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EXECUTIVE SUMMARY

British Columbia is already experiencing the
effects of global climate change: average
temperatures are increasing, sea levels are rising,
and variable and extreme weather is becoming
more frequent. Scientists expect these changes
to accelerate and intensify in the years ahead,
creating risks to society, natural resources, and
ecosystems. Understanding and managing these
risks will help protect B.C.’s residents,
industries, and infrastructure while improving
prosperity and reducing costs to future
generations. This report considers climate risks
in the 2050s (2040-2059) in B.C. to help the
provincial government proactively prepare for
the changing climate.

The B.C. Office of the Auditor General (OAG)
has recommended that the provincial
government undertake a province-wide climate
risk assessment, building on existing assessments
and case studies in sectors such as forestry,
agriculture, mining, and transportation.

EXECUTIVE SUMMARY

Results at a Glance

This project developed a climate change
risk assessment framework for British
Columbia and used it to evaluate and
score the risks to the province from 15
specific events, in the 2050s.

The risks of a severe wildfire season and
of a seasonal water shortage are the two
highest-ranked risks facing the province
overall in the 2050s.

B.C. also faces high risks from heat
waves, ocean acidification, glacier
mass loss, and long-term water
shortage.

Only one of the 15 risk events analyzed in
this assessment, an increase in tick-borne
Lyme disease was ranked as “low.”

The likelihood of most risk events
increases over time based on projections
of future climate change.

From January 2018 through March 2019, B.C.’s Climate Action Secretariat (CAS) worked with the
consulting firm ICF, a 20-person Project Advisory Committee composed of representatives from eight

B.C. ministries, and more than 70 experts to develop a risk assessment framework and apply it in an

initial assessment of climate risks to B.C. at the provincial level.

A Risk Assessment Framework for British Columbia

The project team began by developing a strategic climate risk assessment framework for British

Columbia.

The framework, which the team developed based on a review of existing risk assessment frameworks

and designed to be consistent
with the Risk Management
Guideline for the B.C. Public Sector,
follows four high-level steps to
evaluate climate risks, illustrated
in the figure at right.

The framework provides a
consistent, repeatable, and

STEP 2

events

* Scope and objectives
* Audience

STEP 4
Evaluate risks

Identify risk .

* Likelihood * Risk rating
* Consequence * Adequacy of existing
risk mitigation
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scalable approach that can be used or customized to analyze climate risks at multiple levels (from small
communities to the entire province) and for multiple climate-related risks.

For example, the framework includes:

e A recommended process for defining risk events and
scenarios, following a consequences-first approach. In Framework Provides Multiple
other words, risk events and scenarios are defined by Consequence Categories

asking What climate events would have provincially significant e Loss of life

consequences? e .
e Morbidity, injury, disease, or

e Detailed scoring rubrics to allow consistent evaluation hospitalization
of the likelihood of each risk event scenario as well as e Psychological impacts
potential consequences, accounting for unique e Loss of social cohesion

considerations associated with climate risks. e Loss of cultural resources

e Consideration of multiple consequence categories to  Loss of natural resources
help nuance understanding of potential climate change e Loss of economic productivity
impacts, differentiate between types of risk events, and e Loss of infrastructure services

inform appropriate responses. e Cost to provincial government

e A scenario-based approach to evaluating risk events, to
allow for evaluation of likelihood and consequences of that single scenario.

The Risk Assessment Process

Using the framework, the project team and advisory committee worked together to select 15 provincially
significant risk events. They then defined a specific scenario for each risk event for further analysis. Each
scenario represents one possible permutation of the risk event—such as a 25% decline in glacier area by
2050, or a 500-year flood on the Fraser River. The likelihood and consequence ratings for each risk
event are specific to the chosen scenario. Climate change projections used in this risk assessment were
based on Representative Concentration Pathway (RCP) 8.5, a high estimate of future growth in
greenhouse gas concentrations (see Appendix A). The project team chose RCP8.5 because the aim of
this assessment was to characterize, at a strategic level, the most problematic climate-related risks that
could potentially occur in BC in coming decades. Other government agencies, public sector
organizations, and local governments have also used RCP8.5 in climate assessments in BC. The key risk
assessment findings are unlikely to depend on the RCP because the impacts associated with different
RCP are similar for BC until later in the century.

Using a combination of desk research, expert consultations, and risk assessment workshops, the team
estimated the /kelihood of each scenario occurring (both in the present day, between 2000 and 2019 for
most scenarios, and in the 2050s, between 2040 and 2059) to determine how climate change influences
the likelihood of fixed-magnitude events.

Following the same process, the project team estimated the comseguences for each risk event across nine
dimensions, such as loss of life, psychological impacts, loss of natural resources, economic impacts, or
cost to the B.C. government.
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The team then multiplied the estimates of likelihood by the average consequence scores to arrive at an

overall rating for each risk event. Based on the quality of the evidence base for each risk event, the

project team assigned a confidence level to each rating.

Results of the Risk Assessment

Severe wildfire season, seasonal water shortage, and heat
wave are the three highest-ranked risks facing the
province overall in 2050. They are closely related and
could have further compounding consequences.

Three other risk events qualify as “high” risk, including
ocean acidification, glacier mass loss, and long-term
water shortage. Only one risk, an increase in vector-
borne disease (in this case, tick-borne Lyme disease) was
ranked as “low.”

Other key findings include:

e Nearly all risk event scenarios (except moderate
flooding and extreme precipitation and landslide)
would have at least “major” province-wide
consequences in at least one category.

o All but four risk event scenarios would have
“catastrophic” consequences in one or more areas.

e The majority of risk event scenarios would have
“catastrophic” economic consequences for British
Columbia.

e The risk event scenarios with the greatest potential
consequences across all categories, irrespective of
likelihood, are those analyzed for severe wildfire

Methodological Caveats

Consequences are assessed at the provincial
scale. Many of these risk events could be
significant for individual communities or
sectors of the province.

The 15 risk event scenarios do not
comprehensively cover how climate change
could affect B.C. or represent the only
provincially significant climate risks.

The scenarios do not necessarily represent
the most severe version of each risk event
that could occur today or be possible by
2050; more severe and less severe versions
of each scenario are also possible.

Some risk events have a more robust
evidence base than others. Confidence
ratings are provided to indicate the relative
strength of the evidence base for each
scenario.

This initial assessment could not adequately
consider Indigenous perspectives or cultural
values without appropriate engagement. A
second phase of work is planned to consider
Indigenous perspectives on the effects of
climate change.

season, severe riverine flooding, and severe coastal storm surge.

See the table and figure below for an overview of the likelihood, consequence, and risk scores for each

risk event analyzed in this assessment. The figure further unpacks the risk assessment results and

displays the detailed consequence ratings for each event, sorted from highest to lowest overall risk in

2050. Some risk events could have significant consequences across many or all of the consequence

categories, while others could be dominated by consequences in one or two categories. For example, the

impacts of knotweed would be primarily to natural resources. The severe riverine flooding and severe

coastal storm surge risk events would have the highest overall consequences, but their relatively low

likelihood reduces their overall risk relative to other events.
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Summary of Risk Assessment Rankings

RISK EVENT PRESENT-DAY 2050 CONSEQUENCE RISK SCORE AND RATING
LIKELIHOOD LIKELIHOOD

@ Severe wildfire season 3 4 4.5 18.0 High
4\ Seasonal water 4 5 3.4 16.9 Hiah
3 shortage ' ’ g
Heat wave 3 4 3.6 14.5 High
@ Ocean acidification 2 5 2.8 13.8 High
Glacier mass loss 1 5 2.5 12.5 High
4\ Long-term water 3 3 4.0 12.0 High
shortage ' ’

Reduction in
ecosystem connectivity 3 4 2.6 105
Saltwater intrusion 1 4 2.5 10.0
@ Loss of forest 1 3 3.3 9.8
resources
Incre_ase in invasive 4 5 18 8.8
species (knotweed)
Moderate flooding 2 3 2.9 8.6
</
@ Severe riverine 1 9 43 8.5
7 flooding
@ Severe coastal storm 1 5 a1 8.3
surge
@ Extreme p_rempltatlon 2 3 53 6.8
and landslide
Increased incidence of
vector-borne disease 1 2 2.1 4.3 Low

(Lyme disease)

Icon colour denotes overall confidence level in the risk rating based on the quality of the evidence base: Low, Medium, or High.

Low confidence = varying amounts and quality of evidence and little agreement between experts, or assessment made using only
expert judgment. High confidence = Multiple sources of independent evidence based on reliable analysis and methods, with
widespread agreement.
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Risk assessment results breakdown: consequences by risk event

» 2050 Risk Score
(Likelihood =
Consequence)

Extreme
I I "

Total Consequences

@ )
5
& 3 & é“’ &«
%G\éb ¥ (?ZSP -@gﬁ o é « Qe}z’ﬁm #P\‘
& @e:” é°‘ ¢
5 & & o )
Qgﬁﬁ &&% éﬁ rﬁ‘e
\s_s}
w Loss of life u Morbidity, injury, disease, or hospitalization "5‘ Psychological impacts
Loss of social cohesion m Loss of natural resources f m Loss of economic productivity

w Loss of infrastructure services Cost to provincial government

Note: Individual consequences are rated on a scale of 1 to 5 (Insignificant to Catastrophic). The size of the bar indicates individual
consequence ratings. Though initiated, a robust assessment of the range of impacts to cultural resources in B.C. for each risk event
scenario could not be completed within the scope of the existing project. As a result, an assessment of consequences to cultural
resources is not presented in this report.

Interactions between Risk Events

Instead of happening independently, climate risk events often occur simultaneously and are strongly
interlinked. These compound risk events can have linked probabilities driven by the same underlying
conditions and can in some cases trigger each other. Furthermore, the consequences of back-to-back
events could be significantly greater than those of any single event alone, due both to more significant
impacts of subsequent events and greater sensitivities or lower adaptive capacity of systems still

recovering from previous events.

As climate change increases the probability and severity of a range of climate risk events in British
Columbia, it also increases the potential for interacting and compound events. For purposes of
illustration, this report assesses one combination of events likely to occur in British Columbia: a seasonal
or long-term water shortage followed by wildfire, which in turn primes the landscape for severe
landslides following heavy precipitation. Further assessment and scenario planning should evaluate the
robustness of emergency services and disaster planning to respond to multiple disasters simultaneously.
Additional assessment should also include consideration of other combinations of hazards, which have

not been analyzed here in detail.
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Future Work and Next Steps

This report represents the first phase of a CAS initiative to better understand and prioritize climate risk

in the province and to help government develop appropriate measures to address those risks. This report

is intended to be used to inform decisions made by the Deputy Ministers” Council and Cabinet relating

to government priorities that may be at risk due to climate change. It will also inform the development

of a provincial climate change adaptation strategy, as committed to in the CleanBC Plan. Additional

work is needed to build on this assessment, including:

This initial assessment could not adequately consider Indigenous perspectives or cultural values
without appropriate engagement. A second phase of work is planned to consider Indigenous
perspectives on the effects of climate change. Indigenous perspectives shared during the engagement
will be used to inform the provincial climate change adaptation strategy, in the spirit of reconciliation
that the Province has committed to under the CleanBC Plan.

Impacts to cultural resources, including Indigenous and non-Indigenous cultures, were included in
the framework as one of the nine consequence categories, and were initially considered for analysis.
However, it became clear that a robust assessment of the range of impacts to cultural resources in
B.C. in each risk event scenario could not be completed within the scope of the existing project. As a
result, an assessment of impacts to cultural resources is not presented in this report. This work is
planned and will be informed by the engagement process described above.

An important next step is to further evaluate the adequacy of existing risk mitigation efforts,
considering the risk scores. The B.C. government already has several programs in place—including
strategies to explicitly adapt to climate change as well as programs to address existing hazards—to
address some of the climate risk events included in this assessment. Risk mitigations are factored into
the B.C. Risk Register template, as they offset some amount of risk. This work has begun and will be
expanded upon going forward.

CAS envisions updating this risk assessment periodically as part of government’s public reporting
requirements under the B.C. Climate Change Accountability Act.

6
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KEY TERMS

Cascading risk events — a combination of two or more risk events with linked probabilities that can
trigger the occurrence of each other

Compounding risk events — a combination of two or more risk events with increased consequences
beyond the sum of the individual risk events that compose them

Consequence — outcome of an event affecting objectives

Cultural resource — a human work, an object, or a place that is determined, on the basis of its heritage
value, to be directly associated with an important aspect or aspects of human history and culture (Parks
Canada, 2013)!

Disruption to daily life — the ability to carry out daily activities (e.g., traveling to work or school,
operating a business, spending time with family)

Health — a state of complete physical, mental, and social well-being and not merely the absence of
disease or infirmity (World Health Organization, 1948)

Likelihood — chance of something happening
Loss of life — number of deaths due to a specific event

Mitigation — this document uses the term “mitigation” to refer to risk mitigation (as opposed to
greenhouse gas mitigation). See risk mitigation definition below.

Morbidity — having a disease or symptom of disease, or the amount of disease within a population
(National Cancer Institute, No date)

Natural resources — biodiversity, ecosystems, ecosystem services, protected species, protected areas,
and other resources provided by the natural environment

Risk — effect of uncertainty on objectives

Risk cause — climate-related hazards that are anticipated in B.C. and have the potential to negatively
affect objectives

Discrete risk cause — a risk cause related to an individual extreme event (e.g., storm) or disaster that
occurs over a relatively short period of time (e.g., days or weeks)

Ongoing risk cause — a risk cause related to a gradual change in climate that occurs over many years
(e.g., sea level rise)

Provincially significant — resulting in “catastrophic” or “major” impacts to any one of the consequence
categories as defined in the Strategic Climate Risk Assessment Framework for British Columbia (see TABLE 2)

1 This is a widely used definition of “cultural resource” and one applied and interpreted broadly for this risk assessment. In evaluating
potential impacts of climate change in this category, the project team considered impacts to Indigenous perspectives but recognizes that
impacts to Indigenous People would also transcend this category.
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Risk event — occurrence or change of a particular set of circumstances that could occur, due at least in
part to climate change, and would have a significant impact on provincial objectives

Risk mitigation — actions taken to reduce the likelihood or consequences of a risk event
Scenario — this document primarily refers to two types of scenarios:

Emission scenario — A plausible representation of the future development of emissions of
greenhouse gases based on a coherent and internally consistent set of assumptions about driving
forces (such as demographic and socioeconomic development, technological change, energy, and
land use). Related to this is the term climate scenario, used in some of the literature, used to refer to
a plausible and often simplified representation of the future climate that has been constructed for

explicit use in investigating the potential consequences of anthropogenic climate change (Allwood et
al.,, 2014).

Risk event scenario — For a given risk event, a plausible set of specific circumstances such as
location affected, time frame, and severity of hazard, to facilitate evaluation of likelihood and
consequences

8 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA



INTRODUCTION

Climate change poses important risks to British
Columbia’s residents, industries, infrastructure, natural
resources, and ecosystems. To better understand these
risks, the B.C. Climate Action Secretariat (CAS), Ministry
of Environment and Climate Change Strategy, has
developed a climate change risk assessment framework
and a preliminary assessment of risks at the provincial
level.

Risk assessments involve identifying risks and assessing
their probabilities (bow likely is the risk to occur?) and
consequences (what would be the impact if this risk occurred?).
Risks are scored and plotted on a matrix, so they can be
ranked. Ranking risks helps decision makers set priorities
and allocate resources. Events that score low in both
probability and consequence are ranked as “low risk,” and
high-probability/high-consequence events are ranked as
“high risk.” Other events fall on a scale between these
ratings.

The results of risk assessments can enable important
conversations about risk tolerance, the relative
importance of different assets, and the types of risk
management responses needed.

What is a risk assessment framework?

INTRODUCTION
/1

What is Risk?

Risk is the effect of uncertainty on
objectives, typically characterized by
the likelihood and consequences of
different events. Once risks are
known, they can be addressed in
several ways: by avoiding or
eliminating the cause of the risk, by
mitigating it (lowering its impact), or by
accepting the risk and developing a
contingency plan to deal with it if it
happens.

Uncertainty is a key component of risk:
If we could predict the future with
certainty there would be no risk,
because we would know exactly what
will happen and when. In the absence
of certainty, decision makers must rely
on the best available science to
identify potential risks and estimate
the likelihood that an event will occur.
They typically use a combination of
experience and expert judgment to
estimate the potential consequences
of an event.

A risk assessment framework is a consistent methodology for conducting risk assessments. Risk

assessment frameworks are designed to be transparent in their approach, so they can be used to guide

fair and open decision making. They can also be designed to be replicable and scalable, allowing the

same framework to be applied consistently to organizations as small as a neighbourhood or as large as an

entire country. Frameworks also facilitate the process of updating risk assessments in a consistent way as

new information becomes available.

What is B.C.’s climate risk assessment framework?

CAS engaged the consulting firm ICF to develop a climate risk assessment framework that can be used

to inform the prioritization of appropriate responses to risks by agencies across the provincial

government. CAS’s objective was to test the relatively new concept of using a risk assessment framework

in the context of climate change, to build a framework for assessing risks in a consistent way, and to

assess and prioritize a subset of provincially significant risks using the framework. The framework is

flexible and scalable, and allows users to assess likelihoods and consequences in a consistent and

defensible way.

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA
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B.C.s strategic climate risk assessment framework establishes four high-level steps to identify climate
risk priorities at the provincial level:

1. Understand the context (scope, objectives, and audience);

2. Identify risk events;

e

Analyze the likelihood and consequence of risks; and

4. Evaluate risks (assigning a risk rating and evaluating the adequacy of existing risk mitigation
measures).

CAS developed the framework for use by the provincial government to assess climate-related risk events
that are provincially significant in scope, and the language in this report reflects that. Other levels of
government and organizations may choose to use this framework as a template when developing their
own risk assessments and should identify risks that are significant at the scale they are considering.
Similarly, they should tailor considerations such as objectives and consequence categories to suit their
individual needs and contexts.

What guiding principles did B.C. use in developing the framework?

CAS designed the framework to be transparent, compatible with existing standards, and replicable by
other organizations. Transparency refers to the open documentation of assumptions, sources of
information, and methodologies. To ensure compatibility with existing standards, CAS developed the
framework to be consistent with the Risk Management Guideline for the B.C. Public Sector (Province of
British Columbia Risk Management Branch and Government Security Office, 2012), which is based on
the International Organization for Standardization (ISO) 31000 Risk Management standard that serves as
the official standard in Canada. The framework is also compatible with B.C.’s Risk Register, which the
province’s Risk Management Branch uses to record and manage information for identified risks.
Consistent with the risk register, the risk assessment focused on risk events that could have
predominantly negative consequences for the province, as opposed to potential opportunities created by
climate change.

The framework’s straightforward four-step approach and its transparent nature will allow other
organizations to use it in their own risk assessments, promoting a consistent approach.

How did B.C. conduct its risk assessment?

Using the B.C. climate risk assessment framework, the project team and project advisory committee
identified 15 illustrative provincially significant risk events (e.g., severe riverine flooding), and defined
specific scenarios for each event (e.g., a 500-year flood on the Fraser River). The specific scenarios were
designed to be provincially significant, meaning they would result in at least “major” consequences to at
least one consequence category. The 15 selected risk events would have consequences across sectors and
ministry responsibilities. Some events could have serious human health impacts, while others could have
major consequences for infrastructure services and social cohesion. Some could have serious, complex
consequences across multiple categories, while others could have extreme but isolated consequences. All
risk events and their consequences could bring significant costs to government, in a variety of ways.

The project team used a combination of desk research, interviews with experts, and a workshop with
experts internal and external to government to rate the likelihood and consequences of each of the 15

10 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA
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risk events. The team evaluated consequences using nine categories, representing health, psychological,

social, environmental, infrastructural, and economic consequences (see Methodology section for details

on these categories). The likelihood of each risk was evaluated for two timeframes, present day (2000-

2019 for most scenarios) and mid-century (2040-2059), to investigate how the likelihood changes over

time.

The team then plotted the likelihood and consequence ratings on a risk matrix to arrive at an overall risk

rating for each event.

What caveats apply to the risk assessment findings?

There are some important caveats to keep in mind when reviewing the findings in this report:

This initial risk assessment evaluated 15 specific risk events considered as “provincially significant.”
This necessarily excluded many potential events that may be likely and could be significant for
individual communities or sectors of the province but may not meet the definition of “provincially
significant.”

The 15 risk event scenarios do not comprehensively cover how climate change could affect B.C. or
represent the only provincially significant climate risks; instead they are examples of climate risks and
help tell the story of the types of events that climate change could cause or exacerbate and the types
of consequences those events could have. All of them are plausible scenarios that would have
provincially significant consequences.

Like all risk assessments, B.C.’s climate risk assessment ranked risks to the province based on their
likelihood and consequences. It is important to understand, however, that lower-ranked risks should
not be considered benign. All climate risks studied in this assessment have provincially significant
consequences.

For the purposes of this assessment, the project team chose to analyze how climate change would
influence the likelihood of an event of a specific magnitude (e.g., a 500-year winter storm event in
conjunction with a half metre of sea level rise). As such, the consequence rating is determined by the
specific details of the scenario used in the assessment, assumed to occur in or by 2050. In reality,
climate change influences both the likelihood and consequences of these different risk events. The
scenarios do not necessarily represent the most severe version of each risk event that could occur
today or be possible by 2050; more severe and less severe versions of each scenario are also possible.
Therefore, each scenario represents just one version of a risk event, and one that would be
provincially significant.

To simplify and facilitate analysis, the risk assessment considers risk events in isolation. But many
risks are interrelated. The consequences of back-to-back events could be significantly greater than
any single event alone, both due to more significant impacts of subsequent events and greater
sensitivities or lower adaptive capacity of systems still recovering from previous events. This report
discusses an approach that could be used to evaluate the compounding effects of multiple risk events
occurring in succession, a topic that the project team hopes to continue exploring in future work.
Similarly, climate-related risks will occur in conjunction with other risks (such as economic risks,
public health risks, or seismic hazards) that may be faced by B.C. during the same periods. Ranking
and comparing climate risks with other types of risks was beyond the scope of this project but may
be facilitated by including climate risks in B.C.’s Risk Register.
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o The analysis of health consequences focused on health effects (including loss of life and morbidity)
that can be reasonably attributed to a particular risk event scenario. Several risk events and their
effects on morbidity could potentially lead to long-term decreases in life span. Where relevant, these
effects are captured under the morbidity category (e.g., chronic and long-term health consequences
that could ultimately lead to premature deaths) but not estimated under loss of life.

o Some risk events have a more robust evidence base than others. Where information was not
available, we relied on expert judgment. The project team conducted interviews and held workshops
to try to fill any gaps; the report utilizes confidence ratings and notes areas where information is
currently lacking.

e This initial assessment could not adequately consider Indigenous perspectives or cultural values
without appropriate engagement. References to impacts on Indigenous communities are included
throughout the report based on existing published information. A second phase of work is planned
to consider Indigenous perspectives on the effects of climate change (see next steps).

e The purpose of this risk assessment is to help the provincial government understand and prioritize
which climate-related risks to manage and, thus, took a limited view in assessing risks. The risk
assessment does not, for example, fully capture risks to local governments, ethnic minorities, or low-
income/marginalized populations. Additionally, not all populations perceive risk in the same ways.
CAS plans to address these gaps in future risk assessments.

Who was involved in the risk assessment?

CAS managed the overall project, with guidance provided by a project advisory committee consisting of
representatives from ministries across the B.C. government. With guidance from CAS and the project
advisory committee, the ICF team drafted and finalized the risk assessment framework and conducted
research to assess each of the 15 risks.

The risk assessment process involved stakeholders and experts both internal and external to government.
Representatives internal to government participated in a first workshop to review and test the draft
framework. At a second workshop, experts internal and external to government convened to review and
vet draft risk assessment ratings. Throughout the course of conducting the risk assessment, the ICF team
also conducted one-on-one interviews with experts specializing in different risk events or consequence
types. In total, over 100 individuals contributed to this risk assessment. Please see the
Acknowledgements for a full list.

Next steps and future work

This report represents the first phase of a CAS initiative to better understand and prioritize climate risk
in the province and to help government develop appropriate measures to address those risks. This report
is intended to be used to inform decisions made by the Deputy Ministers” Council and Cabinet relating
to government priorities that may be at risk due to climate change. It will also inform the development
of a provincial climate change adaptation strategy, as committed to in the CleanBC Plan.

As mentioned, this initial assessment could not adequately consider Indigenous perspectives or cultural
values without appropriate engagement. A second phase of work is planned to consider Indigenous
perspectives on the effects of climate change. Indigenous engagement on climate risks and resilience will
provide a more comprehensive understanding of climate risk in the province. Indigenous perspectives
shared during the engagement will be used to inform the provincial climate change adaptation strategy,
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in the spirit of reconciliation that the Province has committed to under the CleanBC Plan.
Simultaneously, the Climate Action Secretariat will engage with other Ministries and stakeholders
including Public Sector Organizations to determine how the risk assessment framework could be used at
different scales.

Impacts to cultural resources, including Indigenous and non-Indigenous cultures, were included in the
Risk Assessment Framework as one of the nine consequence categories, and were initially considered for
analysis. However, through the process it became clear that a robust assessment of the range of impacts
to cultural resources in B.C. in each risk event scenario could not be completed within the scope of the
existing project. As a result, an assessment of impacts to cultural resources is not presented in this
report. This work is planned and will be informed by the engagement process described above.

Finally, to build on this assessment, address gaps, and capture a broader range of potential risks, the
following additional work would be useful:

e Further evaluate the adequacy of existing risk mitigation efforts, considering the risk assessment
results (this work has begun and will be expanded upon going forward).

e Expand the analysis of each risk event to include a range of future scenarios.
e Further explore the interactions and implications of cascading and compounding events.
e Conduct or encourage research to fill noted data gaps.

e Consider approaches that would be appropriate to use in specific contexts, for example
understanding and building on Indigenous climate resilience.

e Examine risks to specific populations and ethnic communities, as well as gender-specific risks.

The B.C. Climate Change Acconntability Act requires the Minister of Environment and Climate Change
Strategy to prepare a public report every even-numbered calendar year, starting in 2020, describing the
risks to B.C. from climate change, progress toward reducing those risks, actions taken to achieve that
progress, and plans to continue risk-reduction efforts. This risk assessment represents a first step toward
meeting that requirement, and can be updated in the future to account for new findings.
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The project team developed and followed the Strategic Climate Risk Assessment Framework for British
Columbia, which is consistent with the Risk Management Guideline for the B.C. Public Sector (Province of
British Columbia Risk Management Branch and Government Security Office, 2012). The climate risk
assessment framework includes four basic steps to determine priority climate risk events in the province,
shown in FIGURE 1.

FIGURE 1. B.C. climate risk assessment framework overview.

STEP 2 STEP 4
Identify risk - Evaluate risks
events

* Scope and objectives * Likelihood * Risk rating

* Audience * Consequence * Adeguacy of existing

risk mitigation

Select Risk Events

The project team and advisory committee worked together to identify and select 15 provincially
significant risk events and define a specific scenario for each risk event for further analysis. Each
scenario represents one possible permutation of the risk event. The 15 risk events and scenarios are:

o Severe Riverine Flooding: 500-year flood on the Fraser River

e Moderate Flooding: Moderate flood in a single community

o Extreme Precipitation and Landslide: Significant landslide in Hope triggered by extreme
precipitation

e Seasonal Water Shortage: Months-long summer water shortage affecting two or more regions

e Long-term Water Shortage: Multi-year water shortage in at least one region

e Glacier Mass Loss: 25% decline in glacier area by 2050

e Ocean Acidification: 0.15 reduction in pH by 2050

e Saltwater Intrusion: At least seasonal saltwater intrusion into the Fraser River delta and
surrounding communities by 2050

o Severe Coastal Storm Surge: 3.9 m storm surge during a king tide along the B.C. coast
e Heat Wave: Heat wave of at least three days that affects human health

e Severe Wildfire Season: At least one million hectares burned that affect human settlements and
significant infrastructure

e Loss of Forest Resources: 25% decline in timber growing stock by 2050

¢ Reduction in Ecosystem Connectivity: Reduction in ecosystem connectivity in the Okanagan-
Kettle region by 2050
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o Increase in Invasive Species: Expansion of knotweed by 2050

e Increased Incidence of Vector-borne Disease: At least a doubling of Lyme disease cases

Analyze Risk Events

Likelihood

The risk event scenarios are fixed magnitude events. As a result, the project team evaluated the present
day and 2050 likelihood of each scenario occurring to determine how climate change influences the
likelihood of fixed magnitude events. Unless otherwise specified, the project team applied the following
approach to evaluating likelihood, in line with the framework:

e Present-day refers to the 20-year time period centred _
around 2010 (i.e., 2000 to 2019). Depending on Why was RCP8.5 chosen for this
available data, some scenarios use an eatlier “present analysis?

day” time period. e Representative Concentration

o 2050 refers to the 20-year time period centred around Pathways describe different
2050 (i.e., 2040 to 2059). possible futures based on
atmospheric concentrations of

e Climate change projections are based on the greenhouse gases. RCP8.5 is a

Representative Concentration Pathway (RCP) 8.5 high global emissions scenario.

Scenario. e Projected temperature changes
For each scenario, the project team identified climate- for BC are similar for each RCP
related indicators and evaluated the best available for the 2050s and key findings

projections of how those indicators may change from the would likely be unaffected by
using a different RCP (Appendix

pre§ent—day to 2050. Basefi O? the avai.lable data, the A). The difference between the
project team applied the likelihood rating scale from the RCPs becomes substantive
framework, shown in TABLE 1. towards the end of the century.
e The aim of this assessment was

to characterize, at a strategic
level, the most problematic

The rating scale distinguishes between “discrete” risk
events (i.e., those caused by discrete hazards such as heat

waves, floods, or wildfires) and “ongoing” risk events (i.e., climate-related risks that could
those caused by gradual climate changes over time such as potentially occur in BC in coming
loss of glaciers). decades, using best available

evidence. Using RCP8.5 helps
to identify such significant risks.

e Prudent assessment of risk
involves explicit consideration of
uncertainty.
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TABLE 1. Likelihood Rating Scale for Discrete and Ongoing Climate-Related Risk Events

LIKELIHOOD RATING CRITERIA FOR DISCRETE CLIMATE- CRITERIA FOR ONGOING CLIMATE-
RELATED RISK EVENTS RELATED RISK EVENTS

Almost certain 5 Event is expected to happen about once Event is almost certain to cross critical
every two years or more frequently (i.e., threshold.
annual chance = 50%*).

Likely 4 Event is expected to happen about once Event is expected to cross critical threshold.
every 3 to 10 years (i.e., 10% < annual It would be surprising if this did not happen.
chance < 50%).

Possible 3 Event is expected to happen about once Event is just as likely to cross critical
every 11 to 50 years (i.e., 2% < annual threshold as not.
chance < 10%).

Unlikely 2 Event is expected to happen about once Event is not anticipated to cross critical
every 51 to 100 years (i.e., 1% < annual threshold.
chance < 2%).

Almost certain 1 Event is expected to happen less than Event is almost certain not to cross critical

not to happen

about once every 100 years (i.e., annual threshold.

chance <1%).

*Annual chance is the probability that an event will occur in a given year

Consequences

For each risk event, the project team also evaluated the potential consequences of the scenario along

nine dimensions:2

Loss of life (e.g., number of fatalities associated with an event)

Morbidity, injury, disease, or hospitalization (e.g., illness, disease, or other non-fatal health
consequences associated with an event)

Psychological impacts (e.g., potential impacts to mental health and well-being)

Loss of social cohesion (e.g., potential impacts to quality of life, social services, community
institutions, and trust in government)

Loss of cultural resources (e.g., potential impacts to resources determined to be directly associated

with an important aspect or aspects of human history and culture)

Loss of natural resources (e.g., potential impacts to biodiversity, ecosystems, ecosystem services,
protected species, protected areas, and other resources provided by the natural environment)

Loss of economic productivity (e.g., potential disruptions to economic activity across any sectot,
including agriculture, energy production, forestry, mining, quarrying, oil and gas, construction, and
manufacturing)

Loss of infrastructure services (e.g., potential disruptions to energy, water, wastewater utility services

or the movement of goods, services, and people)

Cost to provincial government (e.g., potential expenses incurred or revenues lost to the provincial
government as a result of the event)

2 Through the risk assessment process, it became clear that a robust assessment of the range of impacts to cultural resources in B.C. for
each risk event scenario could not be completed within the scope of the existing project. As a result, an assessment of consequences to
cultural resources is not presented in this report.
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These consequence categories are interrelated. For example, severe consequences to infrastructure
services or loss of life could lead to more severe psychological impacts. In addition, though it is
categorized in the framework under social consequences, psychological impacts are of course a critical
component of overall health and the healthcare sector. Each rating is kept separate to help the province
understand the different types of consequences at play and facilitate risk management. However, these
interrelationships are explored, to the extent feasible, within the assessment for each risk event.

In addition, each of these consequences was assessed based on consequences at the provincial scale. For
discrete events, consequences were assessed as if the scenario were to occur in 2050. This included, to
the extent possible, consideration of how population, land use, and other changes could occur. For

ongoing events, consequences consider cumulative effects of the scenario unfolding from the present-
day to 2050.

Based on the available data for each consequence, the project team applied the consequence rating scale
from the framework, shown in TABLE 2.
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TABLE 2. Consequence Rating Scale for Climate-Related Risk Events

HEALTH

Loss of life

100+ people
or >25% of a
single
community

Catastrophic - 5

10 to 100
people or >
15% of a
single
community

Major- 4

2 to 10 people
or >5% of a
single
community

Moderate - 3

Morbidity,
injury,
disease, or
hospitalization

1,000+ people
affected or
>25% of a
single
community

100 to 1000
people affected
or > 15% of a
single
community

10 to 100
people affected
or>5% of a
single
community

SOCIAL FUNCTIONING

Psychological
impacts

Widespread
and severe
disturbance
resulting in
long-term
psychological
impacts (e.g.,
post-traumatic
stress disorder
(PTSD))

Localized
severe
disturbance
resulting in
long-term
psychological
impacts (e.g.,
loss of home,
identity, or
sense of
place)

Widespread
moderate
disturbance
resulting in
temporary
psychological
impacts (e.g.,

Loss of social
cohesion

Months-long disruption
to daily life (e.g.,
inability to access
employment, education)

Widespread, permanent
loss of livelihoods or
way of life

Severe, widespread
erosion in public
confidence in
government

Erosion of community
institutions and
community cohesion

Weeks-long disruption
to daily life (e.g.,
inability to access
employment, education)

Localized, permanent
loss of livelihoods or
way of life

Moderate erosion of
public trust in
government or
community cohesion

Days-long disruption to
daily life (e.g., inability

to access employment,
education)

Seasonal loss of
livelihoods or way of life

CULTURAL
RESOURCES

Loss of
cultural
resources

Resource can
never recover;
destruction is
permanent
and
irreversible
(e.g.,
destruction of
an
irreplaceable
artifact or
knowledge)

Recovery of
the resource
will take
decades

Recovery of
the resource
will take years

18 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA

NATURAL
RESOURCES

Loss of
natural
resources

Resource can
never recover;
destruction is
permanent
and
irreversible
(e.g.,
extinction of a
species within
the province)

Recovery of
the resource
will take
decades

Recovery of
the resource
will take years

ECONOMIC VITALITY

Loss of
economic
productivity

Potential direct
and indirect
economic
losses of over
$1 billion*

Long-term
disruption or
loss of an
economic
sector and
associated job
losses

Potential direct
and indirect
economic
losses of over
$100 million*

Months-long
disruption to a
major
economic
sector and
associated job
losses

Potential direct
and indirect
economic
losses of over
$10 million*

Weeks-long
disruption to a
major

Loss of
infrastructure
services

Months-long
disruption in
infrastructure
services
Major
impediment to
day-to-day life

Weeks-long
disruption in
infrastructure
services

Major
impediment to
day-to-day life

Days-long
disruption in
infrastructure
services

Major
impediment to
day-to-day life

COST TO
PROVINCIAL
GOVERNMENTX

Added cost is far
beyond
Contingency
Reserve Fund
(e.g.,>3%1.5
billion)

Significant added
cost; up to 2x
Contingency
Reserve Fund
amount (e.g.,
$750 million to
$1.5 billion)

Added costs can
be covered within
Contingency
Reserve Fund
but would detract
from other
priorities (e.g.,
>50% of



HEALTH

Loss of life

Low potential
for multiple
loss of life

Minor- 2

No possibility
of loss of life
other than
through
unforeseeable
misadventure

Insignificant - 1

Morbidity,
injury,
disease, or
hospitalization

<10 people
affected

No possibility
for morbidity,
injury, disease,
or
hospitalizations
other than
through
unforeseeable
misadventure

SOCIAL FUNCTIONING

Psychological
impacts

feelings of fear
and anxiety)

Localized
moderate
disturbance
resulting in
temporary
psychological
impacts (e.g.,
feelings of fear
and anxiety)

Minimal
expected
reactions of
fear anxiety or
disruption to
daily life

Loss of social
cohesion

Minor erosion of public
trust in government or
community cohesion

Hours-day-long
disruption to daily life
(e.g., inability to access
employment, education)

Low potential for
erosion of public trust in
government or
community cohesion

Minimal disruption to
daily life

Trust in government
remains unchanged

*Chained 2007 dollars. All dollar figures are in CAD unless otherwise specified.
*Based on a Contingency Reserve Fund of approximately $750 million (B.C. Ministry of Finance, 2018).
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CULTURAL
RESOURCES

Loss of
cultural
resources

Recovery of
the resource
will take
months

Little impact or
resource can
recover within
days

NATURAL
RESOURCES

Loss of
natural
resources

Recovery of
the resource
will take
months

Little impact or
resource can
recover within
days

ECONOMIC VITALITY

Loss of
economic
productivity

economic
sector and
employment

Potential direct
and indirect
economic
losses of over
$1 million*
Days-long
disruption to a
major
economic
sector and
employment

Potential direct
and indirect
economic
losses less
than $1 million*
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Loss of
infrastructure
services

Hours-long
disruption in
infrastructure
services

Temporary
nuisance
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COST TO
PROVINCIAL
GOVERNMENTX

Contingency
Reserve Fund or
> $375 million)

Added costs can
be covered within
Contingency
Reserve Fund

No expected
additional costs
to government
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Evidence Base

To determine the likelihood and consequence ratings, the project team gathered evidence through a
combination of desk research, expert consultations, and a risk assessment workshop. Desk research
consisted of conducting targeted internet searches for resources using key words such as the risk event
type and a specific consequence category and reviewing many resources provided by CAS, the project
advisory committee, and expert consultations. To address research gaps, the project team consulted
many experts (as noted above in Acknowledgments) through email exchanges and interviews. The
project team also held a workshop to vet initial likelihood and consequence ratings and address
remaining knowledge gaps.

Where possible, the project team relied on peer-reviewed literature, followed by grey literature (e.g.,
government reports), input from experts on the different risk events, and expert judgment from
workshop participants, in that order.

Confidence

Based on the quality of the evidence base, the project team assigned a confidence level to each rating,
following the definitions shown in TABLE 3.

TABLE 3. Confidence Rating Guidelines

CONFIDENCE RATING DESCRIPTION

Low Varying amounts and quality of evidence and/or little agreement between experts; or assessment
made only using expert judgment.

Medium Several sources of high-quality independent evidence, with some degree of agreement.

High Multiple sources of independent evidence based on reliable analysis and methods, with widespread
agreement.
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Evaluate Risk

To determine the final risk score, the project team multiplied the likelihood rating by the average

consequence rating. Based on the total score, the risk event scenario is categorized as extreme, high,
medium, or low risk (see FIGURE 2).

FIGURE 2. B.C. risk rating matrix.

Risk Rating Matrix

5 LOW MED HIGH Likelihood x Consequence
4 LOW MED HIGH HIGH Score0-5.9 = Low
3 LOW MED MED HIGH HIGH Score6-11.9 =Medium
2 LOW LOW MED MED MED Score 12 - 19.9 =High
1 LOW LOW LOW LOW LOW Score 20- 25 = Extreme
Likelihood 1 2 3 4 5
Consequence
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RISK ASSESSMENT FINDINGS: OVERALL

Climate change can take many forms, affecting nearly all aspects of life in British Columbia. This
assessment analyzed 15 distinct climate risks to British Columbia between 2040 and 2059 to provide
decision makers with information to support risk prioritization and risk management activities.

This B.C. climate risk assessment focuses on provincially significant climate risks and thus does not consider
risks to specific regions or locations in the province unless they would result in catastrophic or major
impacts at the provincial level.

FIGURE 3 and TABLE 4 summarize the overall results, showing risks based on the 2050 likelihood of
each scenario. Severe wildfire season and seasonal water shortage are the two highest risks overall facing
the province. As discussed in detail in the Interactions between Risk Events chapter, these two risk
events happen to be closely related, and could have further compounding consequences. Four other risk
events qualify as “high” risk, including heat wave, ocean acidification, glacier mass loss, and long-term
water shortage.

FIGURE 3. Risk assessment results: 2050 likelihood and consequence of each scenario and overall
confidence ratings in results.

A 2050 Risk
Almost certain
|
Likely N
3 @5 Q
2
E Possible @ .
=
Unlikely @
Almost certain
not to happen

Insignificant Minor Moderate Major Catastrophic
Consequence

Risk Level Low Medium | High || Extreme
Confidence Level O Low OMedium O High
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TABLE 4. Provincial Climate Risk Assessment Summary

RISK EVENT PRESENT-DAY 2050 CONSEQUENCE RISK SCORE AND RATING
LIKELIHOOD LIKELIHOOD

Severe wildfire season 3 4 4.5 18.0 High

Seasonal water

shortage 4 5 3.4 16.9  High

Heat wave 3 4 3.6 14.5 High
Ocean acidification 2 5 2.8 13.8 High

Glacier mass loss 1 5 2.5 12.5 High

Long-term water

shortage 3 3 4.0 120  High

Reduction in

ecosystem connectivity 8 4 26 10.5

Saltwater intrusion 1 4 2.5 10.0

Loss of forest

3.3 9.8
resources
Increase in invasive 4 5 1.8 8.8
species (knotweed)
Moderate flooding 2 3 2.9 8.6
Severe riverine 1 2 4.3 8.5
flooding
Severe coastal storm 1 2 4.1 8.3
surge
Extreme precipitation 2 3 23 6.8

and landslide

Increased incidence of
vector-borne disease 1 2 2.1 4.3 Low
(Lyme disease)

POPPPEPYOOO®OO®®®

Icon colour denotes overall confidence level in the final risk rating: Low, Medium, or High

FIGURE 4 further unpacks the risk assessment results and displays the detailed consequence ratings for
each event, sorted from highest to lowest overall risk by 2050. Some risk events could have significant
consequences across many or all consequence categories, while others could be dominated by
consequences in one or two categories. For example, the impacts of knotweed would be primarily to
natural resources. The severe riverine flooding and severe coastal storm surge risk events would have the
highest overall consequences, but their relatively low likelihood reduces their overall risk relative to other
events.
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FIGURE 4. Detailed risk assessment results: consequences by risk event.

» 2050 Risk Score

(Likelihood =
Consequence)
Extreme
L]
3 )
-2
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§ I I ° b . - Medium
: |
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5 o )
Qgﬁﬁé\ ﬁ% &6\@ ﬁé@
& §
m Loss of life u Morbidity, injury, disease, or hospitalization "5‘ Psychological impacts
Loss of social cohesion m Loss of natural resources ‘ﬁhab m Loss of economic productivity
w Loss of infrastructure services Cost to provincial government

*Individual consequences are rated on a scale of 1 to 5 (Insignificant to Catastrophic). The size of the bar indicates individual
consequence ratings.

Other high-level findings include:

High-risk events include both discrete events (such as wildfires, water shortage, and heat waves), as
well as slower-onset, gradual climate changes, such as ocean acidification and glacier mass loss.
Nearly all risk events (except moderate flooding and extreme precipitation and landslide) would have
at least “major” province-wide consequences in at least one category, and all but four would have
“catastrophic” consequences in one or mote areas.

The majority of risk events would have “catastrophic” economic consequences.

The risk events with the greatest potential consequences across all categories, irrespective of
likelihood, are the scenarios analyzed for severe wildfire season, severe riverine flooding, and a severe

coastal storm surge.

The following chapter and Appendix B detail the analysis of each risk event, including details of the
scenario analyzed, its current and future likelihood, its consequences, and the strength of the evidence

base.

Overall, the results indicate that the potential consequences of climate changes in B.C. between 2040 and
2059 are complex and wide-ranging. They may require similarly complex and wide-ranging solutions to

mitigate these risks over time.

24
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RISK ASSESSMENT FINDINGS: BY RISK EVENT

This chapter summarizes the key findings for each risk event. The full assessment of each risk event,
including detailed documentation of the evidence base, is included in Appendix B.

Severe Riverine Flooding

Scenario .

The specific scenario analyzed is today’s “500-year flood” on the Fraser River, affecting the Lower
Mainland (see FIGURE 5). In this scenario, flood depths could exceed 5 m in some locations and last
up to two weeks. The flood would most likely occur in the spring, caused by rapid snowmelt combined
with heavy rainfall.

FIGURE 5. Severe flooding scenario: flood depths under present-day 500-year flood (Northwest Hydraulic
Consultants, 2016).

Flood depth (m) Oto 0.5 0.5t0 1.0 1.0to 2.0 2.0to5.0 > 5.0; River

3 The “500-year” Fraser River flood is defined as the 1894 flood of record (Kerr Wood Leidal Associates Ltd, 2015; Northwest Hydraulic
Consultants, 2016)
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Summary of Findings

Today’s 500-year Fraser River flood FIGURE 6. Risk assessment findings for severe flooding scenario.

event would result in extensive

. . . Change in Likelihood
flooding in the B.C. Lower Mainland s 2050 Risk due to Climate Change

and affect more than 30% of the
. S . Almost certain
province’s total population. In
addition, this event threatens the Likely
integrity of existing flood management 3
infrastructure (e.g., dikes). If this event £ Passible
- x
occurred today, it would be the 3
costliest natural disaster to date in Unlikely @ @ 2050
Canadian history (Northwest Hydraulic - = - - - - —
Almost certain
Consultants, 2016). not o happen Present
Though by definition this is a low- Insignificant Minor Moderate Major Catastrophic

Consequence
Risk Level[ Low Medium | High |[ Extreme |
Confidence Level O Low O Medium O High

likelihood, high-consequence event,

climate change could make today’s 500-
year Fraser River flood up to five times
more likely by 2050.

FIGURE 6 and TABLE 5 summarize the risk assessment results for this scenario. The highest
consequences relate to losses to social functioning and economic vitality. Additional details on the
likelihood of the scenario, its consequences, and the supporting evidence base for these ratings are
provided in the sections below.
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TABLE 5. Risk Rating Evaluation for Severe Flooding Scenario

SEVERE RIVERINE FLOODING: 500-YEAR FLOOD ON THE FRASER RIVER

LIKELIHOOD

CURRENT
RATING

1

JUSTIFICATION

The “500-year flood”
(for the Fraser River
basin, a peak flow of
17,000 m®/s) has a
0.2% chance of
occurring in any year.

2050
RATING

2

JUSTIFICATION CONFIDENCE

Climate-related risk causes: Severe spring Medium
flooding is driven by periods of hot weather, heavy
rain during peak snowmelt, and snowpack volume.

2050 projections: The “500-year flood” is
projected to have a 0.51% to 1% annual chance of
occurring by 2050.

CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological impacts
functioning
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity

Loss of infrastructure
services

Cost to provincial government

OVERALL
RISK

CURRENT

2050

RATING

4

LOW (4.3)

JUSTIFICATION CONFIDENCE

Ten to 100 deaths could occur from fast-moving
floodwaters and limited medical/emergency care.

High

More than 100 people are at risk of harm due to Medium
fast-moving floodwaters, debris, waterborne
disease, limited access to critical services, or

environmental contamination.

Severe psychological impacts are expected for
individuals who experience damage to or loss of
property or livelihood, evacuation, or loss of family
members.

High

Recovery and clean up could take months. There is  Medium
also potential for widespread disruptions to a
variety of institutions and services that would affect

day-to-day life for at least weeks.

Natural resources could experience damage due to
inundation, debris, and water and soil
contamination. Recovery could take years.

Losses are estimated at $22.9 billion, including the
agriculture, transportation, energy industries, and
damage to ecosystem services.

High

Disruptions to critical infrastructure services could Medium

last for months.

Costs to government might include flood response, Medium
post-event cleanup, health services, ecosystem
recovery, Disaster Financial Assistance, and

AgriRecovery, among others.

MEDIUM

MEDIUM (8.5)

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 4.3 out of 25, ' _
which equates to low risk, and the 2050 risk rating is 8.5 Risk Calculation

out of 25, which equates to medium risk. See the Risk Risk = Likelihood x Average Consequence

Present Risk =1 x 4.3 = 4.3 (Low)
2050 Risk =2 x 4.3 = 8.5 (Medium)

Calculation text box at right.

Evidence Base

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day likelihood of this scenario is 1 and the 2050 likelihood of this scenario is 2. By
definition, a 500-year event currently has a 0.2% annual chance of occurring. To determine the
likelihood of this flood event by 2050, the project team relied on climate change-influenced projections
of Fraser River flood flow from the B.C. Ministry of Forests, Lands, Natural Resource Operations and
Rural Development (FLNRORD).

By 2050, this flood scenario has a 0.51 to 1% annual chance of occurring. The project team used the
conservative end of the range for the rating.

Consequence ratings

The overall consequence rating is an average of Consequence Calculation

the individual consequence ratings (see the Overall Consequence = Average of Individual
Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating Overall Consequence = (4+4+5+5+3+5+5+3)/8

are provided below. Based on these findings,
) Overall Consequence = 4.3
the project team rated the overall consequence

of this scenario as 4.3 out of 5.

HEALTH

Loss oflife: 4

Due to the magnitude and location of this flood, 10 to 100 people could lose their lives from either
direct or indirect causes. Direct loss of life could occur if people are caught in fast-moving floodwaters.
In addition, limited medical or emergency care or loss of vital services such as power or clean water
during and following the event could cause indirect loss of life. If warnings or evacuation orders are not
issued in a timely manner, loss of life could exceed 100 people.

Morbidity, injury, disease, or hospitalization: 4

Flooding can cause health hazards beyond fatalities, such as injury, disease, or hospitalization from fast-
moving flood waters or debris, limited access to critical infrastructure and services, or environmental
contamination. For example, severe flooding can damage water supply systems, create conditions for
water-borne diseases, or impair hospital or emergency response capacity. More than 100 people could
experience ill health effects due to this scenario. If warnings or evacuation orders are not issued in a
timely manner, this number could exceed 1,000 people.
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SOCIAL FUNCTIONING

Psychological impacts: 5

This flood scenario has the potential to affect nearly a third of the population of the province and cause
severe psychological impacts such as PTSD and depression, particularly to those directly affected (e.g.,
through damage to or loss of property or livelihood, mandatory or voluntary evacuation, loss of family
members or friends). In addition, if the transportation system or utility services are significantly affected
there may be a shortage of food and services, further increasing stress and anxiety.

Loss of social cohesion: 5

Recovery and cleanup from a two-week-long flood event could take months, especially for hard-hit
communities. For those directly affected by the flood damage (e.g., flooded home, flooded workplace or
route to work), disruptions to daily life could last for months. The flood could also cause lingering after-
effects to infrastructure services and disruptions to daily life. Given the potential for widespread
disruptions to many critical institutions and services (e.g., wastewater treatment), even individuals who
do not experience direct flood damage could experience at least a weeks-long disruption to daily life in
terms of available services.

NATURAL RESOURCES: 3

Although natural resources located in flood-prone areas are generally resilient to flood conditions, a 500-
year severe flood will also extend to areas not accustomed to inundation. Ecosystems and natural
resources could experience stress or damage due to inundation, debris, and water and soil contamination
from nearby agricultural, industrial, or waste sites. This flood scenario is likely to affect a number of
unique and fragile ecosystems such as riparian areas, intertidal marshes, and wetlands that could take
years to recovet.

ECONOMIC VITALITY

Loss of economic productivity: 5

Total economic losses are estimated at $22.9 billion. Damages to multiple industries, including
agriculture, transportation, and energy are each estimated at well over the “catastrophic” threshold of $1
billion. In addition, flooding could affect ecosystem services. When ecosystems are damaged by direct
human use, natural disasters (such as flooding), or climate change, the services provided are often
degraded or cease altogether. These services must then be replaced by costly man-made facilities or
processes that provide the same services (e.g., the construction costs related to water runoff or flooding
control if forest cover is removed or damaged).

Loss ofinfrastructure services: 5

Disruptions to critical infrastructure services (e.g., transportation, energy, communication, and
wastewater treatment) could last for months depending on the extent of flood damage. Estimated
infrastructure and institutional losses from this event are $4.7 billion. Impacts could include washed out
transportation infrastructure, loss of electrical services, dike failure, and inundated wastewater treatment
facilities, among others.

COST TO PROVINCIAL GOVERNMENT: 3

This flood scenario would be the costliest natural disaster in Canadian history to date, indicating a
significant cost to the provincial government. However, assuming that this event would trigger
significant financial assistance from the Government of Canada through DFAA, the cost to the

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA 29



RISK ASSESSMENT FINDINGS: BY RISK EVENT
/1

provincial government is expected to be on the order of $375 million to $750 million. The provincial
government could bear costs such as tflood response, post-event cleanup, health services, ecosystem
recovery, Disaster Financial Assistance, and AgriRecovery and other business risk management

programs, among others.
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&

The specific risk event scenario analyzed is a moderate flood in a single B.C. community, which is

designed to be representative of any location in British Columbia. A moderate flood, for the purpose of

this assessment, is defined as one with a greater than 1% annual chance of recurrence (e.g., a 50-year event

equals a 2% annual change of occurrence).

