environment. A spatial inventory of the parcels with previous geotechnical and geoscience
assessments was generated by adding a point with details about report author and year in the
centre of the associated parcel. Where landslide hazard specific to a landform was included in
the previous reports, this information was represented as a point, line, or polygon (area) as
appropriate. More details about the information recorded in the GIS layer is provided in
Section 3.0 and Appendix B.

Of the different sections of the current project area, the Howe Sound corridor contains the most
infrastructure (Highway 99 and CN Railway) and densely populated residential area. As such, it
has been the subject of academic and governmental landslide hazard studies
(e.g., Blais-Stevens, 2008; Blais-Stevens and Septer, 2008; Blais-Stevens et al., 2012). Landslide
inventories complete for these studies were incorporated in the GIS compilation where applicable.

2.1.2. New Landslide Hazard Mapping

New screening-level landslide hazard mapping was completed by BGC using Google Earth
imagery (all sections), 1952 to 1957 aerial photographs (all sections, see Table A2 in Appendix A
for details), publicly available lidar (Howe Sound and Pitt Lake area, see Table A3 in Appendix A
for details), and terrain mapping (Howe Sound and Indian Arm; Ryder et al. 1999 from BC Data
Catalgue, 2010). The new landslide mapping is intended to supplement the information available
in the geotechnical and geoscience reports held by Metro Vancouver. The new mapping focused
on the area surrounding the parcels of interest but included some mapping of the upper reaches
of the watershed reporting to the parcels of interest.
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2.1.3. Fan Inventory

Fans are landforms created from the deposition of sediment by hydrogeomorphic processes
(clear-water flood, debris flood or debris flow). While the presence of a fan indicates past
geohazard occurrence, the lack of a fan on a steep creek does not necessarily rule out the
potential for future geohazard occurrence. Also, some creeks discharge directly into the ocean,
lakes or reservoirs. A fan likely exists but is submerged and thus not visible except in bathymetric
information. As such, the fan inventory completed in this study should not be considered
exhaustive. A fan inventory was compiled based on geomorphic mapping using the lidar and
TRIM topographic map (GeoBC, 2016) along with review of previous geotechnical reports
provided by Metro Vancouver. Each fan was assigned a process type based on empirical
relationships between the Melton Ratio? and watershed length. These terrain factors are a useful
screening-level indicator of the dominant hydrogeomorphic process (clear-water floods, debris
floods, or debris flows) on a creek (Wilford et al., 2004; Holm et al., 2016). The morphometric
values calculated by River Network Tool™ (RNT) were used alongside terrain interpretations
(Table 2-1) to assign the dominant hydrogeomorphic process. They do not, however,
acknowledge that processes on creeks may change depending on the chosen return period. For
example, creeks subject to “floods” at higher return periods, become subject to debris floods, and,
in some cases, at even higher return periods subject to debris flows (Jakob and Jordan, 2001).
This implies that BGC'’s categorization should be understood as scoping level.

Table 2-1. Characteristics used to classify hydrogeomorphic process types on fans (after Lau,

2017).
Debris flow Debris flood Flood
Air photo  [Steep (>15°) average Moderately steep (3-15°) Low (<3°) average
watershed channel gradient  |average watershed channel watershed channel
and typically small (< 3 km?) gradient, medium to large gradient, medium to large
watersheds with high relief watersheds with moderate to watersheds with moderate
Frequent sediment sources in  [nigh relief to low relief.

upper watershed (rockfalls,
debris avalanches, etc.)

Inconsistent breaks in tree
canopy on fan along stream

Sediment sources in upper
watershed (rockfalls, debris
avalanches, etc.)

Consistent break in tree canopy

Wide channels

Large gap in tree canopy
along stream channel.

Overbank deposits

channel. on fan along stream channel.

