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Executive Summary

USE OF THIS REPORT

The intent of this report is to:

1. Provide specific details of the assessment relevant to each City of Camrose department; and

2. Deliver an overall summary that can be communicated at a high level with City Council and Managers.

The report is prepared in the following sections:

1 The Executive Summary provides an overview that can be used to communicate at a high level the purpose and
the findings of the report. Detailed information is available within the report itself for reference.

1 The main body of the report contains the details of the risk assessment and adaptation action planning. The report
is organized as follows:
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Section 2 - Methods Used in the Risk Assessment.

Section 3 - Climate Projections with Likelihood Scoring.

Section 4 - Risk Assessment Results and Detailed Discussions.

Section 5 - Adaptation Actions Discussion.

Section 6 - Recommendations Providing Next Steps for the City to Consider.

Each Section in the Table of Contents has an active link that the reader can use to jump forward to a specific Section.
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EXECUTIVE SUMMARY

The scope of this project is to develop an understanding of climate vulnerabilities and risks to the City of Camrose’s
(the City) infrastructure using the Public Infrastructure Engineering Vulnerability Committee (PIEVC) Protocol,
developed by Engineers Canada; specifically, the High-Level Screening Tool. A social and local economy risk and
vulnerability assessment was also conducted to identify and prioritize risks facing the broader community and local
economy. The results of this risk assessment will guide critical action planning to ensure the City remains resilient to
future climate change impacts.

The study includes:

il Review the City’s key infrastructure assets;

il Identify a set of relevant climate hazards, stressors and trends based on present and future climate parameters
that are specific to the City of Camrose;

il Evaluate the level of risk facing infrastructure and the users/public;

il Evaluate the level of risks to vulnerable populations and businesses; and

il Identify a list of high-level adaptation measures to address key risks.

The overall process that this project adopted for the risk assessment is based on the ISO 31000’s principles of risk
management. The principles follow a systematic cycle of actions to create and protect the value of the community as
shown on Figure ES-1. In this project, the risk assessment is conducted on the basis that the City will improve,
communicate, and implement actions to protect and create value for the community.

Figure ES-1 Principals of Risk Management (1ISO3100)
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Another ISO guideline that has been used in this assessment is ISO 14092. Our approach to the climate risk
assessment employed a ‘best practice’ methodology, which is based on the “Climate Resilience Express — Community
Climate Adaptation Planning Guide” (https://mccac.ca/app/uploads/CRE_Planning-Guide_Final.pdf), which was
developed by All One Sky Foundation for the Municipal Climate Change Action Centre and the Climate Resilience
Capacity Building Program.

This project was led by Associated Engineering with input from All One Sky Foundation on the climate risk assessment
and adaptation planning to the community and local economy.

METHODOLOGY

Risk is generally discussed as a product of likelihood and consequence. Likelihood is described as the change that
hazards, events or conditions could occur. Consequence is the result of the event occurring in varying levels of
negative or positive impacts or effects.

In terms of climate risk, we begin to understand how the variability of climate patterns impact the built environment
and environment, and in turn, how this impacts the society. This is illustrated in Figure ES-2 below.

Figure ES-2 Risk Inputs
( —— )
Climate Likelihood
What are the likelihoods — today / tomorrow?
Weather What will be the impacts?
)
. )
Infrastructure & Consequence
Envkonment What are the consequences and how severe?
X Society Measure impacts and benefits here. )

The time horizons for assessment were chosen to align with the design life/expected lifecycle of the infrastructure, or
period of time before a planned retrofit or reassessment of climate impacts. This assessment considered the following
climate periods:

il 2020s (2020 — 2040 i.e., current conditions
i 2050s (2041 — 2070)
i 2080s (2071 — 2100)

Parameters were selected based on potential ongoing and future impacts to the physical infrastructure, as well as
impacts to operation and maintenance. In all cases, the Representative Concentration Pathway 8.5 (RCP8.5, i.e.
business as usual) scenario was chosen to reflect a worst-case scenario for the infrastructure. Climate parameters
investigated in this assessment include the following Table ES-1.
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Table ES-1 Climate Parameters

Climate Parameters Climate Sub-Parameters

1 High Average Summer Temperature
1 Low Average Winter Temperature
Temperature 1 Extreme High Summer Temperature
1 Extreme Low Winter Temperature
1 Freeze/Thaw Events
1 Drought
1 Extreme Rainfall
S 1 Persistent Precipitation
Precipitation
1 Extreme Snowfall
1 Hail Days
1 Average Precipitation
Maximum Wind Gust NA
River Flooding 1 Stoney Creek
Ice Accretion 1 Extreme Ice Accretion (Freezing Rain)
Wildfire NA
Tornado NA

The climate risk assessment was conducted for the following City’s assets (built infrastructure):
Stormwater;

Water;

Wastewater,

Waste Management;

Municipal facilities;

Fleet, Roads, Airport, and Transit;

Emergency Management;

Environment and Parks; and

= =2 =4 -4 8 4 5 -5 -9

Community (social aspect) and Local Economy.