Summary of Findings

B.C. experiences multiple flood events across the province each year. For example, FIGURE 7
illustrates a subset of the communities affected by the 2017 flood season (Tzembelicos et al., 2018). A
2017 annual survey of local governments for the Climate Action Revenue Incentive Program found that

urban and overland flooding from extreme weather events is the most common impact on and concern

of local governments (Climate Action Revenue Incentive Program, 2018).

FIGURE 7. 2017 flood season in southeast B.C. (Tzembelicos, et al., 2018).
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Although the location and severity of
tlooding varies from year to year, climate
change is expected to increase the
frequency of both major and moderate
flood events. Therefore, in addition to
potentially contributing to a major/severe
flood (see Severe Riverine Flooding risk
event), climate change is also expected to
increase the frequency of lower-level
floods in many parts of the province. This
could include repeat flooding in certain
locations, or more flood seasons with
simultaneous flooding occurring in
multiple communities, such as in 2017.
Individually and cumulatively, more
frequent moderate flood events can put a
strain on both local and provincial
government resources. This assessment

FIGURE 8. Risk assessment findings for moderate flooding
scenario.
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|| Extreme |

uses recent moderate flooding in Cache Creek and Grand Forks as proxies to understand province-wide

consequences of moderate flood events.

FIGURE 8 and TABLE 6 summarize the risk assessment results for this scenario. The highest
consequences relate to loss of social cohesion and loss of infrastructure services. Additional details on

the likelihood of the scenario, its consequences, and the supporting evidence base for these ratings are

provided in the sections below.
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TABLE 6. Risk Rating Evaluation for Moderate Flooding Scenario

MODERATE FLOODING: MODERATE FLOOD IN A SINGLE COMMUNITY

LIKELIHOOD

CURRENT
RATING

2

2050
JUSTIFICATION RATING  JUSTIFICATION CONFIDENCE
A moderate flood event 3 Climate-related risk cause: Moderate flood Low
is defined as having a frequency is driven by increased precipitation, more
greater than 1% frequent heavy rain events, and increased
annual chance of temperatures causing greater snowmelt.
occurrence. 2050 projections: A moderate flood event is

estimated to have a return period of 11 to 50 years
due to a projected increase in 20-year annual
maximum one day precipitation and changes in

snowmelt
CONSEQUENCE
CATEGORY CONSEQUENCE RATING  JUSTIFICATION CONFIDENCE
Health Loss of life 3 Two to 10 deaths could occur from fast-moving Low
floodwaters and limited medical/emergency care.
Morbidity, injury, 3 More than 5% of the community is at risk of harm due  Low
disease, or to fast-moving floodwaters, debris, limited access to
hospitalization critical infrastructure and services, or environmental
contamination.
Social Psychological impacts 2 Individuals affected by flood damage, temporary Medium
functioning displacement, or disruptions to utilities are expected
to experience moderate psychological impacts.
Loss of social 4 For individuals who experience direct flood damage to  Low
cohesion homes or businesses, recovery and clean up could
take weeks. Flooded roads could also disrupt daily
life.
Natural Loss of natural 2 Natural resources could experience damage due to Low
resources resources inundation, debris, and water and soil contamination.
Recovery could take weeks to months.
Economic Loss of economic 3 Economic losses could range between $10 million Low
vitality productivity and $99 million due to business/tourism losses,
decreased agricultural productivity, and loss of
ecosystem services, among other.
Loss of infrastructure 4 Disruptions to transportation, water, electricity, and Low
services other infrastructure services could last for weeks.
Cost to provincial government 2 Costs to government might include flood response, Medium
post-event cleanup, health services, Disaster
Financial Assistance, and AgriRecovery.
CURRENT LOW (5.8)
OVERALL LOW
RISK
2050 MEDIUM (8.6)

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 5.8 out of 25, _ _
which equates to low risk, and the 2050 risk rating is Risk Calculation
8.6 out of 25, which equates to medium risk. See

Risk = Likelihood x Average Consequence
the Risk Calculation text box at right.

Present Risk =2 x 2.9 = 5.8 (Low)

Evidence Base 2050 Risk = 3 x 2.9 = 8.6 (Medium)

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day likelihood of this scenario is 2 and the 2050 likelihood of this scenario is 3. Moderate
flooding is largely dependent on the frequency and magnitude of heavy precipitation events, which can
quickly inundate surface water systems. To evaluate the scenario likelihood, the study team drew on
recent projections for future maximum precipitation events across B.C., as well as expected changes in
underlying climate-related causes, such as increased seasonal precipitation and air temperatures driving
more vigorous snowmelt. The project team additionally considered future flood recurrence interval
projections. Based on the standard return period of a moderate flood event as well as the proxy
examples, these events are currently expected to happen about once every 51 to 100 years. As a result,
the project team expects that in 2050, moderate flood events could happen about once every 11 to 50
years.

Consequence ratings

.. Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual
Consequence Calculation text box at right). Consequence Ratings
Details on each individual consequence rating Overall Consequence = (3+3+2+4+2+3+4+2)/8

are provided below. Based on these findings, the  Overall Consequence = 2.9
project team rated the overall consequence of
this scenario as 2.9 out of 5.

HEALTH

Loss oflife: 3

Depending on the depth and speed of floodwaters, two to 10 individuals could lose their lives from
either direct or indirect causes. Direct loss of life could occur if people are caught in floodwaters. In
addition, limited medical or emergency care or loss of vital services such as power or clean water during
and following the event could cause indirect loss of life. If there is not sufficient advanced warning or
evacuation prior to the flood, loss of life could be higher.

Motbidity, injuty, disease, or hospitalization: 3

Moderate flood events have the potential to expose more than 5% of the community to injury, disease,
or hospitalization from fast-moving floodwaters, debris, limited access to critical infrastructure and
services, or environmental contamination. In addition, lower flood levels could give the false impression
that waters are safe to wade or drive through, which may cause more injuries, disease, or
hospitalizations.
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SOCIAL FUNCTIONING

Psychological impacts: 2

Moderate flooding has the potential to cause localized and temporary moderate psychological impacts,
such as fear or anxiety, especially for those who were displaced or experienced flood damages.
Disruptions to utility services could also cause increased stress and anxiety.

Loss of social cohesion: 4

A moderate flood event could cause weeks-long disruptions to daily life, especially for home owners,
business owners, and farmers who experience direct flood damage. Even if community members do not
experience direct flood damage to their homes or businesses, they may deal with flooded roads or
helping with community clean up and recovery.

NATURAL RESOURCES: 2

Natural resources located within a 50-year or 100-year floodplain are expected to be generally resilient to
flood conditions given historic flooding events. The primary risks to natural resources from a moderate
flood event are stress or damage due to inundation, debris, or contaminants from agricultural, industrial,
or waste sites. Recovery of natural resources is estimated to take weeks to months depending on the
location of the moderate flood and local conditions (e.g., ecosystem/species sensitivity or extent of
environmental contamination).

ECONOMIC VITALITY

Loss of economic productivity: 3

Loss of economic productivity will vary depending on the location of moderate flooding, but based on
the proxy events and other cost information economic losses could feasibly range between $10 million
and $99 million due to impacts to businesses, tourism, and agricultural productivity, among others. As a
result, this scenario could cause a weeks-long disruption to at least one major economic sector. In
addition, flooding could affect ecosystem services. When ecosystems are damaged by direct human use,
natural disasters (such as flooding), or climate change, the services provided are often degraded or cease
altogether. These services must then be replaced by costly man-made facilities or processes that provide
the same services (e.g., the construction costs related to water runoff or flooding control if forest cover
is removed or damaged).

Loss ofinfrastructure services: 4

Disruptions to transportation, water, and other infrastructure services could last for weeks depending on
the severity of flood damage and number of people affected, causing major impediment to day-to-day
life. Impacts could include washed out transportation infrastructure, damage to water supply systems,
and power outages, among others.

COST TO PROVINCIAL GOVERNMENT: 2

Based on the cost to the provincial government from the proxy events, costs to government from a
single moderate flood event are expected to be on the order of $375 million or less. However, cost to
the provincial government can vary from year to year depending on the location, number, and frequency
of moderate flood events across the province. Costs to government might include flood response, post-
event cleanup, health services, Disaster Financial Assistance, and AgriRecovery and other business risk
management programs, among others.
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Extreme Precipitation and Landslide

Scenario
The specific scenario analyzed is a FIGURE 9. Map illustrating the intersections of Trans-Canada
significant landslide# in Hope, B.C. :g;gvay (Highway 1), Highway 3, Highway 5, and Highway 7 in
triggered by extreme precipitation. In this '
scenario, the landslide would affect one or
more major transportation routes in 3 B9
Hope, B.C. (sce FIGURE 9), causing \
provincially significant disruptions to Hab
transportation and the movement of Hape @
goods and services across the province. Glocss L

Ruby Creek (s
Summary of Findings o’

The majority of precipitation-driven

landslides in B.C. ate smaller debris flows FIGURE 10. Risk assessment findings for extreme precipitation

or rock slides, which are likely to become  gnd landslide scenario.

more frequent due to climate change. This Change in Likelihood

scenario, however, represents an extreme i _ 2050 Risk due to Climate Change
case in which Hope experiences a large and Almost certain

provincially significant precipitation-driven

landslide that affects transportation across - Likely

the province. Due to the mountainous E I
terrain of B.C., disruptions to major E Possible 2050
transportation routes, especially in - ' '
transportation hubs such as Hope, can Uniikely O Frosont
cause significant delays and disruptions to Almost certain

the movement of goods and services. not to happen | | | | _

Furthermore, due to the volume of Insignificant Minor Moderate Major Catastrophic

vehicles (7 million vehicles annually) and Consequence

trains passing through Hope as well as a Risk Level | Low | Medium | High |[Extreme |

population of about 6,000 people, there is  Confidence Level O Low (O Medium () High
also a risk for injuries, deaths, property
losses, and other damages (District of Hope, 2017).

FIGURE 10 and TABLE 7 summarize the risk assessment results for this scenario. The highest
consequences relate to loss of life, loss of economic productivity, and loss of infrastructure services.
Additional details on the likelihood of the scenario, its consequences, and the supporting evidence base
for these ratings are provided in the sections below.

4 A landslide is defined as the movement of rock, soil, and other debris down a slope as a result of gravitational pull (Green, Ricker, McPhee,
Ettya, & Temenos, 2014). Landslide is a general term that encompasses many types of landslides (e.g., debris flow, mudslide, rock slide,
rock avalanche). Landslides can be caused by a variety of factors including precipitation, snow melt, temperature change, permafrost melt,
slope debuttressing from receding glaciers, earthquakes, volcanic activities, and human activities.
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TABLE 7. Risk Rating Evaluation for Extreme Precipitation and Landslide Scenario

EXTREME PRECIPITATION AND LANDSLIDE: SIGNIFICANT LANDSLIDE IN HOPE TRIGGERED BY EXTREME
PRECIPITATION

LIKELIHOOD

CURRENT
RATING

2

JUSTIFICATION

Past significant

events in 1965 and

2017 roughly
indicate a major

landslide about once

every 52 years,
which falls into the
likelihood range of
51 to 100 years.

2050
RATING  JUSTIFICATION
3 Climate-related risk cause: Heavy precipitation,

warming temperatures, and rain-on-snow events can
trigger landslides. In addition, landslide risk is largely
dependent on underlying geology and physical factors,
including hill slope steepness and bedrock deformation.

2050 projections: Multiple studies indicate an increase
in the frequency of landslides due to increased heavy
precipitation and temperature. Therefore, the likelihood
could increase to a range of 11 to 50 years.

CONFIDENCE

Low

CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological
functioning impacts
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity
Loss of
infrastructure
services

Cost to provincial government

OVERALL
RISK

CURRENT

2050

RATING  JUSTIFICATION
3 Potential for up to 10 deaths due to falling debris if the
landslide affects one of the three major highways.

2 Fewer than 10 people are at risk of injury or harm due to
falling debris or compromised drinking water supplies.

2 A landslide could cause localized, temporary
psychological impacts for individuals directly affected by
the landslide.

2 A landslide could cause hours to days-long disruption to
daily life primarily due to transportation impacts and
localized property damage.

1 Impacts to natural resources within the path of the
landslide could be significant, but overall impacts to
natural resources in Hope will be minimal.

3 Damage or destruction of key infrastructure or economic
resources could cause weeks-long disruptions to major
economic sectors.

3 Infrastructure disruptions such as road closures or
severed power lines could last for days and cause major
impediments to day-to-day life at both a local and
province-wide scale.

2 Costs to government might include response, clean up,
health services, and Disaster Financial Assistance,
among others.

LOW (4.5)

MEDIUM (6.8)

CONFIDENCE

Medium

Medium

Medium

Low

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 4.5 out of 25,
which equates to low risk, and the 2050 risk rating is 6.8 Risk Calculation

out of 25, which equates to medium risk. See the Risk Risk = Likelihood x Average Consequence

Present Risk =2 x 2.3 =4.5 (Low)

Calculation text box at right.

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present day likelihood of this scenario is 2 and the 2050 likelihood of this scenario is 3. Past
significant landslides in 1965 and 2017 indicate a current likelihood in the “unlikely” range of once every
51 to 100 years. However, there are strong indications that increases in heavy precipitation as well as
warming temperatures will increase the frequency of landslides. Therefore, the project team judged that
it is feasible for the 2050 likelihood of this scenario to be in the “possible” range of once every 11 to 50
years.

In addition to climate-related causes, landslide risk is largely dependent on underlying geology and
physical factors, including hill slope steepness and bedrock deformation. Thus, areas most susceptible to
severe landslide risk are likely more local than the regional-scale climate-related causes. To evaluate the
scenario, the project team used indicators including the historical record of landslides in Hope, B.C,,
which may reflect landslides that occurred independent of climate forcing, and the latest provincial
research on landslide drivers. The project team sought to evaluate the future likelihood of large
landslides in the Hope, B.C. due to the combined influence of increasing climate stress and background
geologic risk. As such, the project team considered primary climate-related risk causes including
projections for air temperature, precipitation, and snowmelt through mid-century.

Consequence ratings

o Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual
Consequence Calculation box at right). Details Consequence Ratings

on each individual consequence rating are Overall Consequence = (3+2+2+2+1+3+3+2)/8
provided below. Based on these findings, the Overall Consequence = 2.3

project team rated the overall consequence of
this scenario as 2.3 out of 5.

HEALTH

Loss oflife: 3

Historically, major landslides in B.C. have resulted in up to five deaths due to falling debris. A significant
landslide in Hope could result in a similar number of deaths, in the range of two to ten, particularly if the
landslide affects one of the three major highways.

Morbidity, injury, disease, or hospitalization: 2

Past major landslides in B.C. have resulted in fewer than 10 injuries each due to falling debris. A
landslide could also comprise drinking water supplies, which could threaten public health. As a result, a
landslide in Hope is expected to harm fewer than 10 people.
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SOCIAL FUNCTIONING

Psychological impacts: 2
A landslide can cause temporary psychological impacts for the individuals directly affected, such as those
who are injured, lose a home, or lose a family member.

Loss of social cohesion: 2

Based on past events, a significant landslide in Hope could cause an hours- to days-long disruption to
daily life for the affected area due to transportation infrastructure impacts. If a number of homes or
businesses are damaged or destroyed, loss of social cohesion may be higher for the affected community.

NATURAL RESOURCES: 1

Given the localized nature of a landslide, impacts to natural resources within the path of the landslide
could be significant, but overall impacts to natural resources in Hope will be minimal. Landslide debris
could erode into rivers and streams, decreasing water quality for aquatic habitats. In addition, changes in
soil conditions could disrupt vegetation and forest resources in the affected area.

ECONOMIC VITALITY

Loss of economic productivity: 3

Damage or destruction of key transportation infrastructure, utility infrastructure, or economic resources
such as timber, could cause weeks-long distuptions to major economic sectors. For example, road/rail
closures, delays, or reroutes could affect the movement of goods and services.

Loss of infrastructure services: 3

Based on past events, infrastructure disruptions such as road closures or severed power lines could last
for days and cause major impediments to day-to-day life at both a local and province-wide scale.
Transportation impacts are especially critical given that Hope, B.C. is a major intersection for several
highways and rail lines.

COST TO PROVINCIAL GOVERNMENT: 2

The primary cost to the provincial government is expected to be response and recovery (e.g., health
services, cleanup, repairs), especially if major transportation routes are affected. In addition, the
provincial government may provide Disaster Financial Assistance. These costs are expected to be on the
order of $375 million or less.
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Seasonal Water Shortage
45

Scenario

The specific risk event scenario analyzed is a summer water shortage affecting two or more regions of
the province and lasting two or more months. The magnitude of this water shortage is equal to drought
Level 4 as defined in the B.C. Drought Response Plan (the highest level where water supply is
insufficient to meet socio-economic and ecosystem needs). The cause of the water shortage would vary
depending on the hydrology of streams within the region. For example, in rainfall-dominated regions a
water shortage could be caused by decreased summer precipitation, and in snowmelt-dominated regions
a water shortage could be caused by carlier or more rapid snowmelt, or a reduced snowpack.

Summary of Findings

Although reduced summer water supply is ~ FIGURE 11. Risk assessment findings for seasonal water

a natural feature of hydrology in many shortage scenario.

parts of B.C., the scenario analyzed has Change in Likelihood

likely occurred infrequently in the past and [ o fue to = canee
can be considered relatively extreme. The Almost certein @ 250
summer of 2015 could be seen as a recent _

example when B.C. experienced drought 3 el O Fresen
Level 4 conditions affecting two regions of 2 )

the province for slightly more than two % Fossie

months. Rising temperatures and changes Unliely

in precipitation form, timing and intensity _

caused by climate change will increase the Almost certain

likelihood, and therefore the risk, of this rotlohappen

scenario in the 2050s. Insignificant Minor Moderate Major Catastrophic

Consequence
The impacts of an extreme summer water RiskLevel | Low | Medium
shortage can be wide-ranging and affect Confidence Level () Low (O Medium () High

drinking water quality, ecosystem health,

community water supply, and water-dependent industries. If such events occur more frequently in
future, and particularly if they increase in magnitude, human health could be negatively atfected by a rise
in water-borne and vector-borne diseases. In addition, people with natural-resource-based livelihoods
could face unemployment and lost livelihoods, which could result in psychological distress. Recovery
from such extreme seasonal water shortages may take months and cost the economy and government
millions of dollars.

FIGURE 11 and TABLE 8 summarize the risk assessment results for this scenario. The highest
consequences relate to economic vitality, morbidity and disease, and loss of social cohesion. Additional
details on the likelihood of the scenario, its consequences, and the supporting evidence base for these
ratings are provided in the sections below.
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TABLE 8. Risk Rating Evaluation for Seasonal Water Shortage Scenario

SEASONAL WATER SHORTAGE: SUMMER WATER SHORTAGE AFFECTING TWO OR MORE REGIONS AND

LASTING TWO OR MORE MONTHS

LIKELIHOOD

CURRENT 2050
RATING JUSTIFICATION RATING
4 B.C. experiences 5

significant seasonal
and inter-annual
hydrological
variability. Seasonal
water shortages as
defined in this
scenario likely occur
approximately once
every 3 to 10 years.

CONSEQUENCE

JUSTIFICATION CONFIDENCE

Climate-related risk cause: Higher temperatures and Medium
changes in seasonal precipitation (rain or snowfall).

2050 projections: Slight increases in annual
precipitation are anticipated, but offset by increasing
temperatures and decreases in summer precipitation.
Rising temperatures could also result in reduced
snowpack and earlier spring snowmelt. These changes
could result in seasonal water shortages about once
every two years or more frequently by 2050.

CATEGORY CONSEQUENCE RATING

Health Loss of life 2
Morbidity, injury, 4
disease, or

hospitalization

Social Psychological 3
functioning impacts
Loss of social 4
cohesion
Natural Loss of natural 3
resources resources
Economic Loss of economic 5
vitality productivity
Loss of infrastructure 4
services
Cost to provincial government 2
CURRENT
OVERALL
RISK
2050

JUSTIFICATION CONFIDENCE

There is low potential for multiple losses of life due to Medium
the impacts of seasonal water shortage.

Over 100 people could experience some negative Medium
health outcomes due to contaminated water sources,
exposure to vector-borne disease, or fungal diseases.

Water usage restrictions, economic hardship, and Low
seasonal loss of livelihood could result in temporary,
widespread psychological impacts such as stress,

anxiety, and depression. People with natural resource
dependent-livelihoods could face more severe impacts.

Potential for weeks-long disruption to daily life, Medium
particularly for agriculturally-dependent communities.

Degradation of wetland and forest habitats could affect ~ Medium
many species. Higher river temperatures could cause

stress for temperature-sensitive species, especially

salmon. Natural resources could take years to recover.

Losses could exceed $1 billion in agriculture, fisheries, High
forestry, tourism, and other water-dependent sectors.

Disruptions to electricity production and water Medium
treatment could last weeks.

Cost for emergency response, recovery, and lost Low
revenue could be tens of millions of dollars.

_ MEDIUM

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 13.5 out
of 25, which equates to high risk, and the 2050 Risk Calculation
risk rating is 16.9 out of 25, which equates to
high risk. See the Risk Calculation text box at
right.

Risk = Likelihood x Average Consequence
Present Risk = 4 x 3.4 = 13.5 (High)

2050 Risk =5 x 3.4 = 16.9 (High)
Evidence Base

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day likelihood of this scenario is 4 (event expected about once every 3 to 10 years) and the
2050 likelihood of this scenario is 5 (event expected to happen about once every two years or more
frequently). Summer water shortages equivalent to the scenario defined occur episodically in B.C. due to
a range of underlying climate-related causes. Causes vary spatially; rain-dominated regions are particularly
sensitive to deficits in summer rainfall and warmer air temperatures causing enhanced
evapotranspiration, while watersheds fed by mountain snowmelt are particularly sensitive to the timing
and rate of peak springtime melt and runoff.

The project team used GCM projections for precipitation, air temperature, and snowmelt as indicators to
evaluate the likelihood of summer water shortages for the two system types (rain-dominated and
snowfall-dominated). Some systems are hybrid or mixed and have characteristics of both types of
systems. The project team additionally used projections of the April 1 snowpack level, typically used as
an indicator of seasonal water supply, as an indicator for future water availability. The project team used
the aggregate of these factors to find that this scenario will become more frequent in B.C. by mid-
century, independent of the dominant underlying climate-related cause and assuming constant demand.

Consequence ratings

.. Consequence Calculation
The overall consequence rating is an average of

the eight individual consequence ratings (see the Overall Consequence = Average of Individual
Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are Overall Consequence = (2+4+3+4+3+5+4+2)/8
provided below. Based on these findings, the Overall Consequence = 3.4

project team rated the overall consequence of
this scenario as 3.4 out of 5.

HEALTH

Loss oflife: 2

While water shortages have been associated with mortality in low-income countries, no deaths have been
directly attributed to water shortage in Canada. Communities in B.C. have the capacity to prepare in
advance and implement measures to protect affected communities from reductions in water supply. In
addition, there is a small risk that complications due to respiratory, water-borne, or vector-borne
illnesses. Thus, based on the available evidence, there is low potential for multiple losses of life due to
the direct or indirect effects of this water shortage scenario. However, compounding impacts due to
extreme heat or wildfire could contribute to low loss of life.
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Morbidity, injury, disease, or hospitalization: 4

Water is vital for health and sanitation, so water shortages can negatively affect health if people turn to
unsafe water sources. Contaminated water supplies have the potential to expose more than 100 people to
health risks in B.C., although the impacts may be relatively minor if safe water supplies are provided to
affected areas. Small water systems and private systems face greater risk than those connected to
centralized water sources.

SOCIAL FUNCTIONING

Psychological impacts: 3

Seasonal water shortages could result in temporary, widespread psychological impacts such as stress,
anxiety, and depression due to water usage restrictions, economic hardship, and seasonal loss of
livelihood. Psychological impacts will be especially prevalent for individuals that have natural-resource
dependent livelihoods, such as farmers and fishermen.

Loss of social cohesion: 4

Seasonal water shortages could result in a weeks-long disruption to daily life as well as seasonal loss of
livelihoods, especially for those in agriculturally dependent communities. If water supplies are
compromised, some residents may need to adjust their behaviours or seek alternative water sources.
Greater water scarcity could also increase competition between water users, which may increase conflict
or social instability. Since water shortage may disproportionately affect vulnerable populations, it could
have implications for maintaining social cohesion and equity.

NATURAL RESOURCES: 3

Seasonal water shortages could cause environmental damages, particularly for aquatic species.
Temperature-sensitive species such as salmon may experience heat stress and difficulties migrating due
to low water levels. In addition, it is possible that a summer water shortage could result in damages to
wetlands and forest ecosystems. For example, water shortages could make forests more susceptible to
insect outbreaks and wildfire. The spatial area affected could be large and resources could take years to
recover.

ECONOMIC VITALITY

Loss of economic productivity: 5

Seasonal water shortages could have disproportionate financial impacts on agriculture, fisheries, forestry,
tourism, and other water-dependent sectors. Agriculture generates over $14 billion in annual revenue,
and forestry and logging account for around $9 billion in annual revenue. If B.C. experiences a summer
water shortage that affects multiple regions of the province, losses in these sectors could exceed $1
billion in losses. In addition, this event could cause unemployment in natural-resource sectors.

Loss ofinfrastructure services: 4

Seasonal water shortages may result in weeks-long disruption of key infrastructure services, including
electricity production and water treatment. Historically, water shortages in Canada and the Pacific
Northwest have reduced hydroelectric production capacity, caused thermo-electric plants to shut down,
and increased water and wastewater treatment requirements due to higher turbidity.
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COST TO PROVINCIAL GOVERNMENT: 2

The primary cost to the provincial government is expected to be emergency response and recovery
funding to affected sectors, particularly for agriculture. Other costs could include health and utility
services. Although the expected costs can’t be fully quantified, the costs are expected to be on the order
of $375 million or less.
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Long-term Water Shortage

s

The specific risk event scenario analyzed is a long-term water shortage lasting for two or more years,

Scenario

affecting one or more regions of B.C., and characterized by insufficient supplies of both blue water and
green water®. This event could be driven by a year-on-year decrease in precipitation and increase in
temperature and could be exacerbated by increased evaporation and evapotranspiration.

Summary of Findings

Historically, long-term water shortages FIGURE 12. Risk assessment findings for multi-year water
have affected B.C. every few decades. Such shortage scenario.
an event affected B.C., Alberta, and Change in Likelihood
) 4 2050 Risk due to Climate Change
Saskatchewan from 2001 to 2002; this ]
event is considered one of Canada’s worst Almost certain
natural disasters.
Likely
. . - 2
The risk related to this scenario is ]
. = 2050
expected to increase by 2050. Although s Possible @ e
climate model results vary, higher - :
temperatures are expected to increase Unlikely
evaporation and regional moisture deficit. Almost cerlain
When combined with below-average not to happen
precipitation or low seasonal streamflow Insignificant Minor Moderate Major Catastrophic
for several years, long-term water Consequence
shortages could occur more frequently. RiskLevel | Low | Medium [ High |[Extreme ]

Confidence Level () Low () Medium () High
Regions in the interior of B.C. are

particularly susceptible to long-term water shortages, which can result in losses across many sectors,
including agriculture, forestry, industry, recreation, human health, and ecosystems. Reduced water supply
can lead to losses in agricultural productivity, which is an important economic contributor in British
Columbia. Additionally, long-term water shortages make land and forests more susceptible to other risks,
such as wildfires and insect outbreaks. Recovery of some resources from long-term water shortages may
take years or decades and cost the economy and government billions of dollars.

FIGURE 12 and TABLE 9 summarize the risk assessment results for this scenario. The highest
consequences relate to loss of economic productivity, loss of infrastructure services, and loss of social
cohesion. Additional details on the likelihood of the scenario, its consequences, and the supporting
evidence base for these ratings are provided in the sections below.

5 Blue water refers to liquid water in reservoirs, lakes, aquifers, rivers, etc. and green water refers to moisture in the soil and vegetation
(Falkenmark & Rockstrom, 2006).
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TABLE 9. Risk Rating Evaluation for Long Term Water Shortage Scenario

LONG-TERM WATER SHORTAGE: MULTI-YEAR WATER SHORTAGE RESULTING IN INSUFFICIENT WATER
SUPPLY IN AT LEAST ONE REGION

LIKELIHOOD

CURRENT JUSTIFICATION

RATING

3 Severe multi-year
water shortages
occur in the

Canadian Prairies
and interior B.C.
approximately every
20 years.

2050 JUSTIFICATION
RATING
3 Climate-related risk cause: Water shortages occur

due to precipitation deficits, higher temperatures, and
reduced snowpack.

2050 projections: Slight increases in annual
precipitation and more frequent high intensity rainfall
events are anticipated, yet rising temperatures could
counteract these changes. Multiple seasons with high
temperatures and below-average precipitation can
result in water shortages. Large uncertainties are
associated with predictions of multi-year dry spells.

CONFIDENCE

Low

CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological
functioning impacts
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity
Loss of
infrastructure
services

Cost to provincial government

CURRENT
OVERALL

RISK
2050

RATING  JUSTIFICATION

2 There is low potential for multiple losses of life in B.C.

4 Hundreds of people could experience illness due to
exposure to respiratory irritants and increased risk of
water-borne, vector-borne, and fungal disease.

4 Loss of natural resource dependent livelihoods and
economic hardship may contribute to localized, long-
term psychological impacts. A larger population may
experience moderate anxiety and distress.

5 Months-long disruption to daily life and permanent
loss of livelihoods, particularly for agriculturally
dependent communities. Water restrictions could
exacerbate general social instability.

4 Soil erosion, wetland loss, habitat destruction, and
forest degradation could disrupt wildlife and aquatic
species, which could take decades to recover.

5 Losses exceeding $1 billion could occur due to
impacts on agriculture, fishing, forestry,
transportation, recreation, tourism, and oil & gas.

5 Disruptions of hydroelectricity production, and water
and wastewater treatment could last months.

3 Costs for emergency response and recovery, and lost
revenue could exceed $375 million.

CONFIDENCE
Medium

High

Medium

Medium

High

High

Medium

Low

LOW

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 12.0 out

of 25, which equates to high risk, and the 2050 Risk Calculation
risk rating is 12.0 out of 25, which equates to
high risk. See the Risk Calculation text box at
right.

Risk = Likelihood x Average Consequence
Present Risk = 3 x 4.0 = 12.0 (High)
2050 Risk =3 x 4.0 =12.0 (High)

Evidence Base

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day likelihood of this scenario is 3 (event expected about once every 11 to 50 years) and the
2050 likelihood of this scenario is 3. Water shortages occur due to a range of underlying climate-related
causes, including precipitation deficits, higher temperatures, and reduced snowpack. Long term shortages
are most directly linked to prolonged episodes of below-average rainfall, which can result in total water
availability below the long-term average over consecutive years. Often the impacts associated with
reduced rainfall are exacerbated by seasonal climate stresses, such as heat waves and enhanced
evapotranspiration. To evaluate the scenario, the project team used indicators including GCM
projections and projected drought severity indices for mid-century. GCMs project significant warming
and slight increases in precipitation in B.C., representing a future climate particularly sensitive to small
changes in precipitation over consecutive years. Ultimately, multi-year water shortages have occurred in
B.C. several times in the past century, and their frequency is likely to remain similar or increase slightly
from historical incidence.

Consequence ratings _
o Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual

Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are ~ Overall Consequence = (2+4+4+5+4+5+5+3)/8
provided below. Based on these findings, the Overall Consequence = 4.0

project team rated the overall consequence of

this scenario as 4.0 out of 5.

HEALTH

Loss oflife: 2

Based on the available evidence, there is low potential for multiple losses of life due to the direct impacts
of long-term water shortages. While prolonged water shortages have been associated with mortality in
low-income countries, communities in B.C. have the capacity to prepare in advance to protect
communities from ill health effects. Long-term water shortages can have broader impacts to society by
affecting surface and groundwater supplies, and food production. Although not accounted for here,
compounding impacts due to extreme heat or wildfire may contribute to multiple deaths.

Motbidity, injury, disease, or hospitalization: 4

Water is vital for health and sanitation, so water shortages can negatively affect health if people turn to
unsafe water sources. Contaminated groundwater and surface water, in addition to respiratory irritants,
have the potential to expose hundreds of people to some level of illness during a multi-year water

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA 47



RISK ASSESSMENT FINDINGS: BY RISK EVENT
/1

shortage. Ill effects could include bacterial infections from unsafe drinking water, water-borne and
vector-borne diseases, or fungal diseases that become more prolific during the event. People living in
rural areas or who are socioeconomically disadvantaged would likely experience disproportionate health
impacts.

SOCIAL FUNCTIONING

Psychological impacts: 4

A long-term water shortage could lead to severe, but localized, psychological impacts such as depression
and loss of identity or way of life for individuals that have natural resource dependent livelihoods (e.g.,
farmers, fishermen, and cattle ranchers). The larger population may experience more moderate
psychological impacts, such as anxiety and distress due to water restrictions or food security concerns.
The extent of this impact depends on the location and severity of the water shortage, and on the
resources provided to support people who are negatively affected.

Loss of social cohesion: 5

A long-term water shortage could result a months-long disruption to daily life and permanent loss of
livelihoods in localized areas, especially those in agriculturally dependent communities. Access to water
resources may become more restricted. In addition, restrictions for water users creates “winners” and
“losers,” which could exacerbate social instability, although this impact is not expected to be widespread.
Since water shortages may disproportionately affect vulnerable populations (e.g., socially disadvantaged
persons, people dependent on natural resource-based livelihoods, and people without insurance), this
could have severe implications for social cohesion.

NATURAL RESOURCES: 4

A long-term water shortage in B.C. could cause extensive environmental damages, such as soil erosion,
wetland loss, and habitat destruction. For example, water shortages could increase tree mortality and
make forests more susceptible to insect outbreaks and wildfires. Additionally, temperature-sensitive
species such as salmon could experience heat-stress and difficulties migrating due to low water levels.
Depending on the severity of the water shortage, recovery of the resources could take decades.

ECONOMIC VITALITY

Loss of economic productivity: 5

A long-term water shortage could reduce the productivity and economic contributions of major sectors,
including agriculture, fishing, forestry, transportation, recreation, tourism, oil and gas, and other
industries. Agriculture generates over $14 billion in annual revenue. Forestry and logging account for
around $9 billion in annual revenue. If B.C. experiences a long-term water shortage that affects a large
portion of the province, losses in these sectors could easily exceed $1 billion in losses. Long-term
disruptions and unemployment could also occur in the agriculture sector.

Loss ofinfrastructure services: 5

Long-term water shortages may create prolonged disruptions of infrastructure services, including
electricity production and water and wastewater treatment facilities. Historically, water shortages in
Canada and the Pacific Northwest have reduced hydroelectricity production capacity, caused thermo-
electric plants to shut down, and increased water treatment requirements due to higher turbidity.
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COST TO PROVINCIAL GOVERNMENT: 3

A long-term water shortage would result in costs to the provincial government for emergency response
and recovery funding to affected sectors, such as agriculture and forestry. Recovery payments to farmers
from past water shortages reached hundreds of millions of dollars, some portion of which is provided by
the provincial government. Although the costs to the province are not established, the costs are expected
to be on the order of $375 million to $750 million.
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Glacier Mass Loss '
0O

The specific risk event scenario analyzed is a 25% decline in glacier area within B.C. by 2050, relative to

Scenario

2005. This event would be a province-wide, ongoing change driven by warming temperatures. Projected
warming temperatures will cause glaciers to melt more quickly, losing a greater amount of area and
volume. Similarly, higher temperatures are projected to increase the proportion of precipitation falling as
rain rather than snow, which lowers the rate of glacier accumulation. Overall, this would result in the
rate of glacier ablation outpacing accumulation. Other factors that contribute to glacier retreat are
accumulation of snowpack, which also contributes significantly to runoff. In some cases, the distinction
between how much glacier melt and snowmelt contribute to streamflow is unclear.

Summary of Findings

B.C. has around 17,000 glaciers that cover  FIGURE 13. Risk assessment findings for glacier mass loss
approximately 25,000 km?2 or about 3% of ~ scenario.

the province. Glacier area declined by ) Change in Likelihood
% 2050 Risk due to Climate Change

approximately 11% between 1985 and

2005. Due to projected increases in Almost certain 250
temperature, glacier area is projected to : ]

further decrease by 30 to 50% by 2050, Likely ‘

o
. o
relative to 2005. 2
E Possible
Glaciers represent a vital freshwater =
resource for the province, contributing to Unlikely
rivers that support communities, industry, _
L. . L. . Almost certain
hydroelectricity generation, irrigation, and not to happen O Present
ecosystems. By the 2050s, the contribution Insignificant Minor Moderate Major Catastrophic
of glaciers to streams and rivers will Consequence
decline and associated streamflow is Risk Level | Low | Medium [ High |[Extreme |
projected to decrease. This change has Confidence Level () Low (O)Medium () High

already occurred in some basins, whereas

others will experience a short-term increase in flow followed by a decline. Timing and amount of flow
could affect natural ecosystems and communities. Particularly during summer months, water supply
could be reduced for agriculture, power generation, and industry. This risk assessment focuses on the
impact of glacier retreat by mid-century; evidence of the long-term reduction in water supply is included
for reference to understand the trends of glacier decline.

FIGURE 13 and TABLE 10 summarize the risk assessment results for this scenario. The highest
consequences relate to natural resources and cultural resources. Additional details on the likelihood of
the scenario, its consequences, and the supporting evidence base for these ratings are provided in the
sections below.
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TABLE 10. Risk Rating Evaluation for Glacier Mass Loss Scenario

GLACIER MASS LOSS: 25% DECLINE IN GLACIER AREA BY 2050

LIKELIHOOD

CURRENT

RATING JUSTIFICATION

1 From 1985 and
2005, glacier area
declined by

approximately 11%,

ranging from -24%
to -8% across the
province.

CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological
functioning impacts
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity
Loss of
infrastructure
services

Cost to provincial government

CURRENT
OVERALL
RISK

2050

2050
RATING

RATING  JUSTIFICATION

2 There is low likelihood of multiple losses of life due to
glacier mass loss in B.C.

2 Reductions in freshwater supply and quality due to
lower flows and higher sedimentation could pose
minor health risks to communities.

2 People and communities with identities or livelihoods
tied to glaciers may experience moderate
psychological impacts.

3 Changes in seasonal water supply may reduce
access to freshwater supplies for agriculture and
other industries, resulting in seasonal loss of
livelihood or way of life for a small population.

5 Streamflow and stream temperature could be
permanently affected in some regions, particularly
during dry summer months, which could have severe
impacts on aquatic species, particularly salmon.

2 Losses in agriculture, outdoor recreation, and sports
fishing that could surpass $1 million.

2 Reductions in seasonal water supply could disrupt
transportation, hydropower dams, agricultural assets,
and other infrastructure services. Prolonged
disruptions to services are not anticipated.

2 Potential costs include lost revenue, reduced
hydroelectric capacity, and reduced water rental fees.

LOW (2.5)

HIGH (12.5)

JUSTIFICATION

Climate-related risk cause: Projected temperature

increases would likely increase glacier retreat in spring
and summer and increase the proportion of precipitation

falling as rain rather than snow.
2050 projections: By 2050, glacier area in western

Canada is projected to shrink by 30 to 50% relative to
2005 and glacier volume is projected to shrink by 35 to

40%. Models show general agreement.

CONFIDENCE

High

CONFIDENCE

High

Medium

Medium

MEDIUM

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA

51



RISK ASSESSMENT FINDINGS: BY RISK EVENT
/1

Opverall, the present-day risk rating is 2.5 out of 25, . _
which equates to low risk, and the 2050 risk rating is Risk Calculation
12.5 out of 25, which equates to high risk. See the

Risk = Likelihood x Average Consequence
Risk Calculation text box at right.

Present Risk =1 x 2.5 =2.5 (Low)

Evidence Base 2050 Risk = 5 x 2.5 = 12.5 (High)

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day likelihood of this scenario is 1 and the 2050 likelihood of this scenario is 5. Glaciers in
B.C. have experienced an increasing rate of retreat over the last century. Projected temperature increases
by 2050 would negatively affect glaciers in two ways. First, glacier retreat would very likely increase
during spring and summer. Second, higher winter temperatures would increase the amount of
precipitation falling as rain, rather than snow, which would result in glacier ablation significantly
outpacing accumulation. Multiple reputable sources of evidence indicate that glacier loss will likely be
greater than 25% by mid-century and as much as 70 to 95% by the end of the century. The project team
considered projected change in glacier area and volume for glaciers in Western Canada as primary
indicators to evaluate the likelihood of the scenario. Additional climate drivers of glacier mass loss, such
as temperature and precipitation projections, are also considered. Interpretation of the likelihood rating
should consider geographic variability; glacier area will decline most rapidly for glaciers at lower
elevations and in southern B.C. compared to more northern and mountainous regions.

Consequence ratings

. Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual
Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are ~ Overall Consequence = (2+2+2+3+5+2+2+2)/8
provided below. Based on these findings, the Overall Consequence = 2.5

project team rated the overall consequence of
this scenario as 2.5 out of 5.

HEALTH
Loss oflife: 2

The largest threat to life due to glacier retreat is from glacier outburst floods, which can cause
catastrophic damage. Globally, glacier flooding and disasters related to the destabilizing effects of glacier
retreat have caused deaths and severe injuries. However, due to the location of glaciers in B.C. and the
characteristics of its glacier lakes, it is unlikely that glacier mass loss will contribute to multiple losses of
life. According to experts, glacier lakes in B.C. can be monitored and stabilized through engineering
mechanisms to manage flood risk. In addition, there are also few population centres located in close
proximity to glaciers that would be affected by these types of events.

Motbidity, injuty, disease, or hospitalization: 2
Although the extent of these impacts has not been quantified for B.C., changes in water quality or
quantity due to glacier retreat could affect human health. For example, high sediment and nutrient
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contributions due to glacier retreat could reduce water quality and increase the strain on water treatment
facilities. Overall, the resulting negative health outcomes are expected to be minor.

SOCIAL FUNCTIONING

Psychological impacts: 2

Glaciers are a key part of the landscape in some areas of the province. As glaciers melt, people and
communities with identities or livelihoods tied to glaciers may experience moderate psychological
impacts. People may experience fear, anxiety, and grief over observed losses in glacier mass as well as the
prospect of continued glacial retreat. In addition, as glaciers continue to retreat past 2050, this could
cause loss of identity/sense of place for individuals whose culture or livelihoods are heavily embedded in
the land.

Loss of social cohesion: 3

Changes in seasonal water supply from glaciers may reduce access to freshwater supplies for agriculture
and other industries. In addition, fish habitat and migration patterns in glaciated river systems may
change. Therefore, due to glacier retreat, people may experience seasonal loss of livelihoods or ways of
life. Due to the relatively low contribution of glacier melt to most major river systems, this is likely to
affect a small portion of the population by 2050.

NATURAL RESOURCES: 5

The consequences of glacier melt will depend greatly on geographic area but could result in permanent
changes for certain areas of the province (e.g., Vancouver Island). Especially during the dry summer
months or during exceptionally dry years, glaciers help maintain streamflow and temperatures conducive
for fish habitat in some river systems. After peak flow has passed, which has already happened in some
river systems and could happen by mid-century in others, streamflow is expected to decline in glacier-fed
systems, which could have severe impacts on ecosystem and aquatic health. Since glacier retreat could be
permanent and irreversible, resources that depend on glaciers may never recover to current levels.

ECONOMIC VITALITY

Loss of economic productivity: 2

Glacier loss could reduce economic productivity by reducing water availability for the agriculture sector,
changing landscapes upon which recreation and tourism depend, affecting extractive industry operations,
and endangering fish species that support a major industry. Losses associated with these wide-ranging
impacts could exceed $1 million (though the full extent of these impacts has not been quantified). These
impacts will be compounded by other changes that further diminish water supply.

Loss ofinfrastructure services: 2

As glaciers retreat in B.C., short-term higher river flow and rates of retreat may contribute to increased
likelihood or magnitude of a variety of flood events, including glacier outburst floods and avalanches.
However, experts expect that major floods are not expected to occur in the province. Changes in
seasonal water supply could lead to disruptions to transportation, hydropower dams, agricultural assets,
and other infrastructure services, although the overall decrease in glacier runoff could be counteracted
by increases in precipitation. These impacts are not expected to result in prolonged disruptions to
services.
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COST TO PROVINCIAL GOVERNMENT: 2

Glacier retreat could negatively affect the fisheries sector, which would cost the provincial government
in terms of revenue from taxes, licences, and permits. It could also result in reduced hydroelectric
capacity, requiring the province to turn to more expensive fuel alternatives. Some portion of water rental
fees could also decline. Although the scale of economic impacts due to glacier retreat are not fully
quantified, the cost to the provincial government is expected to be on the order of $375 million or less.
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Ocean Acidification

Scenario

The specific scenario analyzed is ocean
acidification, characterized by a 0.15 pH reduction
along the B.C. coast by 2050 from present-day
(1990 to 2010) levels. Acidification is caused by
increased atmospheric carbon dioxide emissions.
Ocean currents and upwelling also facilitate more
acidic waters along the Pacific coast.

Summary of Findings

B.C.’s aquaculture industry represents more than
half of total aquaculture production in Canada
(Stocks, 20106). See FIGURE 14 for a map of B.C.
shellfish farms (shown in green).

However, ocean pH levels are at their
lowest in 20 million years, threatening

FIGURE 14. Map of shellfish farms along the B.C.
coast (Haigh, lanson, Holt, Neate, & Edwards, 2015).
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FIGURE 15. Risk assessment findings for ocean acidification
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pteropods and snails (Parker et al., 2013).

FIGURE 15 and TABLE 11 summarize

Confidence Level () Low (O)Medium () High

the risk assessment results for this scenario. The highest consequence relates to natural resources and

cultural resources. Additional details on the likelihood of the scenario, its consequences, and the

supporting evidence base for these ratings are provided in the sections below.
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TABLE 11. Risk Rating Evaluation for Ocean Acidification Scenario

OCEAN ACIDIFICATION: 0.15 REDUCTION IN PH BY 2050

LIKELIHOOD

CURRENT 2050

RATING JUSTIFICATION RATING  JUSTIFICATION CONFIDENCE
2 Current global surface 5 Climate-related risk cause: Increased carbon Medium

ocean pH of 8.1 falls
below the critical
threshold of 7.95 but,
given the variability of
B.C.’s naturally low pH,
there is some potential to
temporarily cross the

dioxide emissions causes ocean acidification.

2050 projections: A decrease in pH of 0.15 units,
which meets or surpasses the critical threshold of
some bivalve and gastropod species.

threshold.
CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological
functioning impacts
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity

Loss of infrastructure
services

Cost to provincial government

CURRENT
OVERALL

RISK
2050

RATING  JUSTIFICATION

1 There is no evidence that ocean acidification causes
loss of life.

1 There is no evidence that ocean acidification causes
morbidity, injury, disease, or hospitalization.

4 For individuals directly connected to the ocean,
ocean acidification could cause severe, long-term
impacts (e.g., depression, loss of identity).

4 Ocean acidification could cause permanent loss of
livelihoods or way of life for coastal communities
and could affect food supplies, employment
opportunities, and community culture and identity.

5 Shellfish and other marine life could experience
decreased calcification and altered behavioural and
chemical responses. These species will be
weakened permanently and likely unable to recover.

4 Economic impacts may include higher mortality of
shellfish, decreased growth and productivity, and job
losses.

1 There is no evidence that ocean acidification causes
loss of infrastructure services.

2 Costs to government might include lost revenue and
taxes as well as resources or programs to help the
shellfish industry cope with acidification.

LOW (5.5)

HIGH (13.8)

CONFIDENCE

Low

Low

Medium

Medium

Medium

Low

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 5.5 out of 25, ' _
which equates to low risk, and the 2050 risk rating Risk Calculation
is 13.8 out of 25, which equates to high risk. See

Risk = Likelihood x Average Consequence
the Risk Calculation text box at right.

Present Risk =2 x 2.8 =5.5 (Low)

Evidence Base 2050 Risk = 5 x 2.8 = 13.8 (High)

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day likelihood of a 0.15 reduction in pH levels along the B.C. coast is 2 and the 2050
likelihood of this reduction is 5. The critical threshold (pH decrease of 0.15) is relative to present-day
(1990 to 2010) global average pH levels of 8.1 (i.e., to pH levels of 7.95). In addition, the B.C. coast
typically exhibits lower pH levels relative to the global mean, suggesting local ocean acidification may
exceed the global average.

Given the natural variability and fluctuation of ocean pH along the B.C. coast, the project team assessed
the current likelihood of crossing the 0.15 threshold as unlikely, but there is some potential to briefly
cross the threshold during a period of particularly acidic conditions.

The project team used global surface ocean pH projections from IPCC AR5 (2014) as the primary
indicator to evaluate this scenario. Additional indicators include a consideration of background B.C.
ocean pH levels relative to the global average. The project team complemented IPCC projections with
results from other studies investigating ocean pH reduction magnitudes in coastal subregions and for
specific marine species. Ultimately, a preponderance of evidence and projections indicate that ocean pH
will likely pass the critical threshold by 2050.

Consequence ratings

o Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual

Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are ~ Overall Consequence = (1+1+4+4+5+4+1+2)/8
provided below. Based on these findings, the Overall Consequence = 2.8

project team rated the overall consequence of

this scenario as 2.8 out of 5.

HEALTH

Loss oflife: 1
There is no evidence that suggests ocean acidification causes direct loss of life. There is speculation,
however, that ocean acidification may contribute to shellfish toxins, which could threaten health.

Morbidity, injury, disease, or hospitalization: 1

There is no evidence that ocean acidification causes morbidity, injury, disease, or hospitalization. There
is speculation, however, that ocean acidification may contribute to shellfish toxins, which could
potentially threaten health.

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA 57



RISK ASSESSMENT FINDINGS: BY RISK EVENT
/1

SOCIAL FUNCTIONING

Psychological impacts: 4

Given that the ocean is a large part of B.C.’s identity, culture, and economy, ocean acidification could
cause localized, severe, and long-term psychological impacts (e.g., depression, loss of identity),
particularly for individuals whose lives are directly connected to the ocean. For the broader B.C.
population, psychological impacts may be moderate or insignificant.

Loss of social cohesion: 4

Ocean acidification could cause localized, permanent loss of livelihoods or way of life for coastal
communities and those reliant on the shellfish industry for food or employment. Ocean acidification
could decrease food supplies, decrease employment opportunities, cause economic losses, and affect
community culture and identity.

NATURAL RESOURCES: 5

Shellfish and other marine life are particularly vulnerable to ocean acidification and are already showing
signs of distress. By 2050, shellfish and other marine life could experience significant impacts, such as
decreased classification for scallop, oyster, clam, limpet, periwinkle, and whelk. In addition, acidification
can alter critical behaviours and chemical reactions in the bodies of fish that may affect their ability to
survive. While these species may not be lost entirely, they will be weakened permanently and likely
unable to recover if ocean acidification persists.

ECONOMIC VITALITY

Loss of economic productivity: 4

The fish and shellfish industry is a critical component of B.C.’s economy. Based on the value of the
industry and potential severity and extent of acidification impacts, the project team concluded that direct
and indirect economic losses could total more than $100 million (the threshold for a score of 4). Impacts
may include higher mortality of shellfish, decreased growth and productivity, and job losses. However,
through certain management practices, farmers may be able to reduce shellfish exposure to more acidic
ocean water, which could help lessen, but not prevent economic losses.

Loss ofinfrastructure services: 1

Ocean acidification is not expected to cause loss of infrastructure services. There is speculation that
ocean acidification could affect the lifespan of critical infrastructure due to corrosion, but there is little
evidence and the effect is likely to be small compared with that of other impacts to nearshore
infrastructure. By the time gradual changes associated with ocean acidification manifest, the asset is likely
to already be at the end of its useful life (Cooley, 2019; Workshop feedback, 2019).

COST TO PROVINCIAL GOVERNMENT: 2

Costs of ocean acidification are expected to primarily affect the shellfish industry by 2050. Disruptions
to the food web could also have cost implications for commercial fishing. However, costs to government
could include lost revenue and taxes as well as resources or programs to help the shellfish industry cope
with acidification. These costs are expected to be on the order of $375 million or less.
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Saltwater Intrusion

Scenario j

The specific scenario analyzed is at least seasonal saltwater intrusion into the Fraser River delta and
surrounding communities, including Richmond, Delta, and Surrey, B.C., caused by 0.5 m of sea level rise
by 2050 from present day (2000) levels. Saltwater intrusion is most likely to affect irrigation water
availability from August to October.® The position of the salt wedge in the Fraser River is driven by sea
level rise, tides, river flow, and water use.

Summary of Findings

Over the course of the 213 century, sea FIGURE 16. Risk assessment findings for saltwater intrusion
level rise is expected to eventually lead to scenario.
1 { vt a Change in Likelihood
coastal inundation of low lymg.areas. By‘ . 2050 Risk e e
2050, the freshwater/saltwater interface is
Almost certain

expected to extend farther up the Fraser

River, which may also cause saltwater =
S Likely @ 160
intrusion of groundwater and freshwater

B .
. . . k=]
aquifers’ in low-lying areas of the Fraser £ _
k . o [ Possible
River delta region (Government of British =
Columbia, 2016). The research collected Unlikely
for this risk event deals primarily with I _ | _ |
encroachment of the freshwater/saltwater Almost certain O Prosent
not to happen

interface due to sea level rise. Saltwater L .
Insignificant Minor Moderate Major Catastrophic

Consequence
Risk La\ral| Low Medium | High || Extreme|
Confidence Level (O Low (O medium () High

intrusion is expected to have the most

significant impacts on agriculture and

freshwater supplies. Agriculture is a
significant component of the delta’s
economy, accounting for $170 million in
total gross farm receipts® for 2010 (BC Agriculture & Food Climate Action Initiative, 2013).