Lidar Fan gradient > 5°

Levees along channel margin
U-shaped channels

(Boulder) lobes on fan surface

Tongue-shaped boulder
carpets

Sharp deposit boundaries

Fan gradient 2-10°

No levees along channel
Potential lobes on fan surface
Paired terraces

Fan gradient <5°
Wide channels

Lack of lobes and levees
along channel margin

2 Melton ratio is watershed relief divided by the square root of watershed area (Melton, 1965).
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2.2. Flooding and Coastal Inundation Mapping

2.2.1.  Screening Level Flood Extents

Flood inundation extents and flood depths were approximated for each watercourse within the
study area using a terrain-based mapping approach referred to as Height-Above-Nearest-
Drainage (HAND) (Rennd et al., 2008). This mapping approach uses publicly available
topographic and hydrometric data to approximate areas that could be inundated during a flood
event as a practical alternative to hydraulic modelling over large spatial scales. The data required
for HAND mapping includes a topographic model and a rules-based approach to classify the
maximum predicted flood depth. This concept is illustrated in Figure 2-1 which shows that the
HAND value for a given point represents the relative height between that point and the nearest
stream that it drains to (Zheng et al., 2018). Therefore, any cell with a HAND value below a given
threshold (a maximum predicted flood-depth) can be assumed to be within the inundation extents
in the event of a flood reaching this level.

This terrain-based approach was used to estimate the approximate area that could be inundated
in a 200-year return period flood event for all watercourses within the study area. The analyses
were used to identify and prioritize areas subject to clear-water flooding and do not replace
detailed floodplain mapping that includes bathymetric surveys and hydraulic modelling. The
output of this process also serves as a basis for identifying locations where detailed floodplain
mapping could be undertaken in the future.
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Figure 2-1. lllustration of the HAND concept (modified from Zheng et al., 2018).

HAND mapping was performed using a 30 m digital elevation model (DEM) for the study area
acquired from the Shuttle RADAR Topography Mission (SRTM) (Farr et al., 2007). The analysis
was performed using the Terrain Analysis Using Digital Elevation Models (TauDEM) GIS tool suite
(Tarboton, 2016). TauDEM is a set of GIS-based tools designed for large-scale hydrological
analysis of topographic data. The “Vertical Drop” function within this suite allows for the calculation
of HAND using a stream network and flow accumulation model as inputs.

In order to identify appropriate HAND values to associate with flood depths, the relationship
between catchment area and flood depth during a 200-yr return period flood was assessed.
Hydrometric data from 205 Water Survey of Canada (WSC) (Environment and Climate Change
Canada [ECCC], July 16, 2018) gauging stations with over 10 years of records located in southern
BC were analyzed to provide a relationship between catchment area and flood depths. For each
gauge, a stage-discharge curve was built using readings collected between June and July. These
two months were selected as the rating curves are seasonally adjusted by the WSC so a stable
period to generate the rating curves was required.
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The HAND mapping exercise was carried out for all water bodies existing within the drainage
network generated through TauDEM, these included rivers as well as lakes and reservoirs. The
methodology for calculating the maximum 200-year flood depth did not differ based on the type
of water body (i.e., lakes, rivers, and reservoirs were all treated the same way).

2.2.2.  Coastal Inundation Mapping

Coastal inundation hazards result from a combination of processes including tides, storm surge,
and wave action. These hazards and their contributing factors have been discussed in a series of
provincial-level guidance documents (Ausenco Sandwell, 2011; Kerr Wood Leidal, 2011; BC
FLNRORD, 2017; EGBC, 2017). As the scope for this project did not include a detailed
site-specific assessment of the coastal inundation hazard, publicly available studies for the nearby
Squamish (Kerr Wood Leidal, 2017), Egmont/Pender Harbour (Kerr Wood Leidal, 2015), Lions
Bay (Cordilleran Geoscience, 2018), Vancouver (NHC, 2014), Lower Fraser Valley (Fraser Basin
Council and NHC, 2017), and Victoria/Saanich Peninsula regions (Associated Engineering, 2021)
were reviewed and their findings applied to the project area.

Based on the available studies (e.g., Ausenco Sandwell, 2011; NHC, 2014; KWL, 2015, 2017),
the potential coastal flood area was estimated to a value of 4.35 m above the mean sea level.
This value incorporates:

e Higher High Tide: 2.05 m Canadian Geodetic Vertical Datum 1928 (CGVD28)
e 500-year Storm Surge in the Salish Sea: 1.3 m CGVD28
o Global Sea Level Rise to 2100: 1.0 m above mean sea level.

KWL (2015) and Cordilleran Geoscience (2018) in an example application for the Sunshine Coast
(British Columbia) and for the Village of Lions Bay studies respectively, also included the following
general consideration for wave action, freeboard, and global sea level rise to 2200.

¢ Wave actionof 1.2 m
e Freeboard of 1.0 m
e Global sea level rise from 2100 to 2200: 1.0 m above mean sea level.

Both studies rounded their total estimate of coastal inundation to 8 m.