The PIEVC High Level Screening (HLS) Tool was used to identify risks to the City’s infrastructure resulting from
climate change. As part of this discussion, operators and public users are also included in the risk assessment.
Subsequently, preliminary adaptation actions were identified for the City to consider in future land use planning,
engineering standards for design and construction, infrastructure assessment, asset management, and human resource
planning and programming. Bolstering the PIEVC HLS assessment, a climate risk assessment was completed focused
on the impacts of climate change on the social aspect of the community and local economy in City of Camrose. This
portion of the assessment was led by All One Sky Foundation.

Vi
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Executive Summary

The HLS tool has five main steps, as shown in Figure ES-3:

Step 1: Define Infrastructure

Step 2: Evaluate Climate Changes

Step 3: Conduct Risk Assessment

Step 4: Conduct Risk Reduction/Mitigation (Adaptation)
Step 5: Conclusions and Recommendations
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Figure ES-3 Project Process Overview
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The Project Definition was conducted in Workshop 1A and 1B. Workshop 1A was conducted to define the
infrastructure; the following was discussed:

il Climate change principles and parameters;
il The PIEVC tools and process; and
il Information required from the City.

In Workshop 1B, Tell Us About Your System, the City presented information on the assets, specifically the
components of each asset. For an example, the Stormwater components would be outfall, stormwater ponds, culverts,
ditch, and catch basins.

The Risk Analysis (Identification and Scoring) was conducted in Workshop 2 in the following five separate sessions:
Workshop 2A: Water, Wastewater, Stormwater;

Workshop 2B: Roads, Transit, Fleet, Airport;

Workshop 2C: Facilities;

Workshop 2D: Waste Management, Environment/Parks; and
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Workshop 2E: Community (social aspect) and Local Economy.

The Adaptation Action Planning was conducted in Workshop 3 in the following sessions:
Workshop 3A: Water, Wastewater, Stormwater;

Workshop 3B: Road, Fleet, Transit and Airport;

Workshop 3C: Waste Management, Environment/Parks;

Workshop 3D: Facilities and Properties; and
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Workshop 3E: Community (social aspect) and Local Economy.

Vii
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Risk Assessment Results
In presenting the risk assessment results, we sought to answer the following four key points of information:

1. Which infrastructure components are the most vulnerable? Based on the total risk score above average for
each component.

2. Which climate hazards have the highest impacts on the overall infrastructure? Based on total risk score
above average for each climate hazard.

3. What are the other individual infrastructure components with high-risk scores that are noteworthy?
What is the climate risk score trend from current to 2080s timescale?

The first two key points of information showed which climate hazards the assets may be most impacted.

The third key point of information identified other individual asset components with high-risk scores (over 20) that
should also be noted.

The fourth key point of information showed the interactions of the assets with climate hazards based on the
likelihood trend from current to 2080s. The results generally showed low score in current timescale, and it was not
until the 2050s where medium risk scores began to show and increased to high-risk scores in the 2080s as climate
change impacts are estimated to become more severe. However, some climate hazards showed a downward trend
impact on the assets.

In addition to the infrastructure components, building staff, operators, and public users were also included in the
discussion in terms of how climate hazards could impact them as operators and users of the infrastructure. The
discussion included accessibility, health and safety, and level of service. Emergency services (police, first responders)
were discussed based on how the service could be impacted by the climate hazards. For example, heavy and persistent
rainfall could cause flooding in major arterial roads, preventing emergency vehicles access.

Details of the risk results are presented in Sections 4.1 to 4.10 for each asset listed above. Section 4.11 focused on
the community (social aspects) and local economy discussion led by All One Sky Foundation. The following
summarizes the risk assessment results and analysis:

1. Impacts on Built Infrastructure

Each asset has several infrastructure components (e.g., catch basins, culverts, ponds, dams, etc.) that were assessed
individually, and each component has a risk score that identifies its level of vulnerability. The risk scores were
dependent on the number of components being exposed to climate hazards. The total risk scores were calculated to
show which components have the most risks and which climate hazards have significant impact.