FIGURE 16 and TABLE 12 summarize the risk assessment results for this scenario. The highest
consequence relates to loss of economic productivity. Additional details on the likelihood of the
scenario, its consequences, and the supporting evidence base for these ratings are provided in the
sections below.

6 August to October is the critical period for irrigation when Fraser flow has declined from Freshet conditions.

7 Aquifer salinization can occur from above due to inundation or storm surge, laterally due to encroachment of the freshwater/saltwater
interface, or from below due to pumping (Klassen & Allen, 2016; Werner, et al., 2013).

8 Gross farm receipt refers to the gross farm receipts of the agricultural operation in the year prior to Census or the last complete accounting
(fiscal) year. This includes receipts from all agricultural products sold, program payments and custom work receipts. It does not include sales
of forestry products (firewood, pulpwood, logs, fence posts, pilings, etc.), of capital items (quota, land, machinery, etc.), or receipts from the
sale of any goods purchased only for retail sales. It is gross receipts before deducting expenses (Statistics Canada, 2018).
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TABLE 12. Risk Rating Evaluation for Saltwater Intrusion Scenario

SALTWATER INTRUSION: AT LEAST SEASONAL SALTWATER INTRUSION INTO THE FRASER RIVER DELTA
AND SURROUNDING COMMUNITIES BY 2050

LIKELIHOOD
CURRENT 2050
RATING JUSTIFICATION RATING JUSTIFICATION CONFIDENCE
1 This scenario does 4 Climate-related risk cause: Sea level rise will drive Medium
not occur today. the salt wedge farther upstream in the Fraser River.

2050 projections: Sea level rise is projected to
increase between 0.5 to 0.6 m by 2050.

CONSEQUENCE
CATEGORY CONSEQUENCE RATING JUSTIFICATION CONFIDENCE
Health Loss of life 1 There is no evidence that seasonal saltwater High
intrusion causes loss of life.
Morbidity, injury, 1 There is no evidence of other health risks as long as Low
disease, or freshwater is accessible from alternative sources.

hospitalization

Social Psychological 2 Impacts to agriculture operations and irrigation could Low
functioning impacts cause moderate and temporary psychological
impacts, such as stress or anxiety, for farmers.
Loss of social 3 Agricultural communities may experience seasonal Low
cohesion losses of livelihoods and potentially a loss of trust in
the government or water utility.
Natural Loss of natural 3 Short-term impacts include a decline in plant health Low
resources resources and soil fertility. Longer-term impacts include a

gradual, but permanent change in ecosystem
composition and health near the saltwater/freshwater

interface.
Economic Loss of economic 5 Economic impacts include decreases in agricultural Medium
vitality productivity productivity, increased soil salinity, a potential change

in the type of crops grown in the region, and a
reduction in ecosystem services.

There may be a permanent loss of existing

Loss of infrastructure 3 8 ’ : Low
services freshwater wells and aquifers. The high mineral

content of saltwater could corrode pipelines and

pumps used to extract freshwater.

Cost to provincial government 2 Costs might include management of sensitive Low
ecosystems and protected areas or even supplying
emergency water supplies to affected communities.

CURRENT LOW (2.5)
OVERALL LOW
RISK

2050 MEDIUM (10.0)

Additional engagement with Indigenous communities would be needed to understand potential consequences from their
perspectives.
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Opverall, the present-day risk rating is 2.5 out of 25, : _
which equates to low risk, and the 2050 risk rating is Risk Calculation
10.0 out of 25, which equates to medium risk. See the

Risk = Likelihood x Average Consequence
Risk Calculation text box at right.

Present Risk =1 x 2.5 = 2.5 (Low)

Evidence Base 2050 Risk =4 x 2.5 = 10.0 (Medium)

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day likelihood of seasonal saltwater intrusions in the Fraser River delta is 1 and the 2050
likelihood of this scenario is 4. The key indicator is a critical threshold of 0.5 m of sea level rise.

The frequency of saltwater intrusion is dependent on a range of underlying processes acting on a range
of timescales. Sea level rise and lower river flows increase the likelihood and frequency of coastal
saltwater intrusions, while heavy precipitation can abate intrusions by increasing runoff into the ocean.
To evaluate the scenario likelihood, the project team focused on several indicators, including local sea
level rise and precipitation projections and observations saltwater wedge extents in the Fraser River.

Sea level rise is expected to meet or exceed 0.5 m by 2050 at multiple sites within the Fraser River delta.
In addition, water availability for irrigation is expected to significantly decrease under just 0.3 m of sea
level rise.

Consequence ratings :
Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual
Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are Overall Consequence = (1+1+2+3+3+5+3+2)/8
provided below. Based on these findings, the Overall Consequence = 2.5

project team rated the overall consequence of

this scenario as 2.5 out of 5.

HEALTH

Loss oflife: 1
Seasonal saltwater intrusion would not cause loss of life, assuming freshwater is accessible from other
sources during the duration of the intrusion event.

Morbidity, injuty, disease, or hospitalization: 1
As long as freshwater is available from other sources, saltwater intrusion is not expected to cause cases
of morbidity, injury, disease, or hospitalization other than through unforeseeable misadventure.

SOCIAL FUNCTIONING

Psychological impacts: 2
Farmers may experience moderate and temporary psychological impacts due to seasonal saltwater
intrusion. Impacts to irrigation and operations in particular could cause stress or anxiety.
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Loss of social cohesion: 3

Agricultural communities within the Fraser River delta will be affected by seasonal loss of livelihood due
to saltwater intrusion. In addition, impacts to freshwater supplies could result in some erosion of public
trust in the government or the water utility.

NATURAL RESOURCES: 3

Short-term impacts of saltwater intrusion include a decline in plant health and soil fertility, especially for
sensitive and salt-intolerant species or ecosystems. Recovery for these species and ecosystems could take
years. Longer-term changes in water and soil salinity could lead to a gradual, but permanent change in
ecosystem composition and health near the saltwater/freshwater interface as species redistribute based
on salt tolerance. Despite these changes, it is unlikely that natural resources would be lost permanently.

ECONOMIC VITALITY

Loss of economic productivity: 5

Significant losses in water availability for irrigation as well as increased soil salinity could lead to long-
term decreases in agricultural productivity. Higher salinity may also cause a shift in the types of crops
grown in the region. In addition, saltwater intrusion may affect ecosystem services. When coastal or
riverine ecosystems are damaged by direct human use, natural disasters, or climate change, the services
provided are often degraded or cease altogether. These services must then be replaced by costly man-
made facilities or processes that provide the same services (e.g., the construction of a water treatment
plant or shipments of topsoil if forests and vegetation are lost).

Loss ofinfrastructure services: 3

As sea level rise and saltwater intrusion become increasingly chronic, there may be a permanent loss of
existing freshwater wells and aquifers. In addition, the high mineral content of saltwater could corrode
pipelines and pumps used to extract freshwater. Existing wells may need to be relocated higher up the

river to collect adequate freshwater for irrigation.

COST TO PROVINCIAL GOVERNMENT: 2

The costs of saltwater intrusion are expected to fall primarily on individual water users or water
suppliers. Costs to the provincial government could include management of sensitive ecosystems and
protected areas or in extreme cases supplying emergency water supplies to affected communities.
Although the costs to the provincial government are not well understood, costs are expected to be on
the order of $375 million or less.
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Severe Coastal Storm Surge

Scenario

The specific scenario analyzed is a storm surge of at least 3.9 m (caused by today’s “500-year” winter
storm with 3.4 m of surge plus 0.5 m of sea level rise), arriving during a king tide? along the B.C. coast.
In this scenario, flood depths!? could reach up to 5 m in some locations (see FIGURE 17) and last for
two days.

FIGURE 17. Severe storm surge scenario: flood depths under present-day 500-year coastal storm and 1 m sea level
rise (equivalent to 0.5 m sea level rise coinciding with king tide).

Flood depth (m) 0to 0.5 0.5t01.0 1.0to 2.0 20to5.0 > 5.0; River

9 King tide is defined as an infrequent, but predictable high tide event without exacerbation from an accompanying storm. King tides occur on
average two to three times a year typically during the winter months.

10 Based on coastal flood mapping from Squamish to White Rock completed for the Lower Mainland Flood Management Strategy for a 500-
year coastal event and 1 m sea level rise (Northwest Hydraulic Consultants, 2016). The Lower Mainland Flood Management Strategy of a
500-year coastal event and 1 m of sea level rise is the best available data source. Because sea level rise projections for 2050 are 0.5 m, the
project team decided to modify the 500-year and 1 m sea level rise scenario for the purposes of this risk assessment, where the 1 m
represents a combination of 2050 sea level rise (0.5 m) and the king tide. As a result, inundation is likely to be less than projected, however
this mapping does not take into account wave run up, wind setup or land subsidence.
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Summary of Findings

B.C. has more than 27,200 km of coastline FIGURE 18. Risk assessment findings for severe storm surge.

and already experiences some coastal
Change in Likelihoed

flooding when storms arrive during king 2050 Risk due to Climate Change
tide events (Government of Canada, 2016; .
) Almost certain
Northwest Hydraulic Consultants, 2010).
. Likely
A present-day 500-year winter storm 3
. . . . . . 1=}
arriving at king tide, combined with 0.5 m £ B
. . . . a 0ssiDle
of sea level rise, would result in significant =
flooding along the B.C. coast. In addition, :
- ) . Unlikely 2050
this event threatens the integrity of
existing flood management infrastructure A'":?Slhceftﬂi" O 5 e
) . not to happen
(e.g., dikes). A 2016 flood vulnerability

assessment for the lower mainland Insignificant Minor Moderate Major Catastrophic

Consequence

Risk Level Low Medium High
‘Confidence Level () Low (O medium () High

revealed that a major coastal flood event
would become the costliest natural disaster
to date in Canadian history (Northwest
Hydraulic Consultants, 2010).
Approximately four out of five B.C. residents live in coastal areas, increasing the risk of significant
impacts to critical infrastructure and daily life (Government of Canada, 2010).

FIGURE 18 and TABLE 13 summarize the risk assessment results for this scenario. The highest
consequences relate to social functioning, cultural resources, and economic vitality. Additional details on
the likelihood of the scenario, its consequences, and the supporting evidence base for these ratings are
provided in the sections below.
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TABLE 13. Risk Rating Evaluation for Severe Storm Surge Scenario

SEVERE COASTAL STORM SURGE: 3.9 M STORM SURGE DURING A KING TIDE ALONG THE B.C. COAST

LIKELIHOOD

CURRENT
RATING

1

JUSTIFICATION

The 500-year

2050
RATING

2

coastal storm surge

event has a 0.2%

chance of occurring

in any year.

JUSTIFICATION CONFIDENCE

Climate-related risk cause: Sea level rise due to Medium
increasing temperatures and glacial melt as well as king
tides and El Nifio cycles.

2050 projections: Although there is uncertainty
regarding how climate change may affect coastal
storms over time, sea level is projected to rise by up to
0.5 m by 2050 in B.C., which will increase the depth
and frequency of significant coastal flood events.

CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological
functioning impacts
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity
Loss of
infrastructure
services

Cost to provincial government

OVERALL
RISK

CURRENT

2050

RATING

4

LOW (4.1)

JUSTIFICATION CONFIDENCE

Ten to 100 deaths could occur from fast-moving Medium
floodwaters or limited medical/emergency care.

More than 100 people are at risk of harm due to fast-  Low
moving floodwaters, debris, disease, limited access
to critical infrastructure and services, or

environmental contamination.

Severe psychological impacts are expected for Medium
individuals who experience damage to or loss of
property or livelihood, evacuation, or loss of family

member. Moderate impacts could be widespread.

Direct recovery and clean up from flood damage Medium
could take months. Damages could also cause

localized impacts to livelihoods.

Natural resources could experience erosion,
temporary saltwater intrusion, or contamination due
to flooding; recovery could take months.

Total economic losses are estimated at $24.7 billion, Medium

including agriculture, transportation, and energy.

Infrastructure and institutional losses are estimated Medium
at $1.8 billion. Disruptions to critical infrastructure

services could last for months.

Costs to government might include flood response, Medium
post-event cleanup, health services, ecosystem
recovery, Disaster Financial Assistance, and

AgriRecovery, among others.

MEDIUM

MEDIUM (8.3)

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 4.1 out of 25,
which equates to low risk, and the 2050 risk rating is Risk Calculation
8.3 out of 25, which equates to medium risk. See

) ) ) Risk = Likelihood x Average Consequence
the Risk Calculation text box at right.

Present Risk =1x4.1=4.1 (Low)

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day likelihood of this scenario is 1 and the 2050 likelihood of this scenario is 2. A present-
day 500-year coastal flood with a 3.4 m storm surge, by definition, has a 0.2% annual chance of
occurring. By 2050, sea level rise, king tides, and El Nifio cycles are assumed to influence the likelihood
of this scenario, and the project team evaluates these as indicators for the scenario. Unlike riverine flood
events, there is larger uncertainty regarding whether coastal storm events will increase in frequency or
intensity over time. However, climate change will increase the likelihood of significant local sea level rise
by 2050 and, in turn, the depth and frequency of large flooding events when contemporaneous with large
storms and/or king tides. Therefore, the project team judges that the 2050 scenario has a higher
likelihood than the present-day scenario.

Consequence ratings :
o Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual

Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are ~ Overall Consequence = (4+4+5+5+2+5+5+3)/8
provided below. Based on these findings, the Overall Consequence = 4.1

project team rated the overall consequence of

this scenario as 4.1 out of 5.

HEALTH

Loss oflife: 4

Due to the magnitude and location of the event, 10 to 100 people could lose their lives from either direct
or indirect causes. Direct loss of life could occur if people are caught in fast-moving floodwaters. In
addition, limited medical or emergency care or loss of vital services such as power or clean water during
and following the event could cause indirect loss of life. If warnings or evacuation orders are not issued
in a timely manner, loss of life could even exceed 100 people.

Morbidity, injury, disease, or hospitalization: 4

Coastal storm surge and flooding can cause health hazards beyond fatalities, such as injury, disease, or
hospitalization from fast-moving floodwaters or debris, limited access to critical infrastructure and
services, or environmental contamination. For example, storm surge can damage water supply systems,
create conditions for water-borne diseases, or impair hospital or emergency response capacity. More
than 100 people could experience ill health effects due to this scenario. If warnings or evacuation orders
are not issued in a timely manner, this number could exceed 1,000 people.

66 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA



RISK ASSESSMENT FINDINGS: BY RISK EVENT
/1

SOCIAL FUNCTIONING

Psychological impacts: 5

Severe coastal storm surge could cause widespread and severe psychological impacts such as PTSD or
depression for coastal populations as well as some interior populations that are directly affected by the
event (e.g., people experiencing damage to or loss or property, mandatory or voluntary evacuation, loss
of family members or friends). More moderate psychological impacts such as stress and anxiety are also
possible for those who do not experience the storm directly, but are affected by limited transportation or
utility services.

Loss of social cohesion: 5

For those directly affected by storm surge (e.g., flooded home, flooded workplace or route to work),
disruptions to daily life could last for months. Damages could also cause localized impacts to livelihoods
(e.g., aquaculture and agriculture). There are also likely to be lingering after-effects to infrastructure
services and institutions that could last for months after a coastal storm surge event. Given the potential
for widespread disruptions to many critical institutions and services (e.g., wastewater treatment), even
individuals who do not experience direct damage could experience at least a weeks-long disruption to
daily life in terms of available services.

NATURAL RESOURCES: 2

Given that coastal environments are generally resilient to coastal storm events, natural resources could
recover within months of the event. Ecosystems in the affected area could experience erosion,
temporary saltwater intrusion, or contamination due to flooding of agricultural, industrial,
transportation, and hazardous waste sites.

ECONOMIC VITALITY

Loss of economic productivity: 5

Total economic losses could be an estimated $24.7 billion. Damages to multiple industries, including
agriculture, transportation, and energy are estimated above the catastrophic threshold of §$1 billion each.
In addition, coastal storm surge may affect ecosystem services. When coastal ecosystems are damaged by
direct human use, natural disasters, or climate change, the services provided are often degraded or cease
altogether. These services must then be replaced by costly artificial facilities or processes that provide
the same services (e.g., the construction of a water treatment plant or shipments of topsoil if forests and
vegetation are lost).

Loss of inftastructure services: 5

Disruptions to critical infrastructure services (e.g., transportation, communications, energy, and
wastewater treatment) could last for months depending on the extent and depth of flood damage.
Estimated losses to infrastructure and institutional from this event are $1.8 billion. Impacts could
include inundation of key transportation infrastructure, loss of electrical services, and dike failure, among
others.

COST TO PROVINCIAL GOVERNMENT: 3

A 500-year coastal storm surge event is estimated to be the costliest natural disaster in Canadian history
to date, indicating a significant cost to the provincial government. However, assuming that this event
would trigger significant financial assistance from the Government of Canada through DFAA, the cost
to the provincial government is expected to be on the order of $375 million to $750 million. The
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provincial government could bear costs including flood response, post-event cleanup, health services,
ecosystem recovery, Disaster Financial Assistance, and AgriRecovery and other business risk
management programs, among others.
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Heat Wave

Scenario

The specific risk event scenario analyzed is a heat wave of at least three days in several regions across the
province, resulting in significant consequences to human health. Other factors such as humidity/wet
bulb temperature, Heat Index measurements, nighttime temperatures, and regional variations in relative
extreme temperatures will play a role in the magnitude of a heat wave event.

Summary of Findings

Heat waves are extended periods of time FIGURE 19. Risk assessment findings for heat wave scenario.
with relatively high temperatures for a Change In Likelihood
given location. A provincially significant ! 2050 Risk due fo Climate Change
heat wave would be one that would have Almost certain
severe negative outcomes for human ]
health. For example, in 2009, B.C. o Likely (@ 250
experienced a heat wave that brought E : : :
temperatures above 31°C in coastal areas % Possible O e
and above 36°C inland. This event ' ' '
contributed to approximately 200 iy
additional deaths and a total cost estimated Almost certain
at around $120 million (Henderson & notto happen | | | |
Kosatsky, 2012; Stewart et al., 2017). Insignificant Minor Moderate Major Catastrnphic’

Consequence
Heat waves are defined in many different RiskLevel  Low | Medium | High | Extreme |
ways, often as a relative extreme Confidence Level O Low (O Medium () High

temperature compared to average

temperatures. In this assessment, the

likelihood of 3+ days above 32°C was chosen. As heat waves become more frequent and severe, the
effects could be more significant, leading to a range of negative impacts. The largest risk is to human
health. People tend to become adapted to gradually rising temperatures, but extreme heat events can
manifest in dire health consequences. In addition, a heat wave could result in stress to infrastructure and
transportation systems, economic productivity, and ecosystems.

FIGURE 19 and TABLE 14 summarize the risk assessment results for this scenario. The highest
consequences relate to loss of life; morbidity, injury, disease, or hospitalization; and psychological
impacts. Additional details on the likelihood of the scenario, its consequences, and the supporting
evidence base for these ratings are provided in the sections below.
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TABLE 14. Risk Rating Evaluation for Heat Wave Scenario

HEAT WAVE: HEAT WAVE OF AT LEAST THREE DAYS THAT AFFECTS HUMAN HEALTH

LIKELIHOOD
CURRENT 2050
RATING JUSTIFICATION RATING  JUSTIFICATION CONFIDENCE
3 Event is expected 4 Climate-related risk cause: Increase in average High
to happen about and extreme temperatures.

once every 11 to

2050 projections: Extreme heat days (particularly
50 years.

days above 32°C) are projected to become more
common. An extreme heat wave could be expected
to happen about once every 3 to 10 years.

CONSEQUENCE
CATEGORY CONSEQUENCE RATING  JUSTIFICATION CONFIDENCE
Health Loss of life 5 Over 100 excess mortalities could occur in B.C. High
Morbidity, injury, 5 Over 1,000 people could experience negative health
disease, or impacts, ranging from dehydration to heat stroke High
hospitalization and respiratory illnesses. Urban populations are
particularly vulnerable because of the heat island
effect.
Social Psychological 5 Extreme heat events can trigger and exacerbate High
functioning impacts mental, behavioural, and cognitive disorders,

causing widespread and severe psychological
impacts. Widespread moderate impacts may also

occur.
Loss of social 3 A heat wave could exacerbate marginalization of High
cohesion vulnerable populations and increase the possibility

of violent crime. Disruptions to daily life could last
the duration of the heat wave.

Natural Loss of natural 2 Heat stress could result in minor damages to wildlife, ~Medium
resources resources forests, and fish. Recovery could occur in months.

Economic Loss of economic 4 Economic losses in agriculture (crops and livestock),  High
vitality productivity damage to fish populations, reduced labour

productivity, and increased costs of electricity could
exceed $100 million.

Loss of 3 Disruptions to energy systems and transportation Medium
infrastructure infrastructure could last multiple days, impeding day-
services to-day activities.

Cost to provincial government 2 Potential costs include emergency management and  Low

response, short-term reductions in tax revenue, and
losses in productivity for city workers.

CURRENT MEDIUM (10.9)
OVERALL

RISK HIGH

2050 HIGH (14.5)

Additional engagement with Indigenous communities would be needed to understand potential consequences from their
perspectives.

70 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA



RISK ASSESSMENT FINDINGS: BY RISK EVENT
/1

Opverall, the present-day risk rating is 10.9 out
of 25, which equates to medium risk, and the Risk Calculation
2050 risk rating is 14.5 out of 25, which equates
to high risk. See the Risk Calculation text box
at right.

Risk = Likelihood x Average Consequence
Present Risk = 3 x 3.6 = 10.9 (Medium)
2050 Risk = 4 x 3.6 = 14.5 (High)
Evidence Base

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day likelihood of three consecutive days with 32°C heat is 3 and the 2050 likelihood of this
scenario is 4. Although there is no standard definition of a heat wave affecting human health, as
described above, the project team selected a primary climate change indicator to evaluate the change in

likelihood of this scenario: days above 32°C. This threshold was chosen as particularly significant for
health risks in British Columbia (Phillips D., 2013; Hansen et al., 2008; HealthLink BC, 2018).

In order to evaluate this scenario, the project team calculated the number and change in days per year
above this threshold for mid-century (2040 to 2059) relative to the baseline time period (1980 to 1999)
using bias-corrected, downscaled output from the CanESM2 Global Climate Model (GCM) and
assuming RCP8.5 for the entire province. Cooler regions of British Columbia could experience heat
wave conditions at temperatures lower than 32°C. For example, while the historical 95% percentile
maximum temperature in the Central Plateau region is approximately 32°C, historical maximum
temperatures in coastal B.C. and Rocky Mountains can be as low as 27°C (Henderson et al., 2013). As a
result, the likelihood and consequence ratings should be viewed through this lens of regional variability.
However, it is clear that B.C. will experience broad increases in maximum temperatures through mid-
century, independent of location. In this scenario, projected increases in the magnitude of heat across
the province are assumed to indicate the increasing likelihood of heat waves by mid-century. The project
team used additional historical datasets and projections, often with varying baseline time periods, to
support this evaluation.

Consequence ratings

o Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual

Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are ~ Overall Consequence = (5+5+5+3+2+4+3+2)/8
provided below. Based on these findings, the Overall Consequence = 3.6

project team rated the overall consequence of

this scenario as 3.6 out of 5.

HEALTH

Loss oflife: 5

In Canada, extreme heat events are the leading weather-related cause of death. During past extreme heat
events in B.C., over 100 excess mortalities occurred. Since the frequency and severity of heat waves in
B.C. will likely be higher than historical events, more than 100 mortalities could occur again in British
Columbia.
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Morbidity, injury, disease, or hospitalization: 5

Heat waves can contribute to a range of medical conditions beyond fatalities when people are unable to
maintain acceptable body temperatures. Impacts range from heavy sweating and dehydration to heat
stroke and chronic cardiac disease. Particularly acute negative health outcomes could occur for
vulnerable populations, including the elderly, infants, socioeconomically disadvantaged, pregnant
women, people experiencing homelessness, and those with preexisting conditions. Given that heat waves
could occur over large areas (including in urban areas), it is likely that over 1,000 people could be
affected by some type of heat-related illness, although the severity of impact will vary.

SOCIAL FUNCTIONING

Psychological impacts: 5

Extreme heat waves can trigger or exacerbate mental, behavioural, and cognitive disorders ranging from
negative feelings of exhaustion or stress to suicide. Psychological impacts would likely be more severe
for those with underlying mental health issues or for those experiencing other life stressors (e.g., low
socioeconomic status, minority ethnic status, age). Thus, a heat wave is expected to cause widespread
and severe psychological impacts. Many people could also experience indirect effects due to loss of
livelihood, electricity service disruptions, or distress due to concern for family members experiencing
negative health outcomes due to extreme heat.

Loss of social cohesion: 3

A three or more days-long heat wave could cause many disruptions to daily life (e.g., limited outdoor
exposure, school cancellations, traveling to a cooling centre, checking in on neighbours). On the more
extreme end, heat waves can exacerbate marginalization for racial and ethnic minorities, those who are
socially isolated, homeless persons, etc. In addition, many studies indicate that the rate of violent crime
increases during heat events. These incidents have the potential to erode public trust and disrupt
community cohesion for the duration of the event.

NATURAL RESOURCES: 2

A heat wave could stress wildlife and ecosystems that are not accustomed to extreme temperatures. In
general, long periods of above average temperature could result in damages to ecological systems, such
as heat-stress to aquatic ecosystems and susceptibility of forests to wildfire and insect outbreaks.
However, a three-day event would likely result in minor damages and resources could recover quickly.
Extreme temperatures occurring simultaneously with water shortages or contributing to wildfire could
result in much greater compounding damages.

ECONOMIC VITALITY

Loss of economic productivity: 4

During a heat wave, major losses occur due to reduced agricultural productivity, heat stress to livestock,
damage to fish populations, reduced labour productivity, and increased cost of electricity. For example,
the 2009 heat wave contributed to costs exceeding $120 million. By the 2050s, the potential direct and
indirect economic losses of a heat wave in B.C. could contribute to economic losses of well over $100
million.

Loss of infrastructure services: 3
Due to a severe heat wave, infrastructure services such as electricity and transportation could be
disrupted for multiple days, impeding day-to-day activities. For example, extreme heat reduces the
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capacity of power plants to produce energy, reduces transmission efficiency, and increases demand for
electricity, all of which can increase the likelihood of power outages. Loss of infrastructure services
during a heat wave could have significant implications for human health and the economy that could last

several days.

COST TO PROVINCIAL GOVERNMENT: 2

The Government of British Columbia would incur additional costs for emergency management and
response, healthcare, and short-term reductions in tax revenue due to a heat wave. The productivity of
city maintenance and operations could decrease, and the government may need to shift schedules or
provide more frequent breaks to workers. There could also be costs related to public education to reduce
the public health risk associated with extreme heat. Although the cost has not been quantified in B.C,,
added costs are expected to be on the order of $375 million or less.
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Severe Wildfire Season

Scenario

The specific risk event scenario analyzed is a severe wildfire season that burns at least one million
hectares and affects human settlements and significant infrastructure (e.g., occurs in the Wildland Urban
Interface or Industry/Critical Infrastructure Interface). In B.C., humans and lightning cause the majority
of wildfire starts. However, climate factors such as higher temperatures and drought contribute to
conducive conditions for large and prolonged fire seasons. Other key contributors to severe wildfire
include the amount of fuel, fuel load, fuel distribution, and fuel moisture.

Summary of Findings

The 2017 and the 2018 wildfire seasons set FIGURE 20. Risk assessment findings for severe wildfire season

new recotds for area burned in B.C., scenario.
becoming the first fires to burn over one Change in Likellhood
__ ) 2050 Risk due to Climate Change
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. . . - =] r
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. . E Possible Present
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The consequences of wildfires for the

provincial government are greater when they occur in the Wildland Urban Interface (WUI) because
human settlements are more likely to be affected. Severe wildfires could contribute to negative health
outcomes for residents across the province, due to direct exposure to smoke, particulate matter, and
other hazardous substances (e.g., polycyclic aromatic hydrocarbons, volatile organic compounds). The
results can be particularly dangerous for pregnant women, infants, and those with pre-existing health
conditions. Displacement due to wildfires, along with loss of possessions and livelihoods, could
contribute to extreme psychological distress and long-term impacts to health as well as economic losses
to individual citizens.

Additionally, severe wildfires may disrupt operations and damage infrastructure across multiple
industries, including tourism, timber, mining, and agriculture, resulting in economic losses. Wildfires may
disrupt infrastructure systems such as transportation, electricity supply, telecommunications, water
treatment, and sewage systems.

FIGURE 20 and TABLE 15 summarize the risk assessment results for this scenario. The highest
consequences relate to morbidity, injury, disease, and hospitalization; psychological impacts; loss of
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social cohesion; and loss of economic productivity. Additional details on the likelihood of the scenario,

its consequences, and the supporting evidence base for these ratings are provided in the sections below.

TABLE 15. Risk Rating Evaluation for Severe Wildfire Season Scenario

SEVERE WILDFIRE SEASON: AT LEAST ONE MILLION HECTARES BURNED THAT AFFECT HUMAN

SETTLEMENTS

LIKELIHOOD

CURRENT

RATING JUSTIFICATION
3 This scenario

currently has a 50-
year recurrence
interval.

CONSEQUENCE

2050
RATING

4

JUSTIFICATION

Climate-related risk cause: Higher temperatures
and low precipitation.

2050 projections: Projected changes in precipitation

and temperature may create conditions more

conducive for wildfires, increasing the likelihood to a

10 to 50% chance of annual occurrence.

CONFIDENCE

High

CATEGORY CONSEQUENCE

Health Loss of life

Morbidity, injury,
disease, or
hospitalization

Social Psychological
functioning impacts

Loss of social

cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity
Loss of
infrastructure
services

Cost to provincial government

CURRENT
OVERALL

RISK
2050

RATING

4

JUSTIFICATION

Ten to 100 possible mortalities due to direct and
indirect effects of wildfire and associated smoke,
and limited emergency and medical care.

Over 1,000 people could experience health effects
due to smoke inhalation, air pollution, and limited
access to critical infrastructure and services.

Uncertainty regarding evacuations and the spread of
the fire can cause fear and anxiety, while people that
lose their homes, loved ones, or ways of life could
experience long-term psychological impacts.

Tens of thousands of people could experience
disruptions to daily life that last for months to years.
Populations dependent on agriculture or forestry
could lose their livelihoods.

Forests and forest ecosystems could be damaged,
displacing wildlife and transforming landscapes. Ash
and debris may degrade water quality and cause
damage to aquatic habitats.

Economic losses could surpass $1 billion and result
in long-term disruptions. Valuable ecosystem
services could be lost.

Wildfire could disrupt transportation, electricity
supply, telecommunications, and water treatment
and sewage systems for weeks or months.

Potential costs include costs for fire suppression and
emergency management and response for affected
communities.

CONFIDENCE

Medium

High

High

High

High

High

Medium

Medium

HIGH

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 13.5 out
of 25, which equates to high risk, and the 2050 Risk Calculation
risk rating is 18.0 out of 25, which equates to
high risk. See the Risk Calculation text box at
right.

Risk = Likelihood x Average Consequence
Present Risk = 3 x 4.5 = 13.5 (High)
2050 Risk =4 x 4.5 = 18.0 (High)

Evidence Base

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day (i.e., 2000 to 2020) likelihood of this scenario is 3 and the 2050 likelihood of this
scenario is 4. The likelihood rating is based on indicators including projections of annual area burned,
wildfire frequency, and wildfire increases attributed to human-induced climate change over the historical
record. To put these indicators in context, the assessment of likelihood considers projected changes in
underlying climate-related causes, such as air temperatures, precipitation, and snowmelt. The assumption
is that absolute magnitude changes associated with the range of indicators is indicative of likelihood
increases through mid-century. Ultimately, climate change could amplify the risk of severe wildfires, and,
coupled with the expected growth of the wildland-urban interface (the area where human settlements
and wildland vegetation intermingle), drive increased likelihood of a catastrophic one million hectares
wildfire toward mid-century. The 2017 and 2018 wildfire seasons both surpassed one million hectares
burned in total, which far exceeds the 70-year average and suggests that unprecedented fire seasons may
become more common.

Consequence ratings

o Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual
Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are ~ Overall Consequence = (4+5+5+5+4+5+4+4)/8
provided below. Based on these findings, the Overall Consequence = 4.5

project team rated the overall consequence of

this scenario as 4.5 out of 5.

HEALTH
Loss oflife: 4

Wildfires could result in loss of life if individuals are caught in affected areas, or indirect loss of life in
the aftermath due to limited medical or emergency care or exposure to harmful smoke inhalation.
Historically, the literature documents few direct deaths in B.C. due to wildfire. However, the inhalation
of fine particulate matter in smoke can have severe repercussions for human health. By mid-century, loss
of life due to intense wildfires could increase, particularly if fires occur closer to the wildland-urban
interface. Although there is uncertainty about how this consequence could change in the future,
mortality could fall in the range of 10 to 100 people during the wildfire season. More deaths may occur if
emergency response does not have sufficient time or support to ensure everyone is evacuated or if
evacuation routes are cut off.
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Morbidity, injury, disease, or hospitalization: 5

Wildfire can create many health effects beyond fatalities, including risk of disease or hospitalization due
to smoke inhalation, air pollution, and limited access to critical infrastructure and services after the
event. Given the widespread effects to air quality, over 1,000 people could experience ill health effects
due to a one-million-hectare fire, particularly if it is near population centres. Some portion of these
effects could be more severe, such as burns or major smoke inhalation. In addition, a larger number of
people could be affected by health effects due to air pollution and exposure to fine particulate matter.
Some people could experience acute respiratory and cardiovascular symptoms, while others could
experience short-lived irritation due to smoke exposure. Vulnerable populations, particularly infants, the
clderly, pregnant women, and those with pre-existing conditions are at greater risk of morbidity and
disease related to wildfire.

SOCIAL FUNCTIONING

Psychological impacts: 5

Depending on the location of the wildfire, disturbances could be widespread and result in loss of
people’s homes, belongings, and well-being. Uncertainty regarding evacuations and the spread of the fire
can cause fear and anxiety, while people that lose their homes, loved ones, or ways of life could
experience long-term psychological impacts such as post-traumatic stress disorder (PTSD).

Loss of social cohesion: 5

Wildfires could lead to months- to years-long disruptions to daily life. Displacement could cause
disruptions to employment and education. In addition, those dependent on timber or agriculture may
experience long-term loss of livelihoods, and Indigenous communities may experience significant
disruptions to traditional ways of life.

NATURAL RESOURCES: 4

While fire plays in important role in the health and re-establishment of some ecosystems, a severe fire
season could cause extensive damage to forests and forest ecosystems. Wildfires could destroy wildlife
habitat, displacing animals and causing health problems due to burns and smoke inhalation. Some
resources, such as annual plants, will recover quickly, while others, such as old growth forest, could take
decades to recover from major disruptions. In some cases, new species and ecosystems may move in
after the event, resulting in ecological transformations. Additionally, the soil erosion, ash, and debris
washed into waterways can degrade water quality, causing damage to habitat for fish and aquatic life.

ECONOMIC VITALITY

Loss of economic productivity: 5

Wildfires may bring about closures for many businesses, including those in agriculture, tourism, timber,
and mining. Additionally, wildfires cause physical damage to land, buildings, and other infrastructure
necessary to support productivity. Although the full extent of these impacts has not been quantified,
available evidence suggests potential direct and indirect economic losses could easily surpass $1 billion
and result in long-term disruptions to certain economic sectors such as the timber industry.

Loss of infrastructure services: 4

Depending on the size and location of the wildfire, the extent of losses in infrastructure services could
vary. Impacts may include damage to electricity infrastructure, telecommunications, roads and bridges,
water treatment and sewage systems, private property, and require building modifications to overcome
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declining air quality. These damages to infrastructure could disrupt services to people in affected areas
for weeks or months at a time.

COST TO PROVINCIAL GOVERNMENT: 4

The provincial government is responsible for fire suppression costs, which could exceed $500 million in
a large fire season like 2017. Based on the literature, the costs could increase by at least 50%, which
would increase fire suppression costs to around $850 million to $1 billion. There could be other costs
unaccounted for that would bring the costs of preparedness and recovery up to a higher level. Some
portion of these costs would likely be covered by the Government of Canada, if this event would trigger
the DFAA. Total costs to the province are expected to be on the order of $750 million to $1.5 billion.
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This scenario represents loss in forest resources, measured as a 25% decline in timber growing stock, in

B.C. from 2010 to 2050. Forest loss could be exacerbated due increased temperatures and seasonal

changes in precipitation, in addition to major disruptions (wildfire and pest outbreaks).

Summary of Findings

Since the 1990s, B.C. has lost millions of
hectares of forest to the mountain pine
beetle (MPB) epidemic. Droughts in 2001
and 2002 also took a toll on forest
resources, making them more susceptible
to disease and wildfire. With warmer
temperatures and more frequent or severe
droughts, B.C.’s forests could experience
greater losses due to pests and wildfire in
the coming decades.

Loss of B.C.’s forest resources could have
detrimental effects to cultural resources,
natural resources, and economic
productivity. Many of B.C.’s species
depend on forests for habitat and
ecosystem regulation, which could decline
if forests are compromised or die.

FIGURE 21. Risk assessment findings for forest resource loss
scenario.

Change in Likelihood
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Additionally, forestry and forestry-supported industries contribute significantly to the economy. Loss of

resources could result in rising unemployment and loss of livelihood for forestry-dependent

communities.

FIGURE 21 and TABLE 16 summarize the risk assessment results for this scenario. The highest
consequences relate to loss of economic productivity. Additional details on the likelthood of the

scenario, its consequences, and the supporting evidence base for these ratings are provided in the

sections below.
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TABLE 16. Risk Rating Evaluation for Forest Resource Loss Scenario

LOSS OF FOREST RESOURCES: 25% DECLINE IN TIMBER GROWING STOCK BY 2050

LIKELIHOOD

CURRENT

RATING JUSTIFICATION
1 This scenario has

not occurred.

2050
RATING

3

JUSTIFICATION CONFIDENCE

Climate-related risk cause: Warmer temperatures  Low
and changes in precipitation patterns.

2050 projections: Between 2010 and 2080, timber
growing stock on the total land base could decline
by as much as 14% due to decreased growth,
increased decay, and a greater risk of wildfire.
Decline is projected on the timber harvesting land
base, while forests may expend in other areas.

CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological
functioning impacts
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity

Loss of infrastructure
services

Cost to provincial government

CURRENT
OVERALL
RISK

2050

RATING JUSTIFICATION CONFIDENCE
1 Loss of life is unlikely to occur. Low
2 A small number of people could experience mild Low
health impacts, resulting from increased pollen
and allergens, reduced water quality, and
disruptions to ecosystem services.
4 Mild effects could be widespread due to a loss of Low
aesthetic value and natural areas for recreation.
People with forest-dependent livelihoods could
experience severe psychological impacts.
4 Communities reliant on forestry industries could Medium
experience localized, permanent losses of
livelihood.
4 Forest loss will contribute to reduced habitat and High
biodiversity, increased erosion and sedimentation,
and a decline in ecosystem services.
5 Expected losses in the forestry and logging Medium
industry, downstream forest-dependent industries,
and nature-based tourism could exceed $1 billion.
3 Rural communities may experience major Low
impediments to daily life or incur major costs
associated with loss of maintained roads.
3 Potential costs include losses in tax revenue, Low
stumpage fees, and tourism revenue.
LOW (3.3)
LOW
MEDIUM (9.8)

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 3.3 out of . _
25, which equates to low risk, and the 2050 Risk Calculation
risk rating is 9.8 out of 25, which equates to

) : Risk = Likelihood x Average Consequence
medium risk. See the Risk Calculation text

Present Risk = 1 x 3.3 = 3.3 (Low)

box at right. ) _
2050 Risk = 3 x 3.3 = 9.8 (Medium)

Evidence Base

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

Based on these findings and the likelihood rating criteria, the present-day likelihood of this scenario is
rated as 1 (i.e., almost certain not to cross critical threshold) and the 2050 likelihood of this scenario is
rated as 3 (i.e., just as likely to cross critical threshold or not). The project team used the decline in
timber stock due to climate change as the primary indicator to evaluate this scenario and, additionally,
considers a range of underlying climate-related causes, including increasing air temperatures, drought and
wildfire risk, and beetle infestation. Between 2010 and 2080, timber growing stock across all of B.C.
could decline by as much as 14%, resulting in major consequences for natural resources, cultural
resources, and the economy (Metsaranta, Dymond, Kurz, & Spittlehouse, 2011). Forest resources have
already seen large reductions in British Columbia; the Mountain Pine Beetle epidemic alone is estimated
to have destroyed millions of hectares of pine forest since the 1990s.

At the same time, timber stock decline will vary across the province due to regional differences in
projected climate. Faster tree growth rates have been measured in B.C. forests where moisture is
plentiful, potentially offsetting losses locally. However, because climate is expected to warm significantly,
and warmer and drier conditions may exacerbate the risk of pest outbreaks, resulting in an accelerated
decline of B.C.’s forests by mid-century.

Consequence ratings :
o Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual

Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are ~ Overall Consequence = (1+2+4+4+4+5+3+3)/8
provided below. Based on these findings, the Overall Consequence = 3.3

project team rated the overall consequence of

this scenario as 3.3 out of 5.

HEALTH

Loss of life: 1

Loss of forest resources is not expected to cause loss of life. However, there are some secondary and
compounding risks for mortality, due to events such as wildfire and landslides, which could be
exacerbated due to forest resource loss.

Morbidity, injury, disease, or hospitalization: 2

While the loss of ecosystem services from damaged forest resources could affect a large proportion of
the B.C. population, effects could be relatively minor. The drivers of morbidity, injury, and disease
would include the quantity or type of pollen and allergens in the air causing respiratory illnesses or poor
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water quality increasing risk of water-borne illness. However, there are some secondary and
compounding risks to health due to events such as wildfire and landslides, which could be exacerbated
due to forest resource loss.

SOCIAL FUNCTIONING

Psychological impacts: 4

For people and communities that depend on forest resources for their livelihoods, psychological impacts
could be severe. Changes in the forest industry, unemployment, and loss of identity or purpose could
have cascading effects on psychological wellbeing. Forest resources also provide psychological values
due to positive feelings associated with the aesthetic of forests and spending time in nature. Thus, the
broader population could experience more moderate psychological impacts such as anxiety or grief due
to changes in the beauty of nature areas that people enjoy.

Loss of social cohesion: 4

Loss of forest resources could affect some populations disproportionately, particularly communities
reliant on forestry industries. Thus, a major loss of forest resources could cause a localized, permanent
loss of livelihoods for these communities.

NATURAL RESOURCES: 4

Forest ecosystems, as an important natural resource, may be lost due to a variety of climate impacts. On
some sites, forests could take decades or centuries to recover after a disruption, while trees may fail to
re-establish on others. In addition, biodiversity and wildlife supported by these forest environments
would likely experience decline and some species dependent on certain tree species could go extinct or
need to migrate to new ecozones. Forest loss would impede ecosystem services, including carbon
sequestration. However, this does not account for potential positive outcomes resulting from shifts to
different ecosystems (e.g., grasses replacing forested areas), which would lower the overall impact on
natural resources by providing new intact habitats and maintaining some ecosystem services.

ECONOMIC VITALITY

Loss of economic productivity: 5

Loss of forest resources could have a detrimental impact on the economy of B.C., including direct losses
to the forestry industry and indirect losses to nature-based tourism. In the short-term after a disturbance,
there is an increase in productivity due to salvage logging, which will collapse in the long term. There
would also be downstream effects on industries supported by forestry, including pulp and paper
processing. Based on estimates from the literature, B.C. could experience losses in the timber industry of
$5 to 32 billion from 2010 to 2080. Assuming around half of these losses occur by 2050, this would
range from $2.5 to 16 billion. Rural communities reliant on forest industries could collapse due to forest
resource loss.

Loss ofinfrastructure services: 3
Rural communities may experience major impediments to daily life or incur major costs to continue
using roads that were previously maintained by the forest service or forest industry.

COST TO PROVINCIAL GOVERNMENT: 3

Cost to the provincial government from a decline in forest resources would include lost revenue from
stumpage fees and tax revenue from businesses and individuals dependent on forest resources. Damages
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to the timber industry from the MPB resulted in a loss of $250 million; loss of forest resources could
have an impact of similar scale. Additional costs could include losses in tourism and forest recreation
and costs to decommission roads previously maintained by the forest industry. As a result, the costs to
government are expected to be on the order of $375 million to $750 million.
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Reduction in Ecosystem Connectivity

(5%

The specific scenario analyzed is reduction in ecosystem connectivity!! in the Okanagan-Kettle region
(see FIGURE 22), caused by changes in temperature and precipitation that result in wildfires, floods,
pests, ecosystem shifts, and other stressors. Although this assessment focuses on climate drivers, human

Scenario

development is another factor that can affect ecosystem connectivity. For the purposes of this
assessment, a reduction in ecosystem connectivity is defined by a negative change from present
conditions.

FIGURE 22. Movement patterns for shrub-steppe and montane species in the Okanagan-Kettle Region
(Transboundary Connectivity Group, 2016).

11 Ecosystem connectivity is defined to include both connectivity between ecosystems within the region and connectivity with ecosystems in
surrounding regions.

84 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA



RISK ASSESSMENT FINDINGS: BY RISK EVENT

/1

Summary of Findings

Ecosystem connectivity is vital for
facilitating movements of wildlife
populations, maintaining species diversity,
and maintaining high-quality habitats.
Disconnected habitat fragments can lead
to habitat isolation and population decline.

Climate change and human development
threaten ecosystem connectivity in the
Okanagan-Kettle region by disconnecting
and changing species’ habitat and causing
ccosystem shifts. For areas with decreasing
habitat suitability for a species, these
changes can cause further isolation of
habitats and decline of habitat quality. For
areas with increasing habitat suitability for
a species, however, climate change could
help expand the ecosystem and increase

FIGURE 23. Risk assessment findings for ecosystem connectivity
scenario.

. Change in Likelihood
4 2050 Risk due to Climate Change

Almost certain

sey| | ® o
Possible | O Present

Unlikely

Likelihood

Almost certain
not to happen

Iﬁsigniﬁcant Minor Moderate Major Catastrophic
Consequence

RiskLevel | Low | Medium

confidence Level (O Low (O Medium () High

connectivity. All of these shifts could have larger implications for ecosystem services and biodiversity.

FIGURE 23 and TABLE 17 summarize the risk assessment results for this scenario. The highest
consequences relate to loss of economic productivity. Additional details on the likelihood of the

scenario, its consequences, and the supporting evidence base for these ratings are provided in the

sections below.
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TABLE 17. Risk Rating Evaluation for Ecosystem Connectivity Scenario

REDUCTION IN ECOSYSTEM CONNECTIVITY: REDUCTION IN ECOSYSTEM CONNECTIVITY IN THE
OKANAGAN-KETTLE REGION BY 2050

LIKELIHOOD

CURRENT

RATING JUSTIFICATION

3 At present,
persistent
bioclimate
envelopes support
ecosystem
connectivity.

2050
RATING

4

JUSTIFICATION CONFIDENCE
Climate-related risk cause: Changes in Low
temperature and precipitation.

2050 projections: Climate projections for bioclimate
envelopes indicate that ideal climate conditions for
high-elevation and high-latitude ecosystems will
contract and become more fragmented while climate
conditions for low-elevation and low-latitude
ecosystems will expand.

CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological
functioning impacts
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity
Loss of
infrastructure
services

Cost to provincial government

CURRENT
OVERALL

RISK
2050

RATING

JUSTIFICATION CONFIDENCE

There is no evidence of loss of life. High

There is no evidence for morbidity, injuries,
diseases, or hospitalizations.

High

Reduction in ecosystem connectivity could cause Low
moderate psychological impacts, and lead to loss of

identity or sense of place for some individuals or
communities.

The scenario could lead to localized and permanent Low
loss of livelihood for some communities.

All ecosystems within the Okanagan-Kettle region Medium
will experience some degree of climatic shift and
change in ecosystem connectivity, which could have

implications for ecosystem services and biodiversity.

Reduction in ecosystem connectivity could cause Low
long-term disruption and potential job losses for the
agriculture, forestry, and tourism industries.

A loss of ecosystem services benefits could require Low
infrastructure as an alternative (e.g., water filtration
or flood control).

Costs to government might include replacing lost Low
ecosystem services, damage compensation for

increased wildlife pressure on agricultural land, and
recovery efforts for declining species or ecosystems.

MEDIUM (7.9)

MEDIUM (10.5)

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 7.9 out of _ '
25, which equates to medium risk, and the Risk Calculation
2050 risk rating is 10.5 out of 25, which equates

Risk = Likelihood x Average Consequence
to medium risk. See the Risk Calculation text

Present Risk =3 x 2.6 = 7.9 (Medium)

box at right. . .
2050 Risk =4 x 2.6 = 10.5 (Medium)

Evidence Base

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day likelihood of this scenario is 3 and the 2050 likelihood of this scenario is 4. At present,
persistent bioclimate envelopes (i.e., ecological and climate distributions) support ecosystem connectivity
throughout B.C. (Utzig, 2012).

To assess the likelihood of change, the project team evaluated several bioclimate envelope projections as
an indicator of future ecosystem dispersion and reduced connectivity in the Okanagan-Kettle region.
The project team focused on the bioclimate envelopes supporting Ponderosa Pine Forest, Engelmann
Spruce-Subalpine Fir Forest, and Cedar Hemlock Forest because these species are particularly
susceptible to climate change and represent an integral part of the regional landscape.

However, projected shifts in bioclimate envelopes represent a shift in optimal climate conditions rather
than a shift in species location. While existing vegetation will experience increasing stress due to
bioclimate envelope shifts, permanent forest change will take decades to complete. As a result, the
magnitude of connectivity reduction will likely be low through mid-century, even if some reductions are
likely to occur.

The project team additionally considered projected changes to wildfire risk and pests as secondary
indicators of ecosystem dispersion and connectivity. These events can act as local tipping points by
quickly clearing existing vegetation and facilitating accelerated ecosystem shifts within the affected area.

Ultimately, climate projections for bioclimate envelopes indicate that ideal climate conditions for high
elevation and latitude ecosystems (e.g., alpine) will contract and become more fragmented while climate
conditions for low elevation and latitude ecosystems will expand. Although the timescales on which
ecosystem connectivity may change are not well constrained, the project team assumes that some
reduction is likely to occur by 2050. The project team notes more significant changes are likely through
the second half of the 215t century. The magnitude of change and whether or not there is a net reduction
in ecosystem connectivity is additionally dependent on human development, management practices, and
the magnitude of impacts to each ecosystem and the species of interest.

Consequence ratings _
Consequence Calculation

The overall consequence rating is an average of

the individual consequence ratings (see Overall Consequence = Average of Individual

Consequence Ratings

Overall Consequence = (1+1+2+4+4+5+2+2)/8

Consequence Calculation text box at right).
Details on each individual consequence rating are
provided below. Based on these findings, the Overall Consequence = 2.6
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project team rated the overall consequence of this scenario as 2.6 out of 5.

HEALTH

Loss oflife: 1
Reduction in ecosystem connectivity is not expected to cause loss of life.

Morbidity, injury, disease, or hospitalization: 1
Reduction in ecosystem connectivity is not expected to cause morbidity, injury, disease, or
hospitalization.

SOCIAL FUNCTIONING

Psychological impacts: 2

Reduction in ecosystem connectivity has the potential to cause moderate psychological impacts within
the Okanagan-Kettle region, such as feelings of fear, anxiety, and grief over observed changes in
ecosystem connectivity as well as the prospect of continued change. In addition, a reduction in
ecosystem connectivity could lead to loss of identity/sense of place for individuals whose culture or
livelihoods are heavily embedded in the land.

Loss of social cohesion: 4

Reduction in ecosystem connectivity has the potential to cause localized and permanent loss of
livelihood or way of life, particularly for individuals whose culture or livelihoods are heavily embedded in
the land. For example, reduction in ecosystem connectivity could change access to certain species or
habitats, which could have implications for traditions or employment opportunities.

NATURAL RESOURCES: 4

A reduction in ecosystem connectivity could lead to the decline of some ecosystem types and species,
particularly those at higher elevations. However, climate suitability for other ecosystems could expand
under climate change, which could increase the abundance and connectivity of some species. Overall, as
climate changes, the distribution of species across the region will change, which may negatively affect
connectivity, ecosystem services, and biodiversity, especially if species are relocating at different paces or
in different directions. Recovery of ecosystem connectivity could take decades, but for high elevation
ecosystems, climate change could eventually result in permanent losses.

ECONOMIC VITALITY

Loss of economic productivity: 5

Reduction in ecosystem connectivity could cause long-term disruptions and potential job losses for the
agriculture, forestry, and tourism industries. In addition, there may be significant losses in ecosystem
services. When the size or shape of these ecosystems are distorted, whether by direct human use, natural
disasters, or climate change, the services provided are often degraded or cease altogether. These services
must then be replaced by costly man-made facilities or processes that provide the same services (e.g., the
construction of a water treatment plant or shipments of topsoil if forests and vegetation are lost).