In the Howe Sound section of the project area, the 8 m value was added to the 0 m above mean
sea level value for extents covered by the 2016 lidar DEM3. For Indian Arm, which lies outside
the available lidar extent, that value was applied to the 0 m CGVD28 from the SRTM DEM. The
same data were also used for the HAND mapping described in Section 2.2.1. Because the SRTM
DEM has a lower resolution and vertical accuracy than the available lidar, a 10 m buffer was
applied on the extent of coastal inundation derived from the SRTM DEM. The 8 m line above the
mean sea level represents a screening level coastal inundation estimate and it does not constitute
a flood construction level (FCL) as site-specific modelling would be required to fully characterize

3 The contributions of subsidence and uplift to coastal inundation were neglected in this study as the values reported
in Ausenco Sandwell (2011) would, over a period of 100 to 200 years, be on the order of the uncertainty from the
other factors considered.
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the wave runup and freeboard allowance required for an FCL. Site-specific assessment by a
gualified professional (QP) will supersede the estimated 8 m value from this study.

A coastal inundation level was not estimated for the Pitt Lake section of the study area as
additional work will be required to assess the impact of sea level change, storm surge, or wave
action for a narrow tidal lake in southern British Columbia (Ashley, 1977) and determine a
representative inundation level.

2.3. Snow Avalanche Mapping

Sections of the land parcels that may be exposed to snow avalanche hazard were identified as
part of this project. Recommendations for occupied structures outlined in Technical Aspects of
Snow Avalanche Risk Management (TASARM), prepared by the Canadian Avalanche
Association (CAA, 2016), indicate that snow avalanches up to a return period of 300 years should
be identified.

Locator-level mapping as described by CAA (2016) was completed for this assessment, which
identifies potential avalanche paths that could intersect with land parcels. This type of mapping
provides baseline information on potential avalanche hazard areas but does not provide lateral
extent or runout extents. The path lines originate at the top of a starting zone and extend into the
runout zone. Other starting zones that runout in the same general area may exist adjacent to the
starting zone identified with the line. The mapping was completed based on a snow supply
assessment, identifying terrain steep enough to form snow avalanches, and sufficiently clear of
vegetation to allow for avalanches to flow.

Snow depth was estimated for relevant elevations within the study area by computing linear
regressions on freely available snowpack data obtained from nearby snow data sites operated by
BC Ministry of Transportation and Infrastructure (BCMoTI), Metro Vancouver, and historical
stations. The sites are summarized in Table 2-2. Extreme value statistical methods were used to
estimate snow depths for each station for given return periods beyond the length of the data
record (Figure 2-2). The estimated 100-year snow depth is 193 cm for an elevation of 300 m and
838 cm for an elevation of 1200 m. Figure 2-2 suggests that avalanche hazard may exist on
sufficiently steep slopes above an elevation of approximately 200 m.

Climate change is anticipated to affect snowpack and avalanche conditions (IPCC, 2019). Since
the study area is at relatively low elevation, future warming trends will likely result in a thinner
average snowpack. However, avalanche events are common during the accumulation of snowfall
amounts over a period of days, which is dependent on short-term winter weather. It is anticipated
that such short-term weather fluctuations will continue even with a warming climate. More wet
avalanches may result with climate change, which are likely the design events for the avalanche
paths in the study area.
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Table 2-2. Relevant snow data used for the snow supply assessment.

Station Name Owner élg?/;(t)i):)ir?%e) LatEE;Jde Lon%oi)tude D(ﬁi?)g?.?g)e
Lions Bay Brunswick Pit | BCMoTI 130 49.371 | -123.269 | 1983 to 1994
Eagle Ridge BCMoTI 140 49.471 | -123.237 | 2009 to 2021
Tantalus BCMoTI 320 49.843 | -123.143 | 2009 to 2021
Burwell Lake Historical 880 49.536 | -123.051 | 1945to 1976
Palisade Lake Metro Vancouver 880 49.400 | -123.183 | 1946 to 2020
Loch Lomond Historical 900 49.383 | -123.077 | 1946 to 1982
Mount Seymour Historical 1070 49.372 | -122.962 | 1960 to 1989
Dog Mountain Metro Vancouver 1080 49.366 | -122.950 | 1945 to 2020
Grouse Mountain Metro Vancouver 1100 49.466 | -123.000 | 1936 to 2021
Hollyburn Historical 1100 49.583 | -123.083 | 1945 to 1987
Orchid Lake Metro Vancouver 1190 49.454 | -123.032 | 1972 to 2021
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Figure 2-2. Estimated maximum snow depth assuming a linear relationship with respect to

2.3.1.

elevation for the study area.