Loss of infrastructure services: 2

Reduction in ecosystem connectivity may cause a loss of ecosystem services benefits that require
infrastructure as an alternative (e.g., water filtration or flood control). The scale of impact will vary
depending on local conditions.
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COST TO PROVINCIAL GOVERNMENT: 2

Reduction in ecosystem connectivity could cause a loss of key ecosystem services, which the government
may be responsible for replacing (e.g., filter air and water, capture runoff, fertilize plants). Given the
gradual nature of ecosystem shifts, a significant reduction in ecosystem setrvices is not expected by 2050.
Other costs could include damage compensation from increased wildlife pressure on agricultural land
and recovery efforts for declining species or ecosystems. As a result, costs to government are expected
to be on the order of $375 million or less.
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Increase in Invasive Species

Scenario

The specific scenario analyzed is the expansion of invasive knotweed (i.c., Japanese Knotweed, Giant
Knotweed, Bohemian Knotweed,'? and Himalayan Knotweed) across B.C. caused by increasing
temperatures. Knotweed is tolerant of a range of soil types and climate conditions and is currently found
in southern B.C., including Vancouver Island, Central Coast, Sunshine Coast, North Coast, Lower
Mainland, Nechako, Cariboo, Thompson-Okanagan, and the Kootenays.

Summary of Findings

Knotweed is identified by the FIGURE 24. Risk assessment findings for invasive species
International Union for Conservation of scenario.
Nature as one of the world’s 100 worst . Change in Likelihood
. . . . . . 4 2050 Risk due to Climate Change
invasive species (Invasive Species Council '
of B.C., 2017). Knotweed is native to Asia Almost certain @ @ a0
and was first introduced to B.C. as an :
. . Likel Present
ornamental plant (Invasive Species 3 - O o
. . =]
Council of B.C., 2017). Knotweed is now £ Possibe
. . . . . o 551

one of the primary invasive species B.C. is =
wo'r.kmg to control, in part due to its Unlikely ‘
ability to grow through concrete and :
asphalt, which can cause significant N"l'::lh‘*ﬂain

. . . not to happen
damage to infrastructure (Invasive Species . .
Council of B.C 2017) Insignificant Minor Moderate Major Catastrophic

e ' Consequence

All four species of knotweed found in B.C. RiskLevel | Low | Medium | High || Extreme
are invasive, but Bohemian Knotweed is Confidence Level () Low (O Medium () High

the most aggressive in terms of its

dispersal ability and the difficulty involved in killing and removing it (Schaefer, 2015). Knotweed
currently occupies only a small fraction of its total potential range, but as temperatures increase
knotweed is expected to expand its range by 2050, which may have negative consequences for
infrastructure integrity and the health and abundance of native species. However, the potential
consequences of knotweed expansion can be managed as long as its spread is controlled.

FIGURE 24 and TABLE 18 summarize the risk assessment results for this scenario. The highest
consequences relate to loss of natural resources. Additional details on the likelihood of the scenario, its
consequences, and the supporting evidence base for these ratings are provided in the sections below.

12 Bohemian Knotweed is a hybrid of Japanese Knotweed and Giant Knotweed and the fastest spreading of the four species due to its ability
to spread via both fragment regeneration and wind-dispersed seeds.
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TABLE 18. Risk Rating Evaluation for Invasive Species Scenario

INCREASE IN INVASIVE SPECIES: EXPANSION OF KNOTWEED BY 2050

LIKELIHOOD

CURRENT

RATING JUSTIFICATION
4 Knotweed occupies

a small percentage

of its current

potential range and

is already likely to
spread at present.

2050
RATING

5

JUSTIFICATION

Climate-related risk cause: Increased
temperatures.

2050 projections: Increasing temperatures,

precipitation, and growing degree days are almost
certain to facilitate spread of knotweed and further
expand potential range without control measures.

CONFIDENCE

High

CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological
functioning impacts
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity
Loss of
infrastructure
services

Cost to provincial government

CURRENT
OVERALL

RISK
2050

RATING

1

JUSTIFICATION

There is no evidence that knotweed causes loss of
life.

Fewer than 10 people could experience injury or
hospitalization as a result of poor knotweed
management.

The invasion of knotweed into homes or businesses
could cause localized and moderate feelings of fear
and anxiety given the potential extent of damage
and difficulty and expense of treatment.

Knotweed control could minimally affect daily life. In
addition, if knotweed is poorly managed, there could
be minor erosion of public trust in government.

Knotweed can quickly outcompete existing
vegetation and may be detrimental to certain
species or ecosystems. Prolonged herbicide

treatment could damage the surrounding ecosystem.

Loss of economic productivity is assumed to be low.
If knotweed is untreated, it could damage business
infrastructure or disrupt agriculture and the
movement of goods.

Knotweed management could be a nuisance to
transportation asset owners, but would not cause
disruptions to infrastructure services or daily life
unless severely untreated.

Costs to government would include knotweed
treatment and disposal costs on Crown lands.

MEDIUM (7.0)

MEDIUM (8.8)

CONFIDENCE

High

Medium

Medium

Low

Low

Low

MEDIUM

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 7.0 out of
25, which equates to medium risk, and the 2050 Risk Calculation
risk rating is 8.8 out of 25, which equates to
medium risk. See the Risk Calculation text box
at right.

Risk = Likelihood x Average Consequence
Present Risk = 4 x 1.8 = 7.0 (Medium)
2050 Risk =5 x 1.8 = 8.8 (Medium)
Evidence Base

See Appendix B for the full evidence base for this this assessment.

Likelihood rating

The present-day likelihood of this scenario is 4 and the 2050 likelihood of this scenario is 5. Knotweed
currently occupies only 25% to 36% of its potential range. As a result, the spread of knotweed is likely,
even under the current climate. To evaluate the likelihood of further knotweed expansion, the project
team considered climate thresholds determining current and future knotweed range, including a
threshold based on annual degree days above 0°C. The project team also evaluated changes in underlying
climate-related causes for knotweed expansion, including increasing air temperatures and precipitation.
The geographic extent considered in this scenario is confined to regions where climate is conducive to
knotweed habitat. This includes the majority of southern B.C. (approximately south of 54°N latitude),
including coastal B.C., large swaths of the Central Plateau, and low-lying valley locations in the Rocky
Mountains and Coastal Range. Looking forward, increasing annual temperature, precipitation, and
growing degree days will almost certainly facilitate the spread of knotweed across the province by mid-
century.

Consequence ratings )
Consequence Calculation

The overall consequence rating is an average of
Overall Consequence = Average of Individual

Consequence Ratings
Overall Consequence = (1+2+2+2+3+1+1+2)/8

the individual consequence ratings (see the
Consequence Calculation text box at right).
Details on each individual consequence rating are
provided below. Based on these findings, the Overall Consequence = 1.8
project team rated the overall consequence of

this scenario as 1.8 out of 5.

HEALTH
Loss oflife: 1

Knotweed expansion is not expected to cause loss of life.

Morbidity, injury, disease, or hospitalization: 2

Although knotweed is not expected to cause direct harm, less than 10 people could experience injury or
hospitalization as a result of poor knotweed management. For example, if herbicide application
regulations are not followed properly or if transportation corridors, septic systems, and other
infrastructure are not maintained to clear excess vegetation, there is a minor possibility for harm (e.g.,
traffic accidents due to obstructed sightlines).
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SOCIAL FUNCTIONING

Psychological impacts: 2

The invasion of knotweed into homes or businesses could cause localized and moderate feelings of fear
and anxiety for those with knotweed on or near their property given the potential extent of damage and
difficulty and expense of treatment.

Loss of social cohesion: 2

Although knotweed is a nuisance to treat, it is generally the responsibility of the individual property
owner and therefore would only minimally affect social cohesion. The government is, however,
responsible for treating knotweed on Crown land so there is a minor possibility for erosion of public
trust in government if knotweed is poorly managed. There is some evidence that knotweed could affect
daily life, but only under extreme circumstances and for a limited number of people.

NATURAL RESOURCES: 3

Knotweed can quickly overtake and outcompete existing vegetation and therefore can be detrimental to
certain species and ecosystems. In addition, knotweed is difficult to control and may require multiple
applications of herbicide, which could damage surrounding ecosystems. As a result, removal of
knotweed and recovery of native species could take years.

ECONOMIC VITALITY

Loss of economic productivity: 1

If knotweed is left untreated, it has the potential to damage business infrastructure or disrupt agriculture
and the movement of goods. However, loss of economic productivity from knotweed alone is assumed
to be low. The consideration of multiple noxious weeds or multiple invasive species would likely warrant
a higher rating.

Loss ofinfrastructure services: 1

Knotweed would not disrupt infrastructure services unless it is uncontrolled or untreated and causes
significant damage. However, asset managers are likely to maintain infrastructure and treat knotweed
before it becomes a significant problem. As a result, knotweed can be considered a nuisance to
transportation asset owners and would not cause disruption to daily life.

COST TO PROVINCIAL GOVERNMENT: 2

An expanded range for knotweed due to climate change indicates that control costs could increase over
time. While most of these costs will be borne by municipalities and private landowners, the province is
responsible for knotweed management on Crown lands. Based on costs of knotweed control for Metro
Vancouver, the extrapolated cost to the provincial government at the provincial scale is more reasonably
around $1,000,000 and therefore costs are expected to be on the order of $375 million or less.

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA 93



RISK ASSESSMENT FINDINGS: BY RISK EVENT
/1

Increased Incidence of Vector-borne Disease

Scenario

The specific risk event scenario analyzed is at least a doubling of Lyme disease cases within B.C. over
three years, occurring before 2050. Changes in temperature and precipitation'? could allow Ixodes pacificus
ticks to spread across the province of British Columbia, primarily starting in the areas currently
supporting tick populations (the lower mainland and southern Vancouver Island) and moving eastward
and northward. FIGURE 25 shows the areas of the country where Lyme disease is already a risk. In
B.C., this is primarily in the southwestern corner of the province.

FIGURE 25. Lyme disease risk areas in Canada (Government of Canada, 2018).

Risk Area

13 Little research is available on the climate drivers for Ixodes pacificus, and how ticks may be affected by climate change, as confirmed by
expert interviews.
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Summary of Findings

The risk of Lyme disease in B.C. has
remained relatively low while it has spread
rapidly in the eastern part of the country.
At least a doubling in the number of cases
of Lyme disease within a three-year period
would reflect a rapid increase in infection
similar to what has occurred in eastern
Canada. However, the likelihood of a
doubling in Lyme disease is low according
to available evidence and expert opinion.

Lyme disease can lead to severe and
chronic health symptoms. In addition,
those affected could experience
disenfranchisement and depression due to
misdiagnosis or persistent morbidity.
Individuals affected by Lyme may not be
able to participate in school, work, or

FIGURE 26. Risk assessment findings for vector-borne disease

scenario.
Change in Likelihood

" 2050 Risk due to Climate Change

Almost certain

Likely

Possible

Likelihood

Unlikely @
Almost certain
not to happen

|

O®
g

e Majur{." .
Consequence

Risk Level | | Medium | High
Confidence Level O Low OMedium O High

Insignificant Minar hic

P

Low || Extreme

other elements of society, contributing to economic losses and loss of well-being. The costs to

government to treat Lyme patients and increase prevention activities could also increase.

FIGURE 26 and TABLE 19 summarize the risk assessment results for this scenario. The highest
consequences relate to morbidity, disease, and hospitalization; and psychological impacts. Additional
details on the likelihood of the scenario, its consequences, and the supporting evidence base for these

ratings are provided in the sections below.
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TABLE 19. Risk Rating Evaluation for Lyme Disease Scenario

INCREASED INCIDENCE OF VECTOR-BORNE DISEASE: AT LEAST A DOUBLING OF LYME DISEASE CASES

LIKELIHOOD
CURRENT 2050
RATING JUSTIFICATION RATING  JUSTIFICATION CONFIDENCE
1 The risk in B.C. is 2 Climate-related risk cause: Temperature and High
low (<0.5 cases per precipitation influence tick behavior and range.
100,000

. 2050 projections: Warmer conditions could
popglauor_'n, <1% increase host-seeking activity, change the life cycle,
tick infection rate). or expand suitable habitat for Ixodes pacificus ticks.
The rate of However, significant change in infection is not
infection has been expected given the characteristics of this tick vector
stable for decades. and the fact that many of the populated areas of
B.C. are already exposed to Ixodes pacificus.

CONSEQUENCE
CATEGORY CONSEQUENCE RATING  JUSTIFICATION CONFIDENCE
Health Loss of life 2 There is low potential for multiple losses of life due Medium
to Lyme disease, except in extreme circumstances.
Morbidity, injury, 4 22 to 120 people per year could experience Medium
disease, or symptoms of Lyme disease, ranging from mild fever,
hospitalization headaches, and rash to severe and chronic
neurological, musculoskeletal, and cardiac issues.
Social Psychological 4 People with untreated Lyme disease may present Low
functioning impacts symptoms similar to psychiatric disorders.

Misdiagnosis and chronic issues could cause
distress for patients.

Loss of social 2 A doubling of Lyme could cause some erosion to Low
cohesion public trust.
Natural Loss of natural 1 No evidence of impacts to natural resources. Low
resources resources
Economic Loss of economic 1 Affected individuals could have reduced economic Medium
vitality productivity productivity. Outdoor recreation and tourism revenue
could be lost. Overall costs expected to be less than
$1 million.
Loss of 1 No evidence of impacts to infrastructure services. High
infrastructure
services
Cost to provincial government 2 Potential costs include additional costs to the health Medium

system (approximately $88,000-$480,000), losses in
revenue, and costs for public outreach.

CURRENT LOW (2.1)
OVERALL

RISK MEDIUM

2050 LOW (4.3)

Additional engagement with Indigenous communities would be needed to understand potential consequences from their
perspectives.
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Opverall, the present-day risk rating is 2.1 out of _ _
25, which equates to low risk, and the 2050 risk Risk Calculation
rating is 4.3 out of 25, which equates to low risk.

i i ] Risk = Likelihood x Average Consequence
See the Risk Calculation text box at right.

Present Risk =1 x 2.1 =2.1 (Low)
Evidence Base 2050 Risk =2 x 2.1 = 4.3 (Low)

See Appendix B for the full evidence base for this
this assessment.

Likelihood rating

The present-day likelihood of this scenario is 1 and the 2050 likelihood of this scenario is 2. The scenario
is ongoing with a threshold defined as a doubling of Lyme disease cases in three years. Given that the
ticks that carry Lyme disease are more prolific under warming conditions, higher temperatures due to
climate change could increase host-seeking activity or change the habitat range, contributing to a rise in
the number of Lyme disease cases. However, despite warming over the past several decades, the rate of
infection in B.C. has remained low and stable. Given that many of the populated areas of B.C. are
already exposed to Ixodes pacificus, it appears unlikely that Lyme disease cases in B.C. will double within a
3-year period by 2050. However, the projected impact of future warming on tick populations and
distribution is not fully understood. To evaluate the likelihood of this scenario, the project team
considered both the historical incidence rate of Lyme disease and changes to climate-related controls on
its host population and range, including air temperatures and precipitation.

Consequence ratings _
o Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual

Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are ~ Overall Consequence = (2+4+4+2+1+1+1+2)/8
provided below. Based on these findings, the Overall Consequence = 2.1

project team rated the overall consequence of

this scenario as 2.1 out of 5.

HEALTH
Loss oflife: 2

There is no evidence of deaths attributed to Lyme disease in Canada. Proper diagnosis can be
challenging, which means deaths may have been incorrectly attributed. However, most people who
would be infected with Lyme disease in B.C. could experience negative health outcomes unlikely to
result in death. There is a low potential for multiple losses of life in B.C. due to Lyme disease.

Morbidity, injury, disease, or hospitalization: 4

A doubling of Lyme disease could result in approximately 22 to 120 people who experience negative
health impacts. Some portion of those people will suffer few or mild symptoms that can be treated, such
as fever, headaches, and a skin rash. However, if left untreated, Lyme disease can lead to severe
neurological, musculoskeletal, and cardiac issues that can result in chronic symptoms. Consequences are
significant but, due to the suspected low level of reporting and difficulties diagnosing the disease,
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analyzing the full extent of infection is difficult. The risk of morbidity, disease, or hospitalization will be
the most significant consequence due to Lyme disease.

SOCIAL FUNCTIONING

Psychological impacts: 4

In some cases, people infected with Lyme disease may experience various symptoms akin to psychiatric
disorders, including depression, anxiety, schizophrenia, and bipolar disorder. Additionally, chronic Lyme
can manifest in symptoms that mimic other diseases. The resulting misdiagnosis or chronic issues
without proper care can exacerbate distress and anxiety of patients. While the psychological impacts of
Lyme disease are severe, the affected population is likely small.

Loss of social cohesion: 2

If the rate of Lyme disease were to double within a short period of time, there could be greater pressure
on the government as well as outrage from advocacy groups. This could result in erosion of public trust
in the government. However, a doubling of Lyme disease cases in B.C. is a small portion of the
population and may not result in the level of outrage observed in other regions of Canada.

NATURAL RESOURCES: 1

Lyme disease is not expected to have a substantive impact on natural resources in British Columbia.

ECONOMIC VITALITY

Loss of economic productivity: 1

Due to illness, more than 100 people could become unable to continue pursuing their education, career,
and personal objectives, resulting in losses in productivity and societal costs. However, given the
individualized nature of the impacts, the overall economic losses across the province due to a doubling
of Lyme disease would be relatively small. There may also be losses in revenue for outdoor recreation
and tourism if people limit time outside.

Loss ofinfrastructure services: 1
Lyme disease is not expected to result in losses to infrastructure services in British Columbia.

COST TO PROVINCIAL GOVERNMENT: 2

The primary cost to the provincial government is healthcare services, which are shared between the
federal and provincial government. For 22 to 120 cases of Lyme disease, health care costs are estimated
at $88,000 to $480,000. There could also be additional costs to the health system, losses in productivity,
and efforts required to educate the public about Lyme disease prevention and treatment. These costs are
expected to be on the order of $375 million or less.
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INTERACTIONS BETWEEN RISK EVENTS

While the preceding chapters of this risk assessment assess the likelihood and consequences of each
hazard event individually, managers and stakeholders recognize that climate change can compound
hazard events. This chapter presents an integrated assessment that considers potential interactions
between events. The analysis finds that British Columbia may be at risk from a range of compound risk
events exacerbated by climate change.

Instead of happening independently, climate-related hazards often occur simultaneously and are strongly
interlinked. These compound risk events can have linked probabilities driven by the same underlying
conditions, and can in some cases trigger each other. Furthermore, the impacts of these compound
events can build upon each other, in some cases increasing the consequences of compound hazard
events beyond the sum of the individual hazards that compose them.

For purposes of illustration, this chapter assesses one combination of events that may be most likely to
occur in British Columbia: a seasonal or long-term water shortage followed by wildfire, which in turn
primes the landscape for severe landslides following heavy precipitation. This compound event is
plausible, particularly under the effects of climate change, and it could have severe impacts on the
province, particularly if hazards overlap in a way that magnifies their consequences. To better
understand and prepare for these risks, this chapter identifies specific mechanisms of compounding
impact, and select geographies where this compounding event is most likely to occur.

Potential for Compound Risk Events in B.C.

B.C. could experience multiple compound and interconnected climate-related events through mid-
century, as shown in the impact web in FIGURE 27. For example, sea level rise causes greater coastal
erosion and, in turn, increases vulnerability to storm surge and coastal flooding. Soot and fine
particulates released from wildfires, as well as dust picked up from charred landscapes, can settle on
mountain glaciers and ice caps producing more snow and ice melt. This can disrupt normal runoff
patterns and increase the risk of downstream flooding in mountain-fed watersheds. Heat waves and
water shortages often occur simultaneously and can lead to a range of subsequent events, including
severe wildfires and reduced air quality. In turn, the landscapes burned by wildfires are more prone to
flooding and landslides. Climate change will very likely exacerbate these hazards and their connections
through mid-century. While theoretically the occurrence of any two events at one time could have some
degree of compounding consequences, the impact web links only those whose compounding
consequences are readily apparent.

In addition, not all compounding events are climate driven. As a tectonically active region, B.C. can
experience earthquakes. Earthquakes can trigger tsunamis or landslides that impart additive
consequences on communities by flooding the coast or inland river systems.

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA 99



INTERACTIONS BETWEEN RISK EVENTS

Angeqoud
pajepuon asealoulsebbuy punodwoos Aew
ale spooyiey 0] [ejusjod Sseousnbasuo)

AJAlI93UL0D Splispue|
wa)sAsoos pue uoneudiosid

Ul uolonpay awa.ix3

$S0| Ssew uosess
1810B|9 21lp|IM 2I1oABS

(peamjouy)
seloeds
BAISBAU|

$92IN0Sal
1S90} JO SSOT

(aseasig awi) (ouuaALl a1aA3s
9SeasIp aWi0q 10 ajelapouw)
-I0J05A Pasealou| Buipoo|

uolsnJul ab.ns wiois
Jayemies |E]SBOD 919A8S

uonesyIpIoe
ueanQ

S~

sdiysuone|ay (wus)-6uoj Jo [euoseas)
Buipunodwos yum abepoys Jajep
SJUaAZ 9jew||D-UoN SAEM JESH

"1i0dal SIU) Ul paulap Se SoLeUSIS JUSAS XS U0 pased ale alay palapisuod sprezey arewiD "saousnbasuod
pue pooyiay| JIsy) pue spiezey alewijd Jo ainreu pajosuuodlaiul Bunensn| gam 1oedwi Buipunodwo) "2z 34NSOI4

100 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA



INTERACTIONS BETWEEN RISK EVENTS

Overview of Compound Risk Events

Compound events are the combination of climate stresses and hazards to form significant impacts
(Zscheischler et al., 2018). Oftentimes, compound events form a cascade whereby individual hazards
increase the likelihood of one another. For example, changing precipitation patterns can cause severe
water shortages that, in turn, increase the likelihood of wildfires. Traditional assessments potentially
underestimate risk by considering only one hazard at a time. Consideration of the interconnected nature
between hazards and their consequences may provide a more complete evaluation. This approach could
prove critical in answering the mounting challenges associated with increasingly complex hazards in a
changing climate.

In addition to interconnections between the likelthoods of hazard occurrence, compound risk events can
also involve interactions between the consequences of multiple hazards, worsening the impacts.
Individuals or communities facing simultaneous or closely sequenced hazards may experience heightened
vulnerability and compromised resilience relative to the experience of facing a single hazard at a time.

The consequences of compound events can be particularly damaging to individuals and communities
exposed to multiple hazards within a limited period of time. These consequences can be broken into two
categories, as illustrated in FIGURE 28. The independent consequences of compound hazards are the
impacts of the events as if each had occurred separately. In addition, however, compound hazard events
may have compounding impacts: impacts that are more severe because multiple events occurred
simultaneously or in sequence (Gill and Malamud, 2014).

FIGURE 28. Independent and compound consequences of contemporaneous hazards.

| 1 Compounding Consequences
Consequences that become more
severe as a result of interactions
between events

z Independent Consequences
The consequences of events as if

each had occurred separately.

Impact

A well-documented example of compounding consequences is the 1991 eruption of Mount Pinatubo in
the Philippines, which occurred at the same time as the landfall of Typhoon Yunya. The combination of
heavy rainfall and volcanic ash produced severe debris flows and caused structures to buckle under the
weight of wet ash, multiplying the impacts of two events beyond the simple sum of their independent
consequences (Gill and Malamud, 2014).
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One of the mechanisms by which the impacts of multiple hazards may compound is if the sum of
independent consequences exceeds certain thresholds of impact, beyond which physical assets or
communities are unable to cope. FIGURE 29 illustrates this concept for a hypothetical series of three
subsequent hazards.

FIGURE 29. lllustration of the impacts of multiple hazards in exceeding a resilience threshold.

Impact

Resilience threshold

Hazard Hazard Hazard
event 1 event 2 event 3

Time

An example of this concept in action is the 2011 earthquake-tsunami event that struck Onagawa, Japan.
Post-event research indicates that the earthquake weakened the foundations of buildings such that they
were subsequently toppled by wave inundation. While the earthquake or wave action alone may not have
levelled the buildings, the buildings’ foundations were unable to withstand the compound impacts of
both hazards (Latcharote et al., 2017). While there are many other potential mechanisms by which
coincident hazards may have compounding impacts, the relative rarity of compound events and difficulty
of identifying and quantifying those impacts have limited the amount of research in this area.

Similarly, subsequent hazards can increase the vulnerability of communities over time (FIGURE 30).
This can take place on a physical level (as in the example above); on an economic level through the
impacts of multiple economically destabilizing events; or on a psychosocial level through the impacts of
repeated trauma and the breakdown of community cohesion following multiple major disruptions.

FIGURE 30. Progressive increase in vulnerability following multiple disasters (source: ICF adaptation of Gill and
Malamud, 2016).
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102 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA



INTERACTIONS BETWEEN RISK EVENTS

Example Compound Event: Water Shortage, Wildfire, and Landslide

Cascade

The compound event considered here is a seasonal or
long-term water shortage, followed by severe wildfire
and a precipitation-induced landslide in a critical
provincial area. The project team selected this
scenario to frame and illustrate the overarching
concepts and impacts associated with other
compound events. The scenario was identified as the
most provincially significant of all possible
permutations and particularly pertinent given its
history of occurrence along the western coast of
North America.

Recent natural disasters in California provide a rich
evidence base through which to understand the
potential scope and consequences of the compound
event scenario in British Columbia. California
experienced a historic water shortage between 2012
and 2017 (FIGURE 31), with much of the state
experiencing higher temperatures and reduced
precipitation, snowpack and streamflow (Lund et al.,
2018). The severe drought led to a range of
consequences. Snowpack in the Sierra Nevada
Mountains was reduced by more than 60% over this
time period. Because snowpack melts slowly over the
spring and summer, feeding regional reservoirs and
ultimately representing 65% of the state’s water
resources, California was met with extreme water
shortages for agriculture, livestock, and industry.

Cascading Events and Landscape
Preconditioning

Hazards caused by a shared underlying climate
condition can trigger each other through the
concept of landscape preconditioning. In this
way, compounding hazards are linked in a
cascade, which makes subsequent hazards and
their consequences more likely. For example, in
this scenario:

Water shortages precondition the landscape
for wildfire by desiccating wildfire fuel

Wildfires precondition the landscape for
landslides by burning vegetation, creating
hydrophobic soils and increasing runoff
during rainfall events

Landscape preconditioning lowers hazard
thresholds:

o0 Wildfires spread more rapidly after
landscape desiccation due to water
shortages

0 Less precipitation is required to
initiate landslides following wildfire

Increased likelihood persists after initial
hazards subside due to landscape
imprinting:

0 Landslide risk remains high after
wildfire is extinguished and until
significant vegetation and soil
reclamation has occurred
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FIGURE 31. Time series showing relative California drought area and severity (U.S. Drought Monitor).
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Underlying climate drivers causing the severe water shortage also increased the likelihood of wildfires.
Several subregions of California were ravaged by wildfires in 2016 and 2017, including foothills above
the communities of Montecito and Santa Barbara. In December 2017, the Thomas wildfire destroyed
1,063 structures, cleared the land of vegetation, and caused $2.2 billion in damages (Ding, 2018). The
next month, an atmospheric river system, or a band of enhanced water vapour transport from the Pacific
Ocean, brought heavy precipitation to the same area. In Southern California, 25% of the average annual
precipitation fell in an 11-day period in January 2017 due to this rain event (NOAA, 2018). Outside
Montecito, the landscape had become hydrophobic, clear of vegetation and destabilized by the Thomas
Wildfire and was saturated by rainfall, causing a series of destructive landslides that inundated the
community. The landslides ultimately claimed 21 lives and injured more than 160 people.

This evidence base demonstrates both the potential compounding and cascading nature of climate
hazards. California absorbed consequences from each hazard; although the individual hazards each had
their own geographic extent and duration, the impacts were integrated and felt statewide. At the same
time, the succession of climate hazards created a cascade, whereby each event increased the likelihood of
the subsequent event, and were ultimately initiated by the same underlying climate stressors including
increasing air temperatures and precipitation deficits.

The 2012 to 2017 California drought was atypically dry and warm, with a frequency of occurrence
between roughly 20 to 1,200 years (Lund et al., 2018). While natural variability will always control the
occurrence of climate hazards to some degree, research has shown that climate change makes extreme
seasonal and long-term water shortages and wildfires more likely (e.g., Williams et al., 2015).

Of course, there are fundamental differences between the climate of B.C. and that of California. In
general, B.C. has more frequent and smaller-magnitude precipitation events that inundate the Coastal
Mountain Range, whereas California’s Mediterranean climate is more susceptible to episodic dry spells
and atmospheric river-type precipitation events.

Despite these differences, the two regions share underlying conditions necessary for water shortages,
wildfires, and heavy precipitation. B.C. recently experienced historic water shortages and wildfire

104 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA



INTERACTIONS BETWEEN RISK EVENTS

seasons, which suggests that the province is susceptible to the compound event of interest, particularly
given that climate change will likely amplify these stresses. For example, a large landslide born from a
wildfire zone following heavy rainfall in 2004 covered houses and blocked Highway 3A in the
Kuskonook Creek catchment. In addition, the city of Kelowna experienced compounding impacts
associated with nearly simultaneous flood, drought and wildfire in 2017.

Compound events result from multiple processes acting on a range of spatial and temporal scales. When
evaluating provincial risk, it is important to consider the integrated impacts from hazards acting across
these scales (FIGURE 32). For example, risk assessments should consider both the longer duration and
larger impacts associated with drought and comparatively shorter duration and localized impacts
associated with landslides.

FIGURE 32. Compound events result from multiple processes acting on a range of spatial and temporal scales.

Temporal Scale Spatial Scale
drought British Columbia
wildfire
i
extreme extreme precip
precipitation
—
landslide
*
landslide
Time = 200 km

Likelihood
Overall Likelihood in B.C.

Risk analysts traditionally evaluate the likelihood of single events, such as return intervals for droughts,
wildfires, or landslides. However, to fully appreciate risks associated with the compound scenario, it is
important to consider the many connections between hazards and ways in which seemingly disparate
climate-related events are often coupled. Such instances are considered cascades.

As with all cascading events, the compound scenario considered here is, in principle, a low-likelihood
and high-risk event. However, likelihood evaluations must recognize that hazards within the cascade are
coupled rather than independent, and thus each hazard increases the likelihood of subsequent hazards.
This differs from the traditional view of event probability, where the likelihood of a combination of
events is proportional to the product of each individual event probability. Cascading hazards are coupled
through the concept of landscape preconditioning, whereby the landscape is altered to facilitate
subsequent hazards. For example, landscape desiccation during water shortages facilitates ignitions and
increases the amount of fuel available for large wildfires. Wildfires, in turn, clear vegetation and rework
soil to become hydrophobic, which increases the amount of runoff during rainstorms that can trigger
landslides. In some cases, the landscape remains preconditioned well after the initial hazard subsides.
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Elevated landslide risk could persist for years after wildfires cease and until significant vegetation and
soil reclamation has occurred.

The compound event of interest could occur as different permutations of the cascade. While extreme
permutations (e.g., multi-year water shortage followed by a 1-million-hectare wildfire and destructive
landslide) have the largest impacts, they are less likely than smaller-scale permutations (e.g., year-long
water shortage followed by a 200-hectare wildfire and landslide in a rural community) that occur more
frequently across the province. While small-scale events have reduced impacts locally, their cumulative
impact across the province could be large over time.

The likelihood of a long-term water shortage, followed by severe wildfire, and precipitation-induced
landslide in a critical provincial area will increase through mid-century. The project team found that
climate-related causes such as increasing air temperatures and changing precipitation patterns will make
water shortages and wildfires more severe and frequent in British Columbia. In addition, GCMs reveal
that warming will support higher water vapour concentrations and transport into storms, producing
more frequent and intense heavy precipitation events (e.g., Fischer and Knutti, 2015), and increasing the
likelihood of rainfall-driven landslides in the province. By mid-century, climate change will expand the
fingerprints of water shortages, wildfires, and heavy precipitation across the province to affected larger
and more varied regions of B.C. than have been affected historically.

Hotter and more arid conditions will support more frequent water shortages and wildfires through mid-
century. GCM projections show that B.C. will expetrience more heat waves (>32°C) and a 1.8°C increase
in annual mean temperatures by 2050 relative to the historical baseline (1971 to 1990), assuming RCP8.5)
(Pacific Climate Impacts Consortium, 2012). While it remains difficult to predict changes to precipitation
patterns, GCM model ensembles reveal a 1% decrease in summertime precipitation (Pacific Climate
Impacts Consortium, 2012), as well a dramatic reduction in springtime (April 1) snowpack volume
(Metro Vancouver, 2016). These trends are expected to be most pronounced in regions already prone to
water shortages, including throughout Southern B.C., the Interior Plateau and low-lying valleys in the
Columbia Mountains. Climate Moisture Index (CMI) deficits are expected to increase by roughly 200%
in these areas by 2080 relative to the historical baseline (1981 to 2000), signaling more favourable
background conditions for both water shortages and wildfires (Natural Resources Canada, 2017). As a
result of these climate trends, the expected number of large wildfires (> 200 ha) in B.C. is expected to
double though 2080 assuming RCP8.5 (Natural Resources Canada, 2017).

Annual precipitation is expected to increase by roughly 6% in B.C. and heavy precipitation events are
expected to become more frequent and severe (Pacific Climate Impacts Consortium, 2012). At the same
time, moderate precipitation (i.e., < 95% percentile) could be sufficient to initiate landslides if the
landscape has been preconditioned by wildfire. This suggests that the precipitation threshold for rainfall-
driven landslides could be lowered within the compound event, if water shortages and wildfires become
more common in a warming climate.

Geographic Screening of Likelihood

In addition to evaluating the future likelihood of the compound event, the project team conducted a
geographic screening to determine what regions of the province are most at risk (FIGURE 33). In
general, the Interior Plateau experiences a relatively warm and dry continental climate, which is
historically susceptible to water shortages and large wildfires (FIGURE 33). At the same time, because
the plateau is situated on the leeside of the Coastal Mountain Range, the region is less susceptible to
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extreme rain events. The predominantly low-slope terrain also has a low risk for landslides, except for in
the locally steep-walled river valleys that dissect the plateau.

By comparison, the Coastal and Rocky Mountain ranges that encircle the Interior Plateau experience
high annual precipitation and more frequent heavy rainfall events (FIGURE 33). The risk of water
shortages is comparatively low, except in warmer low-lying valley systems. Wildfire risk is high in
forested portions of the Rocky Mountains and moderate in the wet, maritime climate associated with
much of the Coastal Range. Landslide risk is high within the steep-sloped and geologically complex
mountain terrain.

Areas most susceptible to the compound event are those where elevated water shortage, wildfire, heavy
precipitation and landslide risks are collocated FIGURE 33). Based on these criteria, the compound
event is most likely in the foothills that bound the Interior Plateau and also within the steep low-lying
valley locations throughout the Interior Plateau and adjacent mountain ranges. While these areas are
expected to experience higher risks, that does not discount the compound event from occurring in other
regions of the province. As with all climate variables, the occurrence of any given climate hazard
contains natural uncertainty, which should be considered when applying exposure projections to risk
assessments.
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FIGURE 33. Geographic screening of the compound event likelihood. Shaded areas represent elevated risk due to
individual climate-related hazards. Annotations show relative landslide risks corresponding to different geographic

regions: mountainous areas are susceptible to landslides, while the Interior Plateau generally has smaller landslide
risks, except for in locally steep valley systems. The compound event is most likely where individual hazards overlap.
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Beyond interacting likelihoods, this compound event could have many compounding and interacting
consequences. While each of the events (water shortage, wildfire, and a precipitation-induced landslide)
is considered separately in other chapters of this report, this section explores additional considerations
around the additive and compounding consequences that could ensue if these events occur in a closely
spaced cascade. In these potential compounding scenarios, consequence ratings of the combined events
may be greater than the sum of the individual events had they occurred separately.

TABLE 20 outlines potential compounding consequence scenarios that could ensue from this example

event.
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TABLE 20. Compounding Consequence Scenarios from Water Shortage, Wildfire, and Landslide

COMPOUNDING SCENARIO

Wildfire event occurs following drought

Multiple major landslides affect critical
road transport corridors, disrupting wildfire
relief and recovery efforts

Medical facilities damaged by wildfires
could be forced to close for prolonged
periods, compounding impacts of
subsequent landslide event

Multiple hazard events occurring
simultaneously or in close succession may
overtax provincial emergency response
capabilities

Cumulative impacts of a multi-year water
shortage followed by a wildfire could
cause economic impacts across multiple
industries (e.g., agriculture and forestry)

Wildfire and landslides introduce ash and
human contaminants into waterways,
exacerbating water shortage

Landslide creates debris dam and
obstructs river, exacerbating flooding from
heavy precipitation

Drought and wildfire predispose topsoil to
severe erosion in subsequent precipitation
event

POTENTIAL IMPACTS

Extent of wildfire damage is greater due to drier fuel load.

Emergency response personnel could be delayed in reaching affected
communities.

Transport disruptions caused by landslides could delay repairs to electric
transmission lines affected by wildfires, further extending power outages.

These impacts could result in increased loss of life, psychological impacts,
and loss of social cohesion.

Lack of access to immediate medical care could result in increased loss of life
from the landslide event.

Consequences could be especially severe if a debris flow blocks highway
access to other nearby treatment facilities.

Reduced availability of provincial emergency response personnel, funding,
and equipment could increase severity of loss of life and injury, increase
economic damage, and reduce trust in government.

The severity and cross-sector nature of these impacts could result in a
cascade of job losses, migration, and long-term damage to economic vitality
and social cohesion.

Wildfires have negative short and long-term impacts on water supply and
quality via the introduction of ash into waterways and reservoirs and increased
long-term erosion and sedimentation (USGS, 2018).

Landslides can also introduce sediment, organic matter (including additional
wildfire ash), and human contaminants into waterways (Geertsema, 2009).

The significance of a loss of water quality is magnified during a time of water
shortage, potentially affecting agriculture and public health.

Large areas of land outside of typical floodplains could experience severe
flooding.

In 2014, a landslide in Oso, Washington, dammed the North Fork
Stillaguamish River and formed a lake 2.5 miles long, flooding homes (USGS,
2017).

Drought and wildfire can reduce plant and litter layer cover, leading to
increased vulnerability to erosion (Colorado State University Extension, 2012;
Agriculture and Agri-Food Canada, 2016).

This loss of topsoil may have damaging effects on agriculture, forestry, and
ecosystems.

Geographic Screening of Consequences

British Columbia’s Interior Plateau faces the greatest risk from compounding consequences. This region

faces high risk from water shortage and wildfire, and several of the major highways that provide access

to the region run through landslide-prone territory. While landslide risk in most of the plateau is

relatively low due to its flat terrain, Highways 5, 1, and 16 include significant sections that run through

landslide-prone mountains on the eastern and western sides of the plateau as well as through local

landslide-prone valleys. In 2017, the city of Kamloops declared a state of emergency due to landslides

near Highway 5 (Slattery, 2017) and additional landslides in 2018 caused a partial closure of another

portion of the same road (Kergin, 2018). In addition, major railway corridors for the Canadian National
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Railway, B.C. Rail and the Canadian Pacific Railway run through landslide-prone valleys that coincide
with areas of high water-shortage and wildfire likelihoods.

In addition to transportation infrastructure, significant portions of B.C. Hydro’s transmission
infrastructure runs through areas susceptible to wildfire and landslides. B.C. Hydro has explicitly
acknowledged this risk in at least some areas, such as West Kelowna, where it is currently scoping
options for redundant transmission capacity (B.C. Hydro, 2018b). As the linked likelihood of wildfires
and landslides increases, however, this risk warrants further scrutiny, especially in northern parts of the
province where available transmission maps suggest that redundancy is more limited (B.C. Hydro,
2018a).

Summary and Research Gaps

As climate change increases the probability and severity of a range of hazard events in British Columbia,
it also increases the potential for interacting and compound hazards. While the probability of these
interacting hazard events is lower than that of any individual hazard occurring on its own, many relevant
hazards have correlated likelihoods or can even trigger one another in a cascade scenario. Furthermore,
the potentially grave impacts that can occur as consequences compound upon each other make
consideration of interacting hazards a critical element of worst-case-scenario risk assessment.

This analysis focused on the risk of a water shortage, wildfire, and landslide scenario—perhaps the most
plausible for British Columbia—and showed that potential impacts may be severe. This is particularly
true in regions of the province already prone to all three hazards, and where hazard events may disrupt
critical infrastructure and services.

Further assessment and scenario planning should evaluate the robustness of emergency services and
disaster planning to respond to multiple disasters simultaneously. Additional assessment should also
include consideration of other combinations of hazards, which have not been analyzed here in detail.
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CONCLUSION

The results of risk assessments can enable important conversations about risk tolerance, the relative
value of different assets, and the types of risk management responses needed. The assessment provides a
starting point for considering, prioritizing, and coordinating risk management activities across the
province. It demonstrates the wide range of risks that climate change poses to the province, as well as
their complexity across regions, sectors, and domains of ministerial responsibility. As such, these risks
will require a coordinated effort to manage.

In addition, the assessment has highlighted important knowledge gaps and process improvements that
would further enhance understanding of climate risks. To build on this assessment, address gaps, and
capture a broader range of potential risks—beyond the next steps identified earlier—the following
additional work would be useful:

e Further evaluate the adequacy of existing risk mitigation efforts, considering the risk assessment
results (this work has begun and will be expanded upon going forward).

e Expand the analysis of each risk event to include a range of future scenarios.
e Further explore the interactions and implications of cascading and compounding events.
e Conduct or encourage research to fill noted data gaps.

e Consider approaches that would be appropriate to use in specific contexts, for example
understanding and building on Indigenous climate resilience.

e Examine risks to specific populations and ethnic communities, as well as gender-specific risks.

The B.C. Climate Change Acconntability Act requires the Minister of the Environment and Climate Change
Strategy to prepare a public report every even-numbered calendar year, starting in 2020, describing the
risks to B.C. from climate change, progress toward reducing those risks, actions taken to achieve that
progress, and plans to continue risk-reduction efforts. This risk assessment represents a first step
towards meeting that requirement, and can be updated in the future to account for new findings.
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The aim of this assessment was to characterize, at a strategic level, the most problematic climate-related risks
that could potentially occur in BC in coming decades, using best available evidence. Using RCP8.5, a high
estimate of future growth in greenhouse gas concentrations, helps to identify such significant risks. The
project team based the assessment of the likelihood of the fifteen climate risk events occurtring in the 2050s
on climate change studies that modeled impacts under RCP8.5.

RCP8.5 is characterized by increasing greenhouse gas concentrations in the atmosphere over time. This
scenario would result in the greatest temperature change by 2100 of the four scenarios used in the IPCC’s 5t
Assessment Report (van Vuuren, Edmonds, Kainuma, et al., 2011). The RCP8.5 scenario describes a global
future by 2100 that assumes high population growth (12 billion), low economic growth and development
(global GDP 250 trillion US2005$ in 2100), high energy demand (nearly 3-fold increase), largely met by fossil
fuels (including a nearly 10-fold increase in coal use), and modest improvements in energy intensity (0.5% per
year over the course of the century) (Riahi, Rao, Krey et al., 2011). The increase in concentrations of
greenhouse gases in the atmosphere are projected to be greatest in the latter half of the 21t century.
Atmospheric concentrations of greenhouse gases as measured in 2018 are consistent with projected levels for
RCP8.5 (NOAA, 2019; Meinshausen et al. 2011).

Prudent assessment of risk involves explicit consideration of uncertainties. Assuming a high greenhouse gas
concentration scenario in risk assessment helps to account for these uncertainties as it encompasses
greenhouse concentrations of the other RCPs. All RCPs are based on assumptions that include near-term
trends and long-term projections of multiple socio-economic variables. Assumptions about individual
variables, and their interaction within each of the RCPs, are subject to uncertainty. The scientific community
refines the emissions scenarios as new information becomes available and updated scenarios are used in
climate modelling research to inform future climate impact projections.

Projected temperature changes for BC are similar for each RCP by the 2050s (Figure 34). At 2050, the
difference between the trend lines for RCP2.6 and RCP8.5 is less than the range of natural variability
observed in historical annual temperatures. Assuming the future climate will have a similar range of natural
variability in average temperature, there will be little discernable difference in climate impacts in 2050 between
the RCPs. As a result, using a different RCP is unlikely to affect the key risk assessment findings.

Recent regional climate impact studies, risk assessments, and adaptation plans conducted by provincial and
regional governments and public sector organizations in BC use RCP8.5.

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA 117



APPENDIX A: WHY WAS RCP8.5 CHOSEN FOR THIS ANALYSIS?
/1

FIGURE 34. Average temperature anomalies in British Columbia by deviation from 0. Black line (Pacific Climate Data
Set, PCDS) shows past temperatures. Coloured lines are average temperature projections under three scenarios:
RCP8.5 (red); RCP4.5 (yellow); and RCP2.6 (blue). Shading around each scenario indicates uncertainty in the
projections. (Pacific Climate Impacts Consortium, 2019).
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APPENDIX B: DETAILED RISK ASSESSMENT FINDINGS

Severe Riverine Flooding

Scenario >

The specific scenario analyzed is today’s “500-year flood” on the Fraser River, affecting the Lower
Mainland (see FIGURE 35).14 In this scenario, flood depths could exceed 5 m in some locations and last
up to two weeks. The flood would most likely occur in the spring, caused by rapid snowmelt combined
with heavy rainfall.

FIGURE 35. Severe flooding scenario: flood depths under present-day 500-year flood (Northwest Hydraulic
Consultants, 2016).

Flood depth (m) 0to 0.5 0.5t0 1.0 1.0to 2.0 2.0t0 5.0 >5.0; River

14 The “500-year” Fraser River flood is defined as the 1894 flood of record (Kerr Wood Leidal Associates Ltd., 2015b; Northwest Hydraulic
Consultants, 2016)
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Summary of Findings

Today’s 500-year Fraser River flood event
would result in extensive flooding in the
B.C. Lower Mainland and affect more than
30% of the province’s total population. In
addition, this event threatens the integrity
of existing flood management
infrastructure (e.g., dikes). If this event
occurred today, it would be the costliest
natural disaster to date in Canadian history
(Northwest Hydraulic Consultants, 2016).

Though by definition this is a low-
likelihood, high-consequence event,
climate change could make today’s 500-
year Fraser River flood up to five times
more likely by 2050.

FIGURE 36 and TABLE 21 summarize

FIGURE 36. Risk assessment findings for severe flooding
scenario.
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the risk assessment results for this scenario. The highest consequences relate to losses to social

functioning and economic vitality. Additional details on the likelihood of the scenario, its consequences,

and the supporting evidence base for these ratings are provided in the sections below.
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TABLE 21. Risk Rating Evaluation for Severe Flooding Scenario

SEVERE RIVERINE FLOODING: 500-YEAR FLOOD ON THE FRASER RIVER

LIKELIHOOD

CURRENT
RATING

1

JUSTIFICATION

The “500-year flood”
(for the Fraser River
basin, a peak flow of
17,000 m%/s) has a
0.2% chance of
occurring in any year.

2050
RATING

2

JUSTIFICATION

Climate-related risk causes: Severe spring
flooding is driven by periods of hot weather, heavy
rain during peak snowmelt, and snowpack volume.

2050 projections: The “500-year flood” is
projected to have a 0.51% to 1% annual chance of
occurring by 2050.

CONFIDENCE

Medium

CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological impacts
functioning
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity

Loss of infrastructure
services

Cost to provincial government

OVERALL
RISK

CURRENT

2050

RATING

4

LOW (4.3)

JUSTIFICATION

Ten to 100 deaths could occur from fast-moving
floodwaters and limited medical/emergency care.

More than 100 people are at risk of harm due to
fast-moving floodwaters, debris, waterborne
disease, limited access to critical services, or
environmental contamination.

Severe psychological impacts are expected for
individuals who experience damage to or loss of
property or livelihood, evacuation, or loss of family
members.

Recovery and clean up could take months. There is
also potential for widespread disruptions to a
variety of institutions and services that would affect
day-to-day life for at least weeks.

Natural resources could experience damage due to
inundation, debris, and water and soil
contamination. Recovery could take years.

Losses are estimated at $22.9 billion, including the
agriculture, transportation, energy industries, and
damage to ecosystem services.

Disruptions to critical infrastructure services could
last for months.

Costs to government might include flood response,
post-event cleanup, health services, ecosystem
recovery, Disaster Financial Assistance, and
AgriRecovery, among others.

MEDIUM (8.5)

CONFIDENCE

High

Medium

High

Medium

High

Medium

Medium

MEDIUM

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 4.3 out of 25,

which equates to low risk, and the 2050 risk rating is
8.5 out of 25, which equates to medium risk. See the

Risk Calculation text box at right.

Evidence Base

Risk Event Scenatio

Risk Calculation

Risk = Likelihood x Average Consequence
Present Risk =1 x 4.3 = 4.3 (Low)
2050 Risk =2 x 4.3 = 8.5 (Medium)

This scenario represents one illustrative permutation of a severe riverine flood in the province. The

consequence ratings are specific to this scenario, but many of the types of consequences described may

be transferable to other related scenarios, such as a severe flood in a different river basin.

The specifics of this scenario were based on the Lower Mainland Flood Management Strategy: Analysis of Flood

Scenarios identified suitable flood scenarios for a regional assessment of flood vulnerability for present
day and 2100 (Kerr Wood Leidal Associates Ltd, 2015; Northwest Hydraulic Consultants, 2016). The
Fraser River flood scenarios represent freshet flooding from snowmelt and rainfall. The present-day
scenario is a 1-in-500 Fraser River flood event and current sea level. This is equivalent to the 1894 flood
of record (peak flow of 17,000 m3/s at Hope). The report does not specify the flood duration, but
assumes a two-week flood duration in its loss estimates. Therefore, the project team applied the same

assumption here.

Likelihood rating

The present-day likelihood of this scenario is 1 and
the 2050 likelihood of this scenario is 2. By
definition, a 500-year event currently has a 0.2%
annual chance of occurring. To determine the
likelihood of this flood event by 2050, the project
team relied on climate change-influenced projections
of Fraser River flood flow from the B.C. Ministry of
Forests, Lands, Natural Resource Operations and
Rural Development (FLNRORD).

By 2050, this flood scenario has a 0.51 to 1% annual
chance of occurring. The project team used the
conservative end of the range for the rating.

Supporting evidence includes:

Likelihood Rating Drivers

Type of risk event: Discrete

Climate change indicator: Change in
likelihood of today’s 500-year flood on Fraser
River

“Present day” period: 2016

Source of 2050 projections: Modeling study of
climate change influence on the 500-year
Fraser River flood scenario from 2016 to
2100. Project team interpolation of 2100
projections to 2050.

Emission scenario;: SRES A1B and B1

e A 1-in-500-year flood event, by definition, has a 0.2% annual chance of occurring.

e Severe spring flooding in the Fraser River is driven by periods of hot weather, heavy rain during peak

snowmelt, and snowpack volume. Historically, weather factors such as periods of hot temperatures

and heavy rain during peak snowmelt account for 60 to 80% of the flood risk and snowpack volume
accumulated over the winter accounts for the remaining 20 to 40% of the flood risk (River Forecast
Centre, 2012). Studies reveal that daily high temperatures exceeding 25°C between mid-May and mid-

June (compared to the normal high temperature of 18°C) occurring over eight or more consecutive

days can produce rapid snowmelt and flooding conditions. Similarly, 30 to 50 mm of rainfall over 48
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hours in the Fraser River watershed can produce high flows, while 70 mm or more of rain over 48
hours during peak snowmelt can produce extremely high flows (River Forecast Centre, 2012).

e Modeling from FLNRORD finds that major flood events in the Lower Mainland are increasing in
frequency and magnitude. Hydrologic models project that today’s 200- to 500-year flood events may
occur once every 50 years in 2100 (i.e., today’s 500-year event will have a 2% annual chance of
occurrence in 2100) (B.C. Ministry of Forests, Lands and Natural Resource Operations, 2014; Pacific
Climate Impacts Consortium, 2015; Office of the Auditor General of British Columbia, 2018).15

e In order to evaluate the chance of occurrence of a 500-year flood by 2050, the project team
interpolated between annual chance evaluations associated with the present day (2016)'¢ and 2100.
The project team interpolated using both a linear trend to capture a constant rate of change and an
exponential trend to capture delayed change, with the assumption that these two scenarios best
represent the range of potential pathways for increasing floods over the next century. Following this
scheme, the project team estimates the annual chance of today’s 500-year flood will fall between
0.51% and 1% for the Frasier River basin by 2050.

Confidence: Medium
There are several sources of high-quality independent evidence, and some degree of agreement.

Consequence ratings

The overall consequence rating is an average of Consequence Calculation

the individual consequence ratings (see the Overall Consequence = Average of Individual
Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating Overall Consequence = (4+4+5+5+3+5+5+3)/8

are provided below. Based on these findings,
) Overall Consequence = 4.3
the project team rated the overall consequence

of this scenario as 4.3 out of 5.

HEALTH

Loss oflife: 4

Due to the magnitude and location of this flood, 10 to 100 people could lose their lives from either
direct or indirect causes. Direct loss of life could occur if people are caught in fast-moving floodwaters.
In addition, limited medical or emergency care or loss of vital services such as power or clean water
during and following the event could cause indirect loss of life. If warnings or evacuation orders are not
issued in a timely manner, loss of life could exceed 100 people.

5 The hydrologic model predicting future Fraser River flood frequencies uses two Global Climate Models (GCMs), including HadGEM A1B
and HadCM3 B1, which together capture a realistic range of future climate change. Both GCMs were prepared for the Intergovernmental
Panel on Climate Change (IPCC) Fourth Assessment (AR4), which used the most advanced emission scenarios available at the time. These
GCM experiments use Special Report on Emission Scenarios (SRES) to describe future global emissions, rather than the most current
Representative Concentration Pathways (RCPs) that were part of IPCC AR5. However, there is broad agreement between the two projection
scenarios. For example, radiative forcing trajectories under SRES A1B and B1 approximate RCP8.5 and 4.5, respectively, through mid-
century. As a result, the project team is confident that the order-of-magnitude projections described within are the best available resource to
evaluate the scenario.

16 The Lower Mainland Flood Management Strategy defines the present day 500-year flood scenario as the 1894 flood of record, rather than
a present day time period. Therefore, the project team chose 2016, the year the report was published, to represent present day in the
interpolation calculations (Northwest Hydraulic Consultants, 2016).
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Supporting evidence includes:

e Approximately 2.6 million people reside in the Lower Mainland and account for 54% of B.C.’s total
population (4.8 million people) (Stats Canada, 2018). The population density of Lower Mainland B.C.
is 169 people per square kilometre (Public Safety Canada, No date). Within the Lower Mainland,
500,000 people (19%) live or work within the Lower Fraser floodplain and 1.5 million people (58%0)
are dependent on infrastructure in the Lower Fraser floodplain (Public Safety Canada, No date;
Office of the Auditor General of British Columbia, 2018). As a result, more than 30% of the total
population (at least 1.5 million people) would be affected by a 500-year flood.

e During the last flood event of this magnitude (in 1894), 10 people died (Northwest Hydraulic
Consultants, 2016). Specific causes of death (e.g., drowning vs. injury) are unknown.

e On average flood waters become unsafe at flow depths of 0.8 to 0.9 metres (Shu, Han, Kong, &
Dong, 2016). However, low-height, high-velocity floodwaters may be more hazardous to people than
high-height, low-velocity floodwaters (Gomez, Kure, Udo, & Mano, 2016).

e Atleast 10 deaths could occur from a 500-year flood in the Lower Fraser given the number of people
exposed, increased population density compared to the 1894 flood event, and a variety of death rate
estimates:

- In North America, 40 people per year, on average, die from floods, based on data from 2006 to
2015 (Guha-Sapir, Hoyois, Wallemacq, & Below, 2017).

- Flash floods and floods associated with tropical storms are associated with larger fatality numbers
than river floods (Ashley & Ashley, 2008).

- In Washington and Oregon, the river flood mortality rate is 12 and 22 per 100,000 people,
covering 1959 to 2005 (Ashley & Ashley, 2008).

- In the U.S., the deadliest river flood event was a January 1969 flood in California that killed 41
people (Ashley & Ashley, 2008).

— Public Safety Canada has previously assessed that flooding “could result in more than 50 fatalities”
(Public Safety Canada, No date).

e Other factors that could influence loss of life are whether medical or emergency care is accessible
during the event and whether utility services such as power and clean water are available (Workshop
feedback 2019). See the loss of infrastructure services section for more details on in infrastructure
impacts.

Confidence: High

A flood event of this magnitude has not occurred in the Fraser River basin since 1894 and development
along the Fraser River has changed dramatically over time. A far greater number of people are exposed
than in 1894, though more advanced warning of flooding is also available compared to then. Loss of life
is ultimately dependent on a number of unknown variables including how quickly flood waters rise, how
much warning people are given to evacuate, and how many people evacuate. In addition, there are
varying amounts and quality of evidence regarding the flood mortality rate for Canada and British
Columbia. A more detailed analysis would be necessary to compute precise mortality risk based on
extent and depth of modeled flooding, population demographics (including age and gender), timing of
warning, evacuation behaviour, and other factors. However, based on a multitude of sources and
evidence from previous events, mortality from this event is likely to be at least 10 people.
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Morbidity, injuty, disease, or hospitalization: 4
Flooding can cause health hazards beyond fatalities, such as injury, disease, or hospitalization from fast-

moving flood waters or debris, limited access to critical infrastructure and services, or environmental

contamination. For example, severe flooding can damage water supply systems, create conditions for

water-borne diseases, or impair hospital or emergency response capacity. More than 100 people could

experience ill health effects due to this scenario. If warnings or evacuation orders are not issued in a

timely manner, this number could exceed 1,000 people.

Supporting evidence includes:

Approximately 2.6 million people reside in the Lower Mainland of B.C,, including 500,000 people
(19%) who live or work within the Lower Fraser floodplain and 1.5 million people who are
dependent on infrastructure in the Lower Fraser floodplain (Public Safety Canada, No date; Office of
the Auditor General of British Columbia, 2018). The population density of Lower Mainland B.C. is
169 people per square kilometre (Public Safety Canada, No date).

There are many populations vulnerable to flooding in Lower Mainland B.C., including growing
elderly populations, low-income populations, and immigrant populations. Indigenous communities
located along the Fraser River could also be vulnerable to flooding (Public Safety Canada, No date).

Severe flooding can cause many threats to public health and safety. For example:

Severe flooding can damage water supply systems or overwhelm treatment capacity, which may
result in a Boil Water Notice threatening public health (Government of British Columbia, No
date).

Environmental contamination from a flood event would be most significant in areas near
agricultural land, transportation and industrial sites, and hazardous waste storage facilities
(Northwest Hydraulic Consultants, 2016). Agricultural contaminants may include manure,
deceased livestock, or chemical inputs such as pesticides.

A study of flood and health risks in Bolivia found that long-duration flood events with shallow
flooded areas create increased health risks for water-borne and vector-borne diseases (Gomez,
Kure, Udo, & Mano, 2010).

Low-height, high-velocity floodwaters may be more hazardous to people than high-height, low-
velocity floodwaters (Gomez, Kure, Udo, & Mano, 20106).

Limited access to critical infrastructure and services may limit immediate access to medical
treatment and inflate health impacts. Under the present day 500-year flood scenario, six ambulance
stations and four hospitals are vulnerable to flooding (Northwest Hydraulic Consultants, 2016).
Other negative health outcomes include diseases spread through food contamination or insects,
carbon monoxide poisoning, and mental health effects (see the psychological impacts section)
(Government of Canada, 2018).

Public Safety Canada has previously assessed that injury impacts from severe riverine flooding will be
high and widespread and will require federal support or intervention (Public Safety Canada, No date).

Confidence: Medium

A flood event of this magnitude has not occurred in the Fraser River basin since 1894 and development

along the Fraser River has changed dramatically over time, suggesting a greater potential for morbidity,

injury, disease, or hospitalizations. Several sources of evidence confirm the range of negative health
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outcomes that could affect the large number of people within the affected area. The number of people
affected is ultimately dependent on a number of unknown variables including how quickly flood waters
rise, how much warning people are given to evacuate, and how many people evacuate.

SOCIAL FUNCTIONING

Psychological impacts: 5

This flood scenario has the potential to affect nearly a third of the population of the province and cause
severe psychological impacts such as PTSD and depression, particularly to those directly affected (e.g.,
through damage to or loss of property or livelihood, mandatory or voluntary evacuation, loss of family
members or friends). In addition, if the transportation system or utility services are significantly affected
there may be a shortage of food and services, further increasing stress and anxiety.

Supporting evidence includes:

o The severity of flooding is the most significant factor in determining mental health effects of flood
events (Foudi, Oses-Eraso, & Galarraga, 2017). Other important factors include post-disaster life
stressors and level of social support (Goldmann & Galea, 2014).

- Flood survivors have experienced distress, anxiety, pain, depression, and social dysfunctions,
including, in severe cases, post-traumatic stress disorder (Foudi, Oses-Eraso, & Galarraga, 2017;
Goldmann & Galea, 2014).

- Suffering material, physical, or intangible damage negatively affects mental health. Material damage
(e.g., structural damage or damage to household contents), however, has the smallest effect (Foudi,
Oses-Eraso, & Galarraga, 2017).

- Key risk factors that may increase vulnerability to disasters include age, low socioeconomic status,
minority ethnic status, previous mental health issues, and low social support (Goldmann & Galea,
2014). The relative importance of these factors for flooding-related disasters in particular is
unknown.

e Interviews conducted after a 2014 flood event in Burlington, Ontario, as part of a study on the
mental health effects of flooding revealed both short-term and long-term mental health impacts
(Intact Centre on Climate Adaptation, 2018):

- Within a month of the event, 47% of flooded household!” respondents were worried or stressed
about flooding, compared to 11% of households that have never flooded.

- Three years after the event, 48% of flooded household respondents were worried about flooding
during rain events, compared to 3% of houscholds that have never flooded.

— For 56% of flooded households interviewed, at least one household member had to take time off
from work. The average length of time per flooded household was seven days off work.

o The average cost of a flooded basement is $43,000, which can add financial stress to those affected
by flooding (Intact Insurance, 2018).

o If this flood scenario occurred in the present day, an estimated 266,000 people would have to seek
shelter due to building impacts (Northwest Hydraulic Consultants, 20106). Further population growth
by 2050 could increase this number.

17 Flooded households experienced basement flooding only.
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o Disruptions to the transportation system may limit food supply in as little as four days. Disruptions
to ferry and barge terminals may also significantly affect the delivery of goods to Vancouver Island
and other coastal communities (Northwest Hydraulic Consultants, 2010).

o Disruptions to utility services may further delay recovery and the ability of evacuated individuals to
return home, increasing stress and anxiety. See the loss of infrastructure services section for more
details.

e DPsychological impacts related to agriculture are likely to be significant due to loss of agricultural
livelihoods and assets, difficulty relocating livestock and possible associated losses (e.g., dairy
animals), limited ability to transport critical agricultural inputs (e.g., feed) and outputs (e.g., crops),
and increased stress or anxiety from farm management challenges and complexities (MacNair, 2019).
In addition, farmers affected by a spring freshet flood will not be able to quickly or easily recover due
to impacts to both annual and perennial crops. High value perennials such as berries can take years to
recover (BC Agriculture & Food Climate Action Initiative, 2012). See the loss of economic
productivity section for projected losses of agricultural crops from this scenario.

e During a 1948 Fraser River flood (a 1-in-200 year flood), 16,000 people were evacuated, 2,300 homes
were damaged or destroyed, and 1,500 residents were left homeless. In addition, floodwaters

inundated transcontinental rail lines and the Trans-Canada Highway (Northwest Hydraulic
Consultants, 2010).

Confidence: High

There are several high quality sources detailing potential mental health effects from flooding, including
post-disaster stressors such as disruptions to transportation or agriculture. There is widespread
agreement across multiple sources that flooding of this magnitude, which would have ripple effects
lasting for more than six months and affect more than 30% of the population, would cause severe
psychological impacts. However, more specific research on psychological impacts of flooding in B.C. is
needed to better understand the scope and extent of impacts.

Loss of social cohesion: 5

Recovery and cleanup from a two-week-long flood event could take months, especially for hard-hit
communities. For those directly affected by the flood damage (e.g., flooded home, flooded workplace or
route to work), disruptions to daily life could last for months. The flood could also cause lingering after-
effects to infrastructure services and disruptions to daily life. Given the potential for widespread
disruptions to many critical institutions and services (e.g., wastewater treatment), even individuals who
do not experience direct flood damage could experience at least a weeks-long disruption to daily life in
terms of available services.

Supporting evidence includes:

e Many communities are located within the flooded area under this scenario (shown in FIGURE 35),
indicating that many communities could experience direct flood damage to homes and critical
institutions. This includes 54 of 90 First Nations’ reserves and treaty lands, which are expected to
experience some level of inundation from a 500-year flood (Northwest Hydraulic Consultants, 2016).

e Bven individuals who do not experience direct flood damage may assist with community cleanup
efforts that last for days or weeks following the event.
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e There is significant potential for interruption to day-to-day life due to the following (see the loss of
infrastructure services section for additional impacts):

- There is potential for inundation of all wastewater treatment facilities in metro Vancouver and the
Fraser Valley Regional District. These facilities serve the entire urban population base including
some areas that may be directly affected by flooding (Northwest Hydraulic Consultants, 2016).

- Six police stations, 19 fire halls, six ambulance stations, four hospitals, and 116 schools could be
flooded under this scenario (Northwest Hydraulic Consultants, 2016). Other local and provincial
government infrastructure could also be vulnerable to flooding.

- Communication facilities are vulnerable to system overload or damage from a flooding event
including call centres, cell towers, cables, and internet and telephone land lines (Northwest
Hydraulic Consultants, 2016).

- Flooding could cause disruption to individual and commercial fishing, which could be especially
disruptive for Indigenous and rural communities. A decrease in fishing for Indigenous
communities affected by a dam breach in 2014 resulted in a shift in diet, physical activity, and
cultural practices as well as a decrease in community income and employment opportunities
(Shandro et al., 2010).

e For agricultural communities, severe flooding may significantly damage annual and perennial crops
causing seasonal or potentially long-term impacts to livelihood. Impacts to local or regional food
security are also possible due to decreased agricultural productivity (BC Agriculture & Food Climate
Action Initiative, 2012; BC Agriculture & Food Climate Action Initiative, 2014).

o The risk to government reputation from any loss of life due to flooding is significant (Public Safety
Canada, No date).

Confidence: Medium

There are several high quality sources that support significant impacts to social cohesion. Whether or not
disruptions to the broader population that do not experience direct flood damage to their homes,
workplace, or community last longer than the two-week duration of the flood is dependent on the extent
of damage to infrastructure services. Impacts to drinking water systems and elements of local
government infrastructure are largely unknown, as are the extent of damage and timeline for recovery for
all infrastructure services. This rating assumes a significant portion of the population will experience
disruptions that last beyond the duration of the flood event.

NATURAL RESOURCES: 3

Although natural resources located in flood-prone areas are generally resilient to flood conditions, a 500-
year severe flood will also extend to areas not accustomed to inundation. Ecosystems and natural
resources could experience stress or damage due to inundation, debris, and water and soil contamination
from nearby agricultural, industrial, or waste sites. This flood scenario is likely to affect a number of
unique and fragile ecosystems such as riparian areas, intertidal marshes, and wetlands that could take
years to recovet.

Supporting evidence includes:

e The Lower Fraser River and its estuary support unique and fragile ecosystems such as riparian areas,
intertidal marshes, and wetlands. The floodplain and channels of the lower Fraser River between
Hope and Mission ate host to some of the most biologically significant riparian and aquatic
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ecosystems in Canada. In addition, they are known to support 30 or more fish species including the
largest spawning population of salmon in B.C. and are part of a major salmon migration route. These
ecosystems could be adversely affected by a large flood in the region (Public Safety Canada, No date).

o The Public Safety Canada flood risk assessment for B.C. rated environmental impacts at the highest
risk level, primarily due to contamination concerns (Public Safety Canada, No date).'® Due to the
presence of heavy industry along the Fraser River, this flood scenario is likely to cause significant
environmental and ecosystem impacts, including contamination of surface and groundwater.
Locations near agricultural land, transportation, industrial sites, and hazardous waste storage facilities
have an elevated risk of contamination during a flood event. Possible contaminants include
chemicals, fertilizers, petroleum products, raw sewage, and hazardous waste (Public Safety Canada,
No date).

e This flood scenario would result in 656,000 tons of debris (Northwest Hydraulic Consultants, 2016).
Debris may disrupt or contaminate sensitive habitats or ecosystems.

e Impacts to natural resources could also negatively affect ecosystem services. See the economic
productivity section for more information.

Confidence: Low

There are varying amounts and quality of evidence regarding severe flooding impacts to natural
resources. Knowledge gaps include how the flood scenario would affect endangered species, migratory
birds, and sensitive ecosystems. In addition, recovery time will vary depending on the affected species
and ecosystems as well as local conditions. As a result, this rating relies heavily on expert judgment.

ECONOMIC VITALITY

Loss of economic productivity: 5

Total economic losses are estimated at $22.9 billion. Damages to multiple industries, including
agriculture, transportation, and energy are each estimated at well over the “catastrophic” threshold of $1
billion. In addition, flooding could affect ecosystem services. When ecosystems are damaged by direct
human use, natural disasters (such as flooding), or climate change, the services provided are often
degraded or cease altogether. These services must then be replaced by costly man-made facilities or
processes that provide the same services (e.g., the construction costs related to water runoff or flooding
control if forest cover is removed or damaged).

Supporting evidence includes:

e Total economic losses for this flood scenario are estimated at $22.9 billion, which includes direct
building losses, transportation losses, agricultural losses, and infrastructure/institutional losses
(Northwest Hydraulic Consultants, 2016; Fraser Basin Council, 2016).

18 A “5” rating for environmental impacts is defined by a variety of possible criteria, including greater than 75% of flora or fauna affected or
one or more ecosystems significantly impaired; air quality has significantly deteriorated; water quality significantly lower than normal or water
level greater than three meters above highest natural level; soil quality or quantity significantly lower (i.e., significant soil loss, evidence of
lethal soil contamination) than normal; greater than 15% of local area affected.

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA 129



APPENDIX B: DETAILED RISK ASSESSMENT FINDINGS
SEVERE RIVERINE FLOODING

L

- Modelling using Hazus indicated $9 billion in building losses, including 3,600 buildings damaged
and 690 buildings destroyed. The majority of losses are attributed to residential and commercial
buildings (Northwest Hydraulic Consultants, 2016).1°

- Transportation losses are estimated at $7.7 billion (Northwest Hydraulic Consultants, 2016).20

- Agricultural losses for this scenario could reach $1.6 billion.?!

= Damage to agricultural buildings is estimated at $223 million and damage to agricultural equipment is
estimated at $50.7 million (Northwest Hydraulic Consultants, 20106).%2

= Fraser River flooding could also result in the loss of 70% of forage, 50% of annuals, 50 to 80% of
perennials, 60% of poly greenhouse crops, 70% of greenhouses, and 10% of the dairy? sector
(Northwest Hydraulic Consultants, 2016).24

- Infrastructure/institutional losses are estimated at $4.7 billion (Northwest Hydraulic Consultants,
20106). See the loss of infrastructure services section for more details.

e Over one third of farmland in the Lower Mainland is located within the Fraser River floodplain and
therefore vulnerable to flooding.?s Additional agricultural impacts include (BC Agriculture & Food
Climate Action Initiative, 2014):

- Disruptions to supply chains (e.g., farm inputs and transportation)

- Permanent or seasonal losses of productivity

- Livestock relocation and stress

- Soil and water contamination from farms due to chemicals, nutrients, or pathogens
- Water-logged soils

e Two energy utilities in False Creek and Richmond are vulnerable to inundation (Northwest Hydraulic
Consultants, 2010).

o Loss of life also has an economic impact. The range of loss of life from 10 to 100 can be valued at
$52 to $520 million, based on the number of lives projected to be lost (Treasury Board of Canada
Secretariat, 2007).26,27

e The Public Safety Canada flood risk assessment for B.C. rated the local economic impact category as
“greater than 15% of local economy impacted” (Public Safety Canada, No date).

e Properly functioning ecosystems provide an array of free benefits to humans in the form of
ecosystem services. These services fall into the broad categories of supporting, provisioning,

19 This estimate is based on Hazus modeling and is based on default recovery times ranging from 1 to 33 months. Hazus (Hazus-MH 2.1)
was developed by the U.S. Federal Emergency Management Agency and adapted for Canadian conditions by Natural Resources Canada.
Building-related loss projections encompass the cost of repair or replacement of residential, commercial, industrial, and public/institutional
buildings damaged or destroyed by flood, and include losses relating to inventory, relocation, and wages.

20 |oss projections for transportation revenues from delays and cancellations in cargo shipping. Losses from interruptions to rail traffic were
estimated based on freight trans-shipped through Port Metro Vancouver. Interruptions to highway traffic and to Vancouver International
Airport were discussed but not quantified. Transportation losses assume four weeks of disruptions.

21 Agricultural losses were estimated based on Land Use Inventory information and Stats Canada’s 2011 Census of Agriculture data. Farmer
losses from Hazus data were based on flood inundation exceeding a two week critical period. Loss projections for agriculture include
agricultural buildings and equipment damaged or destroyed, lost farm gate sales, and replanting costs.

22 Estimated losses based on two-week flood durations.

23 Livestock estimates were based on the assumption that most livestock would be moved to higher ground prior to an impending flood. Any
losses due to insufficient time to complete evacuations are not accounted for.

24 The agricultural loss estimates are based on the assumption that flooding occurs between May and June and lasts for two weeks.

25 Percentage determined using inundation mapping.

26 Value in 1996 CAD.

27 The Treasury Board of Canada Secretariat expects departments to use a Value of a Statistical Life of $5.2 million adjusted for inflation
since 1996.
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regulating, and cultural services, and may or may not be directly tied to market activity. Examples of
these ecosystem services include: nutrient recycling and soil formation (supporting), timber and crops
(provisioning), carbon sequestration and water purification (regulating), and spiritual significance and
recreation (cultural).

- In B.C’s Lower Mainland alone, forests provide an estimated $1.2 billion annually in flood
protection services (Wilson, 2010).28 Extrapolating to the entire province, flood protection services
provided by forests are estimated at an annual value of $52 billion.?

- Flooding that results in the damage of additional ecosystems, would result in additional ecosystem
service damages. In the Lower Mainland, it is estimated that ecosystems provide $5.4 billion worth
of benefits per year (Wilson, 2010). Extrapolating to the entire province, ecosystem services
provide an estimated annual value of $232 billion.

— The subset of industry and ecosystem services that could be affected by a severe flood is unknown,
but expected to be relatively large compared to the moderate flood scenario given the vast area of
the floodplain and the number of communities affected.

Confidence: High

Although is it difficult to estimate the total cost to economic productivity, there are several sources of
high-quality independent evidence that indicate costs will be significantly above the $1 billion threshold.
Indirect costs are largely not accounted for in the literature, suggesting that the estimates presented are
conservative estimates for costs to economic productivity.

Loss ofinfrastructure services: 5

Disruptions to critical infrastructure services (e.g., transportation, energy, communication, and
wastewater treatment) could last for months depending on the extent of flood damage. Estimated
infrastructure and institutional losses from this event are $4.7 billion. Impacts could include washed out
transportation infrastructure, loss of electrical services, dike failure, and inundated wastewater treatment
facilities, among others.

Supporting evidence includes:

o Infrastructure/institutional losses for this scenario are estimated at $4.7 billion (Northwest Hydraulic
Consultants, 2016).30:31

o A 2015 review of the status of dikes along the Fraser River found that 96% of dikes in the Fraser
Valley do not meet current standards and rated most dikes as “fair to poor” or “poor to
unacceptable” (Northwest Hydraulic Consultants, 2015). As a result, it is likely that 36 dikes would
fail under this flood scenatio (Northwest Hydraulic Consultants, 2016).

28 Values in present-day, 2018 CAD.

2% This extrapolation was conducted by scaling the flood protection values for B.C.’s Lower Mainland (Wilson, 2010) to the entire area of
British Columbia.

30 Infrastructure and institutional buildings are defined as substations, airports, marine facilities, rail lines, critical highway routes and arterial
roads, rapid transit lines, wastewater treatment plants, police and emergency services, hospitals, municipal halls and work yards, and other
structures.

31 Infrastructure/institutional losses are order-of-magnitude estimates based on rough assumptions and replacement costs by FEMA. They do
not incorporate durations.
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o All wastewater treatment facilities in Metro Vancouver and the Fraser Valley Regional District could
flood under this scenario. These facilities serve the entire urban population base including some areas
that may be directly affected by flooding (Northwest Hydraulic Consultants, 2010).

e A major flood can also disrupt water supply systems by causing flood damage to infrastructure or
overwhelming the capacity of the system and thereby not being able to adequately treat the water
(Vancouver Coastal Health, 2019).

e Twenty-three hydro substations are expected to flood under this scenario. This could result in loss of
electrical service for an undetermined amount of time (Northwest Hydraulic Consultants, 2010).

e Although some transmission towers are expected to be exposed to flooding and scouring, the
sensitivity of the transmission gtid is deemed low due to transmission lines being elevated above
floodwaters (Northwest Hydraulic Consultants, 2016).

o For the oil and gas industry, flooding can disrupt operations (e.g., oil extraction) and damage
infrastructure (e.g., pipelines) (Lapp, 2019).

o Communication facilities are vulnerable to system overload or damage from a flooding event
including call centres, cell towers, cables, and internet and telephone land lines (Northwest Hydraulic
Consultants, 20106).

o Six airports, including Vancouver International Airport, are deemed vulnerable to flooding3?
(Northwest Hydraulic Consultants, 2016).

o Port facilities are vulnerable to flooding, although the degree of vulnerability is dependent on the
specifics of each facility (e.g., the location of electric motors) (Northwest Hydraulic Consultants,
2016). The Port of Metro Vancouver is Canada’s largest, busiest, and most diverse port and is
therefore critical to the province and Canada’s economy (Public Safety Canada, No date).

e All three Class 1 railways (CN Rail, CP Rail, BNSF) as well as the Southern Railway of B.C. shortline
are vulnerable to flood-related disruptions. There could be losses of freight and cargo shipments and
loss or reduction of freight services in the Lower Mainland affecting supply chains and causing
cascading effects. Passenger rail services are also vulnerable. Rail bridges may also be vulnerable to
scour damage (Northwest Hydraulic Consultants, 2016).

e A number of provincial highways and municipal arterial roads north and south of the Fraser River
are subject to inundation (Northwest Hydraulic Consultants, 2016).

o Although most of the rapid transit lines are elevated, the Expo Line and Millennium Sky Train lines
may still be vulnerable to flooding due to the location of power sources and electrical equipment.
Flood damages could cause loss of service (Northwest Hydraulic Consultants, 2016).

e The Public Safety Canada risk assessment for B.C. rated the impacts to transportation infrastructure,
energy, and utility infrastructure as the highest risk level due to the number of vulnerable critical
infrastructure (Public Safety Canada, No date).

Confidence: Medium

Multiple risk assessments have evaluated the consequences of a 500-year flood on the Fraser, including
assessing potential impacts to a variety of infrastructure. The extent of damage and timeline for recovery,

32 The Lower Mainland Flood Management Strategy does not specify what riverine or coastal flood scenarios each airport is vulnerable to.
Vancouver International Airport, however, is noted to be vulnerable to this scenario.
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however, are unknown and dependent on the specifics of the flood event (e.g., duration and extent of
inundation for each infrastructure asset).

COST TO PROVINCIAL GOVERNMENT: 3

This flood scenario would be the most costly natural disaster in Canadian history to date, indicating a
significant cost to the provincial government. However, assuming that this event would trigger
significant financial assistance from the Government of Canada through DFAA, the cost to the
provincial government is expected to be on the order of $375 million to $750 million. The provincial
government could bear costs such as flood response, post-event cleanup, health services, ecosystem
recovery, Disaster Financial Assistance, and AgriRecovery and other business risk management
programs, among others.

Supporting evidence includes:

o The level of expected damage from this scenario would be costlier than any disaster to date in
Canadian history (Northwest Hydraulic Consultants, 2016; Public Safety Canada, No date). The
scenario considered here is expected to result in $22.9 billion in total economic losses?? (Fraser Basin
Council, 2016).

e During the 1948 Fraser River flood event, recovery costs were $150 million (in 2010 dollars)
(Northwest Hydraulic Consultants, 2016). The Fraser Basin Council estimates damages from the
1948 flood at $210 million (in 2010 dollars) (Fraser Basin Council, No date). At a per diem cost of
roughly US$316, the present day cost of a single-day evacuation for the 1948 Fraser River flood
(16,000 people evacuated) is US$5,056,000 (U.S. Department of State, 2019).

e Costs to the provincial government would include flood response, post-event cleanup, and
AgriRecovery and other business risk management programs (e.g., Production Insurance, Agrilnvest,
AgriStability).

- Assuming that over 260,000 people would have to evacuate their homes for a flood of this
magnitude, at a per diem cost of roughly US$310, the cost of a single-day evacuation is
US882,160,000 (U.S. Department of State, 2019).

— The project team was unable to precisely estimate the agriculture-related business risk management
program costs for this scenario. However, if all or a majority of the existing flood mitigation
infrastructure failed, this event would likely trigger a federal-provincial recovery initiative under
the AgriRecovery policy framework (Agriculture and Agri-Food Canada, 2018a). For AgriStability,
losses at the individual farm level would have to exceed a 30% margin decline for the whole farm
(Agriculture and Agri-Food Canada, 2018b).

e The provincial government would likely be responsible for some portion of health care costs,
although the project team could not determine the exact cost share between the federal and
provincial government for the following estimates:

33 This figure includes residential, commercial, industrial, public/institutional buildings, interrupted cargo shipments, infrastructure, and
agriculture losses. Building-related loss projections encompass the cost of repair or replacement of residential, commercial, industrial, and
public/institutional buildings damaged or destroyed by flood, and include losses relating to inventory, relocation, and wages. Loss projections
for interrupted cargo shipments are based on revenues from delays and cancellations in cargo shipping. Loss projections for agriculture
include agricultural buildings and equipment damaged or destroyed, lost farm gate sales, and replanting costs.
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- According to the Canadian Institute for Health Information (2017), the cost of a standard hospital
stay in B.C. is on average $6,135.3* Although not all cases of morbidity, injury, or disease are likely
to result in hospitalization, the estimated range of 100 to 1,000 hospitalizations as a result of
severe flooding can be valued at $613,500 to $6,135,000. Some portion of this cost would be
covered by the provincial government.

- An estimated 30% to 60% of affected populations will need some form of mental health-related
assistance following a disaster (NIST, 2017). Rates for severe, moderate, and mild mental illness
can range from 6% to 26% up to 30 months following a disaster (FEMA, 2012,). Treatment costs
for these mental illness cases are estimated at (FEMA, 2012):

= 12 months post disaster: US$822 per person
= 18 months post disaster: US$639 per person
= 24 months post disaster: US$567 per person
= 30 months post disaster: US$414 per person

o Other costs to government might include:

- Cleanup and recovery from contaminants (Workshop feedback, 2019).
- Habitat restoration for sensitive species and ecosystems (Workshop feedback, 2019).
- Infrastructure repairs (Workshop feedback, 2019).

o If the Government of B.C. declares a natural disaster eligible for Disaster Financial Assistance, local
government bodies, homeowners, residential tenants, small business owners, charities, and farmers
can apply for monetary assistance from the provincial government for uninsurable losses (Wadhwani,
2018; Huffpost Canada, 2015; Government of British Columbia, 2018).

- For individuals, the province will cover up to 80% of uninsurable disaster-related damages greater
than $1,000, to a maximum claim of $300,000 (Government of British Columbia, 2018).

- For local governments, the province will cover up to 80% of recovery measures greater than
$1,000 to replace essential materials, including rebuilding or replacing essential public
infrastructure (Government of British Columbia, 2018).

- The province will also cover 100% of the cost to local governments to run emergency operations
centres (Wadhwani, 2018).

o For a large-scale disaster such as a 500-year flood, the Government Canada would likely provide
financial assistance through the DFAA, which would significantly lower the burden on the provincial
government (Public Safety Canada, 2019). For example:

- For a disaster totaling $1.5 billion, the Government of Canada would provide $1.3 billion in
financial assistance to the Government of British Columbia. The province would be responsible
for $179 million.

- For a disaster totaling $500 million, the Government of Canada would provide $421 million in
financial assistance to the Government of British Columbia. The province would be responsible
for $79 million.

- For a disaster totaling $50 million, the Government of Canada would provide $19 million in
financial assistance to the Government of British Columbia. The province would be responsible
for $31 million.

34 The value is in 2017 CAD. This measure divides a hospital’s total inpatient expenses by the number of hospitalizations it sees in a year.
The number is adjusted for some differences in the types of patients a hospital sees to make it more comparable with other hospitals.
35 Eligibility is determined between the provincial and local government.
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Confidence: Medium

HEstimating the total cost to the provincial government presents many challenges. In particular, there is a
knowledge gap regarding the cost of AgriRecovery, insurance programs, and other business risk
management programs. In addition, this rating assumes significant financial assistance from the
Government of Canada. If the province was responsible for the total cost of the disaster it could exceed
the “catastrophic” threshold.
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Moderate Flooding @
Scenario ")

The specific risk event scenario analyzed is a moderate flood in a single B.C. community, which is
designed to be representative of any location in British Columbia. A moderate flood, for the purpose of
this assessment, is defined as one with a greater than 1% annual chance of recurrence (e.g., a 50-year event
equals a 2% annual change of occurrence).

Summary of Findings

B.C. experiences multiple flood events across the province each year. For example, FIGURE 37
illustrates a subset of the communities affected by the 2017 flood season (Tzembelicos et al., 2018). A
2017 annual survey of local governments for the Climate Action Revenue Incentive Program found that
urban and overland flooding from extreme weather events is the most common impact on and concern
of local governments (Climate Action Revenue Incentive Program, 2018).

FIGURE 37. 2017 flood season in southeast B.C. (Tzembelicos et al., 2018).
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Although the location and severity of FIGURE 38. Risk assessment findings for moderate flooding
tlooding varies from year to year, climate scenario.

change is expected to increase the ) 2050 Risk d?ll;atr;ggl:rr:]:z?::r?:a
frequency of both major and moderate

flood events. Therefore, in addition to Almost certain

potentially contributing to a

major/severe flood (see Severe Riverine b Lkely _ ]
Flooding risk event), climate change is % Cossbl ' @ @ -
also expected to increase the frequency = ||

of lower-level floods in many parts of Unlkely ‘ O ot
the province. This could include repeat

flooding in certain locations, or more Almost certain ‘

tflood seasons with simultaneous rotto happen I

Insignificant Minor Moderate Major Catastrophic
Consequence
RiskLevel Low | Medium | High |[Extreme |

Confidence Level O Low O Medium O High

flooding occurring in multiple

communities, such as in 2017.

Individually and cumulatively, more
frequent moderate flood events can put
a strain on both local and provincial
government resources. This assessment uses recent moderate flooding in Cache Creek and Grand Forks
as proxies to understand province-wide consequences of moderate flood events.

FIGURE 38 and TABLE 22 summarize the risk assessment results for this scenario. The highest
consequences relate to loss of social cohesion and loss of infrastructure services. Additional details on
the likelihood of the scenario, its consequences, and the supporting evidence base for these ratings are
provided in the sections below.
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TABLE 22. Risk Rating Evaluation for Moderate Flooding Scenario

MODERATE FLOODING: MODERATE FLOOD IN A SINGLE COMMUNITY

LIKELIHOOD
CURRENT 2050
RATING JUSTIFICATION RATING  JUSTIFICATION CONFIDENCE
2 A moderate flood 3 Climate-related risk cause: Moderate flood frequency  Low
event is defined as is driven by increased precipitation, more frequent
having a greater heavy rain events, and increased temperatures causing
than 1% annual greater snowmelt.
chance of 2050 projections: A moderate flood event is estimated
occurrence.

to have a return period of 11 to 50 years due to a
projected increase in 20-year annual maximum one day
precipitation and changes in snowmelt

CONSEQUENCE
CATEGORY CONSEQUENCE RATING  JUSTIFICATION CONFIDENCE
Health Loss of life 3 Two to 10 deaths could occur from fast-moving Low
floodwaters and limited medical/emergency care.
Morbidity, injury, 3 More than 5% of the community is at risk of harm due  Low
disease, or to fast-moving floodwaters, debris, limited access to
hospitalization critical infrastructure and services, or environmental
contamination.
Social Psychological 2 Individuals affected by flood damage, temporary Medium
functioning impacts displacement, or disruptions to utilities are expected

to experience moderate psychological impacts.

Loss of social 4 For individuals who experience direct flood damage Low
cohesion to homes or businesses, recovery and clean up could
take weeks, and flooded roads could disrupt daily life.

Natural Loss of natural 2 Natural resources could experience damage due to Low
resources resources inundation, debris, and water and soil contamination.

Recovery could take weeks to months.

Economic Loss of economic 3 Economic losses could range between $10 million Low
vitality productivity and $99 million due to business/tourism losses,

decreased agricultural productivity, and loss of

ecosystem services, among other.

Loss of 4 Disruptions to transportation, water, electricity, and Low
infrastructure other infrastructure services could last for weeks.
services

Cost to provincial government 2 Costs to government might include flood response, Medium

post-event cleanup, health services, Disaster
Financial Assistance, and AgriRecovery.

CURRENT LOW (5.8)
OVERALL

RISK
2050 MEDIUM (8.6)

Additional engagement with Indigenous communities would be needed to understand potential consequences from their
perspectives.
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Opverall, the present-day risk rating is 5.8 out of
25, which equates to low risk, and the 2050 risk Risk Calculation
rating is 8.6 out of 25, which equates to
medium risk. Sece the Risk Calculation text box
at right.

Risk = Likelihood x Average Consequence
Present Risk =2 x 2.9 = 5.8 (Low)

2050 Risk =3 x 2.9 = 8.6 (Medium)
Evidence Base

Risk Event Scenario

This scenario represents one example of a single moderate flood in British Columbia. While these
consequence ratings are for just one moderate flood, these events could occur in multiple locations at
once, as in 2017. The cumulative effects of multiple moderate flood events could result in higher
consequence ratings.

Examples of “moderate floods” from the recent past that inform this scenario and assessment of
consequences include:

e Cache Creek experienced three moderate flood events in a span of four years (Roden, 2018; Azpiri,
2018; Brend, 2018):

- In early spring 2018, the Village of Cache Creek experienced 90-year flood levels when the
Bonaparte River and its tributaries overflowed due to rapid snowmelt prompting a state of local
emergency. In addition, this flood event occurred in early spring when typically flooding does not
occur until late spring. The 2017 Elephant Hill wildfire is thought to be a contributing factor to
the early flooding as there was less vegetation and a more impervious surface layer, which
facilitated more runoff (Azpiri, 2018).

- In May 2017, Cache Crecek experienced rapid snowmelt and significant flooding resulting in one
death (Roden, 2018).

- On May 23, 2015, Cache Creek experienced 26 millimetres of rain in less than an hour causing
significant flash flooding and damage to homes and infrastructure (Roden, 2018; Huffpost Canada,
2015).

e Grand Forks experienced a 70-year flood in May 2018. The event was triggered by two days of
intense rainfall and temperatures above 20°C, which caused increased snowmelt when snowpack was
already 150% above normal levels (Wadhwani, 2018; CTV News, 2018).

e Dawson Creek experienced a 100-year flood in June 2016 due to 98.6 mm of rain over a two day
period, causing significant damage to homes and infrastructure (Canadian Disaster Database, 2019).
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Likelihood rating

The present-day likelihood of this scenario is 2 and — . :
the 2050 likelihood of this scenario is 3. Moderate Likelihood Rating Drivers

flooding is largely dependent on the frequency and Type of risk event: Discrete

magnitude of heavy precipitation events, which can ) .
& Y precip ; Climate change indicators:

quickly inundate surface water systems. To evaluate

e Change in 20-year annual maximum
precipitation (1971-2000 to 2070-
2100)

e Change in likelihood of historical 100-
year flood events

“Present day” period: Varies by indicator

Source of 2050 projections: Varies by
indicator

the scenario likelihood, the study team drew on
recent projections for future maximum precipitation
events across B.C., as well as expected changes in
underlying climate-related causes, such as increased
seasonal precipitation and air temperatures driving
more vigorous snowmelt. The project team
additionally considered future flood recurrence
interval projections. Based on the standard return o ) _ o
period of a moderate flood event as well as the proxy Emission scenario: Varies by indicator
examples, these events are currently expected to

happen about once every 51 to 100 years. As a result, the project team expects that in 2050, moderate
flood events could happen about once every 11 to 50 years.

Supporting evidence includes:

e Ensemble median GCM projections indicate that a range of climate-related causes will drive more
frequent moderate flooding by mid-century in British Columbia. These include increasing
temperatures causing earlier and more rapid snowmelt; increasing annual and winter precipitation
causing more rainfall during the traditional flood season; and increased frequency and severity of
heavy rainfall events. The project team draws on the following B.C. climate projections expected for
mid-century relative to the historical baseline (1961 to 1990) (Pacific Climate Impacts Consortium,
2012):

Increase in annual mean temperature of 1.8°C (10t to 90t percentile: 1.3°C to 2.7°C)
- Increase in annual precipitation of 6% (10 to 90t percentile: 2% to +12%)
- Decrease in summer precipitation of 1% (10t to 90t percentile: -8% to +6%)
- Increase in winter precipitation of 8% (10 to 90t percentile: -2% to +15%)

e The Pacific Climate Impacts Consortium used ensemble averages from a set of 12 statistically
downscaled GCMs to map the change in annual maximum daily precipitation (FIGURE 39)
between the baseline time period (1971 to 2000) and end-of-century (2071 to 2100) assuming
emissions follow RCP8.5 (Sobie, 2017). These extreme daily precipitation events strongly control the
occurrence of destructive moderate flooding. The analysis shows a marked increase in extreme short-
term precipitation throughout the 215t century. Coastal B.C. may see an additional 60 to 80 mm of
rain per event, while the largest percentage increases are expected to occur in north central B.C. and
the Southeastern Rocky Mountains. The analysis is for end-of-century but suggests that the results
are indicative of the direction of mid-century change. While the magnitude of change may be lower
(by ~50%), the spatial pattern of change is likely similar to what will be experienced by mid-century.

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA 143



APPENDIX B: DETAILED RISK ASSESSMENT FINDINGS
MODERATE FLOODING

L

FIGURE 39. Projected change in 20-year annual maximum one day precipitation for British Columbia between 1971
to 2000 and 2071 to 2100. (Top left) absolute precipitation change (mm); (top right) percentage precipitation change;
(bottom left) baseline maximum one day precipitation; (bottom right) projected maximum one day precipitation.
Figures provided by the Pacific Climate Impacts Consortium.
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e Projections of future flood hazards reveal that return periods for historical 100-year flood event will
reduce to 50 years or less by 2100 for low-lying and flood prone areas across British Columbia (Gaur,
Gaur, & Simonovic, 2018). As a result, flood risk will become increasingly amplified in areas
currently most prone to flooding.? The underlying drivers of this shift in flood frequency are warmer
temperatures causing earlier and more rapid snowmelt and increased precipitation. Both of these
factors contribute to expected increases in peak flows.

e To illustrate the projections elucidated here, the project team considers recent historical evidence of

moderate flooding in the province. Several communities have experienced moderate flooding in the
last few years primarily due to snowmelt and heavy rain, including:

36 Projections also indicate that for high elevation areas experiencing increased temperatures and decreased snowfall in winter, a historic
100-year flood event will have a future (2100) return period of 165 to 200 years (Gaur, Gaur, & Simonovic, 2018).
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- Recent flood events in Cache Creek were most commonly a result of rapid snowmelt, but
decreased vegetation from wildfire damage and flash flooding were also contributing factors
(Azpiri, 2018; Roden, 2018; Huffpost Canada, 2015).

- The May 2018 Grand Forks flood event was caused by heavy rain, warm temperatures, and
snowmelt. The amount of snowmelt was further exacerbated by above average snowpack

(Wadhwani, 2018; CTV News, 2018).
Confidence: Low

There are varying amounts and quality of evidence, particularly regarding the future return period of
flood events. More detailed studies are necessary to determine increasing moderate flood risk in
individual river systems. In addition, the increased likelihood of moderate flooding may vary across the
province. River systems historically prone to frequent, disruptive floods are likely most at risk of climate-
amplified flooding.

Consequence ratings

. Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual
Consequence Calculation text box at right). Consequence Ratings
Details on each individual consequence rating Overall Consequence = (3+3+2+4+2+3+4+2)/8

are provided below. Based on these findings, the  Qverall Consequence = 2.9
project team rated the overall consequence of
this scenario as 2.9 out of 5.

HEALTH

Loss oflife: 3

Depending on the depth and speed of floodwaters, two to 10 individuals could lose their lives from
cither direct or indirect causes. Direct loss of life could occur if people are caught in floodwaters. In
addition, limited medical or emergency care or loss of vital services such as power or clean water during
and following the event could cause indirect loss of life. If there is not sufficient advanced warning or
evacuation prior to the flood, loss of life could be higher.

Supporting evidence includes:

e Rapid snowmelt and flooding in Cache Creek in 2017 resulted in one direct death (Roden, 2018;
Brend, 2018). The other proxy flood events did not cause loss of life.

e In North America, 40 people per year die, on average, from floods based on data from 2006 to 2015
(Guha-Sapir, Hoyois, Wallemacq, & Below, 2017).

e In Washington and Oregon, the river flood mortality rate is 12 and 22 per 100,000 people, during the
period from 1959 to 2005 (Ashley & Ashley, 2008).

e On average flood waters become unsafe at flow depths of 0.8 to 0.9 metres (Shu, Han, Kong, &
Dong, 2016). However, low-height, high-velocity floodwaters may be more hazardous to people than
high-height, low-velocity floodwaters (Gomez, Kure, Udo, & Mano, 2016).

e Other factors that could influence loss of life are whether medical or emergency care is accessible
during the event and whether utility services such as power and clean water are available.
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Confidence: Low

Loss of life is ultimately dependent on a number of unknown variables including how quickly flood
waters rise, how populated the flooded area is, whether people are given warning to evacuate, and how
many people evacuate. Given that moderate flood events are local in nature, there is likely to be
variability between communities. In addition, there are varying amounts and quality of evidence
regarding the flood mortality rate for Canada and British Columbia. A more detailed analysis would be
necessary to compute precise mortality risk based on extent and depth of modeled flooding, population
demographics (including age and gender), timing of warning, evacuation behaviour, and other factors. As
a result, this rating relies on expert judgment.

Morbidity, injury, disease, or hospitalization: 3

Moderate flood events have the potential to expose more than 5% of the community to injury, disease,
or hospitalization from fast-moving floodwaters, debris, limited access to critical infrastructure and
services, or environmental contamination. In addition, lower flood levels could give the false impression
that waters are safe to wade or drive through, which may cause more injuries, disease, or
hospitalizations.

Supporting evidence includes:

o The Government of Canada lists the following negative health outcomes due to flooding: drowning,
injuries, diseases spread through water contamination and sewage backup, diseases spread through
food contamination, diseases spread by insects, carbon monoxide poisoning, and mental health
effects (Government of Canada, 2018).

e Damage and impacts to water supply systems (e.g., overwhelmed treatment capacity), may result in a
Boil Water Notice threatening public health (B.C. Ministry of Health, 2018).

e On average flood waters become unsafe at flow depths of 0.8 to 0.9 metres (Shu, Han, Kong, &
Dong, 2016). However, low-height, high-velocity floodwaters may be more hazardous to people than
high-height, low-velocity floodwaters (Gomez, Kure, Udo, & Mano, 2016).

o Environmental contamination from a flood event could be significant in areas near agricultural land,
transportation and industrial sites, and hazardous waste storage facilities (Northwest Hydraulic
Consultants, 2016). Agricultural contaminants may include manure, deceased livestock, or chemical
inputs such as pesticides.

Confidence: Low

The number of people affected is ultimately dependent on a number of unknown variables including
how quickly flood waters rise, how populated the area is, whether people are given warning to evacuate,
and how many people evacuate. Given that moderate flood events are local in nature, there is likely to be
variability between communities. As a result, this rating relies on expert judgment.

SOCIAL FUNCTIONING

Psychological impacts: 2

Moderate flooding has the potential to cause localized and temporary moderate psychological impacts,
such as fear or anxiety, especially for those who were displaced or experienced flood damages.
Disruptions to utility services could also cause increased stress and anxiety.
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Supporting evidence incudes:

The severity of flooding is the most significant factor in determining mental health effects of flood
events (Foudi, Oses-Eraso, & Galarraga, 2017). Other important factors include post-disaster life
stressors and level of social support (Goldmann & Galea, 2014).

Flood survivors have experienced distress, anxiety, pain, depression, and social dysfunctions,
including, in severe cases, post-traumatic stress disorder (Foudi, Oses-Eraso, & Galarraga, 2017;
Goldmann & Galea, 2014).
Many psychosocial impacts were observed in Grand Forks following the 2018 flood event, including
an increase in opioid usage and substance abuse (Lavoie, 2018).
Suffering material, physical, or intangible damage negatively effects mental health. Material damage
(e.g., structural damage or damage to household contents), however, has the smallest effect (Foudi,
Oses-Eraso, & Galarraga, 2017).
Key risk factors that may increase vulnerability to disasters include age, low socioeconomic status,
minority ethnic status, previous mental health issues, and low social support (Goldmann & Galea,
2014). The relative importance of these factors for flooding-related disasters in particular is
unknown.

Interviews conducted after a 2014 flood event in Burlington, Ontario as part of a study on the mental
health effects of flooding revealed both short-term and long-term impacts (Intact Centre on Climate
Adaptation, 2018):
Within a month of the event, 47% of flooded household?” respondents were worried or stressed
about flooding, compared to 11% of households that have never flooded.
Three years after the event, 48% of flooded houschold respondents were worried about flooding
during rain events, compared to 3% of households that have never flooded.
For 56% of flooded households interviewed, at least one household member had to take time off
from work. The average length of time per flooded houschold was seven days.

The average cost of a flooded basement is $43,000, which can cause financial stress (Intact Insurance,
2018).

Evacuations and displacements can also cause psychological impacts. Examples include:

Flash flooding in Cache Creek in 2015 resulted in evacuation orders for 23 homes and evacuation
alerts for 40 homes. In total, 100 people took shelter at a local community centre. As for damages,
seven homes were severely damaged from floodwaters, mud, and debris (Huffpost Canada, 2015).
The Grand Forks May 2018 flooding resulted in 32 evacuation orders for 1,993 homes and 36
evacuation alerts for 930 homes. In the Grand Forks area, 2,800 people were displaced and 30
people were rescued by boat after rivers reached their highest levels since 1948 (Wadhwani, 2018;
CTV News, 2018).

Dawson Creek flooding in 2016 resulted in 60 evacuations and damage to 400 homes (Canadian
Disaster Database, 2019).

Disruptions to utility services may further delay recovery and the ability of evacuated individuals to
return home, increasing stress and anxiety. See the loss of infrastructure services section for more
details.

37 Flooded households experienced basement flooding only.
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e Depending on the severity and location of the flooding event, agricultural impacts such as seasonal
or longer-term loss of agricultural income and assets could cause psychological impacts. Annual
crops may be lost and longer term losses and recovery are possible for perennial crops. With
sufficient warning, livestock relocation may occur but is likely to be challenging and costly (MacNair,
2019).

- For example, one family experienced psychological stress after their meat chickens ultimately died
of shock after being rescued from flood waters during the 2018 Grand Forks event (Lavoie, 2018).

Confidence: Medium

There are several high-quality sources detailing potential mental health effects from flooding, including
post-disaster stressors such as disruptions to utility services or agriculture. Given the scale of the event,
psychological impacts are assumed to be limited to those who experience more severe damage and are
expected to largely subside over time as the community recovers. More specific research on
psychological impacts of flooding in B.C. is needed to better understand the scope and extent of impacts
from a moderate-scale flood event.

Loss of social cohesion: 4

A moderate flood event could cause weeks-long disruptions to daily life, especially for home owners,
business owners, and farmers who experience direct flood damage. Even if community members do not
experience direct flood damage to their homes or businesses, they may deal with flooded roads or
helping with community clean up and recovery.

Supporting evidence includes:

e Moderate flooding can cause flood damages to homes and businesses:

- A 2015 flood in Cache Crecek severely damaged seven homes (Huffpost Canada, 2015).

- The 2018 Grand Forks flood caused damage to multiple homes, businesses, and farms. Six months
after the flood, 28 downtown businesses remain closed and many residents are still without
permanent homes (Lavoie, 2018).

- The 2016 Dawson Creek flood caused damage to 400 homes (Canadian Disaster Database, 2019).

- A review of the 2017 flood season found that 15 Indigenous communities across B.C. experienced
flood damage to homes and infrastructure (Tzembelicos et al., 2018).

- Specific impacts to farmers and agricultural practices are dependent on the timing and location of
the flood event. Spring floods are especially disruptive and damaging for annual and perennial
crops. Recovery for certain high-value crops (e.g., berries) can take years (BC Agriculture & Food
Climate Action Initiative, 2012).

e Moderate flooding can cause flood damages to local institutions:

— The 2015 Cache Creek flood also caused tflood damage to the Village of Cache Creek fire hall.
Volunteers spent an hour clearing debris to free emergency vehicles. In addition, some firefighting
equipment was damaged or washed away (The Canadian Press, 2015).

- The 2016 Dawson Creek flood divided the city in half, separating the city’s hospital from the fire
hall. This created additional challenges for emergency responders (Canadian Disaster Database,
2019).

e Moderate flooding can also cause disruptions to daily life:
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- Following the Cache Creek flooding in 2015, residents and volunteers spent days clearing mud and
debris deposited around the community (The Canadian Press, 2015).

- Cache Creek Elementary School was evacuated due to rapidly rising floodwaters in spring 2018
(Roden, 2018).

— All streets in downtown Grand Forks were flooded in spring 2018 (Wong & Nassar, 2018).

- The Dawson Creek event caused power outages throughout the Peace River region affecting over
0,000 individuals. In addition, a section of Highway 97 that connects Peace River to the rest of the
province was closed and a bridge was washed out in Dawson Creek, causing disruptions to
transportation (Canadian Disaster Database, 2019).

- For agricultural communities, moderate flooding may significantly damage annual and perennial
crops causing seasonal or potentially long-term impacts to livelihood. Impacts to local or regional
food security are also possible due to decreased agricultural productivity (B.C. Agriculture & Food
Climate Action Initiative, 2014; BC Agriculture & Food Climate Action Initiative, 2012; Pacific
Institute for Climate Solutions, 2011).

- Disruption to individual and commercial fishing, especially for Indigenous and rural communities
could also affect daily life. For example, a decrease in fishing for Indigenous communities affected
by a dam breach in 2014 resulted in a shift in diet, physical activity, and cultural practices as well as
a decrease in community income and employment opportunities (Shandro et al., 2016).

- Disruptions to drinking water quality and other utility services could disrupt daily life and threaten
public health until services are restored. In addition, water contamination affect the use of certain
Indigenous sites by Indigenous communities (B.C. Parks, 2019). See the loss of infrastructure
services section for more details on impacts to infrastructure services.

Confidence: Low

There are varying amounts and quality of evidence related to loss of social cohesion. The rating depends
largely on anecdotal evidence and expert judgement.