Terrain and Vegetation

Slope angle was evaluated using the SRTM DEM (same as for HAND mapping in Section 2.2.1
and coastal inundation in Section 2.2.2). Vegetation cover was estimated using satellite imagery
available on Google Earth, which was dated between 2019 to 2021. Terrain steeper than
approximately 27° (Jamieson, 2018) with vegetation areas clear enough to form snow avalanches
and the potential of travelling into land parcels was identified.
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3.0 GIS COMPILATION

The geohazard mapping has been provided as Esri shapefiles representing the hazard as point,
line, and polygon features (Table 3-1). The shapefiles use the NAD83 UTM Zone 10N projection.
The geohazard mapping was completed in GIS software and Google Earth and was based on
Appendix A and subject to the exclusions and limitations outlined in Section 1.2. The attributes
compiled for each shapefile are described in Appendix B.

Table 3-1. Summary of geohazard mapping files provided with this report.

File name (data type)

Description

Landslide_mapping_points.shp (point)

Represents where previous geotechnical or geohazard
assessment identified specific landslide occurrence or
potential source of landslides

Previous_parcel_assessment_shp
(point)

Inventories the parcels where previous geotechnical or
geohazard assessment has been completed and filed with
Metro Vancouver. Some parcels may have multiple reports
associated with them.

Landslide_mapping_lines_shp
(polyline)

Represents approximate travel path of actual landslide
events as observed in the aerial photograph or imagery
consulted. It may be an underestimate of the actual travel
path as some of the distal debris might not be visible due to
the resolution of the aerial photograph/imagery or vegetation
cover.

Lineament_mapping.shp (polyline)

Represents a wide range of feature types such as potential
tension cracks, scarps, trenches, or adversely oriented
geological structures. Lineament type was not assigned to
the features as part of this project. Lineaments were only
recorded when noted above the parcels of interest.

Snow_avalanche_mapping_lines.shp
(polyline)

Represent potential snow avalanche travel path as observed
in the aerial photograph or imagery consulted. It may
underestimate the actual travel of large events.

Landslide_mapping_polygons.shp
(polygon)

Represents potential landslide source and runout zones of
landslide activity. Polygon typically includes terrain (e.g.,
cliffs) and landforms (e.g., talus) associated with landslide
activity. These polygons do not capture all the landscapes
capable of producing landslides but only those with high
potential as mapped at a regional scale.

Landslide_mapping_fans.shp (polygon)

Outlines the extent of fans based on lidar or TRIM dataset.
Assigns a main hydrogeomorphic process to each fan based
on empirical relationships.

SRTM_derived_coastal_inundation.shp
(polygon)

Represents potential coastal inundation extent for area where
only the SRTM elevation model was available.

lidar_derived_coastal_inundation.shp
(polygon)

Represents potential coastal inundation extent for area where
lidar elevation model was available.

Riverine_flooding.shp (polygon)

Represent potential river flowing extent based on the Height-
Above-Nearest-Drainage approach.
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4.0 DISCUSSION

This project provides the first compilation of geohazards for a select region of Metro Vancouver’'s
Electoral Area A. While this work improves our understanding of geohazards at a screening level
over a regional scale; landslide, inundation, and snow avalanche geohazards are complex
phenomena that result from the interaction of site-specific conditions (e.g., topography, river
profile, material type) and external forcing factors (e.g., precipitation, temperature, earthquake).
The hazard level associated with these geohazards varies over time. The temporal scale can vary
from seconds for an earthquake; hours and days for a rainstorm, weeks for the evolution of snow
properties, months for the accumulation and melting of snowpack, or centuries to millennia in the
case of progressive failure of rock slopes. As such the mapping presented in this work should be
updated when additional and more detailed site-specific information becomes available. Table 4-1
discusses addtional factors that could influence geohazards in the study area.

The spatial scale of Drawings LO1 to L14 and 101 to 117 summarizing the geohazard mapping
from this project has been displayed at 1:25,000. As discussed in Section 1.2, information from
various scales of mapping was compiled in preparing these drawings and 1:25,000 is
representative of the overall scale at which it is intended to be used. This avoids overrepresenting
the accuracy of the mapping by acknowledging that while detailed lidar was used for some of the
analyses other relied on the coarser-resolution SRTM model. BGC anticipates that the geohazard
mapping files provided with this report may be displayed digitally (e.g., via web application). Digital
layer display is cautioned where scale can be adjusted by the user; BGC would be happy to
discuss this issue further.