NATURAL RESOURCES: 2

Natural resources located within a 50-year or 100-year floodplain are expected to be generally resilient to
flood conditions given historic flooding events. The primary risks to natural resources from a moderate
tflood event are stress or damage due to inundation, debris, or contaminants from agricultural, industrial,
or waste sites. Recovery of natural resources is estimated to take weeks to months depending on the
location of the moderate flood and local conditions (e.g., ecosystem/species sensitivity or extent of

environmental contamination).
Supporting evidence includes:

e Flood-prone ecosystems (e.g., wetlands) and the species that reside in those ecosystems are generally
resilient to flooding and would be able to bounce back quickly following a flood event (U.S. Federal
Emergency Management Agency, 2014).

e Depending on the location of the flood, environmental contaminants could be a concern. Locations
near agricultural land, transportation, industrial sites, and hazardous waste storage facilities have an
elevated risk of contamination during a flood event. Possible contaminants include chemicals,
fertilizers, petroleum products, raw sewage, and hazardous waste (Public Safety Canada, No date).
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Recovery from contaminants could take months or even years depending on the scale of
contamination and sensitivity of the contaminated area.

e Impacts to natural resources could also negatively affect ecosystem services. See the economic
productivity section for more information.

Confidence: Low

The proxy events did not indicate any specific impacts to natural resources, and existing literature
focuses on more severe flood events. Other knowledge gaps include how moderate flooding would
affect endangered species or sensitive ecosystems. In addition, recovery time will vary depending on the
affected species and ecosystems as well as local conditions. As a result, this rating relies heavily on expert
judgment.

ECONOMIC VITALITY

Loss of economic productivity: 3

Loss of economic productivity will vary depending on the location of moderate flooding, but based on
the proxy events and other cost information economic losses could feasibly range between $10 million
and $99 million due to impacts to businesses, tourism, and agricultural productivity, among others. As a
result, this scenario could cause a weeks-long disruption to at least one major economic sector. In
addition, flooding could affect ecosystem services. When ecosystems are damaged by direct human use,
natural disasters (such as flooding), or climate change, the services provided are often degraded or cease
altogether. These services must then be replaced by costly man-made facilities or processes that provide
the same services (e.g., the construction costs related to water runoff or flooding control if forest cover
is removed or damaged).

Supporting evidence includes:

o The Grand Forks flood in May 2018 cost $26 million in business losses, $30 million in lost tourism,
and more than $10 million in household damages. As of November 2018, 28 businesses in
downtown Grand Forks remain closed and the city is planning to buy between 80 and 120 properties
in flood plain areas, if funding can be secured, at a cost of $60 million to $90 million (Lavoie, 2018).

e The Village of Cache Creek estimated the cost of damages from the 2015 flood to be at least
$400,000 and that the cost to local property owners could be millions more (The Canadian Press,
2015).

e Moderate recurring flooding across the province could result in decreased agricultural productivity
due to temporarily flooded agricultural lands and water logged soils; loss of crops, livestock, or assets;
livestock relocation and stress; soil and water contamination from chemicals, nutrients, or pathogens;
damage to farm infrastructure (e.g., drainage systems or machinery); or supply chain disruptions (BC
Agriculture & Food Climate Action Initiative, 2012; Pacific Institute for Climate Solutions, 2011).
The timing of flood events is also important. For example, flooding eatly in the agricultural cycle may
affect seeding and planting, which will cause ripple effects throughout the growing season in terms of
yield and productivity (BC Agriculture & Food Climate Action Initiative, 2012).

e Other sectors that could be affected by moderate flooding include parks and tourism, energy, and
transportation (Workshop feedback, 2019).
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o Loss of life also has an economic impact. The range of loss of life from 2 to 100 can be valued at
$10.4 to $520 million, based on the number of lives projected to be lost (Treasury Board of Canada
Secretariat, 2007).38.39

e Properly functioning ecosystems provide an array of free benefits to humans in the form of
ecosystem services. These services fall into the broad categories of supporting, provisioning,
regulating, and cultural services, and may or may not be directly tied to market activity. Examples of
these ecosystem services include nutrient recycling and soil formation (supporting), timber and crops
(provisioning), carbon sequestration and water purification (regulating), and spiritual significance and
recreation (cultural).

- In B.C’s Lower Mainland alone, forests provide an estimated $1.2 billion annually in flood
protection (Wilson, 2010).40 Extrapolating to the entire province, flood protection services
provided by forests are estimated at an annual value of $52 billion.*!

- Flooding that causes damage to additional ecosystems would result in additional ecosystem service
damages. In B.C.’s Lower Mainland, ecosystems provide an estimated $5.4 billion worth of
benefits per year (Wilson, 2010). Extrapolating to the entire province of B.C., ecosystem services
provide an estimated annual value of $232 billion. The subset of industry and ecosystem services
that could be affected by a moderate flood is unknown, but expected to be relatively small
considering a single moderate flood event affects a small area and only a few communities.

Confidence: Low

There are varying amounts and quality of evidence on loss of economic productivity due in part to the
localized nature of moderate flood events. Economic losses will vary depending on the location, timing,
and extent of flooding. In addition, there is limited information on how industries other than agriculture
would be affected by a moderate flood event.

Loss ofinfrastructure services: 4

Disruptions to transportation, water, and other infrastructure services could last for weeks depending on
the severity of flood damage and number of people affected, causing major impediment to day-to-day
life. Impacts could include washed out transportation infrastructure, damage to water supply systems,
and power outages, among others.

Supporting evidence includes:

e Moderate flooding can cause damage to transportation infrastructure (e.g., bridges or culverts). For
example:

- The 2018 Grand Forks flood temporarily inundated or washed out many roads, including a
segment of Highway 3 (Macmahon, 2018).

- Flood waters from the 2018 Cache Creek event flooded the junction of Highway 97 and Highway
1 (Macmahon, 2018; Roden, 2018).

38 Value in 1996 CAD.

3% The Treasury Board of Canada Secretariat expects departments to use a Value of a Statistical Life of $5.2 million adjusted for inflation
since 1996.

40 Values in present-day, 2018 CAD.

41 This extrapolation was conducted by scaling the flood protection values for B.C.’s Lower Mainland (Wilson, 2010) to the entire area of
British Columbia.
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- Flood waters from the 2016 Dawson Creck event closed a critical section of Highway 97 that
connects the Peace River region to the rest of the province, washed out a bridge in the City of
Dawson Creek, and submerged two other bridges in Dawson Creek. This resulted in significant
transportation disruptions (Canadian Disaster Database, 2019).

e Moderate flooding can also damage water supply systems or overwhelm treatment capacity (B.C.
Ministry of Health, 2018).

- For example, flooding in Dawson Creek in 2016 caused water pumps to shut down for 42 days due
to the high turbidity of the river. Otherwise, the turbidity likely would have damaged the pumping
system infrastructure (City of Dawson Creek, 2016).

e Moderate flooding also has the potential to damage energy, communication, and flood protection
infrastructure (e.g., dikes) (Northwest Hydraulic Consultants, 2016). For example, the Dawson Creek
flood caused power outages throughout the Peace River region affecting over 6,000 individuals
(Canadian Disaster Database, 2019).

Confidence: Low

There are varying amounts and quality of evidence on loss of infrastructure services due in part to the
localized nature of moderate flood events. Impacts to infrastructure services will vary depending on the
location and extent of flooding. In addition, there is limited information on how these infrastructure
services could be specifically affected by a moderate flood event.

COST TO PROVINCIAL GOVERNMENT: 2

Based on the cost to the provincial government from the proxy events, cost to government from a single
moderate flood event is expected to be on the order of $375 million or less. However, cost to the
provincial government can vary from year to year depending on the location, number, and frequency of
moderate flood events across the province. Costs to government might include flood response, post-
event cleanup, health services, Disaster Financial Assistance, and AgriRecovery and other business risk
management programs, among others.

Supporting evidence includes:

o The total cost of flood response in 2017 is estimated at more than $73 million. However, emergency
response is typically the responsibility of local governments (Tzembelicos et al., 2018).

o Costs to the provincial government could include flood response, post-event cleanup, and
AgriRecovery and other business risk management programs (e.g., Production Insurance, Agrilnvest,
AgtiStability). For example, a moderate flood in Metro Vancouver in 2010/2011 caused significant
losses for vegetable producers. Crop insurance and AgriRecovery payments for compensation of
losses and assistance to return to production totaled $6.3 million (BC Agriculture & Food Climate
Action Initiative, 2012).

- The project team was unable to precisely estimate the agriculture-related business risk management
program costs for this scenario. However, if all or a majority of the existing flood mitigation
infrastructure failed, this event would likely trigger a federal-provincial recovery initiative under
the AgriRecovery policy framework (Agriculture and Agri-Food Canada, 2018). For AgriStability,
losses at the individual farm level would have to exceed a 30% margin decline for the whole farm
(Agriculture and Agri-Food Canada, 2018).
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e The provincial government would likely be responsible for some portion of health care costs,
although the project team could not determine the exact cost share between the federal and
provincial government for the following estimates:

- According to the Canadian Institute for Health Information (2017), the cost of a standard hospital
stay in B.C. is on average $6,135.42 Although not all cases of morbidity, injury, or disease are likely
to result in hospitalization, the estimated range of 10 to 100 hospitalization as a result of moderate
flooding can be valued at $61,350 to $613,500. Some portion of this cost would be covered by the
provincial government.

- An estimated 30% to 60% of affected populations will need some form of mental health-related
assistance following a disaster (NIST, 2017). Rates for severe, moderate, and mild mental illness
can range between 6% to 26% up to 30 months following a disaster (FEMA, 2012). Treatment
costs for these mental illness cases are estimated at (FEMA, 2012):

= 12 months post disaster: $822 per person
= 18 months post disaster: $639 per person
= 24 months post disaster: $567 per person
= 30 months post disaster: $414 per person

e Other potential costs to government include:

- Restoration of natural systems and resources (e.g., clearing debris, contaminants) (Workshop
feedback, 2019).
- Infrastructure repairs or replacement (Workshop feedback, 2019).

e If the Government of B.C. declares a natural disaster eligible for Disaster Financial Assistance, 43
local government bodies, homeowners, residential tenants, small business owners, charities, and
farmers can apply for monetary assistance from the Government of B.C. for uninsurable losses
(Wadhwani, 2018; Huffpost Canada, 2015; Government of British Columbia, 2018).

- For individuals, the province will cover up to 80% of uninsurable disaster-related damages greater
than $1,000, to a maximum claim of $300,000 (Government of British Columbia, 2018).

- For local governments, the province will cover up to 80% of recovery measures greater than
$1,000 to replace essential materials, including rebuilding or replacing essential public
infrastructure (Government of British Columbia, 2018).

- The province will also cover 100% of the cost to local governments to run emergency operations
centres (Wadhwani, 2018).

e If the event is declared a large-scale natural disaster that triggers DFAA, some portion of the cost
could be covered by the federal government (Public Safety Canada, 2019). For example:

- For a disaster totaling $500 million, the Government of Canada would provide $421 million in
financial assistance to the Government of British Columbia. The province would be responsible
for $79 million.

- For a disaster totaling $50 million, the Government of Canada would provide $19 million in
financial assistance to the Government of British Columbia. The province would be responsible
for $31 million.

42 The value is in 2017 CAD. This measure divides a hospital’s total inpatient expenses by the number of hospitalizations it sees in a year.
The number is adjusted for some differences in the types of patients a hospital sees to make it more comparable with other hospitals.
43 Eligibility is determined between the provincial and local government.
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- In recent years, the federal government contributed $65 million in financial assistance for a 2016
flood at Dawson Creek and $3.8 million for a 2012 flood near Sicamous (Canadian Disaster
Database, 2019).

o EHstimated costs to the Village of Cache Creek following the 2015 flash flooding were $400,000, not
including costs to private property owners in the village (Huffpost Canada, 2015). In addition, the
Cache Creek event resulted in the evacuation of 100 people. At a per diem cost of roughly US$330,
the cost of a single-day evacuation is US$33,000 (U.S. Department of State, 2019).

e Response costs for the Grand Forks event totaled $25 million (Lavoie, 2018). In addition, the Grand
Forks event resulted in the evacuation of 2,800 people. At a per diem cost of roughly US$330, the
cost of a single-day evacuation is US$932,000 (U.S. Department of State, 2019). The City of Grand
Forks received many forms of aid from the province:

- In preparation for the Grand Forks flood, the province provided 10 sand bagging machines, sand
bags, and 10 kilometres of temporary flood barrier dams (Wadhwani, 2018).

- If the city of Grand Forks can receive financial support from the federal or provincial government,
it plans to purchase 80 to 120 properties in the floodplain for more than $60 million. The city also
hopes to build new dikes, elevate homes, and reinforce the riverbank (Lavoie, 2018).

- The provincial household emergency assistance program helped Grand Forks residents make
repairs to their homes. However, six months after the flood a dozen families still needed
emergency winter housing and were put up in hotels (Lavoie, 2018).

- The provincial government also provided $2.9 million in business recovery for Grand Forks. Small
businesses received up to $18,500 each in flood relief (Saylors, 2018a).

- The province awarded the City of Grand Forks and Community Futures Boundaries more than
$655,000 in Rural Dividends grants to assist with community and business development post-flood
(Saylors, 2018b).

Confidence: Medium

There are several sources of high-quality evidence regarding cost to the provincial government from a
moderate flooding event. In particular, there is a knowledge gap regarding the cost of business risk
management programs and emergency assistance programs. The cost to the provincial government from
moderate flooding will depend on the location and extent of damage from the flood as well as how many
communities are affected by moderate flooding and how frequently moderate flood events occur. In
addition, it is unknown whether a long-term water shortage would qualify for DFAA, in which case the
federal government could provide significant financial assistance.

References

Agriculture and Agri-Food Canada. (2018a). AgriRecovery. Retrieved from
http://www.agt.gc.ca/eng/?id=1387480598562

Agriculture and Agri-Food Canada. (2018b). AgriStability. Retrieved from
http://www.agr.gc.ca/eng/?id=1291990433266

Ashley, S., & Ashley, W. (2008). Flood fatalities in the United States. Journal of Applied Meteorology and
Climatology, 47, 805-818. Retrieved from
https://journals.ametsoc.org/doi/pdf/10.1175/2007JAMC1611.1

154 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA


http://www.agr.gc.ca/eng/?id=1387480598562
http://www.agr.gc.ca/eng/?id=1291990433266
https://journals.ametsoc.org/doi/pdf/10.1175/2007JAMC1611.1

APPENDIX B: DETAILED RISK ASSESSMENT FINDINGS
MODERATE FLOODING

Azpiri, J. (2018). Cache Creek braces for more flooding as water levels expected to rise even higher. Retrieved from
Global News: https://globalnews.ca/news/4178337/cache-creek-flood-state-of-emergency/

BC Agriculture & Food Climate Action Initiative. (2012). B.C. Agriculture Climate Change Adaptation Risk
and Opportunity Assessment: Provincial Report. Retrieved from
https://pics.uvic.ca/sites/default/files/uploads/BC%20Agriculture full%20report.pdf

BC Agriculture & Food, Climate Action Initiative. (2014). Discussion Document: Potential economic and
agricultural production impacts of climate change related flooding in the Fraser delta. Retrieved from

https://www.bcagclimateaction.ca/wp/wp-content/media/DI.01-Delta-Potential-Impact-Flooding-

2014-full.pdf

B.C. Ministry of Health. (2018, December 21). Personal communication between B.C. Ministry of Health
and the project team. Email.

B.C. Parks. (2019, January 14). Personal communication between B.C. Parks and the project team. Email.

Brend, Y. (2018). State of local emergency declared in Cache Creek as rivers swell, washing out roads. Retrieved from
CBC News: https://www.cbc.ca/news/canada/british-columbia/road-closures-flooding-washouts-
snowpack-melt-rivers-1.4640112

Canadian Disaster Database. (2018). Retrieved from http://cdd.publicsafety.gc.ca/

Canadian Institute for Health Information, (2017). Cost of a Standard Hospital Stay. Retrieved
from: https://vourhealthsystem.cihi.ca/hsp/inbriefrlang=en#!/indicators /015/cost-of-a-
standard-hospital-stay/;mapCl;maplevel2;/

City of Dawson Creek. (2016). City of Dawson Creek Drinking Water Quality Annual Report.

Climate Action Revenue Incentive Program. (2018). Summary Report on Local Government Climate Actions
2017. Retrieved from https://www2.gov.be.ca/assets /gov/british-columbians-out-

overnments/local-governments/planning-land-use/carip 2017 summary.pdf

CTV News. (2018). B.C. town submerged by worst flood in 70 years, 30 people rescued. Retrieved from CTV
News: https://www.ctvnews.ca/canada/b-c-town-submerged-by-worst-flood-in-70-years-30-people-
rescued-1.3926926

FEMA. 2012. Final Sustainability Benefits Methodology Report. Accessible at,
://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-
expert-tips-webinar/Final-Sustainability-Benefits-Methodology-Report.pdf.

Foudi, S., Oses-Eraso, N., & Galarraga, 1. (2017). The Effect of Flooding on Mental Health: Lessons
Learned for Building Resilience. Water Resources Research, 53: 5831-5844. Retrieved from Water
Resources Research.

Gaur, A., Gaur, A., & Simonovic, S. (2018). Future Changes in Flood Hazards across Canada under a
Changing Climate. Water, 10(10). Retrieved from https://www.mdpi.com/2073-4441/10/10/1441

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA 155


https://globalnews.ca/news/4178337/cache-creek-flood-state-of-emergency/
https://pics.uvic.ca/sites/default/files/uploads/BC%20Agriculture_full%20report.pdf
https://www.bcagclimateaction.ca/wp/wp-content/media/DL01-Delta-Potential-Impact-Flooding-2014-full.pdf
https://www.bcagclimateaction.ca/wp/wp-content/media/DL01-Delta-Potential-Impact-Flooding-2014-full.pdf
https://www.cbc.ca/news/canada/british-columbia/road-closures-flooding-washouts-snowpack-melt-rivers-1.4640112
https://www.cbc.ca/news/canada/british-columbia/road-closures-flooding-washouts-snowpack-melt-rivers-1.4640112
http://cdd.publicsafety.gc.ca/
https://yourhealthsystem.cihi.ca/hsp/inbrief?lang=en#!/indicators/015/cost-of-a-standard-hospital-stay/;mapC1;mapLevel2;/
https://yourhealthsystem.cihi.ca/hsp/inbrief?lang=en#!/indicators/015/cost-of-a-standard-hospital-stay/;mapC1;mapLevel2;/
https://www2.gov.bc.ca/assets/gov/british-columbians-our-governments/local-governments/planning-land-use/carip_2017_summary.pdf
https://www2.gov.bc.ca/assets/gov/british-columbians-our-governments/local-governments/planning-land-use/carip_2017_summary.pdf
https://www.ctvnews.ca/canada/b-c-town-submerged-by-worst-flood-in-70-years-30-people-rescued-1.3926926
https://www.ctvnews.ca/canada/b-c-town-submerged-by-worst-flood-in-70-years-30-people-rescued-1.3926926
https://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/Final-Sustainability-Benefits-Methodology-Report.pdf
https://www.hudexchange.info/course-content/ndrc-nofa-benefit-cost-analysis-data-resources-and-expert-tips-webinar/Final-Sustainability-Benefits-Methodology-Report.pdf
https://www.mdpi.com/2073-4441/10/10/1441

APPENDIX B: DETAILED RISK ASSESSMENT FINDINGS
MODERATE FLOODING

Goldmann, E., & Galea, S. (2014). Mental Health Consequences of Disasters. Annual Review of Public
Health, 35(1), 169-183. Retrieved from https://www.annualreviews.org/doi/pdf/10.1146/annurev-
publhealth-032013-182435

Gomez, V., Kure, S., Udo, K., & Mano, A. (2016). Analysis of Exposure to Vector-borne Diseases Due
to Flood Duration, for a More Complete Flood Hazard Assessment: Llanos de Moxos, Bolivia.
Ribagna. Retrieved from https://www.tandfonline.com/doi/full/10.1080/23863781.2017.1332816

Government of British Columbia (2018). Disaster Financial Assistance. Retrieved from
https://www2.gov.be.ca/gov/content/safety/emergency-preparedness-response-

recovery/emergency-response-and-recovery/disaster-financial-assistance

Government of Canada. (2018). Climate Change, Floods, and Your Health. Retrieved from
https://www.canada.ca/en/public-health/services /health-promotion/environmental-public-health-
climate-change/climate-change-public-health-factsheets-floods.html

Guha-Sapir, D., Hoyois, P., Wallemacq, P., & Below, R. (2017). Annunal Disaster Statistical Review 2016: The
Numbers and Trends. Centre for Research on the Epidemiology of Disasters (CRED). Retrieved from
https://reliefweb.int/sites/reliefweb.int/files/resources/adsr 2016.pdf

Huffpost Canada. (2015). Cache Creek Flood Forces Dozens to Abandon Their Homes. Retrieved from
Huffpost Canada: https://www.huffingtonpost.ca/2015/05/25/residents-of-flooded-
bc n 7438162.html

Intact Centre on Climate Adaptation. (2018). After the Flood: The Impact of Climate Change on Mental Health
and Lost Time from Work. Retrieved from https://www.intactcentre.ca/wp-
content/uploads/2018/06/After-The-Flood.pdf

Intact Insurance. (2018). 5 Easy Ways To Save Your Basement From Disastrons Flood Damage. Retrieved from
Alert Lans: https://alertlabs.com/blogs/news/5-easy-ways-to-save-your-basement-from-disastrous-

flood-damage

Lavoie, J. (2018). Grand Forks residents prep for winter in sheds, R1/s after catastrophic flooding. Retrieved from
The Narwhal: https://thenarwhal.ca/grand-forks-residents-prep-for-winter-in-sheds-rvs-after-

catastrophic-flooding/

Macmahon, M. (2018). B.C. Interior Deals with Worst Flooding Since 1948. Retrieved from News 1130:
https://www.citynews1130.com/2018/05/11 /be-interior-flooding-osovoos/

MacNair, E. (2019, February 11). Director, BC Agriculture & Food Climate Action Initiative.
Interviewed by S. Asam, ICF.

NIST. 2017. The Costs and Losses of Wildfires: A Literature Review. 20 Accessed February 2019 at,
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1215.pdf.

Northwest Hydraulic Consultants. (20106). Lower Mainland Flood Management Strategy Project 2: Regional
Assessment of Flood 1 ulnerability, Final Report. Fraser Basin Council. Retrieved from
https://www.fraserbasin.bc.ca/ Library/Water Flood Strategy/Regional Assessment of Flood V
ulnerability April 25 2016 web.pdf

156 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA


https://www.annualreviews.org/doi/pdf/10.1146/annurev-publhealth-032013-182435
https://www.annualreviews.org/doi/pdf/10.1146/annurev-publhealth-032013-182435
https://www.tandfonline.com/doi/full/10.1080/23863781.2017.1332816
https://www2.gov.bc.ca/gov/content/safety/emergency-preparedness-response-recovery/emergency-response-and-recovery/disaster-financial-assistance
https://www2.gov.bc.ca/gov/content/safety/emergency-preparedness-response-recovery/emergency-response-and-recovery/disaster-financial-assistance
https://www.canada.ca/en/public-health/services/health-promotion/environmental-public-health-climate-change/climate-change-public-health-factsheets-floods.html
https://www.canada.ca/en/public-health/services/health-promotion/environmental-public-health-climate-change/climate-change-public-health-factsheets-floods.html
https://reliefweb.int/sites/reliefweb.int/files/resources/adsr_2016.pdf
https://www.huffingtonpost.ca/2015/05/25/residents-of-flooded-bc_n_7438162.html
https://www.huffingtonpost.ca/2015/05/25/residents-of-flooded-bc_n_7438162.html
https://www.intactcentre.ca/wp-content/uploads/2018/06/After-The-Flood.pdf
https://www.intactcentre.ca/wp-content/uploads/2018/06/After-The-Flood.pdf
https://alertlabs.com/blogs/news/5-easy-ways-to-save-your-basement-from-disastrous-flood-damage
https://alertlabs.com/blogs/news/5-easy-ways-to-save-your-basement-from-disastrous-flood-damage
https://thenarwhal.ca/grand-forks-residents-prep-for-winter-in-sheds-rvs-after-catastrophic-flooding/
https://thenarwhal.ca/grand-forks-residents-prep-for-winter-in-sheds-rvs-after-catastrophic-flooding/
https://www.citynews1130.com/2018/05/11/bc-interior-flooding-osoyoos/
https://nvlpubs.nist.gov/nistpubs/SpecialPublications/NIST.SP.1215.pdf
https://www.fraserbasin.bc.ca/_Library/Water_Flood_Strategy/Regional_Assessment_of_Flood_Vulnerability_April_25_2016_web.pdf
https://www.fraserbasin.bc.ca/_Library/Water_Flood_Strategy/Regional_Assessment_of_Flood_Vulnerability_April_25_2016_web.pdf

APPENDIX B: DETAILED RISK ASSESSMENT FINDINGS
MODERATE FLOODING

Pacific Climate Impacts Consortium. (2012). Plan2Adapt Tool: Summary of Climate Change for British
Columbia in the 2050s. Retrieved from https://www.pacificclimate.org/analysis-tools/plan2adapt

Pacific Institute for Climate Solutions. (2011). Climate change and food security in British Columbia.
Retrieved from
https://pics.uvic.ca/sites/default/files/uploads/publications/Food%20Security 2011.pdf

Public Safety Canada. 2019. Disaster Financial Assistance Arrangements (DFAA). Retrieved from
https://www.publicsafety.gc.ca/cnt/mrgnc-mngmnt/reve-dsstrs/dsstr-fnnel-ssstne-rrngmnts/index-

Public Safety Canada. (No date). National Disaster Mitigation Program (NDMP) Risk Assessment
Information Template: Flood Hazard Scenarios.

Roden, B. (2018). Cache Creek braces for 3rd major flood in 4 years to hit village. Retrieved from Maple Ridge
News: https://www.mapleridgenews.com/news/cache-creek-braces-for-one-in-ninety-vear-flooding-

event-as-third-major-flood-in-four-vears-hits-village /

Saylors, K. (2018a). B.C. government announces $2.9 million in business recovery for Grand Forks. Retrieved from
Grand Forks Gazette: https://www.grandforksgazette.ca/news/b-c-government-announces-2-9-

million-in-business-recovery-for-grand-forks/

Saylors, K. (2018b). Grand Forks to receive business recovery funds post-flood. Retrieved from Grand Forks
Gazette: https://www.grandforksgazette.ca/news/grand-forks-to-receive-business-recovery-funds-

post-flood/

Shandro, J., M. Winkler, L. Jokinen, and A. Stockwell. (2016). Health impact assessment for the 2014
Mount Polley Mine tailings dam breach: Screening and scoping phase report. Retrieved from
http://www.fnha.ca/Documents/FNHA-Mount-Polley-Mine-HIA-SSP-Report.pdf

Shu, C., Han, S., Kong, W., & Dong, B. (2016). Mechanisms of Toppling Instability of the Human Body
in Floodwaters. IOP Conference Series: Earth and Environmental Science, 39, 012038. Retrieved from
http://iopscience.iop.org/article/10.1088/1755-1315/39/1/012038/pdf

Sobie, S. a. (2017). High-Resolution Statistical Downscaling in Southwestern British Columbia. Journal of
Applied Meteorology, 56, 1625-1641.

Statistics Canada. 2017. Ontario [Province] and Canada [Country] (table). Census Profile. 2016 Census.
Statistics Canada Catalogue no. 98-316-X2016001. Ottawa. Released November 29, 2017.

https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?l.ang=FE (accessed
February 12, 2019).

Statistics Canada. (2019). Table 18-10-0005-01 Consumer Price Index, annual average, not seasonally adjusted.
Retrieved from https://www150.statcan.gc.ca/t1/tbll/en/tv.action?pid=1810000501

The Canadian Press. (2015). Cache Creek flood damage called "unbelievable’ by B.C. Premier Christy Clark.
Retrieved from CBC News: https://www.cbc.ca/news/canada/british-columbia/cache-creek-flood-

damage-called-unbelievable-by-b-c-premier-christy-clark-1.3087665

STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA 157


https://www.pacificclimate.org/analysis-tools/plan2adapt
https://pics.uvic.ca/sites/default/files/uploads/publications/Food%20Security_2011.pdf
https://www.publicsafety.gc.ca/cnt/mrgnc-mngmnt/rcvr-dsstrs/dsstr-fnncl-ssstnc-rrngmnts/index-en.aspx
https://www.publicsafety.gc.ca/cnt/mrgnc-mngmnt/rcvr-dsstrs/dsstr-fnncl-ssstnc-rrngmnts/index-en.aspx
https://www.mapleridgenews.com/news/cache-creek-braces-for-one-in-ninety-year-flooding-event-as-third-major-flood-in-four-years-hits-village/
https://www.mapleridgenews.com/news/cache-creek-braces-for-one-in-ninety-year-flooding-event-as-third-major-flood-in-four-years-hits-village/
https://www.grandforksgazette.ca/news/b-c-government-announces-2-9-million-in-business-recovery-for-grand-forks/
https://www.grandforksgazette.ca/news/b-c-government-announces-2-9-million-in-business-recovery-for-grand-forks/
https://www.grandforksgazette.ca/news/grand-forks-to-receive-business-recovery-funds-post-flood/
https://www.grandforksgazette.ca/news/grand-forks-to-receive-business-recovery-funds-post-flood/
http://www.fnha.ca/Documents/FNHA-Mount-Polley-Mine-HIA-SSP-Report.pdf
http://iopscience.iop.org/article/10.1088/1755-1315/39/1/012038/pdf
https://www12.statcan.gc.ca/census-recensement/2016/dp-pd/prof/index.cfm?Lang=E
https://www150.statcan.gc.ca/t1/tbl1/en/tv.action?pid=1810000501
https://www.cbc.ca/news/canada/british-columbia/cache-creek-flood-damage-called-unbelievable-by-b-c-premier-christy-clark-1.3087665
https://www.cbc.ca/news/canada/british-columbia/cache-creek-flood-damage-called-unbelievable-by-b-c-premier-christy-clark-1.3087665

APPENDIX B: DETAILED RISK ASSESSMENT FINDINGS
MODERATE FLOODING

Treasury Board of Canada Secretariat. (2007). Canadian Cost-Benefit Analysis Guide:
Regulatory Proposals. Retrieved from https://www.tbs-sct.gc.ca/rtrap-parfa/analys/analys-

eng.pdf

Tzembelicos, A., Erhardt, A., de Faye, B., Guy, B., Kent, C., Bedwell, C., et al.Siemens, W. (2018).
Addressing the New Normal: 215t Century Disaster Management in British Columbia. Retrieved from

https://www2.gov.be.ca/assets/gov/public-safety-and-emergency-services/emergency-

reparedness-response-recoverv/embc/be-flood-and-wildfire-review-addressing-the-new-normal-

21st-century-disaster-management-in-bc-web.pdf

U.S. Department of State. 2019. Office of Allowances. Foreign Per Diem Rates In U.S. Dollars DSSR
925. Country: CANADA. Accessible at,
https://aoprals.state.gov/web920/per_diem_action.asprMenuHide=1&CountryCode=1079

U.S. Federal Emergency Management Agency. (2014). Chapter 8: Floodplain Natural Resonrces and Functions.
Retrieved from Floodplain Management: Principles and Current Practices:
https://training.fema.ocov/hiedu/aemrc/courses/coursetreat/fm.aspx

Wadhwani, A. (2018). 5 szng& to Kﬂow Abont B.C. Floods 2018. Retrieved from Columbia Valley Pioneer:

Wilson, S.J. (2010). Natural Capital in BC’s Lower Mainland: Valuing the Benefits from Nature. Prepared
for the Pacific Parklands Foundation. Retrieved from https://davidsuzuki.org/science-learning-

centre-article /natural-capital-b-c-s-lower-mainland-valuino-benefits-nature

Wong, D., & Nassar, H. (2018). Downtown Grand Forks a 'ghost town," as community braces for more flooding.
Retrieved from News 1130: https://www.citynews1130.com/2018/05/17/grand-forks-braces-

flooding/

Workshop feedback. 2019. Personal communication at B.C. Risk Assessment Workshop on January 30-
31, 2019.

158 STRATEGIC CLIMATE RISK ASSESSMENT FOR BRITISH COLUMBIA


https://www.tbs-sct.gc.ca/rtrap-parfa/analys/analys-eng.pdf
https://www.tbs-sct.gc.ca/rtrap-parfa/analys/analys-eng.pdf
https://www2.gov.bc.ca/assets/gov/public-safety-and-emergency-services/emergency-preparedness-response-recovery/embc/bc-flood-and-wildfire-review-addressing-the-new-normal-21st-century-disaster-management-in-bc-web.pdf
https://www2.gov.bc.ca/assets/gov/public-safety-and-emergency-services/emergency-preparedness-response-recovery/embc/bc-flood-and-wildfire-review-addressing-the-new-normal-21st-century-disaster-management-in-bc-web.pdf
https://www2.gov.bc.ca/assets/gov/public-safety-and-emergency-services/emergency-preparedness-response-recovery/embc/bc-flood-and-wildfire-review-addressing-the-new-normal-21st-century-disaster-management-in-bc-web.pdf
https://aoprals.state.gov/web920/per_diem_action.asp?MenuHide=1&CountryCode=1079
https://training.fema.gov/hiedu/aemrc/courses/coursetreat/fm.aspx
https://www.columbiavalleypioneer.com/news/5-things-to-know-about-b-c-floods-2018/
https://davidsuzuki.org/science-learning-centre-article/natural-capital-b-c-s-lower-mainland-valuing-benefits-nature/
https://davidsuzuki.org/science-learning-centre-article/natural-capital-b-c-s-lower-mainland-valuing-benefits-nature/
https://www.citynews1130.com/2018/05/17/grand-forks-braces-flooding/
https://www.citynews1130.com/2018/05/17/grand-forks-braces-flooding/

APPENDIX B: DETAILED RISK ASSESSMENT FINDINGS
EXTREME PRECIPITATION AND LANDSLIDE

Extreme Precipitation and Landslide

Scenario

The specific scenario analyzed is a FIGURE 40. Map illustrating the intersections of Trans-Canada
significant landslide# in Hope, B.C. Highway (Highway 1), Highway 3, Highway 5, and Highway 7 in
triggered by extreme precipitation. In this Hope.
scenario, the landslide would affect one or
more major transportation routes in 3 G
Hope, B.C. (sce FIGURE 40), causing o B
provincially significant disruptions to Ha?
transportation and the movement of i Yl
goods and services across the province. v} et ——0

Ruby Creek [;:’.:

Summary of Findings @

‘Ialdlaw
The majority of precipitation-driven
landslides in B.C. are smaller debris flows

FIGURE 41. Risk assessment findings for extreme precipitation

or rock slides, which are likely to become ; ;
and landslide scenario.

more frequent due to climate change. This
Change in Likelihood

scenario, however, represents an extreme 4 2050 Risk due to Climate Change
case in which Hope experiences a large and Aot cerain

provincially significant precipitation-driven

landslide that affects transportation across Likely

the province. Due to the mountainous § :
terrain of B.C., disruptions to major g Possible 2050
transportation routes, especially in S - -
transportation hubs such as Hope, can Unlikely O Presert
cause significant delays and disruptions to Amostcortain ] ] I

the movement of goods and services. not to happen

Furthermore, due to the volume of |hsigniﬁcaﬁt Vinor Moderats Major .Calastrop.hic-

vehicles (7 million vehicles annually) and Consequence

trains passing through Hope as well as a Risk Level | Low | Medium [ High |[Extreme |

population of about 6,000 people, there is  confidence Level O Low () Medium () High
also a risk for injuries, deaths, property
losses, and other damages (District of Hope, 2017).

FIGURE 41 and TABLE 23 summarize the risk assessment results for this scenario. The highest
consequences relate to loss of life, loss of economic productivity, and loss of infrastructure services.
Additional details on the likelihood of the scenario, its consequences, and the supporting evidence base
for these ratings are provided in the sections below.

44 A landslide is defined as the movement of rock, soil, and other debris down a slope as a result of gravitational pull (Green, Ricker,
McPhee, Ettya, & Temenos, 2014). Landslide is a general term that encompasses many types of landslides (e.g., debris flow, mudslide, rock
slide, rock avalanche). Landslides can be caused by a variety of factors including precipitation, snow melt, temperature change, permafrost
melt, slope debuttressing from receding glaciers, earthquakes, volcanic activities, and human activities.
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TABLE 23. Risk Rating Evaluation for Extreme Precipitation and Landslide Scenario

EXTREME PRECIPITATION AND LANDSLIDE: SIGNIFICANT LANDSLIDE IN HOPE TRIGGERED BY EXTREME

PRECIPITATION

LIKELIHOOD

CURRENT

RATING JUSTIFICATION
2 Past significant

events in 1965 and
2017 roughly
indicate a major
landslide about once
every 52 years,
which falls into the
likelihood range of
51 to 100 years.

2050
RATING  JUSTIFICATION
3 Climate-related risk cause: Heavy precipitation,

warming temperatures, and rain-on-snow events can
trigger landslides. In addition, landslide risk is largely
dependent on underlying geology and physical factors,
including hill slope steepness and bedrock deformation.

2050 projections: Multiple studies indicate an increase
in the frequency of landslides due to increased heavy
precipitation and temperature. Therefore, the likelihood
could increase to a range of 11 to 50 years.

CONFIDENCE

Low

CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological
functioning impacts
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity
Loss of
infrastructure
services

Cost to provincial government

CURRENT
OVERALL

RISK
2050

RATING  JUSTIFICATION
3 Potential for up to 10 deaths due to falling debris if the
landslide affects one of the three major highways.

2 Fewer than 10 people are at risk of injury or harm due to
falling debris or compromised drinking water supplies.

2 A landslide could cause localized, temporary
psychological impacts for individuals directly affected by
the landslide.

2 A landslide could cause hours to days-long disruption to
daily life primarily due to transportation impacts and
localized property damage.

1 Impacts to natural resources within the path of the
landslide could be significant, but overall impacts to
natural resources in Hope will be minimal.

3 Damage or destruction of key infrastructure or economic
resources could cause weeks-long disruptions to major
economic sectors.

3 Infrastructure disruptions such as road closures or
severed power lines could last for days and cause major
impediments to day-to-day life at both a local and
province-wide scale.

2 Costs to government might include response, clean up,
health services, and Disaster Financial Assistance,
among others.

LOW (4.5)

MEDIUM (6.8)

CONFIDENCE

Medium

Medium

Medium

Low

Additional engagement with Indigenous communities would be needed to understand potential consequences from their

perspectives.
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Opverall, the present-day risk rating is 4.5 out of 25,
which equates to low risk, and the 2050 risk rating is 6.8 Risk Calculation

out of 25, which equates to medium risk. See the Risk Risk = Likelihood x Average Consequence

Present Risk =2 x 2.3 =4.5 (Low)
Evidence Base 2050 Risk = 3 x 2.3 = 6.8 (Medium)

Calculation text box at right.

Risk Event Scenatio

This scenario represents one permutation of extreme precipitation triggering a landslide in the province.
The consequence ratings are specific to this scenario, but many of the types of consequences, if not the
magnitudes, may be transferable to other related scenarios.

The specifics of this scenario were based on:

e Many research studies and documentation indicate that extreme precipitation is key to triggering
debris flows* and “abundant and widespread shallow landsliding” in Canada. Alternatively, large-

volume, deep-seated landslides are controlled by

longer-term hydrological factors, but are also FIGURE 42. Location and extent of the Hope slide of
1965 along Highway 3 (Green, Ricker, McPhee,
Ettya, & Temenos, 2014).

expected to be affected by climate change
(Cloutier, Locat, Geertsema, Jakob, & Schnorbus,
2015; Geertsema, Schwab, Blais-Stevens, & Sakals,
2009). More recent significant landslide events
triggered by extreme precipitation include:

- November 2017: A series of five landslides after
heavy rain and unusually warm temperatures
closed or caused delays to the Trans-Canada
Highway (Highway 1) between Chilliwack and
Hope for about 1.5 days (CBC News, 2017).

45 Debris flows are the most common type of landslide in B.C. and are defined as “a saturated slurry of earth, rock, and vegetation, which
most often flows in a confined channel” (B.C. Ministry of Forests, Lands and Natural Resource Operations, 2013).
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- Spring 2012: A series of damaging landslides across

FIGURE 43. Photo of debris from Hope landslide in
1965 (Orwin, Clague, & Gerath, 2004).

southern B.C. were triggered by high precipitation
and high snowpack from the previous winter as
well as high precipitation and high snowpack from
the year prior, creating wet conditions (B.C.
Ministry of Forests, Lands and Natural Resource
Operations, 2013). The most damaging landslides
occurred in Sicamous, Johnsons Landing, and
Fairmont Creek.

e Although “The Hope Slide” on January 9, 1965 was
not driven by precipitation, it is one of the largest
landslides in Canadian history and is referenced in
this risk event to help consider potential

consequences of an extreme landslide event in
Hope. The landslide affected a 3 km stretch of the

Hope-Princeton Highway (Highway 3), spreading o] o .
v ‘Gm :nlmnf - I?\r’l_

47 million cubic metres of debris 85 metres thick ai o
and causing four deaths (B.C. Ministry of Energy, Mlnes and Petroleum Resources, No date)
FIGURE 42 illustrates the location and extent of the Hope Slide and FIGURE 43 shows the
resulting debris deposits.

e Hope includes several major provincial transportation routes, disruption of which could be
provincially significant: Trans-Canada Highway (Highway 1), Highway 3, Highway 5, Highway 7,
Canadian National Railway (CNR), and the Canadian Pacific Railway (CPR).

Likelihood rating

The present day likelihood of this scenario is 2 and the 2050 likelihood of this scenario is 3. Past
significant landslides in 1965 and 2017 indicate a current likelihood in the “unlikely” range of once every
51 to 100 years. However, there are strong indications that increases in heavy precipitation as well as
warming temperatures will increase the frequency of landslides. Therefore, the project team judged that
it is feasible for the 2050 likelihood of this scenario to be in the “possible” range of once every 11 to 50
years.

In addition to climate-related causes, landslide risk is

largely dependent on undetlying geology and physical Likelihood Rating Drivers

factors, including hill slope steepness and bedrock Type of risk event: Discrete

deformation. Thus, areas most susceptible to severe

landslide risk are likely more local than the regional-
scale climate-related causes. To evaluate the scenario,
the project team used indicators including the
historical record of landslides in Hope, B.C., which
may reflect landslides that occurred independent of
climate forcing, and the latest provincial research on
landslide drivers. The project team sought to evaluate
the future likelihood of large landslides in the Hope,
B.C. due to the combined influence of increasing

Climate change indicators:
e Increase in heavy rain events
e Increase in rain-on-snow events
e Increase in air temperature
“Present day” period: 1961-1990

Source of 2050 projections: Varies by
indicator

Emission scenario: Varies by indicator
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climate stress and background geologic risk. As such, the project team considered primary climate-

related risk causes including projections for air temperature, precipitation, and snowmelt through mid-

century.

Supporting evidence includes:

Thousands of small landslides occur annually across Canada, with the most damaging typically
located in B.C., Alberta, Quebec, and Ontario. Llandslides exceeding one million cubic metres initiate
at least once every 10 years in Canada (Natural Resources Canada, 2008). Geomorphic hazard studies
reveal that large landslides can occur more frequently in parts of British Columbia. Geertsema (2000)
found that approximately 2.3 landslides exceeding 5,000 cubic metres initiate in Northern B.C.
annually.

A study of all documented debris flows in nearby Chilliwack, B.C. from 1980 to 2007 found that 18
debris flows were driven by either intense rainfall or rain-on-snow events, indicating a relatively high
annual frequency of precipitation-driven debris flows in one community (Sutton, 2011). Most of
these debris flows, however, were insignificant in terms of damage.

Recent landslide events in the Hope area are indicative of active slope instabilities that will likely
facilitate further landslide events on decadal timescales. To calculate the current likelihood of a
significant landslide, the project team calculated a rough back-of-the-envelope proxy for landslide
frequency in Hope, B.C. using two past significant landslides in 1965 and 2017, which indicate a
major landslide about once every 52 years.40 This is a rough estimate based on the frequency of past
significant landslide events, as opposed to significant precipitation-driven landslide events.

The likelihood of a precipitation-driven landslide in B.C. increases from April to June for interior
B.C. when heavy rains and snowmelt saturate the soil. For coastal B.C., the wet season for landslides
persists between fall and winter as a result of coastal storms and atmospheric rivers. In addition,
heavy rains can cause snowpack to become unstable (B.C. Ministry of Forests, Lands and Natural
Resource Operations, 2013; The Weather Network, 2017).

An IPCC special report found that there is “high confidence that changes in heavy precipitation will
affect landslides in some regions” (IPCC, 2012). These and other climate change impacts likely to
contribute to an increase in the risk of landslides and debris flows in B.C. include:

More intense and frequent heavy rain events increase the likelihood of landslides, particularly in
the winter and early spring, by increasing the soil water content. However, projections reveal a
decline in summer precipitation, which may decrease the probability of precipitation-driven
landslides during summer months (University of Washington College of the Environment, 2016).
Warmer winter temperatures and increased winter precipitation increase the likelihood of more
frequent rain-on-snow events, which are a known cause of landslides (B.C. Ministry of Forests,
Lands and Natural Resource Operations, 2013).

Increasing air temperatures increases the likelthood of landslides by “facilitating soil breakdown,
allowing more water to penetrate soils, reducing snow accumulation, and increasing the risk of

46 This calculation is a rough approximation of likelihood based on available and accessible historical data. There may be other landslide
events that occurred during this timeframe that would increase the frequency of major landslides. A geologic or sedimentological study is
needed to calculate a more accurate long-term return frequency of landslides in and around Hope.
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wildfire and other threats to forest health” (University of Washington College of the Environment,
2016; B.C. Ministry of Forests, Lands and Natural Resource Operations, 2013).

- Warming temperatures may also contribute to increased landslide activity due to changes in freeze-
thaw cycles, which can cause slope instability and rock slides*’ (Geertsema & Pojar, 2007; B.C.
Ministry of Forests, Lands and Natural Resource Operations, 2013).

e Climate projections for the Fraser Valley from 1961 to 1990 baseline to 2050 include (Pacific Climate
Impacts Consortium, 2012):

- Increase in annual mean temperature of 1.8°C (10t to 90t percentile: 1.1°C to 2.6°C)
- Increase in annual precipitation of 7% (10 to 90t percentile: -2% to +11%)

- Decrease in summer precipitation of 13% (10t to 90t percentile: -25% to +5%)

- Increase in winter precipitation of 6% (10 to 90t percentile: -4% to +15%)

— Decrease in spring snowfall of 55% (10t to 90t percentile: -74% to -15%)

- Decrease in winter snowfall of 24% (10 to 90t percentile: -40% to -11%)

o Location-specific landslide projections include:

— A thesis on Risk Analysis of Landslides Affecting Major Transportation Corridors in Southwestern B.C.
found that rock fall events are expected to occur 1.4 to 4.6 times more frequently during winter
months than summer months along Highway 1, CNR, and CPR between Vancouver and Hope,
due in part to the influences of rain, snow, and freeze-thaw. Furthermore, the thesis points to
heavy rain as an important factor for debris flows, stating that debris flows are three to four times
more likely to occur during or after storm events compared to clear conditions (Hazzard, 1998).

— The Puget Sound region, which is geologically similar to Lower Mainland B.C., is expected to
experience an increase in the frequency of landslides due projected increases in rainfall frequency
and intensity and a projected decrease in snowpack (University of Washington College of the
Environment, 2016).

— Coastal B.C. is expected to experience an increase in the frequency of debris flows due to
increased rainfall intensity, particularly in late fall and winter (Cloutier, Locat, Geertsema, Jakob, &
Schnorbus, 2015). A study of climate change and landslides in coastal southwest B.C. supports this
prediction finding a 10% increase in 4-week antecedent moisture conditions and a 6% expected
increase in short-term (24-hr) precipitation by the end of the century (Jakob & Lambert, 2009).

- A thesis on The Occurrence and Bebaviour of Rainfall-Triggered Landslides in Coastal B.C. found that the
critical rainfall intensity threshold for triggering landslides on Vancouver Island is 80 to 100mm in
a 24-hour period. The thesis also found that rain-on-snow events are a significant trigger as well
(Guthrie, 2009).

Confidence: Low

Although several sources of high-quality independent research indicate an increase in the frequency of
precipitation-driven landslide events, there is less certainty regarding the likelihood of large precipitation-
driven events. Another unknown is whether precipitation-driven landslides would increase in magnitude
by 2050, thereby also influencing the frequency of large-scale events. More information is needed on the
predictability of large precipitation-driven landslide events to more confidently assess the likelihood.

47 Rock slides are defined as “landslides consisting mainly of unconsolidated earth materials,” which can be especially large (B.C. Ministry of
Forests, Lands and Natural Resource Operations, 2013).
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Consequence ratings

o Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (sce the Overall Consequence = Average of Individual
Consequence Calculation box at right). Details Consequence Ratings

on each individual consequence rating are Overall Consequence = (3+2+2+2+1+3+3+2)/8
provided below. Based on these findings, the Overall Consequence = 2.3

project team rated the overall consequence of
this scenario as 2.3 out of 5.

HEALTH

Loss oflife: 3

Historically, major landslides in B.C. have resulted in up to five deaths due to falling debris. A significant
landslide in Hope could result in a similar number of deaths, in the range of two to ten, particularly if the
landslide affects one of the three major highways.

Supporting evidence includes:

e On average, landslides result in the death of about one person per year in B.C. (B.C. Ministry of
Forests, Lands and Natural Resource Operations, 2013).

e Significant events in B.C. and Washington, however, have resulted in multiple fatalities including:

- 2014 landslide in Oso, Washington, which has a similar geology to Lower Mainland B.C.: 43 deaths
(Giovannetti, 2014)

- 2012 landslide at Johnsons Landing on Kootenay Lake: four deaths (B.C. Ministry of Forests,
Lands and Natural Resource Operations, 2013)

- 2007 landslide at Legate Creek: two deaths (B.C. Ministry of Forests, Lands and Natural Resource
Operations, 2013)

— 2005 landslide in the District of North Vancouver: one death (B.C. Ministry of Forests, Lands and
Natural Resource Operations, 2013)

— 1990 debris avalanche* during a heavy rain-on-snow event at Belgo Creek: three deaths (B.C.
Ministry of Forests, Lands and Natural Resource Operations, 2013)

- 1975 debris avalanche in the Meager Creck Valley: four deaths (B.C. Ministry of Forests, Lands
and Natural Resource Operations, 2013)

e Inaddition, a number of landslide-related deaths occur on roadways:

- Four people died on Highway 3 from the 1965 Hope Slide after a smaller earlier avalanche blocked
their path on the roadway (Green, Ricker, McPhee, Ettya, & Temenos, 2014).

- Five people died on the Trans-Canada Highway after a debris flow in 1968 (B.C. Ministry of
Forests, Lands and Natural Resource Operations, 2013).

- 26 people died between 1958 and 1996 due to landslides along major transportation routes:
Highway 99, Highway 1, the British Columbia Railway, the Canadian National Railway (CNR), and
the Canadian Pacific Railway. Of these deaths, one occurred on Highway 1 and eight occurred on
the CNR, both of which pass through Hope (Hazzard, 1998).

48 Debris avalanches are defined as “landslides consisting mainly of unconsolidated earth materials (‘soil’) which occur on open slopes,
usually in an unsaturated state” (B.C. Ministry of Forests, Lands and Natural Resource Operations, 2013).
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- 12 people died between 1958 and 1983 due to 14 debris flow events along Highway 99 between
West Vancouver and Squamish (B.C. Ministry of Forests, Lands and Natural Resource Operations,
2013).

Confidence: Medium

There are several sources of evidence from past landslide events in and around Hope that support the
possibility of two to 10 deaths. Loss of life, however, is ultimately dependent on when and where the
landslide occurs (e.g., the number of cars on the highway at the time of the landslide or the population
density of the affected area).

Morbidity, injury, disease, or hospitalization: 2

Past major landslides in B.C. have resulted in fewer than 10 injuries each due to falling debris. A
landslide could also comprise drinking water supplies, which could threaten public health. As a result, a
landslide in Hope is expected to harm fewer than 10 people.

Supporting evidence includes:

e From 1958 to 1996, 11 people were injured due to landslides along major transportation routes:
Highway 99, Highway 1, the British Columbia Railway, the Canadian National Railway (CNR), and
the Canadian Pacific Railway. Of these injuries, five occurred on Highway 1 and one occurred on the
CNR (Hazzard, 1998).

e More recently in 2017, three people were rescued from their vehicles with no injuries after five
landslides closed a segment of the Trans-Canada Highway between Chilliwack and Hope (CBC
News, 2017).

e Additionally, two people were injured, one fatally, when the 2005 District of North Vancouver
landslide destroyed a home (B.C. Ministry of Forests, Lands and Natural Resource Operations,
2013).

o The debris and aftermath of a landslide also have the potential to compromise drinking water
supplies, which could threaten public health (B.C. Ministry of Health, 2018).

Confidence: Medium

Several sources of evidence from past landslide events support the possibility for fewer than 10 injuries
or hospitalizations. The number of injuries and hospitalizations, however, will vary based on the
population density where the landslide occurs as well as the number of vehicles on the road at the time
of impact.

SOCIAL FUNCTIONING

Psychological impacts: 2
A landslide can cause temporary psychological impacts for the individuals directly affected, such as those
who are injured, lose a home, or lose a family member.

Supporting evidence includes:

e Based on an existing literature review of health impacts associated with landslides (worldwide), the
prevalence of PTSD may be higher after landslides than after other types of disasters (Kennedy,
Petley, Williams, & Murray, 2015).
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The key determining factors for post-disaster mental health issues are the degree and severity of
exposure as well as post-disaster life stressors and level of social support (Goldmann & Galea, 2014).

- Common psychopathologies that manifest after disasters (e.g., hurricanes, terrorist attacks) include

post-traumatic stress disorder, major depressive disorder, substance abuse disorder, general anxiety
disorder, and prolonged grief disorder (Goldmann & Galea, 2014). The prevalence of these various

mental health impacts from landslide-related disasters are unknown.
Key risk factors that may increase vulnerability to disasters include age, low socioeconomic status,
minority ethnic status, previous mental health issues, and low social support (Goldmann & Galea,
2014). The relative importance of these factors for landslide-related disasters in particular is

unknown.

Confidence: Low

There is limited information available on the psychological impacts of landslides. In addition, the

number of people who could experience psychological impacts is dependent on when and where the

landslide occurs, but is assumed to be small.

Loss of social cohesion: 2
Based on past events, a significant landslide in Hope could cause an hours- to days-long disruption to

daily life for the affected area due to transportation infrastructure impacts. If a number of homes or

businesses are damaged or destroyed, loss of social cohesion may be higher for the affected community.

Supporting evidence includes:

Landslides can damage or temporarily close major transportation routes (see the loss of infrastructure

services section for more information), which can affect people’s daily lives. Clearing the road of
debris may take hours to days depending on the extent of damage.

Landslides also frequently damage or destroy homes and other buildings or property. Examples
include:

A series of landslides around Johnsons Landing in 2012 destroyed or damaged five homes (B.C.
Ministry of Forests, Lands and Natural Resource Operations, 2013).

A landslide at Fairmont Hot Springs in 2012 damaged a number of condos and single-family
homes (B.C. Ministry of Forests, Lands and Natural Resource Operations, 2013).

The Testalinden Dam Failure in 2010, triggered a large debris flow which damaged or destroyed
several homes and also covered 24 hectares of agricultural land downstream (B.C. Ministry of
Forests, Lands and Natural Resource Operations, 2013).

A 2005 landslide in the District of North Vancouver destroyed one home (B.C. Ministry of
Forests, Lands and Natural Resource Operations, 2013).

A 2004 debris flow trigged by heavy rain on land that burned in a wildfire the previous year
destroyed two homes (B.C. Ministry of Forests, LLands and Natural Resource Operations, 2013).
A 1990 debris avalanche during a heavy rain-on-snow event at Belgo Creek destroyed one home
(B.C. Ministry of Forests, Lands and Natural Resource Operations, 2013).

From 1958 to 1996, landslides along Highway 99 and Highway 1 damaged or destroyed three
homes (Hazzard, 1998).

Confidence: Low
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The extent of damage and impact on daily life will depend on the location of the landslide. Based on past
events, the impacts to social cohesion are expected to be relatively small and primarily affect travel
routes. If a significant portion of the community experiences property loss, however, the impacts may be
more severe.

NATURAL RESOURCES: 1

Given the localized nature of a landslide, impacts to natural resources within the path of the landslide
could be significant, but overall impacts to natural resources in Hope will be minimal. Landslide debris
could erode into rivers and streams, decreasing water quality for aquatic habitats. In addition, changes in
soil conditions could disrupt vegetation and forest resources in the affected area.

Supporting evidence includes:

e Landslide debris flows can erode rivers and streams, decrease water quality, alter groundwater and
river flow, increase sediment levels, alter stream morphology and aquatic habitats, and in extreme
cases, dam rivers or streams (Geertsema, Highland, & Vaugeouis, 2009; Rahr, 2019).

- Dams can be short-term or long-term depending on the material and the existing sediment levels
and conditions of the river or stream (Geertsema, Highland, & Vaugeouis, 2009). A recent survey
of landslide dams in the Peace River region found that dams persisted for up to two decades and
were gradually diminished due to stream incision and sediment infilling (Miller et al., 2018).

- Dams can also lead to flooding, which depending where the flood occurs, could further damage
surrounding or downstream natural resources. Trees and other vegetation exposed to prolonged or
permanent inundation will not recover. (Geertsema, Highland, & Vaugeouis, 2009).

- Debris flows can also disrupt or eliminate fish habitats due to decreased water quality and
damming of rivers and streams. Changes in stream morphology due to dams and excess sediment
can affect spawning beds, egg incubation areas, and rearing habitats for fish. (Geertsema,
Highland, & Vaugeouis, 2009). In addition, disruptions to certain fish species (e.g., salmon) may
cause additional negative effects on the larger ecosystem (e.g., disruptions to the food chain)
(Rahr, 2019).

o In addition, landslides generally decrease forest productivity due to soil-striping (Geertsema,
Highland, & Vaugeouis, 2009). A study of landslide-induced forest damage on Queen Charlotte
Islands off of the B.C. coast found that the return period for forest cover is longer for landslide areas
than for logged areas. In addition, forest productivity was 70% lower in landslide areas than logged
areas (Geertsema, Highland, & Vaugeouis, 2009).

o Although there are many negative effects of landslides on natural resources, changes in site and soil
conditions can lead to changes in vegetation, which can increase habitat diversity across the
landscape (Geertsema & Pojar, 2007). A series of landslides across the landscape over time creates a
patchwork of diverse habitats in different stages of succession and recovery, which provide
opportunities for different types of vegetation and wildlife.

Confidence: Low

There are varying amounts and quality of evidence on impacts to natural resources. The significance of
natural resource losses ultimately depends on the scale and value of the land involved in the landslide
and the subsequent consequences. For example, although ecosystem recovery of the affected area can
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take decades, similar ecosystem habitat likely surrounds the affected area, minimizing the impact. In
addition, there may be value in landslides increasing habitat diversity.

ECONOMIC VITALITY

Loss of economic productivity: 3

Damage or destruction of key transportation infrastructure, utility infrastructure, or economic resources
such as timber, could cause weeks-long disruptions to major economic sectors. For example, road/rail
closures, delays, or reroutes could affect the movement of goods and services.

Supporting evidence includes:

e Economic losses can occur from damaged roads, rail lines, and other transportation infrastructure;
traffic delays and reroutes; and road and rail closures (Hazzard, 1998). Interruptions to the
transportation system can have ripple effects on the movement of goods and services as well as
emergency supplies. For example, landslides from 1958 to 1996, (Hazzard, 1998):

- Blocked or closed highways 78 times, nine of which were on Highway 1

- Delayed trains 106 times on the British Columbia Railway (B.C.R) and Canadian National Railway
(CNR)

— Damaged trains or speeders 16 times and derailed trains six times

- Damaged Highway 99 three times, the B.C.R track 70 times, and the CNR track two times

e Landslides could damage or destroy private, business, or municipal property (Workshop feedback,
2019).

o A 20006 coastal storm event on Vancouver Island triggered hundreds of landslides over the course of
the winter causing over US$1 million in damages, primarily due to impacts to timber and utility
companies (Guthrie, 2009).

e The impacts of landslides on fish habitats could also have implications for salmon and recreational
tishing (Workshop feedback, 2019).

o Loss of life also has an economic impact. The range of loss of life from one to 10 can be valued from
$5.2 to $52 million, based on the number of lives projected to be lost (Treasury Board of Canada
Secretariat, 2007).49:50

Confidence: Low

There are varying amounts and quality of evidence regarding the economic costs of landslides on various
economic sectors. More information is needed on the specific costs to each major economic sector.

Loss ofinfrastructure services: 3

Based on past events, infrastructure disruptions such as road closures or severed power lines could last
for days and cause major impediments to day-to-day life at both a local and province-wide scale.
Transportation impacts are especially critical given that Hope, B.C. is a major intersection for several
highways and rail lines.

49 Value in 1996 CAD.
50 The Treasury Board of Canada Secretariat expects departments to use a VSL of $5.2 million adjusted for inflation since 1996.
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Supporting evidence includes:

170

A study of the impacts of landslides on infrastructure in west-central B.C. found that shallow, rapid
debris slides and avalanches in west-central B.C. typically close roads or rail lines on an annual basis.
On some occasions, they have severed pipelines, power lines, and hydro-transmission lines.
Infrastructure damage most commonly occurs from being struck by rocks or debris, but can also
occur if the infrastructure is located on the unstable ground released during a landslide. (Geertsema,
Schwab, Blais-Stevens, & Sakals, 2009).

Landslides can cause significant damage or disruption to transportation services. For example:

2017: A series of five landslides after heavy rain caused delays and closures along parts of Highway
1. The debris covered the entire width of the highway and was about 5 m deep in some areas. The
closure lasted for about one and a half days and the detour route via Highways 7 and 9
experienced heavy traffic. After one day, one lane was opened for alternating traffic. The
landslides also caused delays to the Canadian National Railway, which runs along the highway (The
Canadian Press, 2017; CBC News, 2017; News 1130 Staff, 2017).

2017: Heavy rains caused landslides on the Copper River Forest Service Road in the Kitimat area,
causing damages estimated at $5 million (Link, 2017).

2007: A landslide at Legate Creek closed Highway 16 for several days (B.C. Ministry of Forests,
Lands and Natural Resource Operations, 2013).

2004: A debris flow triggered by heavy rain on land burned by a wildfire the previous year blocked
Highway 3A for several days (B.C. Ministry of Forests, Lands and Natural Resource Operations,
2013).

1991: A rock slide near Loggers Creek closed the Sea-to-Sky highway for 12 days (B.C. Ministry of
Energy, Mines and Petroleum Resources, No date).

1990: Debris flow and mudslides closed sections of three highways and reduced the TransCanada
Highway to one lane near Revelstoke, British Columbia. The estimated total cost of the landslides
was over $18 million (Canadian Disaster Database, 2018).

1968: A debris flow blocked portions of the Trans-Canada Highway (B.C. Ministry of Forests,
Lands and Natural Resource Operations, 2013).

1965: The Hope Slide blocked portions of Highway 3 (B.C. Ministry of Forests, Lands and Natural
Resource Operations, 2013).

From 1958 to 1996, landslides damaged or destroyed bridges seven times on Highway 99 and
B.C.R (Hazzard, 1998).

From 1958 to 1996, landslides damaged or destroyed vehicles 43 times on Highway 99 and
Highway 1 (Hazzard, 1998).

Landslides can also cause disruptions to utility services. For example:

Landslides can cause changes to the water quality of rivers and streams, which can affect drinking
water quality due to excess sediment and organic material in the water supply. For example, in
2000, the Greater Vancouver Regional District initiated a water boil advisory after a series of
landslides in the watersheds that supply drinking water reservoirs (Geertsema, Highland, &
Vaugeouis, 2009). Other pollutants and materials can also enter the drinking water supply as a
result of landslides.

A 2018 landslide in Old Fort cut utility services (e.g., power, water) from a rural community for
nearly one month (Alaska Highway News, 2018; Hennig, 2018).
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A series of landslides after heavy rain in November 2017 caused downed power lines (CBC News,
2017).
Since 1978, three of six landslides in west-central B.C. severed natural gas pipelines (Geertsema,
Schwab, Blais-Stevens, & Sakals, 2009).
Cost estimates for damage due to a severed pipeline causing a spill may be as high as $30 to $50
million (Hungt, 2004).
From 1958 to 1996, landslides caused downed powerlines one time on Highway 1 (Hazzard, 1998).
Landslides can also disrupt other infrastructure services. For example:

A landslide at Fairmont Hot Springs in 2012 damaged infrastructure at Fairmont Hot Springs
Resort, including water pipes, a road, and a golf course. In addition, the landslide damaged
flood/debris flow control infrastructure (B.C. Ministry of Forests, Lands and Natural Resource
Operations, 2013).

Disruptions can also be recurring. For example, the Vancouver to Squamish highway has been
affected by 14 major debris torrents since 1906 (B.C. Ministry of Energy, Mines and Petroleum
Resources, No date).

Confidence: Medium

There are several sources of high quality independent evidence that support a days-long disruption to

infrastructure. The severity of infrastructure damage and disruption, however, is dependent on where
exactly the landslide occurs.

COST TO PROVINCIAL GOVERNMENT: 2

The primary cost to the provincial government is expected to be response and recovery (e.g., health
services, cleanup, repairs), especially if major transportation routes are affected. In addition, the
provincial government may provide Disaster Financial Assistance. These costs are expected to be on the
order of $375 million or less.

Supporting evidence includes:

A 1991 rock slide near Loggers Creek, which closed the Sea-to-Sky highway for 12 days, cost $7
million in repairs and preventive structures (B.C. Ministry of Energy, Mines and Petroleum
Resources, No date).

The provincial government would likely be responsible for some portion of health care costs,
although the project team could not determine the exact cost share between the federal and
provincial government for the following estimates:

According to the Canadian Institute for Health Information, the cost of a standard hospital stay in
B.C. is on average $6,135.°1 Although not all cases of morbidity, injury, or disease are likely to
result in hospitalization, the estimated range of one to 10 hospitalizations as a result of an extreme
precipitation landslide can be valued at $6,135 to $61,350. Some portion of this cost would be
covered by the provincial government.

51 The value is in 2017 CAD. This measure divides a hospital’s total inpatient expenses by the number of hospitalizations it sees in a year.
The number is adjusted for some differences in the types of patients a hospital sees to make it more comparable with other hospitals.
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- An estimated 30% to 60% of affected populations will need some form of mental health-related
assistance following a disaster (NIST, 2017). Rates for severe, moderate, and mild mental illness
can range between 6% to 26% up to 30 months following a disaster (FEMA, 2012,). Treatment
costs for these mental illness cases are estimated at (FEMA, 2012):

= 12 months post disaster: US$822 per person
= 18 months post disaster: US$639 per person
= 24 months post disaster: US$567 per person
= 30 months post disaster: US$414 per person

e Other potential costs to government include clearing debris and repairing damage to utilities and
other infrastructure (Workshop feedback, 2019).

e If the Government of B.C. declares a landslide eligible for Disaster Financial Assistance,? local
government bodies, homeowners, residential tenants, small business owners, charities, and farmers
can apply for monetary assistance from the provincial government for uninsurable losses. A landslide
may be eligible if is the direct result of extreme precipitation as opposed to pre-existing slope
instability (Wadhwani, 2018; Huffpost Canada, 2015; Government of B.C., 2018).

- For individuals, the province will cover up to 80% of uninsurable disaster-related damages greater
than $1,000, to a maximum claim of $300,000 (Government of British Columbia, 2018).

- For local governments, the province will cover up to 80% of recovery measures greater than
$1,000 to replace essential materials, including rebuilding or replacing essential public
infrastructure (Government of British Columbia, 2018).

- The province will also cover 100% of the cost to local governments to run emergency operations

centres (Wadhwani, 2018).

o If the event is declared a large-scale natural disaster that triggers DFAA, some portion of the cost
could be covered by the federal government (Public Safety Canada, 2019).

Confidence: Low

There is limited information available on the cost to the provincial government from an extreme
precipitation-driven landslide in Hope. As a result, this rating relies heavily on expert judgment. In
addition, it is unknown whether a landslide would qualify for DFAA, in which case the federal
government could provide significant financial assistance.
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Seasonal Water Shortage
dx

Scenario

The specific risk event scenario analyzed is a summer water shortage affecting two or more regions of
the province and lasting two or more months. The magnitude of this water shortage is equal to drought
Level 4 as defined in the B.C. Drought Response Plan (the highest level where water supply is
insufficient to meet socio-economic and ecosystem needs). The cause of the water shortage would vary
depending on the hydrology of streams within the region. For example, in rainfall-dominated regions a
water shortage could be caused by decreased summer precipitation, and in snowmelt-dominated regions
a water shortage could be caused by earlier or more rapid snowmelt, or a reduced snowpack.

Summary of Findings

In the past decade, B.C. has experienced FIGURE 44. Risk assessment findings for seasonal water
several severe seasonal water shortages shortage scenario.
such as those in 2015 and 2017. The risk Change in Likelihood

) ) ) 2050 Risk due to Climate Change
of water shortage in B.C. is projected to
increase under climate change due to rising Almost certein
temperatures and changes in precipitation

. Likel
that could affect both rain- and snowmelt- T ey
dominated systems. The impacts can be 2 ' 20508
. . . b Passible d -
wide-ranging and affect drinking water = m
quality, eco.system.health, and water- Unlikely ‘
dependent industries. |
Almost certain

If these events become more common, not to happen
human health could be negatively affected Insignificant Minor Moderate Major Catastrophic
by a rise in water-borne and vector-borne Gonsequence
diseases. In addition, people with natural- Risk Level | Low | Medium
resource-based livelihoods could face Confidence Level (O Low (O Medium () High

unemployment and lost livelihoods, which
could result in psychological distress. Recovery from seasonal water shortages may take months and cost
the economy and government millions of dollars.

FIGURE 44 and TABLE 24 summarize the risk assessment results for this scenario. The highest
consequences relate to economic vitality, morbidity and disease, and loss of social cohesion. Additional
details on the likelihood of the scenario, its consequences, and the supporting evidence base for these
ratings are provided in the sections below.
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TABLE 24. Risk Rating Evaluation for Seasonal Water Shortage Scenario

SEASONAL WATER SHORTAGE: MONTHS-LONG SUMMER WATER SHORTAGE AFFECTING TWO OR MORE
REGIONS

LIKELIHOOD
CURRENT 2050
RATING JUSTIFICATION RATING  JUSTIFICATION CONFIDENCE
4 B.C. experiences 5 Climate-related risk cause: Higher temperatures and Medium
significant seasonal changes in seasonal precipitation (rain or snowfall).
and inter-annual 2050 projections: Slight increases in annual
hydrological

precipitation are anticipated, but offset by increasing
temperatures and decreases in summer precipitation.
Rising temperatures could also result in reduced
snowpack and earlier spring snowmelt. These changes
could result in seasonal water shortages about once

variability. Seasonal
water shortages
occur approximately
once every 3to 10

years. every two years or more frequently by 2050.
CONSEQUENCE
CATEGORY CONSEQUENCE RATING  JUSTIFICATION CONFIDENCE
Health Loss of life 2 There is low potential for multiple losses of life due to Medium

the impacts of seasonal water shortage.

Morbidity, injury, 4 Over 100 people could experience some negative Medium

disease, or health outcomes due to contaminated water sources,

hospitalization exposure to vector-borne disease, or fungal diseases.
Social Psychological 3 Water usage restrictions, economic hardship, and Low
functioning impacts seasonal loss of livelihood could result in temporary,

widespread psychological impacts. Those with natural
resource dependent livelihoods could face more severe

impacts.
Loss of social 4 Potential for weeks-long disruption to daily life, Medium
cohesion particularly for agriculturally-dependent communities.
Natural Loss of natural 3 Degradation of wetland and forest habitats could affect ~ Medium
resources resources many species. Higher river temperatures could cause

stress for temperature-sensitive species, especially
salmon. Natural resources could take years to recover.

Economic Loss of economic 5 Losses could exceed $1 billion in agriculture, fisheries,  High
vitality productivity forestry, tourism, and other water-dependent sectors.
Loss of infrastructure 4 Disruptions to electricity production and water Medium
services treatment could last weeks.
Cost to provincial government 2 Cost for emergency response, recovery, and lost Low

revenue could be tens of millions of dollars.

_ MEDIUM

Additional engagement with Indigenous communities would be needed to understand potential consequences from their
perspectives.

CURRENT
OVERALL

RISK

2050
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Opverall, the present-day risk rating is 13.5 out
of 25, which equates to high risk, and the 2050
risk rating is 16.9 out of 25, which equates to
high risk. See the Risk Calculation text box at
right.

Risk Calculation

Risk = Likelihood x Average Consequence
Present Risk = 4 x 3.4 = 13.5 (High)

2050 Risk = 5 x 3.4 = 16.9 (High)

Evidence Base

Risk Event Scenario

The specific risk event scenario analyzed is a months-long (at least two months) summer water shortage

affecting two or more regions of the province. The cause of the water shortage (in which available

supply is not enough to meet demand) would vary depending on the hydrology of the region. This

scenario represents just one example of a seasonal water shortage in British Columbia. The likelihood

and consequence ratings presented here are specific to this scenario, but many are likely transferable to

other related scenarios.

The specifics of this scenario were based on:

Water shortage refers to a deficit in water
supply to meet demand. Within the evidence
base, many sources refer to the consequences
of “drought,” which is widely used in the
literature. However, the term “drought” can
have many meanings (see text box). The
literature is not in agreement in how to define
drought or water shortage, and the two terms
are not equivalent. The consequences presented
here are based on an interpretation of the
available literature in the context of the chosen
summer water shortage scenatio.

The location of a water shortage is a significant
factor in terms of its consequences. If
shortages occur in watersheds that supply
urban areas or major agricultural zones, the
consequences could affect a large number of
people and critical systems, although these
systems could also have greater adaptive
capacity. Smaller communities, on the other
hand, may be less prepared. In addition,
consequences will vary depending on the
significance of the watershed for fish or other
sensitive species and habitats.

This assessment considers a summer water
shortage as a consequential event that could be
a result of a variety of factors affecting supply.

Types of Drought

There is no universally accepted definition
of drought; criteria may include
precipitation, stream flow, lake and reservoir
levels, groundwater supply, soil moisture,
crop yields, and economic hardship.
Different types of drought include:

1. Meteorological drought

Deficiency in precipitation over a given
period of time or for a certain length of
time, resulting in dryness.

2. Hydrological drought

When rainfall deficit decreases
available water supply, including stream
flow, reservoir and lake levels and
groundwater levels decline.

3. Agricultural drought

When rainfall deficits have impacts on
agriculture through low water supply,
soil water deficits, reduced
groundwater, or reduced reservoir
levels needed for irrigation.

4. Socioeconomic drought

Impact of drought conditions (any of
above) on supply and demand of
commodities that are damaged due to
the water deficit, such as fruits,
vegetables, grains, and meat.

Source: (National Weather Service, 2019;
NOAA, 2019; Hill, 2015)
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In B.C., summer water shortages may be caused by different drivers depending on the hydrology of
the region, including reduced snowpack, low spring/summer precipitation, or declining glacier runoff
(although this is considered in the Glacier Mass Loss risk event). For example (Eaton & Moore,
2007):

- Rain-dominated regions (e.g., the coastal lowland areas and lower elevations of the windward side
of the Coast Mountains such as Carnation Creek) would experience summer water shortages due
to reductions in summer precipitation.

- Snowfall-dominated regions (e.g., the interior plateau and mountain regions, and higher-elevation
zones of the Coast Mountains such as the Coquihalla River) would experience water shortages due
to higher temperatures reducing the proportion of precipitation falling as snow and increasing the
rate of snowmelt.

- Hybrid/mixed regions (e.g., coastal and near-coastal areas such as the Capilano River) rely on both
rainfall and snowmelt.

- Glacier-dominated regions are similar to snowfall-dominated regimes, but glaciers augment
snowmelt until late summer.

o In the past several years, B.C. experienced summer water shortages of unusual magnitude that caused
major consequences to the province. These examples refer to drought, as it has been defined by the
B.C. Drought Information Portal as “a deficiency of precipitation over an extended period of time,
resulting in a water shortage” (Government of British Columbia, 2018c). FFor example:

- In 2015, B.C. experienced a drought considered severe based on the historical record, reaching
“Level 4” in several regions (see FIGURE 45 for an explanation of the rating scale). For all of July
and August, Vancouver Island experienced Level 4 drought, and eight other basins experienced a
combination of Level 3 and Level 4 drought for around two months (Government of British
Columbia, 2018c).

= The drought season started with below-
average snowpack, which melted in early FIGURE 45. B.C. drought classification system

. (Government of British Columbia, 2018b).

spring due to a heat wave. Drought

conditions increased with little : . Dreught Classfication

precipitation during the summer. These L ““dmsw Senificmncs. | Qfective

factors contributed to severe drought in
the southern part of the province, which

peaked in late August (Government of

Bnrjsh Columbla, 201 8C) Dry First indications of a Voluntary conservation
. 2 1
=  Due to the drought, B.C. issued extreme- ki MG o
(ellow) problem

low streamflow advisories, which resulted

in water restrictions. Some rivers had their

Very Dry Potentially serious Voluntary conservation
lowest flows in the 80- to 100-year record 3 | conditions ecosystem or secio- and restrictions
(Szeto, Zhang, White, & Brimelow, 2016). | (Orange) SR ’:‘;;’;‘g‘““

Additionally, the drought contributed to
one of the most extreme wildfire seasons
B.C. had experienced, although that record

has since been surpassed (Szeto, Zhang,
White, & Brimelow, 2016).
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- In 2017, B.C. experienced Level 4 drought conditions in South Thompson, Nicola, Similkameen,
and Kettle basins from late August through mid-October (see FIGURE 46). The drought season
started late due to spring flooding but minimal rainfall during the summer made it one of the
driest summers in recent history (the driest in 70 years, with less than half normal rainfall during
the growing season) (Government of British Columbia, 2018c¢).

= Due to the water shortage (combined with high heat), the agricultural sector suffered from reduced
crop productivity, along with limited livestock feed and water availability for irrigation (Agriculture
and Agtri-Food Canada, 2017).

= B.C. also experienced the worst wildfire season it had seen, surpassing 2015 (Cherneski, 2018).

FIGURE 46. B.C. drought levels from October 3 to October 10, 2017, where it reached the maximum
extent of high-level drought (Government of British Columbia, 2018c).
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BC Drought Levels in 2017

- Normal

Albert

> October 32017 to October 10,2017
el U

Likelihood rating

The present-day likelihood of this scenario is 4
(event expected about once every 3 to 10 years) Likelihood Rating Drivers
and the 2050 likelihood of this scenario is 5

Type of risk event: Discrete
(event expected to happen about once every two

years or more frequently). Summer water Climate change indicators:

shortages occur episodically in B.C. due to a * Annual average temperature
range of underlying climate-related causes. Causes e Summer precipitation
vary spatially; rain-dominated regions are e Spring snowfall

particularly sensitive to deficits in summer rainfall o April 1 snowpack

and warmer air temperatures causing enhanced . . L .
e Portion of winter precipitation falling

evapotranspiration, while watersheds fed by a5 Snow

mountain snowmelt are particularly sensitive to

the timing of peak springtime melt and runoff. *  Spring average temperature

“Present day” period: Varies by indicator
The project team used GCM projections for Source of 2050 projections: Varies by
precipitation, air temperature, and snowmelt as indicator
indicators to evaluate the likelihood of summer Emission scenario: Varies by indicator
water shortages for the two system types (rain-
dominated and snowtfall-dominated). Some systems are hybrid or mixed and have characteristics of both
types of systems. The project team additionally used projections of the traditional April 1 snowpack level
as an indicator for future water availability. The project team used the aggregate of these factors to find
that this scenario will become more frequent in B.C. by mid-century, independent of the dominant

underlying climate-related cause and assuming constant demand.
The likelihood rating was determined based on:

High-level findings
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As demonstrated by the conditions in 2015 and 2017, severe drought often results from the
combined effects of low snowpack, warmer-than-average spring temperatures, and dry and hot
summers (Szeto, Zhang, White, & Brimelow, 2016). Temperature, precipitation, and snowfall in B.C.
are all projected to change in ways that could increase the likelihood of severe seasonal water
shortages, although the affects will depend greatly on the hydrological regime considered.

Over the second half of the 20t century, there has been a regional trend toward more severe water
shortages in southern and western Canada (Warren & Lemmen, 2014). In the future, seasonal water
shortages are expected to become more frequent and severe in British Columbia (Moore, 2015b),
which could have the greatest impact on Vancouver Island, the Gulf Islands, the Lower Mainland,
and the Southern Interior, according to climate models (Auditor General of B.C., 2018).

By the 2050s, annual average temperatures are projected to increase by 1.8°C (1.3°C to 2.7°C)%3,
which could increase evaporation. Summer precipitation is projected to decrease by 1% (-8% to
+6%) and spring snowfall is projected to decrease by 58% (-71% to -14%) (Pacific Climate Impacts
Consortium, 2012). These factors contribute to an increasing risk of summer water shortage.

There is a high level of agreement in projections that fall, winter, and spring precipitation will
increase in the interior of British Columbia. Along the south coast of B.C., projections suggest
increases in winter, spring, and fall precipitation. Meanwhile summer precipitation is expected to
decrease. This would affect streamflow in major river systems. For example, the Peace River and
Upper Columbia River show reductions in the influence of snow, including a shift to higher
discharge in winter, an earlier freshnet, and reduced summer discharge. However, discharge will still
generally retain the characteristics of a nival regime. In the Campbell River system, discharge is
expected to transition almost entirely to a pluvial system (Schnorbus, Werner, & Bennett, 2012).

The Pacific Decadal Oscillation (PDO) and El Nifio Southern Oscillation (ENSO) influences the
climate and hydrology, including precipitation, snowfall, glacier mass balance, etc. El Nifio and
positive PDO are both associated with warmer temperatures and less precipitation in British
Columbia (Natural Resources Canada, 2015; Asong, Wheater, Bonsal, Razavi, & Kurkute, 2018).
Although there is uncertainty in the projections, climate change could increase the strength of El
Nifio events, which may result in warmer and drier conditions for the province (Whitfield, Moore,
Fleming, & Zawadzki, 2010).

Water shortages in rain-dominated regions:

Projections indicate that fall, winter, and spring precipitation could increase in the interior, while
summer precipitation will decline in southern British Columbia. Summers will be drier and low flow
events will be more frequent and increase in magnitude, which would likely drive more summer
water shortages (Government of British Columbia, 2016).

In the Vancouver region, summer is already the driest season and summer precipitation is projected
to decline by 19% (-41 to 1%) by the 2050s (Metro Vancouver, 2010).

In coastal lowland areas and lower elevations of the windward side of the Coast Mountains such as
Carnation Creek, rainfall is the primary contributor to streamflow. These systems could experience
water shortages due to reductions in precipitation (Eaton & Moore, 2007).

53 The range represents the 10" to 90™ percentile of projections as a change from the 1961-1990 baseline.
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Water shortages in snowpack-dominated regions:

There are two components to snowpack decline—a lower proportion of precipitation falling as snow
(accumulation) and eatlier snow melt—both of which are expected to continue through mid-century.
These changes would cause a decrease in summer discharge in snow-dominated hydrologic regimes
(Schnorbus & Cannon, 2014).

By mid-century, higher temperatures would reduce the proportion of precipitation falling as snow
and B.C.’s snowpack is expected to decline significantly. Distinct from natural variation, climate
change-driven snowpack decline is around 4% (Jost & Weber, Potential Impacts of Climate
Change on B.C. Hydro's Water Resoutces, 2012). This could impact many important watersheds.
For example:

The central and north coast of B.C. and high elevations along the south coast show the most notable
projected declines in snowfall (Pike et al., 2010).

In the Vancouver watershed, April 1 snowpack depth is projected to decrease by almost 60% by the
2050s relative to the 1971 to 2000 historical baseline (Metro Vancouver, 2016). This suggests that
seasonal water shortages will become increasingly frequent as spring snowpack declines.

In the interior plateau and mountain regions, and higher-elevation zones of the Coast Mountains,
watersheds are supplied primarily by snowpack. In these zones, winter precipitation falls as snow and
remains in storage until spring melt. These systems would experience water shortages due to higher
temperatures reducing the proportion of precipitation falling as snow and increasing the rate of
snowmelt (Eaton & Moore, 2007).

In the Fraser Basin, the proportion of precipitation falling as snow is projected to decrease by almost
50% in the 2050s compared to the historical baseline (1980 to 2009) (ul Islam, Déry, & Werner,
2017). Models project that SWE could decline by 28% by the 2050s across the Fraser River Basin.
Although precipitation will offset some changes in snowfall, the timing of discharge will change
significantly (Pike et al., 2010).

In the Stuart and Nautley sub-basins, snowmelt contribution to runoff is projected to decrease by
20% (ul Islam, Déry, & Werner, 2017).

The portion of winter precipitation falling as snow in the Lower Columbia-Kootenay is expected to
decline by 15% by the end of the century (from 85% from 1961 to 1990 to 50% by 2100). In the
majority of other regions, the proportion is expected to decline by close to 50% (Columbia Basin
Trust, 2017).

With higher spring temperatures, snowmelt is projected to occur earlier, which would reduce late
summer streamflow in some basins. For example:

By the 2050s, the timing of snowmelt could change. Spring snowmelt is projected to occur around 25
days earlier, which would increase eatly spring runoff for the Fraser River and result in earlier low-
flow conditions during the summer (ul Islam, Déry, & Werner, 2017). In addition, eatlier melt will
result in reduced late-summer streamflow and a longer dry season (Columbia Basin Trust, 2017).

By 2045, reduced snowpack and early snow melt, coupled with higher evapotranspiration in early
summer, is expected to lead to earlier spring peak flows and reduced runoff volumes from April-
September between 75 to 90% in the Columbia River Basin (Hamlet & Lettenmaier, 2007).

In the Okanagan Plateau region, snow melt could occur 16 days eatlier under a 2°C warming and 37
days earlier under 4°C of warming (Pike et al., 2010).

The risk of water shortage is expected to be greater in warmer and drier hydrologic regions such as
the Lower Columbia-Kootenay, the Upper Kootenay and the Columbia-Kootenay Headwaters. The
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cooler and wetter hydrologic regions such as Canoe Reach and the Northwest Columbia could
expect to experience these changes to a lesser extent and/or in a delayed timeframe (Columbia Basin
Trust, 2017).

e Some watersheds may be augmented by glacier melt. Projections show that glacier-augmented
systems will experience low flow more frequently and for longer periods. See Glacier Mass Loss risk
event.

Confidence: Medium

Seasonal water shortages have occurred multiple times in recent years, and it is likely that they will
become more frequent by mid-century as climate conditions promoting water deficits become more
prevalent. While the spatial extent for this scenario is province-wide, seasonal water shortages are
inherently transient and may affect multiple regions over short time periods within a single year. Other
regions are sensitive to water sourced from glaciers, which is considered in the Glacier Mass Loss risk
event. In addition, water shortages depend on demand exceeding supply. While the models demonstrate
that water supply could decrease, demand has been assumed to remain constant, although it will likely
change in the future.

Consequence ratings

.. Consequence Calculation
The overall consequence rating is an average of

the individual consequence ratings (see the Overall Consequence = Average of Individual
Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are Overall Consequence = (2+4+3+4+3+5+4+2)/8
provided below. Based on these findings, the Overall Consequence = 3.4

project team rated the overall consequence of
this scenario as 3.4 out of 5.

HEALTH

Loss oflife: 2

While water shortages have been associated with mortality in low-income countries, no deaths have been
directly attributed to water shortage in Canada. Communities in B.C. have the capacity to prepare in
advance and implement measures to protect affected communities from reductions in water supply. In
addition, there is a small risk that complications due to respiratory, water-borne, or vector-borne
illnesses. Thus, based on the available evidence, there is low potential for multiple losses of life due to
the direct or indirect effects of this water shortage scenario. However, compounding impacts due to
extreme heat or wildfire could contribute to low loss of life.

Supporting evidence includes:

e While no deaths have been directly attributed to water shortage in Canada, the effects of economic
damage may have contributed to excess morbidity and mortality (Health Canada, 2008). Deaths have
been documented in low-income countries due to water shortages (Yusa et al., 2015) but are unlikely
in British Columbia.

o In the western U.S., some studies indicated that mortality risk increased during periods where
extreme or exceptional drought conditions were worsening (i.e., becoming more severe on the U.S.
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Drought Monitor scale from one day to the next) for elderly adults between 2000 and 2013 (Berman,
Ebisu, Peng, Dominici, & Bell, 2017).

e Water shortages can increase the risk of respiratory illnesses, and water-borne and vector-borne
disease (Ostry, Ogborn, Takaro, Bassil, & Allen, Climate Change and Health in British Columbia,
2008; Yusa et al., 2015). Although no evidence was found, complications from these illnesses could
result in deaths.

e Water shortages occur gradually, which gives the province time to respond and mitigate the risk of
loss of life. If people lose access to water, drinking water would need to be provided. Therefore, the
greatest risk would be faced by people living in rural areas who are far from water distribution or
those who ignore warnings and drink from contaminated sources (Workshop feedback, 2019).

o Compounding factors that may accompany water shortages, such as more severe wildfire or extreme
temperatures, could contribute to higher mortality (see Severe Wildfire Season and Heat Wave risk
events).

Confidence: Medium

There is little literature documenting mortality due to water shortages, which could mean it is not well
understood or that it is not a major risk during water shortages. Given that deaths could mostly be
avoided, possible mortality arises from people being pushed to drink from contaminated water sources
or complications from indirect effects on health. Expert reviewers agree that there is a low likelihood for
loss of life in British Columbia.

Morbidity, injury, disease, ot hospitalization: 4

Water is vital for health and sanitation, so water shortages can negatively affect health if people turn to
unsafe water sources. Contaminated water supplies have the potential to expose more than 100 people to
health risks in B.C., although the impacts may be relatively minor if safe water supplies are provided to
affected areas. Small water systems and private systems face greater risk than those connected to
centralized water sources.

Supporting evidence includes:

o Approximately 78% of B.C.’s population depends on surface water supplies for drinking water. Since
the 1980s, B.C.’s major urban centres have experienced several extreme water resource limitations. In
the Capital Region District and Greater Vancouver Regional District, in addition to smaller, rapidly
developing communities, drinking water supplies may become stressed (Walker & Sydneysmith,
2008).

e Reduced water levels and streamflow can result in stagnation and increased concentration of
nutrients and contaminants (Government of British Columbia, 2016; Yusa et al., 2015). Dry
conditions increase surface-water evaporation, which lowers water levels and increases the
concentration of dissolved matter (Health Canada, 2008). Decreases in water quality could negatively
affect human health.

o Treatment plants are designed to meet a threshold for reduction in contaminants and the risk of
disease could increase if low-flow conditions increase the concentration of contaminants. When
authorities determine that water sources may be unsafe, some individuals may continue to drink it
and suffer health consequences, while others may turn to unhealthy alternative beverages. Water
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shortages could necessitate water distribution. If users are on private or remote water systems,
reaching water supplies could be difficult (Workshop feedback, 2019).

o Water shortage may increase the risk of water-borne disease (Ostry, Ogborn, Takaro, Bassil, & Allen,
Climate Change and Health in British Columbia, 2008). For example:

- Increased concentrations of pathogens during low water levels are thought to increase the risk of
infection to recreational water users exposed to water-borne pathogens. For example, leptospirosis
cases have been associated with water shortages and swimming in lakes in the U.S. (Yusa et al.,
2015).

- Water shortage conditions are associated with greater risk from water-borne diseases such as
hepatitis A (Yusa et al., 2015). And dry conditions can also increase the concentration of Giardia
and Cryptosporidium in groundwater sources and water storage locations, particularly in areas
close to livestock farms (Yusa et al., 2015).

- Several serious diseases are associated with seasonal water shortage conditions followed by a wet
spring, including Campylobacteria and anthrax. Generally, there are only zero to two cases in
Canada each year, although incidence may become more prevalent (Yusa et al., 2015).

e Water shortage can affect respiratory health and increase illnesses related to exposure to toxins, rates
of injury and infectious diseases (food- and vector-borne diseases) (Yusa et al., 2015). For example:

- Water shortages can enable some types of vector-borne diseases (Berry, Clarke, Fleury, & Parker,
2014). West Nile Virus and Eastern Equine Encephalitis may be linked to water shortage, although
other factors may be more consequential in spreading these diseases. Those who spend time
outdoors participating in recreation or due to their occupation are at a greater risk of contracting
diseases (Yusa et al., 2015).

- Dry conditions may encourage the growth of various fungi that can negatively affect health. For
example, warm and dry conditions and low soil moisture promote colonies of Cryptococcus gattii
in Canada. More than 100 cases of this disease were detected on Vancouver Island in 1999.
Between 1999 and 2007, there were 218 reported cases in British Columbia, which has the largest
infected population in Canada and the world (Yusa et al., 2015).

e Water shortage could affect vulnerable populations disproportionately, including pregnant and
nursing women, dialysis patients, and immuno-compromised individuals (Yusa et al., 2015).

e Compounding factors that may accompany seasonal water shortages, such as more severe wildfire or
extreme temperatures, could contribute to higher mortality. See Severe Wildfire Season and Heat
Wave risk events.

Confidence: Medium

There are several sources of high-quality evidence on the negative impacts of water shortages on water
quantity and quality that can result in negative health outcomes. However, little information is available
about the health outcomes in B.C. due to past water shortages. In addition, it is difficult to determine
whether these impacts would occur during a seasonal water shortage, or whether a more prolonged
shortage would be needed. Expert reviewers estimate that more than 100 people could be affected,
although the exact numbers are not known.
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SOCIAL FUNCTIONING

Psychological impacts: 3

This water shortage scenario could result in temporary, widespread psychological impacts such as stress,
anxiety, and depression due to water usage restrictions, economic hardship, and seasonal loss of
livelihood. Psychological impacts will be especially prevalent for individuals that have natural-resource
dependent livelihoods, such as farmers and fishermen.

Supporting evidence incudes:

e The key determining factors for post-disaster mental health issues are the degree and severity of
exposure as well as post-disaster life stressors and level of social support (Goldmann & Galea, 2014).

- Key risk factors that may increase vulnerability to disasters include age, low socioeconomic status,
minority ethnic status, previous mental health issues, and low social support (Goldmann & Galea,
2014). The relative importance of these factors for a seasonal water shortage event in particular is
unknown.

e Water shortage affects mental wellbeing, particularly for those with natural-resource dependent
livelihoods, such as farmers, fishermen, etc.

- During a water shortage, farmers could face irrigation restrictions. Damage to crops or reduced
access to fishing could reduce income for dependent populations and increase stress. For example,
farmers who lose their livelihoods and experience financial burdens may experience stress, anxiety,
emotional and psychological distress, or grief (Yusa et al., 2015).

- In most areas, summer water restrictions reduce or prohibit outdoor water use for activities such
as watering lawns, filling pools, or power washing. As the severity of the water shortage increases,
the restrictions become stricter (City of Vancouver, 2019).

- The anticipation or potential for seasonal water shortages can increases anxiety for farmers as well
as household water users that may be affected by water use restrictions. The year-to-year
uncertainty of water availability and potential for more frequent water shortages can be especially
stressful (Workshop feedback, 2019).

e Crop failures and economic hardship could also lead to hunger, malnutrition, and associated stress
disorders (Health Canada, 2008).

Confidence: Low

There is limited evidence on psychological impacts due to seasonal water shortage. Additional data on
psychological impacts from previous seasonal water shortages is needed to better understand the scale
and magnitude of impact. As a result, this rating relies heavily on expert judgment and assumes that
water restrictions will affect a large number of people (e.g., household water users).

Loss of social cohesion: 4

This water shortage scenario could result in a weeks-long disruption to daily life as well as seasonal loss
of livelihoods, especially for those in agriculturally dependent communities. If water supplies are
compromised, some residents may need to adjust their behaviours or seek alternative water sources.
Greater water scarcity could also increase competition between water users, which may increase conflict
or social instability. Since water shortage may disproportionately affect vulnerable populations, it could
have implications for maintaining social cohesion and equity.
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Supporting evidence includes:

e By definition, a seasonal water shortage would cause a months-long disruption to daily life, especially
for those in agriculturally dependent communities (Workshop feedback, 2019). Crop irrigation could
be restricted or suspended, which would reduce crop productivity or even result in losses to irrigated
crops (Crawford & Beveridge, 2013; Crawford & MacNair, 2012). In the worst case, agricultural
producers could face major economic losses and workers could lose employment (Yusa et al., 2015),
which could hurt the vitality of rural communities.

e The predicted decreases in water quality could increase the costs to obtain quality drinking water
through cither enhanced water treatment infrastructure or purchased drinking water. This could limit
water supplies, particularly for small, remote communities. For example, many Indigenous
communities are in remote areas and have limited economic means to maintain, refurbish, and
replace infrastructure (CIER, 2008).

e Decreased water quantity would affect transportation on water bodies and leave less water available
for agriculture (farming and ranching), hydroelectric power production, and fisheries for B.C.’s
Indigenous communities (CIER, 2008; Joe, Bakker, & Harris, 2017).

o Water shortages could create “winners” and “losers” based on water allocations and restrictions.
Social cohesion can be compromised due to competition for resources (Caldwell & Boyd, 2009).

e Water shortage may have disproportionate impacts on vulnerable populations, including socially
disadvantaged, agriculturally dependent communities, people without insurance, and people without
financial resources (Yusa et al., 2015).

e In 2015, after restrictions when into effect, residents turned to “drought shaming” by calling the
authorities to report neighbour’s water wastage (Hager, 2015). Struggles over water use could result
in disputes or distrust.

Confidence: Medium

There are several sources of evidence documenting the types of social challenges that could emerge due
to water shortages. In B.C., similar results could occur. Expert reviewers anticipate that water shortage
could result in months-long disruptions for people due to changes such as water use restrictions, and,

ultimately, exacerbate social instability.

NATURAL RESOURCES: 3

This water shortage scenario could cause environmental damages, particularly for aquatic species.
Temperature-sensitive species such as salmon may experience heat-stress and difficulties migrating due
to low water levels. In addition, it is possible that a summer water shortage could result in damages to
wetlands and forest ecosystems. For example, water shortages could make forests more susceptible to
insect outbreaks and wildfire. The spatial area affected could be large and resources could take years to

recover.
Supporting evidence includes:

e Seasonal water shortages affect surface water by lowering lake and reservoir levels and reducing
streamflow (Yusa et al., 2015). These impacts can cause environmental damages, such as reduced
water quality, wetland loss, soil erosion and degradation, and aquatic habitat destruction (Bonsal &
Regier, 2007). For example:
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- B.C. has around 5.28 million hectares of wetlands that provide critical habitat for fish, birds, and
other wildlife (Government of British Columbia, 2018¢). Seasonal water shortage could damage
wetlands by lowering water levels in riparian environments. Amphibian species could suffer due to
reduced wetland area (Workshop feedback, 2019).

- Lower flow conditions can increase river temperatures, resulting in negative impacts for fish and
aquatic organisms including salmon and trout (Deitch, Van Docto, Obedzinski, Nossaman, &
Bartsh, 2018; Ministry of Environment and Climate Change Strategy, 2018; National Park Service,
2018). The majority of Canadian sockeye salmon live in the Fraser River. Temperatures above
15°C can cause stress, depleting energy reserves and making salmon more susceptible to disease.
Warmer river temperatures tend to reduce fitness, survival, and reproductive success of salmon
(White, Wolf, Anslow, Werner, & Creative, 2010).

- Salmon spawn in streams in B.C. and migrate back and forth to the ocean. Lower flow conditions
and changes in flow variability may make migration difficult (PSF, 2011).

- Reductions in spring and summer flows in snowmelt-dominated watersheds exposes salmon eggs
to greater risk of scour as a result of salmon spawning towards the center of rivers; increased water
temperatures could shift migration and spawn time (Crozier, 2016).

- Damage to salmon populations can have large ecological repercussions, as they are vital to the
food chain. Around 137 species rely on salmon, including bald eagles and bears (PSF, 2011; White,
Wolf, Anslow, Werner, & Creative, 2016).

e The effects of water shortage on forests and forest ecosystems will vary depending on the location of
forests and the species of trees exposed (Mote et al., 2003). For example:

- Direct impacts of low water availability include reduced growth, increased tree mortality, and
failure to regenerate (NRCan, 2017).

= In the U.S. Pacific Northwest and Canada’s boreal forests, forested ecosystems have already
experienced mortality due to water shortages (Warren & Lemmen, 2014). Dieback of aspen-
dominated woodland has been a persistent and possibly increasing phenomenon in western Canada,
resulting in a 5 to 7% loss in biomass (Chang et al., 2014).

= In 1998, and again in 2003, the southern interior of B.C. experienced drought that contributed to
over 10,000 hectares of tree mortality. Some mortality resulted directly from water stress though
much of the mortality was due to secondary insect attacks on stressed trees (Woods, Heppner, Kope,
Burleigh, & Maclauchlan, 2010).

— When forests are stressed by water shortages, they may be more susceptible to wildfires, insect

infestations, and disease. For example:

= In B.C, there has been extensive tree mortality due to insects, particularly the mountain pine beetle,
which have transformed the forests of the interior. In 1999, drought affected over 10,000 hectares of
forest in the Kamloops region. Extensive mortality occurred due to insects attracted to water-
stressed trees (Walker & Sydneysmith, 2008).

= Water stress may reduce tree vigour and make forests more susceptible to insect attack (Allen et al.,
2010). Insects include bark beetles, spruce budworms, and Douglas-fir beetles (Mote et al., 2003; van
der Kamp, 2016). Beetle populations could increase to epidemic levels in B.C. due to warm, dry
conditions (Woods, Heppner, Kope, Burleigh, & Maclauchlan, 2010). Other pests include: Douglas-
fir beetles, Ips engraver beetles, lodgepole pine beetles, twig beetles, and elm bark beetle (Joy &
Maclauchlan, 2000).
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= Water stress can also predispose trees to root disease (Woods, Heppner, Kope, Burleigh, &
Maclauchlan, 2010).

Confidence: Medium

There are multiple sources of independent evidence reporting widespread damages to natural resources,
particularly forests and salmon populations, due to water shortages in British Columbia. However, it is
not fully known the severity of impacts that would result from a seasonal water shortage. The
consequences will depend on the magnitude and duration of the event, and the sensitivity of each species
to water shortages. Expert reviewers agree that recovery of some resources could take years.

ECONOMIC VITALITY

Loss of economic productivity: 5

This water shortage scenario could have disproportionate financial impacts on agriculture, fisheries,
forestry, tourism, and other water-dependent sectors. Agriculture generates over $14 billion in annual
revenue, and forestry and logging account for around $9 billion in annual revenue. If B.C. experiences a
summer water shortage that affects multiple regions of the province, losses in these sectors could exceed
$1 billion in losses. In addition, this event could cause unemployment in natural-resource sectors.

Supporting evidence includes:

Water shortages can reduce the productivity and economic contributions of many sectors, including
agriculture, forestry, transportation, recreation and tourism, and energy (Moore, 2015b). For example:

o Asof 2017, agriculture, forestry, fishing, and hunting accounts for 1.69% of B.C.’s GDP (Statista,
2018). Between 2014 and 2010, agriculture, seafood, and food and beverage processing produced
revenues between $12 and $14 billion (AgriService BC, 2018).

e Losses to the agriculture, fisheries, and livestock sector could include:

- In 2015, Washington State Department of Agriculture concluded that the seasonal drought
generated economic losses for the agriculture sector between US$633 and US$773 million
(McLain, Hancock, & Drennan, 2017). Another source reported that Washington State
experienced estimated losses of US$336 million from reductions in fish and agricultural
production (U.S. Department of Agriculture, U.S. Forest Service, 2018).

- Increased unemployment in natural-resource-based sectors, including temporary displacement
from agriculture (Yusa et al., 2015).

- Reduced agricultural and livestock production, with resulting economic losses (Health Canada,
2008; Crawford & MacNair, 2012). Negative consequences could include:

= Loss of crop productivity. Water shortage can reduce crop growth and quality, resulting in smaller
harvests, particularly for dryland production. More frequent water shortages may decrease crop yields
and increase costs (Crawford & Beveridge, 2013).

» Farmers may forgo a second crop if the water supply is limited. For example, in the summer
of 2017, farmers harvested the first cut of dryland forage crops but the second cut did not
occur in the Southern Interior due to water shortage (Agriculture and Agri-Food Canada,
2017).
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» Seasonal water shortage can have long-lasting effects on perennial plants (e.g., orchards,
blueberry bushes) that require consistent irrigation. If water supply is affected, death of trees
could have prolonged and severe financial implications (Workshop feedback, 2019).

= Reduced water availability for livestock (Government of British Columbia, 2018a).

= Lower pasture and forage growth. Water shortages may reduce forage production for livestock
(Government of British Columbia, 2015) and also reduce the productivity of grassland ranges. If
farmers lose forage crops and buy feed, this will increase production costs and reduce profits
(Workshop feedback, 2019).

» In 2007, the cattle sector received $7.5 million in drought assistance to provide feed for
cattle, and, in 2010, a series of drought years resulted in payouts of $11.4 million in crop
insurance (Crawford & MacNair, 2012).

= Increased irrigation and management costs. Water shortages could dry soils, increasing the need for
irrigation, while water supplies may be reduced (U.S. EPA, 2017).

» In the Okanagan River watershed, agriculture accounts for 75% of consumptive use and
crops depend entirely on irrigation. Of the 18,416 hectares of irrigated agricultural land, 75%
are irrigated with surface water and 21% draws on groundwater (BC Agriculture & Food
Climate Action Initiative, 2016). In irrigation-dependent regions such as Okanagan, summer
water shortages can cause major disruptions, reducing the quality and health of perennial
crops (including high-value fruit trees and wine grapes) (Walker & Sydneysmith, 2008). A
seasonal water shortage could reduce surface water supplies or result in limitations on
withdrawals that would reduce irrigation supply.

» Crop water demand is expected to increase while inflow in the Okanagan Lake is expected
to decrease by 80 to 93% by 2050 (Neilsen et al., 2000).

» Irrigation may be restricted later in the summer due to water shortage, after cropping
decisions have already been made (Moore, 2015b).

= Altered soil properties and acolian erosion. Water shortages can reduce soil fertility. For example,
nitrogen and boron are vulnerable to low water availability. Crops that require nitrogen, such as corn
and grasses, may accumulate high levels of nitrates when experiencing water stress, which can be
toxic to livestock (Moore, 2015a). However, these consequences are relatively minor compared to
direct impacts to crops and livestock.

= Supply chain impacts (input/forage, loss of supply). For example:

» Restrictions to water withdrawals from rivers in 2015 forced ranchers to buy hay and feed
for their livestock. Hay prices increased by at least $100 due to reduced supply in western
Canada. At the same time, the price of cattle dropped by around 35%, reducing the well-
being of ranchers in the region (Holmes, 2016).