4.1. Landslide Hazard Mapping

Maps representing the potential hazard from landslides can take different form. As landslides
occur more frequently on steep terrain, a slope map can be used approximate where landslide
might occur. Slope maps tend to be conservative, do not account for material type, and do not
identify fans (which have a gentle slope) as areas with a potential high landslide hazard. Slope
maps were Metro Vancouver's main tool of characterizing landslide geohazards in Electoral
Area A before this project. Geohazard inventory maps are the main deliverable of this project.
They compile the known geohazard occurrence (recorded or observed) and can apply empirical
relationships to provide a first estimate of where they might occur in the future.

While both slope and inventory maps are useful, the input from a QP is still often required for their
interpretation. Development permit area (DPA) integrates information from slope map, inventory
map, and regional knowledge to define map areas where development can occur without, with
some, or with detailed geotechnical investigation. Composite hazard maps can further divide
DPAs by considering the occurrence and intensity of multiple geohazards at a site thereby
providing a more comprehensive characterization of the geohazards. The DPA and composite
hazard maps require more effort to generate than slope or inventory maps. They are provided in
format that can be interpreted by planners and approving officers.
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Table 4-1. Summary of further considerations that were not incorporated in this work but could impact or improve our understanding of geohazard in Electoral Area A.

Parameter

Geohazard
Affected

Description

Implication

Additional Work that could be Completed

Material type

Landslide

Material type refers to texture (e.g., clay, silt, sand, gravel) and the deposition
mechanism (e.g., glacier, river, anthropogenic/construction). Glaciolacustrine
and glaciomarine deposits are known to be susceptible to landslide activity and
have been recognised in parts of the study area (Blais-Stevens, 2008;
Cordilleran Geoscience, 2015). Anthropogenic ground can be suitable for a
wide range of use when built for a specific purpose (e.g., mechanically
stabilized earth landslide protection) or it can problematic if not specifically
engineered or engineered for a different purpose (e.g., construction spoil).

A more detailed understanding of the texture, geotechnical
properties, and spatial distribution of surficial and anthropogenic
material would help understanding the variation of landslide
susceptibility and erosion potential in the study area.

Desktop and field-based surficial geology mapping.

Old (legacy)
logging roads

Landslide

Resource road upslope of parcel of interest were constructed at various times,
using a range of techniques, based on different guidelines are currently under
a range of utilization, maintenance efforts, and state of deactivation.

Old (legacy) logging roads can disrupt the natural drainage and
redirect water onto sections of the slope that are not used to it,
potentially triggering landslides. The fill from old logging roads can
also be a source of landslides as the trees and logs lose their
strength in decay. Unstable logging road sections have been
documented in different parts of the study area (Cordilleran
Geoscience 2017, 2020).

Compile inventory of location of old logging road based
on lidar review and historical maps. Conditions of the road
would need to be assessed on the ground. Landslide
runout from such failures could be numerically modelled.

All geochazards have a magnitude-frequency distribution. While the exact

Uncertainty regarding the frequency of the hazard that could

Preliminary qualitative or semi-quantitative  risk

movement volumes when compared with results from field-based
inventory.