» As a proxy, western Saskatchewan and eastern Alberta received 40% of normal rainfall in
2015. The resulting drought reduced suitable pastureland, which increased the price of
feeding cattle. This change increased the price of beef to the highest level since 1995
(ground beef prices increased by 33% and sirloin steak increased by $44 from 2013 and
2015) (Alberta Water, 2018).

- In a representative year, commercial salmon fishing in B.C. can bring in $30 million in value and
$100 million in post processing value (PSF, 2011). Reduced river flows and higher water
temperatures could lead to losses in the fisheries industry, as discussed in the previous section.

- In 2016, B.C.’s forest industry generated $32.96 billion in output and contributed $12.94 billion to
the province’s GDP. Forestry and logging accounted for around 28% of the industry’s
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contribution (PwC, 2017). Other industries like pulp and paper mills also depend on healthy forest
resources. The forest industry could experience losses due to large die-off of forests. Forest insect
and disease pests have cost Canada hundreds of millions of dollars in revenue losses, prevention,
and control investments, and environmental mitigation efforts. The Canadian Council of Forest
Ministers reported that the annual cost to manage one invasive pest species could be $34 million
(Natural Resources Canada, 2017). As discussed in the section above, water stressed trees are motre
susceptible to damages due to pests and wildfire. However, the full affect has not been quantified
and would depend on the magnitude of the seasonal water shortage.

e Water shortage could result in economic losses to the water-based tourism and recreation industry,
including:

- Reduced quantity and quality of recreational water supplies (Yusa et al., 2015) could have negative
economic impacts on communities that rely on water-based recreation and tourism. Tourism peaks
during summer months when water shortages could be most severe (Ministry of Environment and
Climate Change Strategy, 2018).

- Summer tourism may decline due to water restrictions, which would reduce revenue in certain
locations. For example, fishing bans due to low flow conditions could reduce travel and revenues
from recreational fishing, which contributes over $300 million to B.C.’s GDP (Stroomer & Wilson,
2012). There are approximately 300,000 licence holders in the province (Government of British
Columbia, 2018d) and recreational anglers spend over $550 million annually on fresh and saltwater
sport fishing (PSF, 2011).

- Communities near waterfronts or vacation areas may experiences economic losses (Alberta Water,
2018).

- Water sports retailers and renters may lose business during water shortages (Alberta Water, 2018).

o Economic losses to other companies and industries that rely on stable water supplies could include:

- Water restrictions that reduce business for landscapers and other water-dependent companies. In
2015, landscapers and pressure-washing companies had to lay off employees as their businesses
declined during the drought (Stevenson, 2015).

- Mining operations may have to reduce production due to water shortages. For example, Mount
Milligan copper-gold mine applied for additional water allocations but would need to reduce
operations if water is not available (Centerra, 2018).

- The oil and gas sector could experience losses due to suspended water allocations during summer
seasonal water shortage, which B.C. experienced in 2010 and 2012 (B.C. Oil & Gas Commission,
2012). In summer 2010, the B.C. Oil and Gas Commission suspended surface water withdrawals in
four river basins for several months (Campbell & Horne, 2011). Some operators build off-stream
reservoirs to store water during freshet events and use during drier periods. However, if the
industry is not able to get water, operations could halt (Workshop feedback, 2019).

Confidence: High

There are multiple sources of high-quality information on the severe impacts of water shortages on the
agriculture sector and several sources documenting losses to other water-reliant sectors. It is likely that
these estimates do not represent the full range of economic consequences but are representative of the
types of costs to the economy. Due to the scale of these industries, losses could exceed $1 billion.
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Loss ofinfrastructure services: 4

This water shortage scenario may result in weeks-long disruption of key infrastructure services, including

electricity production and water treatment. Historically, water shortages in Canada and the Pacific

Northwest have reduced hydroelectric production capacity, caused thermo-electric plants to shut down,

and increased water and wastewater treatment requirements due to higher turbidity.

Supporting evidence includes:

Seasonal water shortage can reduce streamflow and have a detrimental effect on hydropower
generation, which supplies around 90% of B.C.’s electricity. For example, the Columbia River Basin’s
hydropower production is vulnerable to lower water supply and changing river flow patterns (Walker
& Sydneysmith, 2008). Lower streamflow (run-of-river production) or lower reservoir levels result in
reduced power output from hydroelectric dams, which could necessitate changes in dam operations
or purchasing electricity from alternative sources. Reduced hydroelectricity could increase the costs
to utilities and customers (U.S. Department of Energy & U.S. Department of Homeland Security,
2011). Previous seasonal shortages have resulted in a variety of impacts, including:

In 2015, B.C. Hydro stopped or limited electricity production at facilities in the Lower Mainland
and Vancouver Island because of low water levels. When water shortages coincide with high
temperatures, this can be more problematic because peak electricity demand increases as people
use fans, air conditioners, and increased refrigeration (B.C. Hydro, 2015).

In 2010, severe drought in northeast B.C. reduced water supply in reservoirs, which forced B.C.
Hydro to increase electricity imports at the cost of $220 million (U.S. Department of Energy &
U.S. Department of Homeland Security, 2011).

In 2005, Washington State estimated that the drought conditions increased the cost of supplying
electricity by between US$200 and US$300 million, which would be equivalent to a 4 to 7%
increase in costs to consumers (U.S. Department of Energy & U.S. Department of Homeland
Security, 2011).

Thermo-electric plants require water for cooling. Water shortage, and associated higher water
temperatures, can reduce energy production and efficiency. This can increase the probability of
blackouts, which would negatively affect many industries (U.S. Department of Energy, 2012).

During low flow conditions, water and wastewater treatment plants may become stressed. If water
pressure drops, increased turbidity may increase the risk of water contamination and the need for
greater water treatment. Bacteria and contaminants in greater concentrations will also increase the
strain on treatment facilities, which are designed to manage a certain load. If well water levels decline,
additional treatment would be required to treat alternative water sources to ensure that health is not

at risk (Yusa et al., 2015).

If B.C. Hydro must reduce operations, water treatment plants may not be the priority for being
reconnected, which could have escalating consequences for health systems that depend on the plan

(Workshop feedback, 2019).

The northeast does not have infrastructure to handle seasonal drought and supply may shut down. In
this case, water would need to be brought in (Workshop feedback, 2019).

Confidence: Medium
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There are multiple sources of evidence of the high risks of water shortage to electricity production.
However, it is not clear how long these systems would take to recover from a disruption, since little
research is available on the extent of water shortage impacts to the province from previous events and
the losses incurred.

COST TO PROVINCIAL GOVERNMENT: 2

The primary cost to the provincial government is expected to be emergency response and recovery
funding to affected sectors, particularly for agriculture. Other costs could include health and utility
services. Although the expected costs can’t be fully quantified, the costs to government are expected to
be on the order of $375 million or less.

Supporting evidence includes:

e Costs to government from water shortages include emergency response and recovery funding and
lost revenue from affected industries. Example expenses to government could include:

- Supplying water to communities without access to safe drinking water. In the lead up, there could
be costs associated with developing drinking water protection plans to prepare small water systems
for water shortages. In addition, the government would likely provide support for drought
response planning (Workshop feedback, 2019).

- Public outreach to inform people about the water shortage and appropriate responses (Workshop
feedback, 2019).

- Additional hours required from Environmental Health Officers to connect water systems, conduct
surveys, and conduct outreach to communities and water systems facing challenges (Workshop
feedback, 2019).

- Losses in tax revenue and reduced applications for new water licenses (Workshop feedback, 2019).

e The project team was unable to precisely estimate the agriculture-related business risk management
program costs for this scenario. However, assistance for the agriculture sector could include
Production Insurance and funding through AgriStability. For AgriStability to respond, the losses at
the individual farm level would have to exceed a 30% margin decline for the whole farm (Agriculture
and Agri-Food Canada, 2018b). Since Production Insurance and AgriStability would provide direct
coverage of the types and levels of loss that could occur due to water shortage, it is unlikely that this
event would trigger support through AgriRecovery (Agriculture and Agti-Food Canada, 2018a). The
agriculture sector has faced major losses due to past events that required government intervention.
For example:

- Non-irrigated crops face a greater risk due to water shortages. In response to losses in non-
irrigated forage and grain crops in the Peace region, Production Insurance paid $9.2 million in
2008 and $9.6 million in 2010 (B.C. Ministry of Agriculture, 2019).

e The provincial government would likely be responsible for some portion of health care costs,
although the project team could not determine the exact cost share between the federal and
provincial government for the following estimates:

- Although the negative health outcomes of water shortage will vary, some people may require
hospitalization. According to the Canadian Institute for Health Information, the cost of a standard
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hospital stay in B.C. is on average $6,135.54. Although not all cases of morbidity, injury, or disease
are likely to result in hospitalization, the estimated range of over 100 hospitalizations as a result of
seasonal water shortage can be valued at over $613,500. Some portion of this cost would be
covered by the provincial government.

- If a seasonal water shortage qualifies as a disaster, an estimated 30% to 60% of affected
populations could need some form of mental health-related assistance (NIST, 2017). Rates for
severe, moderate, and mild mental illness can range between 6% to 26% up to 30 months
following a disaster (FEMA, 2012). Treatment costs for these mental illness cases are estimated at
(FEMA, 2012):

= 12 months post disaster: US$822 per person
= 18 months post disaster: US$639 per person
= 24 months post disaster: US$567 per person
= 30 months post disaster: US$414 per person

o If the event is declared a large-scale natural disaster that triggers DFAA, some portion of the cost
could be covered by the federal government (Public Safety Canada, 2019). However, it is unknown
whether a seasonal water shortage could qualify for DFAA.

Confidence: Low

There is limited reporting of the costs to the provincial government due to lost revenue and emergency
response during past water shortage events. The rating is based primarily on expert judgment. Additional
data are needed to account for the full cost to the provincial government expected due to seasonal water
shortage. In addition, although the costs of a singular seasonal water shortage are expected to be on the
order of $375 million or less, the cumulative costs through 2050 could be more significant if these events
occur more frequently. Furthermore, it is unknown whether a seasonal water shortage would qualify for
DFAA, in which case the federal government could provide significant financial assistance.
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Long-term Water Shortage

s

The specific risk event scenario analyzed is the occurrence of multi-year water shortage, driven by a year-

Scenario

on-year decrease in precipitation and increase in temperature, that results in insufficient supplies of both
blue water and green water® in at least one region of the province. This event could be exacerbated by
increased evaporation and evapotranspiration.

Summary of Findings

Historically, severe multi-year water FIGURE 47. Risk assessment findings for multi-year water

shortages have affected B.C. every few shortage scenario.

decades. For example, the drought that 2050 Risk Change in Likelihood

occurred from 2001 to 2002, which ! fueto SR Chanoe

affected B.C., Alberta, and Saskatchewan, Almost certain @ 2060

is considered one of Canada’s worst _ : :

natural disasters. Although models vary, 3 Lkely

higher temperatures are expected to £ Possible

increase evaporation and regional moisture %

deficit. When combined with below- Unlikely

average precipitation or low seasonal

streamflow for several seasons, multi-year Almost certain O Prosent
not to happen

water shortages could occur. - - - - - .,
Insignificant Minor Moderate Major Catastrophic
The interior of B.C. is particularly Consequence

RiskLevel | Low | Medium | High |[ Extreme |

Confidence Level (O Low () Medium () High

susceptible to water shortages, which can
result in losses across many sectors,
including agriculture, forestry, industry,
recreation, human health, and ecosystems. Reduced water supply can lead to losses in agricultural
productivity, which is an important economic contributor in British Columbia. Additionally, multi-year
water shortages make land and forests more susceptible to other risks, such as wildfires and insect
outbreaks. Recovery of some resources from severe water shortage may take years or decades and cost
the economy and government billions of dollars.

FIGURE 47 and TABLE 25 summarize the risk assessment results for this scenario. The highest
consequences relate to loss of economic productivity, loss of infrastructure services, and loss of social
cohesion. Additional details on the likelihood of the scenario, its consequences, and the supporting
evidence base for these ratings are provided in the sections below.

55 Blue water refers to liquid water in reservoirs, lakes, aquifers, rivers, etc. and green water refers to moisture in the soil and vegetation
(Falkenmark & Rockstrom, 2006).
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TABLE 25. Risk Rating Evaluation for Long Term Water Shortage Scenario

LONG-TERM WATER SHORTAGE: MULTI-YEAR WATER SHORTAGE IN AT LEAST ONE REGION

LIKELIHOOD

CURRENT
RATING

3

JUSTIFICATION

Severe multi-year
water shortages
occur in the
Canadian Prairies
and interior B.C.

approximately every

20 years.

2050 JUSTIFICATION
RATING
3 Climate-related risk cause: Water shortages occur

due to precipitation deficits, higher temperatures, and

reduced snowpack.

2050 projections: Slight increases in annual
precipitation and more frequent high intensity rainfall
events are anticipated, yet rising temperatures could

counteract these changes. Multiple seasons with high

temperatures and below-average precipitation can
result in water shortages. Large uncertainties are
associated with predictions of multi-year dry spells.

CONFIDENCE

Low

CONSEQUENCE
CATEGORY CONSEQUENCE
Health Loss of life
Morbidity, injury,
disease, or
hospitalization
Social Psychological
functioning impacts
Loss of social
cohesion
Natural Loss of natural
resources resources
Economic Loss of economic
vitality productivity
Loss of
infrastructure
services

Cost to provincial government

OVERALL
RISK

CURRENT

2050

RATING  JUSTIFICATION

2 There is low potential for multiple losses of life in B.C.

4 Hundreds of people could experience illness due to
exposure to respiratory irritants and increased risk of
water-borne, vector-borne, and fungal disease.

4 Loss of natural resource dependent livelihoods and
economic hardship may contribute to localized, long-
term psychological impacts. A larger population may
experience moderate anxiety and distress.

5 Months-long disruption to daily life and permanent
loss of livelihoods, particularly for agriculturally
dependent communities. Water restrictions could
exacerbate general social instability.

4 Soil erosion, wetland loss, habitat destruction, and
forest degradation could disrupt wildlife and aquatic
species, which could take decades to recover.

5 Losses exceeding $1 billion could occur due to
impacts on agriculture, fishing, forestry,
transportation, recreation, tourism, and oil & gas.

5 Disruptions of hydroelectricity production, and water
and wastewater treatment could last months.

3 Costs for emergency response and recovery and lost
revenue could exceed $375 million.

Additional engagement with Indigenous communities would be needed to understand potential consequences from their
perspectives.
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Opverall, the present-day risk rating is 12.0 out
of 25, which equates to high risk, and the 2050 Risk Calculation
risk rating is 12.0 out of 25, which equates to
high risk. Sce the Risk Calculation text box at
right.

Risk = Likelihood x Average Consequence
Present Risk = 3 x 4.0 = 12.0 (High)

2050 Risk =3 x 4.0 = 12.0 (High)
Evidence Base

Risk Event Scenario

This scenario represents one illustrative permutation of a long-term water shortage. The consequence
ratings are specific to this scenario, but many may be transferable to other related scenarios.

The specifics of this scenario were based on:

e There are various ways to define a water shortage, which occurs when water supply is insufficient to
meet demand. In this scenario, drought, defined as a shortage of precipitation over an extended
period of time, which results in insufficient supply (NRCan, 2017), is used as a proxy for water
shortage. A shortage could occur due to a multitude of factors, but the consequences will be similar.

e The risk of drought is highly regional. Along the Pacific Coast, there could even be increases in
precipitation. However, precipitation is expected to decline in the interior.

o Historically, most areas of Canada have experienced periodic droughts,* although the duration,
severity, and extent have varied. The Canadian Prairies and the interior valleys of B.C. tend to be
most susceptible to drought because of their proximity to the Rocky Mountains, which contribute to
highly variable precipitation (Yusa et al., 2015; Bonsal et al., 2011). These areas experienced
devastating multi-year droughts during the 1890s, 1930s, 1960s, 1980s, and 1999 to 2005 (Hanesiak et
al.,, 2011; Asong, Wheater, Bonsal, Razavi, & Kurkute, 2018; Yusa et al., 2015).

e The drought from 2001 to 2002, which affected the interior region of B.C., is considered one of
Canada’s worst natural disasters and the most severe drought in the region since the 1930s (Wheaton,
Kulshreshtha, Wittrock, & Koshida, 2008).

- Precipitation was below normal for eight consecutive seasons from September 2000 through
August 2002 for the Canadian Prairies (Bonsal & Regier, 2007; Mishra & Singh, 2010), which have
conditions similar to portions of B.C.’s interior on a larger scale. Exceptionally dry and warm
conditions contributed to persistent water shortage.

- According to the Standardized Precipitation Index (SPI), 2001 and 2002 were the worst one-year
droughts since 1961, and, together, the worst two-year drought since 1929 to 1930. Based on
Palmer Drought Severity Index (PDSI), 2002 was one of the worst one-year droughts on record
(Bonsal & Regier, 2007).

e The consequences of multi-year water shortages are more severe than those of seasonal water
shortages and require more time to recover from. The consequences of a long-term water shortage
would likely be similar but more severe than a seasonal water shortage.

- Previous events demonstrate that multi-year water shortages can be catastrophic for British
Columbia. In the Canadian Prairies, the 2001 to 2002 drought resulted in $5.8 billion losses for

56 Droughts are defined as a shortage of precipitation over an extended period of time, which results in insufficient supply (NRCan, 2017).
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Canada’s GDP, agricultural losses and poor yields, reduced hydroelectric generation, soil
degradation, and an increase in wildfire following the drought (Cherneski, 2018). In B.C., river
flow and reservoir levels were lower than average, reducing irrigation supply in the Kelowna
Irrigation District; livestock sales declined in 2002; hydroelectric power generation decreased and
B.C. purchased power from neighbouring jurisdictions; and some recreational areas were affected
by low lake levels (Wheaton, Kulshreshtha, Wittrock, & Koshida, 2008).

Likelihood rating

The present-day likelihood of this scenario is 3
(event expected about once every 11 to 50 years) and Likelihood Rating Drivers
the 2050 likelihood of this scenario is 3. Water

. . Type of risk event: Discrete
shortages occur due to a range of underlying climate- yp

related causes, including precipitation deficits, higher Climate change indicators:

temperatures, and reduced snowpack. Chronic * Number of dry days
shortages are most directly linked to prolonged e Moisture deficit
episodes of below-average rainfall, which can result e Annual precipitation

in 1 r availabili 1 long-term aver
in total water availability below the long-term average «  Annual average temperature

over consecutive years. Often the impacts associated . . . -
. . Present day” period: Varies by indicator
with reduced rainfall are exacerbated by seasonal

Source of 2050 projections: Varies by
indicator

Emission scenario: Varies by indicator

climate stresses, such as heat waves and enhanced
evapotranspiration. To evaluate the scenario, the
project team used indicators including GCM
projections and projected drought severity indices
for mid-century. GCMs project significant warming and slight increases in precipitation in B.C.,
representing a future climate particularly sensitive to small changes in precipitation over consecutive
years. Ultimately, multi-year water shortages have occurred in B.C. several times in the past century, and
their frequency is likely to remain similar or increase slightly from historical incidence.

The likelihood rating was determined based on the following findings:

e Projections show that the frequency and severity of water shortages will continue to increase in the
Southern Intetior of B.C. and the Prairies (NRCan, 2017), which exhibit similar levels of moisture
deficit. Indicators of drought include:

- Climate Moisture Index (CMI), which measures the difference between annual precipitation and
potential evapotranspiration. Positive values indicate wet or moist conditions, while negative
values indicate dry conditions. See FIGURE 48.

- Soil Moisture Index includes daily or monthly weather records of precipitation and temperature,
along with elevation and soil water-holding capacity. Lower values indicate drier conditions.

- PDSI includes precipitation, temperature, moisture-holding capacity of the soil, and local
infiltration. Positive and negative values represent conditions that are wetter and drier,
respectively, than the long-term historical mean.
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FIGURE 48. Projections of future conditions across Canada using the Climate Moisture Index (NRCan, 2017).
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e The most recent scientific literature indicates that multi-year water shortages may become more
frequent in the future, although there remains large uncertainty in model projections. For example:

- The extent and severity of water shortages are expected to increase (Bonsal & Regier, 2007).
Future projections of the PDSI reveal that multi-year water shortages lasting at least 10 years are
more likely in the future. Projections suggest that three such events could occur every 100 years,
while approximately one has occurred every 100 years historically (Cohen, Koshida, & Mortsch,
2015; Yusa et al., 2015).

- The Canadian Regional Climate Model was used to evaluate potential changes in the frequency of
dry days across Canada for the April to September period under the SRES A2 emission scenario.”’
The results indicated that the mean number of dry days and the maximum dry spell duration were
projected to increase in southern Canada. The southern Prairies were identified as having a higher
likelihood of drought conditions in the future (Warren & Lemmen, 2014).

57 SRES A2 is a relatively high emissions scenario, although not the highest, that was used in IPCC AR4. This family of scenarios is
characterized by heterogeneity and focus on regional change with continuous population increases (population reaches over 10 billion by
2050). Under this scenario, emissions are projected to be around 600 GtC, with concentrations of 575 ppm (NARCCAP, 2007) by mid-
century.
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e Multi-year water shortages result from a combination of climate factors. While below-average
precipitation is a major factor, higher temperatures contribute significantly by increasing evaporation
that exacerbates dry conditions. In years with low snowpack, which is associated with higher
temperatures, seasonal river flow declines. Multi-year water shortages occur when anomalous
seasonal water shortages continue without a substantial break (high precipitation and low
temperature) for multiple seasons.

e InB.C, annual average temperature is projected to inctrease by 1.8°C (1.3°C to 2.7°C)%8 compared to
the 1961 to 1990 baseline. While annual precipitation is projected to increase by around 6% (2% to
12%), seasonal precipitation varies greatly (Pacific Climate Impacts Consortium, 2012). Increases in
evaporation due to higher temperatures are expected to outweigh increases in average precipitation

(Yusa et al., 2015).

e GCMs project that the moisture deficit> will increase through mid-century, driven by rising summer
temperatures and declining summer precipitation, potentially reaching levels exceeding the 1930s by
the end of the century, when Canada experienced severe multi-year water shortages (Columbia Basin
Trust, 2017). GCMs confirm warming will continue in B.C., which will increase evaporation. In
combination, these factors will likely result in longer and more intense water shortages (Yusa et al.,
2015; Bonsal & Regier, 2007).

o After several severe water shortages in the early 20 century, the subsequent water shortages and
moisture deficits were relatively benign (Bonsal & Regier, 2007). However, studies indicate that the
moisture deficit has increased again, bringing worsening drought conditions in the 215t century
(Columbia Basin Trust, 2017). Regional trends across southern and western Canada indicate that
more severe drought conditions are becoming more frequent (Warren & Lemmen, 2014).

Confidence: Low

There are several sources of evidence suggesting long-term water shortages could become more frequent
and severe by mid-century. However, GCM simulations remain uncertain regarding future precipitation
trends and scientists are generally unable to predict the occurrence of multi-year water deficits with
certainty. In addition, longer duration events are more influenced by natural modes of variability, which
are difficult to model and predict. Some of the data and examples included are based on droughts in
other provinces to exemplify the type of water shortage B.C. could experience and its associated

consequences.

Consequence ratings _

o Consequence Calculation
The overall consequence rating is an average of
the individual consequence ratings (see the Overall Consequence = Average of Individual

Consequence Calculation text box at right). Consequence Ratings

Details on each individual consequence rating are Overall Consequence = (2+4+4+5+4+5+5+3)/8
provided below. Based on these findings, the Overall Consequence = 4.0

58 This range represents the 10" and 90™ percentile of model projections.
59 The difference between precipitation inputs and losses through evaporation, which can be used as a measure of moisture needed for
vegetation to avoid negative impacts (Columbia Basin Trust, 2017).
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project team rated the overall consequence of this scenario as 4.0 out of 5.

HEALTH

Loss oflife: 2

Based on the available evidence, there is low potential for multiple losses of life due to the direct impacts
of long-term water shortages. While prolonged water shortages have been associated with mortality in
low-income countries, communities in B.C. have the capacity to prepare in advance to protect
communities from ill health effects. Long-term water shortages can have broader impacts to society by
affecting surface and groundwater supplies, and food production. Although not accounted for here,
compounding impacts due to extreme heat or wildfire may contribute to multiple deaths.

Supporting evidence includes:

e While no deaths have been directly attributed to water shortage in Canada, the effects of economic
damage may have contributed to excess morbidity and mortality (Health Canada, 2008). Drought-
related deaths have been documented in low-income countries (Yusa et al., 2015) but are unlikely in
British Columbia.

o In the western U.S., some studies indicated that mortality risk increased during periods where
extreme or exceptional drought conditions were worsening (i.e., becoming more severe on the U.S.
Drought Monitor scale from one day to the next) for elderly adults between 2000 and 2013 (Berman,
Ebisu, Peng, Dominici, & Bell, 2017).

e Asan ongoing event, long-term water shortage will occur gradually as a series of seasonal water
shortages, affecting groundwater supply and resulting in major desiccation. Since the event would
happen gradually, there would be time to prepare and communities could find alternative water
sources to meet basic needs. Health risks occur when people turn to contaminated water sources or

cannot access safe supplies, which would be avoided except in extreme circumstances (Workshop
feedback, 2019).

o Compounding factors that may accompany water shortages, such as more severe wildfire or extreme
temperatures, could contribute to higher mortality (see Severe Wildfire Season and Heat Wave risk
events).

Confidence: Medium

There is little literature documenting mortality due to water shortages, which could mean it is not well
understood or not a major risk during water shortages. Assuming basic mitigative action is taken to
supply water to affected communities, mortality would be low. Expert reviewers agree that there is a low
likelihood for multiple deaths due to long-term water shortage.

Morbidity, injury, disease, ot hospitalization: 4

Water is vital for health and sanitation, so water shortages can negatively affect health if people turn to
unsafe water sources. Contaminated groundwater and surface water, in addition to respiratory irritants,
have the potential to expose hundreds of people to some level of illness during a multi-year water
shortage. Ill effects could include bacterial infections from unsafe drinking water, water-borne and
vector-borne diseases, or fungal diseases that become more prolific during the event. People living in
rural areas or who are socioeconomically disadvantaged would likely experience disproportionate health
impacts.
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Supporting evidence includes:

212

Approximately 78% of B.C.’s population depends on surface water supplies for drinking water. Since
the 1980s, B.C.’s major urban centres have experienced several extreme water resource limitations. In
the Capital Region District and Greater Vancouver Regional District, as well as smaller developing
communities, drinking water supplies may become stressed during a water shortage (Walker &
Sydneysmith, 2008).

Reduced water levels in lakes and reservoirs, as well as lower streamflow during a shortage, can result
in stagnation and increased concentration of nutrients and contaminants (Government of British
Columbia, 2016; Yusa et al., 2015). Water shortage may lower water levels in wells and aquifers,
increasing the concentration of contamination and dissolved matter (HealthLinkBC, 2018; Health
Canada, 2008). For example:

In the U.S., water shortage is associated with elevated nitrates, chlorides, and sulphates in the
groundwater supply (Yusa et al., 2015). Additionally, elevated phosphorus and nitrogen levels have
been observed during water shortages in Alberta (Yusa et al., 2015).

Long-term water shortages can lower groundwater levels and streamflow, increase wind erosion,
and cause cracks in cisterns and septic tanks, creating the potential for higher levels of
sedimentation in water (Berry, Clarke, Fleury, & Parker, 2014).

Increased nutrient concentrations due to low flow conditions has contributed to cyanobacterial (algal)
blooms in all provinces. Algal blooms can reduce drinking water quality (Orihel et al., 2012).

Water shortages may increase the risk of water-borne disease (Ostry, Ogborn, Takaro, Bassil, &
Allen, 2008). For example:

Increased concentrations of pathogens during low water levels in lakes are thought to increase the
risk of infection to recreational water users exposed to water-borne pathogens. For example,
leptospirosis cases have been associated with swimming in lakes in the U.S. during drought (Yusa et al.,
2015).

Drought is associated with greater risk from water-borne diseases such as hepatitis A (Yusa et al,,
2015).

Water shortages can also increase the concentration of Giardia and Cryptosporidium in groundwater
sources and water storage locations, particularly in areas close to livestock farms (Yusa et al., 2015).
Several serious diseases are associated with dry conditions followed by a wet spring, including
Campylobacteria and anthrax. Generally, there are only 0 to 2 cases in Canada each year, although
incidence may become more prevalent (Yusa et al., 2015).

Prolonged water shortages can result in respiratory issues, and illnesses related to exposure to toxins,
rates of injury, and infectious diseases (food- and vector-borne diseases) (Yusa et al., 2015; Berry,
Clarke, Fleury, & Parker, 2014; Frumkin, Hess, Luber, Malilay, & McGeehin, 2008). For example:

Extended water shortages tend to reduce air quality through impacts to soil moisture and loss of
vegetation, increasing the chance of wind erosion becoming airborne (USGCRP, 2016). Wind
erosion and dust storms can introduce irritants that contribute to respiratory issues (Berry, Clarke,
Fleury, & Parker, 2014). Climate change may increase fine particulate matter, allergen, and dust
concentrations in the air in drought-prone areas (Yusa et al., 2015). Inhalation of particles can
irritate the lungs, resulting in chronic respiratory illnesses (USGCRP, 2016).

Some types of vector-borne diseases, including West Nile Virus and Eastern Equine Encephalitis,
may spread more easily during water shortages (Berry, Clarke, Fleury, & Parker, 2014). Those who
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spend time outdoors participating in recreation or due to their occupation are at a greater risk of
contracting diseases (Yusa et al., 2015).

- Various fungi that can negatively affect health may become more prolific. For example, warm and
dry conditions and low soil moisture promote colonies of Cryptococcus gattii in Canada. More
than 100 cases of this disease were detected on Vancouver Island in 1999. Between 1999 and 2007,
there were 218 reported cases in British Columbia, which has the largest infected population in
Canada and the world (Yusa et al., 2015).

e Vulnerable populations, such as pregnant and nursing women, dialysis patients, immuno-
compromised individuals, and those of lower socioeconomic status, could be disproportionately
affected by water shortages (Yusa et al., 2015; Workshop feedback, 2019).

e Wastewater and drinking water treatment facilities are built for a certain level of water intake, and
water shortage may present challenges for treating it to safe levels. In rural areas, people may drink
septic water and get sick (Workshop feedback, 2019).

o During a multi-year water shortage, people may be pushed to use water sources that may be more
highly contaminated (Workshop feedback, 2019).

o Compounding factors that may accompany long-term water shortage, such as more severe wildfire or
extreme temperatures, could contribute to exacerbated health problems. See Severe Wildfire Season
and Heat Wave risk events.

Confidence: High

There are multiple sources of high-quality evidence on the negative impacts of long-term water shortage
on water and air quality that can result in negative health outcomes. However, more details are needed
on the exact number of people who experienced these health outcomes in the past to understand the
extent to which B.C. could be affected. Experts agree that the health consequence of a long-term water
shortage could be widespread, potentially affecting even more than 1,000 people with some minor health
impacts.

SOCIAL FUNCTIONING

Psychological impacts: 4

A multi-year water shortage could lead to severe, but localized, psychological impacts such as depression
and loss of identity or way of life for individuals that have natural resource dependent livelihoods (e.g.,
farmers, fishermen, and cattle ranchers). The larger population may experience more moderate
psychological impacts, such as anxiety and distress due to water restrictions or food security concerns.
The extent of this impact depends on the location and severity of the water shortage, and on the
resources provided to support people who are negatively affected.

Supporting evidence incudes:

e Small or private water systems may struggle to supply customers during a multi-year water shortage if
streamflow and groundwater decrease. People dependent on these systems would experience major
disruptions to life that could cause distress (Workshop feedback, 2019). Although most people
connected to large water systems would likely have access to drinking water, most areas put in place
water restrictions to reduce or prohibit outdoor water use for activities such as watering lawns, filling
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pools, or power washing. As the severity of the water shortage increases, the restrictions become
stricter (City of Vancouver, 2019).

e Under a multi-year water shortage, the province may implement restrictions to water use to maintain
environmental flows for fish. This may limit or cut off water use to some water users (i.e., junior
licence holders or unauthorized use), particularly agricultural producers or industrial users (B.C.
Ministry of Environment and Climate Change Strategy, 2018).

e Along-term water shortage would have more severe psychological impacts than a seasonal water
shortage. For natural resource dependent communities, Indigenous communities, and those whose
livelihood depends on accessing natural resources, long-term water shortage would necessitate
changes in way of life. Some people could be displaced from their land or affected by lower property
values (Workshop feedback, 2019).

e Common psychopathologies that manifest after disaster events include post-traumatic stress
disorder, major depressive disorder, substance abuse disorder, general anxiety disorder, and
prolonged grief disorder (Goldmann & Galea, 2014). The prevalence of these various mental health
impacts from a long-term water shortage is unknown.

o In other countries, prolonged water shortages have had documented mental health impacts,
particularly in rural areas (Hart, Berry, & Tonna, 2011; USGCRP, 20106). Although the severity of the
impact would likely be mitigated by provincial support, these examples are indicative of the types of
psychological impacts that could be experienced:

- Negative impacts on mental health were identified for older women and Aboriginal groups in
Australia, as well as rural youth, due to emotional stress from prolonged water shortages (Yusa et
al., 2015).

- Increased stress and mental health issues, particularly among farmers, have been linked to water
shortages. For example, in Australia, prolonged water shortages caused pressures for farmers and a
sense of loss (i.e. profitability, professional success, community status, physical well-being, etc.).
Older farmers also felt discouraged from using mental health services (Polain, Berry, & Hoskin,
2011).

- Farmers and ranchers could lose livestock and crops, which would result in psychological distress.
1f the water shortage persists, farmers and ranchers could abandon their way of life, which can be
traumatic (Workshop feedback, 2019).

— Farmers who lose their livelihoods and experience financial burdens may experience stress,
anxiety, emotional and psychological distress, and grief (Yusa et al., 2015). In extreme cases, water
shortage is associated with increased risk of suicide, particularly for agriculturally dependent rural
populations (Hanigan, Butler, Kokic, & Hutchinson, 2012).

e Low income consumers could experience burdens associated with increased food costs and
decreased availability of food, which may contribute to psychological distress (Yusa et al., 2015).
Crop failures and economic hardship may lead to hunger, malnutrition and associated stress
disorders (Health Canada, 2008). This will be relevant for local food production; however, the
majority of food products are imported.

e Loss of property, livelihoods, displacement, and community disruption due to prolonged water
shortage, or associated dust storms or wildfires, can cause stress (Health Canada, 2008). Chronic
health issues from dust storms and wildfire smoke can contribute to exhaustion, depression, and
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even suicide (Health Canada, 2008). The effects of wildfire are accounted for under the Severe
Wildfire Season risk event.

Confidence: Medium

There are several sources of evidence that multi-year water shortage can contribute to psychological
distress, depression, and even suicide. Additional information on reported cases during previous events
and the duration of impacts in B.C. would help improve the assessment of risk. Experts expect that
long-term water shortages could cause widespread and long-term psychological impacts due to people
losing their ways of life.

Loss of social cohesion: 5

Multi-year water shortage could result a months-long disruption to daily life and permanent loss of
livelihoods in localized areas, especially those in agriculturally dependent communities. Access to water
resources may become more restricted. In addition, restrictions for water users creates “winners” and
“losers,” which could exacerbate social instability, although this impact is not expected to be widespread.
Since water shortages may disproportionately affect vulnerable populations (e.g., socially disadvantaged
persons, people dependent on natural resource-based livelihoods, and people without insurance), this
could have severe implications for social cohesion.

Supporting evidence includes:

e Crop irrigation could be restricted or suspended, which would reduce crop productivity or even
result in losses to irrigated crops (Crawford & Beveridge, 2013; Crawford & MacNair, 2012). In the
worst case, agricultural producers could face major economic losses and workers could lose
employment (Yusa et al., 2015), which could hurt the vitality of rural communities.

e Long-term water shortages may decrease social stability due to competition for resources, which has
been documented during water shortages in Australia (Caldwell & Boyd, 2009).

- For example, water shortages may increase tension due to competing water needs in the Okanagan,
Kettle, and Coldwater-creek watersheds, including Indigenous communities, agriculture, rural
communities, and ecosystem needs. When water supply is not adequate to meet authorized
demand in B.C., users with senior water rights get to fulfill their licences and junior users may be
regulated. This creates “winners” and “losers” (Workshop feedback, 2019).

- The 2001 to 2002 drought led to the emergence of local water conflicts. During water shortages,
fisheries may experience more water management conflicts with other users (e.g., hydroelectric
power generation, irrigation, drinking water), particularly in the Southern Interior (Walker &
Sydneysmith, 2008).

e When faced with a multi-year water shortage, people, particularly youth, may move away from rural
communities to seck jobs in other industries. In some cases, water shortages may cause people to
stop participating in community and volunteer activities, resulting in a higher degree of social
isolation. Ultimately, water shortages may exacerbate alienation and distrust in institutions and
governments (Alston & Kent, 2004).

e Small or private water systems may struggle to supply customers during a multi-year water shortage if
streamflow and groundwater decrease. People would need to alter their behaviours to access water
from a central distribution system or by purchasing bottled water (Workshop feedback, 2019). In
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addition, the predicted decreases in water quality could increase the costs to obtain quality drinking
water through either enhanced water treatment infrastructure or purchased drinking water.

e Many Indigenous communities rely on surface water flows and wells to meet water demands
(Government of British Columbia, 2016). For several decades, some Indigenous communities have
experienced issues accessing quality drinking water. As of 2008, 85 First Nation communities in
Canada had water that was classified as “high risk” (CIER, 2008). In B.C. several First Nations,
including Xeni Gwet’in and Lytton, have been under long-term water warnings because of polluted
water (BBC, 2018; Ball, 2018). A multi-year water shortage could exacerbate these issues, particularly
since many Indigenous communities are in remote areas and have limited economic means to
maintain, refurbish, and replace infrastructure (CIER, 2008).

e Although most people connected to large water systems would likely have access to drinking water,
most areas put in place water restrictions to reduce or prohibit outdoor water use for activities such
as watering lawns, filling pools, or power washing. As the severity of the water shortage increases, the
restrictions become stricter (City of Vancouver, 2019). These restrictions could disrupt people’s
routines.

e Water shortages may affect vulnerable populations disproportionately, including socially
disadvantaged persons, agriculturally dependent communities, people without insurance, and people
without financial resources (Yusa et al., 2015).

Confidence: Medium

There is limited evidence that water shortages have a negative impact on social stability in B.C. This
could indicate that no past events were severe enough to reduce social stability or it may represent that
this is not likely to manifest in the province. However, there are reasons to anticipate that water
shortages could exacerbate inequality for vulnerable populations and produce a perception of “winners”
and “losers” among water users. Expert reviewers suggest that people would need to adapt due to long-

term water shortages, which would gradually result in a new steady state.

NATURAL RESOURCES: 4

A multi-year water shortage in B.C. could cause extensive environmental damages, such as soil erosion,
wetland loss, and habitat destruction. For example, water shortages could increase tree mortality and
make forests more susceptible to insect outbreaks and wildfires. Additionally, temperature-sensitive
species such as salmon could experience heat-stress and difficulties migrating due to low water levels.
Depending on the severity of the water shortage, recovery of the resources could take decades.

Supporting evidence includes:

e Water shortages affect surface water by lowering lake and reservoir levels and reducing streamflow
(Yusa et al., 2015). These impacts can cause environmental damages, such as reduced water quality,
wetland loss, soil erosion and degradation, and aquatic habitat destruction (Bonsal & Regier, 2007).
For example:

- B.C. has around 5.28 million hectares of wetlands that provide critical habitat for fish, birds, and
other wildlife (Government of British Columbia, 2018b). Water shortage could damage wetlands

by lowering water levels in riparian environments. Amphibian species could suffer due to reduced
wetland area (Workshop feedback, 2019).
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- Salmon spawn in streams in B.C. and migrate back and forth to the ocean. Lower flow conditions
and changes in flow variability may make migration difficult (PSF, 2011).

- Lower flow conditions can increase river temperatures, resulting in negative impacts for fish and
aquatic organisms including salmon and trout (Deitch, Van Docto, Obedzinski, Nossaman, &
Bartsh, 2018; B.C. Ministry of Environment and Climate Change Strategy, 2018; National Park
Service, 2018). The majority of Canadian sockeye salmon live in the Fraser River. Temperatures
above 15°C can cause stress, depleting energy reserves and making salmon more susceptible to
disease. Warmer river temperatures tend to reduce fitness, survival, and reproductive success of
salmon (White, Wolf, Anslow, Werner, & Creative, 2016). Since environmental flows are
prioritized, the extent of low flow is not known.

- Reductions in spring and summer flows in snowmelt-dominated watersheds could expose salmon
eggs to scour, and increased water temperatures could shift migration and spawn time (Crozier,
2010).

— Damage to salmon populations can have large ecological repercussions, as they are vital to the
food chain. Around 137 species rely on salmon, including bald eagles and bears (PSF, 2011; White,
Wolf, Anslow, Werner, & Creative, 2010).

- Loss of forest cover and soil integrity may increase erosion into waterways, which can cause
eutrophication and impacts on fisheries downriver. In addition, reduced flows could increase
nutrient levels in surface water, which can result in algae growth. In turn, algae can decrease the
dissolved oxygen concentration in water and threaten aquatic biota (Zheng & Paul, 2003).

o The effects of water shortage on forests and forest ecosystems will vary depending on the location of
forests and the species of trees exposed (Mote et al., 2003). For example:

- Direct impacts of water shortage include reduced growth, increased tree mortality, and failure to
regenerate (NRCan, 2017).
= In the U.S. Pacific Northwest and Canada’s boreal forests, forested ecosystems have already
experienced mortality due to water shortages (Warren & Lemmen, 2014). Dieback of aspen-
dominated woodland has been a persistent and possibly increasing phenomenon in western Canada,
resulting in a 5 to 7% loss in biomass (Chang et al., 2014).
= The 2001 to 2002 drought resulted in dramatic die-back in trembling aspen populations (over 20%
greater mortality compared to the long-term average) (Warren & Lemmen, 2014).

- Water shortage may reduce rates of photosynthesis and tree growth (van der Kamp, 20106). Low
soil moisture can reduce forest productivity and annual radial growth across species, including
white spruce, black spruce, trembling aspen, and lodgepole pine (Warren & Lemmen, 2014; Hogg
& Michaelian, 2014).

- Changes in hydrology could contribute to ecosystem shifts, which would change the ranges of
BEC climate envelopes, which are the conditions associated with major forest types (Daust &
Price, 2011).

e When forests are water stressed, they may be more susceptible to wildfires, insect infestations, and
disease. For example:

- Water shortage may reduce tree vigour and make forests more susceptible to insect attack (Allen et
al., 2010). Insects include bark beetles, spruce budworms, Douglas-fir beetles, Ips engraver beetles,
lodgepole pine beetles, twig beetles, and elm bark beetle (Mote et al., 2003; van der Kamp, 2016;
Joy & Maclauchlan, 2000). Beetle populations could increase to epidemic levels in B.C. due to
warm, dry conditions (Woods, Heppner, Kope, Burleigh, & Maclauchlan, 2010).
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= In B.C, there has been extensive tree mortality due to insects, particularly the mountain pine beetle,
which have transformed the forests of the interior. In 1999, drought affected over 10,000 hectares of
forest in the Kamloops region (Walker & Sydneysmith, 2008).

- Water shortages can also predispose trees to root disease (Woods, Heppner, Kope, Burleigh, &
Maclauchlan, 2010).

- Persistent water shortages can pre-condition forests to burn due to wildfire by increasing die-off
and the amount of flammable dead wood (van der Kamp, 2016). During a multi-year water
shortage, lands are more susceptible to wildfire (Abbott & Chapman, 2018).

- The Loss of Forest Resources risk event provides more information on the risks due to forest loss.

e Multi-year water shortages may result in aquifer decline, due to lower surface water flows and
reduced recharge to groundwater (Government of British Columbia, 2016).

Confidence: High

There are multiple sources of independent evidence reporting widespread damages to natural resources,
particularly forests and salmon populations, due to long-term water shortages in British Columbia.
However, the extent of damage to natural resources and recovery time will depend on the type of
species, as some will be able to recover faster than others. Expert reviewers agree that recovery could
take decades, although, depending on the magnitude of water shortage, experts anticipate that some
natural resources may never recover.

ECONOMIC VITALITY

Loss of economic productivity: 5

A multi-year water shortage could reduce the productivity and economic contributions of major sectors,
including agriculture, fishing, forestry, transportation, recreation, tourism, oil and gas, and other
industries. Agriculture generates over $14 billion in annual revenue. Forestry and logging account for
around $9 billion in annual revenue. If B.C. experiences a multi-year water shortage that affects a large
portion of the province, losses in these sectors could easily exceed $1 billion in losses. Long-term
disruptions and unemployment could also occur in the agriculture sector.

Supporting evidence includes:

Water shortages can reduce the productivity and economic contributions of many sectors, including
agriculture, forestry, transportation, recreation and tourism, and energy (Moore, 2015b). For example:

e Asof 2017, agriculture, forestry, fishing, and hunting accounted for 1.69% of B.C.’s GDP (Statista,
2018). Between 2014 and 2016, agriculture, seafood, and food and beverage processing produced
revenues between $12 and $14 billion (AgriService BC, 2018).

o Losses to the agriculture, fisheries, and livestock sectors could include:

- Reduction in net farm income. For example, the 1961 drought led to a reduction in net farm
income of 48% in Alberta and Saskatchewan (Asong, Wheater, Bonsal, Razavi, & Kurkute, 2018).
Although not specific to B.C., these losses exemplify the types of risks B.C. could face because the
Canadian Prairies and the interior of B.C. tend to be most susceptible to droughts.

= The 2001 to 2002 drought resulted in large economic losses across Canada, totaling a $5.8 billion
reduction in GDP and $3.6 billion in agricultural losses over two years. In B.C., all drought losses
occurred in 2002, totaling $42,955 and 224 lost jobs, with losses in agricultural production totaling
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$30,001 (Swanson, Hiley, Venema, & Grosshans, 2007; Wheaton, Kulshreshtha, Wittrock, &
Koshida, 2008).

= During the 2001-2002 drought, farmers in the Yakima basin (in Washington, USA) lost
approximately US$130 million in revenue and farmers in the Klamath basin (in Oregon, USA) lost
US$157 million in sales (Bumbaco & Mote, 2010).

- Increased unemployment in natural-resource-based sectors, including temporary displacement
from agriculture (Yusa et al., 2015).

- Severely reduced agricultural and livestock production with resulting economic losses, as
demonstrated by estimated losses from previous events (Health Canada, 2008). B.C.’s
interior/Okanagan Valley is one of the driest places in Canada and vital for agricultural
production. Negative consequences could include:

= Loss of crop productivity. Water shortage can reduce crop growth and quality, resulting in smaller
harvests, particularly for dryland production. Water shortages may decrease crop yields and increase
costs (Crawford & Beveridge, 2013). For example, one report estimated that a multi-year water
shortage reduces average crop yield by around two-thirds (Donahue, 2014).

= Reduced water availability for livestock (Government of British Columbia, 2018a).

= Lower pasture growth. Water shortages may reduce forage production, while simultaneously
damaging pasturelands for livestock (Government of British Columbia, 2015) and reducing the
productivity of grassland ranges.

» Due to the 2001 to 2002 drought, large areas of pasture experienced poor growth, which
contributed to feed supply shortages (Cherneski, 2018). If farmers lose forage crops and buy
feed, this would increase production costs and reduce profits (Workshop feedback, 2019).

= Water stress and quality impacts. Lower reservoir levels and wells that result from low precipitation
or reduced flow from snowpack would reduce irrigation supplies (Moore, 2015b). In addition to
surface water shortages, a multi-year water shortage would reduce water storage and groundwater
supply for irrigation.

» The compounding effects of higher temperatures would increase crop water requirements
and evapotranspiration, which would add to crop stress during the water shortage. Many
farmers may forgo planting because soil moisture would be reduced by a multi-year event.

» Perennial cropping systems are particularly vulnerable when water use is restricted. Tree
fruit, wine grapes, and berries take many years to mature and become productive. If water
for irrigation is not available, extreme water shortages could result in major losses (MacNair,
2019). Droughts in 2001 and 2002 caused losses to perennial crops (high-value fruit trees
and wine grapes, with some pasture and forage) (Neilsen et al., 2000).

= Increased irrigation and management costs. Water shortages would push farmers to seek alternative

sources of irrigation for water or make irrigation more efficient, incurring extra costs (Workshop
feedback, 2019).

» In the Okanagan River watershed, agriculture accounts for 75% of consumptive use and
crops depend entirely on irrigation. Of the 18,416 hectares of irrigated agricultural land, 75%
are irrigated with surface water and 21% draws on groundwater (BC Agriculture & Food
Climate Action Initiative, 2016). Multi-year water shortages could disrupt the irrigation water
supply from both sources, resulting in losses if farmers cannot meet crop water demands.

= Altered soil properties and aeolian erosion. Water shortages can reduce soil fertility. For example,

nitrogen and boron are vulnerable to low water availability. Crops that require nitrogen, such as corn
and grasses, may accumulate high levels of nitrates when experiencing water stress, which can be
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toxic to livestock (Moore, 2015a). However, these consequences are relatively minor compared to
direct impacts to crops and livestock.

= Supply chain impacts. Restrictions to water withdrawals could force ranchers to buy hay and feed for
their livestock. This could increase hay prices, which has implications for the cattle market and price
of meat.

- Losses in the fisheries industry, as discussed under in the natural resources section. In a
representative year, commercial salmon fishing in B.C. can bring in $30 million in value and $100
million in post-processing value (PSF, 2011).

- Loss of forestry output. In 2016, B.C.’s forest industry generated $32.96 billion in output and
contributed $12.94 billion to the province’s GDP. Forestry and logging accounted for around 28%
of the industry’s contribution (PwC, 2017). Other industries like pulp and paper mills also depend
on healthy forest resources. As discussed in the section above, water-stressed trees are more
susceptible to damages due to pests and wildfire. See Loss of Forest Resources risk event for
additional information about the economic impacts of forest loss.

- Losses to urban forests, landscaping and horticulture, and the sod business (Workshop feedback,
2019).

e Water shortage could result in economic losses to the water-based tourism and recreation industry,
including:

- Reduced quantity and quality of recreational water supplies (Yusa et al., 2015) could have negative
economic impacts on communities that rely on water-based recreation and tourism (B.C. Ministry
of Environment and Climate Change Strategy, 2018).

- Recreational fishing bans or reduced fish stocks, resulting in reduced expenditures and earnings in
this sector. Recreational anglers spend over $550 million annually on fresh and saltwater sport
fishing (PSF, 2011).

- Economic losses to communities near waterfronts or vacation areas (Alberta Water, 2018).

- Cancellation or closure of water-related recreational activities. During the 2001 to 2002 drought in
Canada and the 1987 to 1992 drought in the U.S., water-related activities were closed (Alberta
Water, 2018).

- Damage to orchards and wineries. For example, major water shortages and associated wildfires
from 2001 to 2003 destroyed orchards and wineries in Okanagan and North Thompson valleys,
which are popular tourist destinations. Regional hotel room revenues declined 3% (Walker &
Sydneysmith, 2008).

- Reduced tourism revenue. For example, the 2005 drought in Washington State in the U.S. resulted
in a loss of US$43 million in tourist revenue (Bumbaco & Mote, 2010).

e Tracking, mining, and other large industrial water users could face decreased production or increased
costs due to prolonged water shortages. The B.C. Oil & Gas Commission (BCOGC) may suspend
water withdrawals during water shortages (CAPP, 2018). In August 2018, BCOGC suspended water
withdrawals for oil and gas companies fracking near the Peace River and Liard watersheds due to
water shortage (The Council of Canadians, 2018).

e Properly functioning ecosystems provide an array of free benefits to humans in the form of
ecosystem services. These services fall into the broad categories of supporting, provisioning,
regulating, and cultural services, and may or may not be directly tied to market activity. Examples of
these ecosystem services include: nutrient recycling and soil formation (supporting), timber and crops
(provisioning), carbon sequestration and water purification (regulating), and spiritual significance and
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recreation (cultural). When these ecosystems are damaged by long-term water shortages, the services
provided are often degraded or cease altogether, particularly those that rely on vegetation. These
services must then be replaced by costly man-made facilities or processes that provide the same
services (e.g., deployment of a soil retention structures as vegetation withers or dies). Long-term
water shortages are likely to stress vegetation, specifically in forest and grassland ecosystems that
remove pollutants from the air, sequester and store carbon, and provide flood protection.

- In B.C’s Lower Mainland alone, it is estimated that the forest and grassland ecosystems provide
$3.2 billion annually in ecosystem services ($1.5 billion in climate regulation, $0.4 billion in air
purification, and $1.6 billion in flood protection) (Wilson, 2010).¢0

- Extrapolating to the entire province of B.C., grass and forested land provide ecosystem services
valued at of $137 billion.6!

Confidence: High

There are multiple sources of high-quality information on the severe impacts of a multi-year water
shortage to agriculture, tourism, and industry. It is likely that these estimates do not represent the full
range of economic consequences to the province and the exact costs to B.C. could differ (since some of
these estimates are outdated or come from other provincial or national estimates). The evidence
indicates, however, that a multi-year water shortage could result in losses that exceed $1 billion.

Loss of infrastructure services: 5

Multi-year water shortages may create prolonged disruptions of infrastructure services, including
electricity production and water and wastewater treatment facilities. Historically, water shortages in
Canada and the Pacific Northwest have reduced hydroelectricity production capacity, caused thermo-
electric plants t