Magnitude relationship depends on the hazard type and terrain, the general trend is that | result in loss of life. assessment could be used to estimate which geohazard
and All geohazard small events happen more frequently compared to the rare large ones. The would benefit from a detailed site-specific investigation to
frequency current work focuses on the geohazard potential and did not characterize their define the magnitude-frequency of a hazard.
magnitude-frequency.
. Changes in vegetation cover due to wildfire, insect infestation, disease, other | Period of increased geohazard likelihood of occurrence and | Post-event mapping of the intensity of the disturbance
Change in . L X ) ) S | : :
vegetation All geohazards geohazards, or anthropogenic activities. magnitude until the vegetation re-establish itself could inform which areas could experience larger and
9 more frequent, landslides, floods, and snow avalanches.
Climate change refers to the change of temperature (extreme and average) | Climate change was considered in this study for the coastal | Incorporating the latest output from the climate model for
and precipitation (yearly average, timing, intensity, type) observed globally | inundation as it was straightforward to incorporate a first-order | the Metro Vancouver area in the landslide and snow
Climate since early 1900s and expected based the climate model. Climate change will | impact of sea-level rise. Climate change will also affect the other | avalanche hazard models. Periodically update all
change All geohazards affect the geohazard occurrence in the project area in different ways. geohazards. Jakob and Owen (2021) historical data and climate | geohazard models when significant new and/or higher
9 model output and suggested that landslide frequency and size are | resolution climate model become available.
likely to increase in the future. EGBC (2018) discusses potential
implications for flood assessment.
o The evolution of the river profile due to channel migration, channel erosion, | Influences the local extent and depth of flooding. Bank erosion | Periodically evaluate the change in river profile for
. Riverine . o . . o .
Evolution of flooding and short- (months) to moderate- (years) term sediment storage. can also be a contributing factor to landslide occurrence. progressive change. Evaluate the change in river profile
river profile 19 after significant flooding event. Use bank erosion models
landslide - X )
to predict bank erosion over time.
Coastal erosion is the progressive retreat of the coastline. The rate of change | Coastal erosion can affect the area affected by coastal inundation | Periodically evaluate the change in coastline location and
depends on the material type along the coast, sediment flux associated with | and it can also generate landslide. topographic profile. Evaluate the change in coastline after
Coastal . . ; - . ;
Coastal . . longshore drift and is affected by the sea-level rise. significant storm event. The 1-m sea level rise prescribed
; inundation and . . . X
erosion landslide for BGC is also a mean (conservative) estimate. The tail
end of the distribution could be evaluated (lower
probability events with higher than expected sea levels.
The size of geohazard mapped depends on the resolution of the imagery and | A study by Brardinoni et al. 2003 of the Capilano Watershed | Update geohazard inventory when more detailed imagery
. DEM consulted. demonstrated that remotely sensed inventory could miss up to | and DEM become available and supplement with field
Detection . o . o
scale Landslide 85% of landslide occurrences and up to 30% of the mass | surveys.
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5.0 SUMMARY AND RECOMMENDATIONS

The landslide mapping and snow avalanche locator-level mapping are summarized in
Drawings LO1 to L14. Landslide events or landslide potential have been mapped above the
parcels of interest suggesting that they may be exposed to landslide hazards in the future. Land
parcels with a locator-level line suggest that they may be exposed to snow avalanche hazards.

Parcels or parts of parcels were identified in Drawings 101 to 117 as within the preliminary riverine
and coastal inundation areas and may be exposed to flooding hazards in the future.

5.1. Recommendations

While the geohazard inventory prepared in this project is a fundamental building block for
understanding geohazards, additional steps will be needed to prepare maps and criteria for
decision making. BGC recommends that Metro Vancouver proceeds with Phase 2, including the
development of a framework to incorporate the results of this work into Electoral Area A decision
processes, such as planning, policy, and regulation (building and development permits).

Next steps could include the following, which would be structured for potential incorporation into
updated building and land development regulation within Electoral Area A:

e Maps and supporting information (basis for decision making). These may include
thematic maps (e.g., slope gradient thresholds and defined setbacks at slope crest or
base), interpreted maps of terrain stability or hazard susceptibility, avalanche, landslide,
or flood hazard scenario maps, and related policy maps where available knowledge
supports their preparation. BGC also recommends Metro Vancouver distinguish between
maps intended for use by decision makers (policy maps) and hazard maps intended for
use by practitioners in support of site assessments. A wide range of effort can be
associated with hazard map development. As such it is important to align mapping
objectives (and associated cost) with their intended use. BGC can provide further details
on mapping approaches on request, with reference to the forthcoming update to the EGBC
landslide guidelines.

e Decision making framework. These may include hazard or risk-based decision protocols
for decision makers, for the application of spatial information (maps) and supporting
information in the permitting process. These materials would reflect hazard types present
within Electoral Area A, and would be structured for potential inclusion in bylaws, such as
Official Community Plans (OCPs). For example, prior to the development of a land parcel
that may be exposed to snow avalanche hazard, a detailed zoning-level hazard
assessment (CAA, 2016) should be completed by a QP and avalanche professional, or
one person that meets both qualifications by virtue of education and experience. BGC can
provide further details on request, with reference to the forthcoming update to the EGBC
landslide guidelines.
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6.0 CLOSURE

We trust the above satisfies your requirements at this time. Should you have any questions or
comments, please do not hesitate to contact us.

Yours sincerely,
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