Using this data, Figure ES-4 compares the total risk scores for all of City’s assets. The Figure shows that Environment
and Parks is the most vulnerable asset when compared to the other infrastructure. Water Treatment Systems and
Wastewater Treatment Systems are the next two most vulnerable assets in comparison; however, the risk scores are
nearly half of the Environment and Parks as there are fewer components exposed to climate hazards. Built
infrastructure including buildings, roads, bridges, and underground utilities often have lower risk scores as these
structures were designed to engineering standards that consider varying historical climate impacts. These designed
structures are therefore more robust compared to natural vegetation.

viii
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Figure ES-4 Overall Asset Comparison
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2. Impacts on Staff, Public, and Emergency Services

Various types of climate impacts on the City staff, public and emergency services were also assessed. These three
groups often showed high-risk scores and are vulnerable to the climate hazards.

il Operations and Maintenance Staff who work outdoors will be impacted by climate hazards. This will impact
their ability to conduct tasks and expose them to various types of health and safety hazards.

il Public Users will be exposed to climate hazards while using the services and facilities. Examples of risks
include freezing rain causing icy roads, overland flooding, fallen objects from heavy winds, cooling system
unable to keep up with hot temperatures, reduction in water consumption due to drought conditions. These
risks could result in adverse health impacts, bodily harm, or lost of revenue and/or property damage.
Vulnerable populations may be more at risk to the adverse effects of climate hazards.

il Emergency Services, similar to the operations and maintenance staff, will be exposed to the various types of
climate hazards while conducting their tasks. Their working conditions could be more hazardous, as they are
the first respondence to any emergencies. With extreme climate events, their exposure to high level of
hazards will be elevated.

3. Impacts on Community (social aspects) and Local Economy

In addition to the impacts discussed in Item 2, the highest climate impacts to the population are extended heat wave,
followed by prolonged drought, high wind, hail, increase cooling and heating cost. Particularly with senior and low-
income populations, they do not have the resources to guard against these climate hazards. Damage to the basic
services such as utilities, communication systems, transportation disruption, property, can also have a cascading
impact on people’s health and well being, as well as financial impacts. Examples of consequences discussed include:

il Health impacts;
q Loss of culture;

@
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Loss of recreation opportunities;
Increases costs of living;
Increases insurance costs; and
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Lost revenues/business.

There were also outcomes noted with increasing warming trends that may provide opportunities for businesses,
assets, and social aspects. These include:

q Warmer winters;
il Longer shoulder seasons; and
q Less freeze/thaw events.

Adaptation Planning
The Community Climate Adaptation Planning Guide developed by All One Sky Foundation was used in guiding the
discussion. The recommended options for adaptation actions were listed in the following:

1. No Action — no additional actions required; business as usual.

2. Conduct Research, Studies, or Assessments to obtain further information on the nature of the risk to better
inform the decision-making process.

Update Policies, Plans, Standards, Guidelines or Bylaws that considered climate risks and opportunities.
Modify Operations and/or Maintenance Schedules, and Activities that considered climate impacts.
Build New or Upgrade Existing Infrastructure to provide protection against climate risks.

Increase Awareness and Education to help community better understand risks and adaptation actions.

N o o~ w

Incorporate Emergency Management such as response and evacuation planning, hazard mapping, and early
warning or alert systems.

8. Consider Human Resourcing options and evaluate the need for additional staff time allocated to climate
adaptation planning, implementation and establishing task force.

Associated Engineering facilitated the discussions during Workshops 3A to 3D which identified the adaptation actions
for each asset. These actions were examined for the medium to high-risk climate impacts. The discussions were
summarized and tabulated in Appendix B for each asset. Each summary table highlights the following:

il Recommended adaptation actions;
il Time frame of implementation; and
il Climate hazards scores (medium to high-risk).




Executive Summary

The time frames were grouped into:
il 0 to 5 years as immediate to short-term; and
il 5 to 10 years for longer term implementation.

For Socio-Economic discussion, Table 5-1 in the main body of the report (Section 5.2), provided 23 recommended
actions to be implemented by the City to manage high priority climate change risks affecting the local economy and
community. For each recommended action, time frames were provided for implementation.

The assessment showed that out of the 23 recommended actions, 12 were relevant to Heat Management. Five of the
actions have listed all climate impacts with strategies to have cross cutting effort to inform, improve communications
and coordination between local organizations for more efficient response to risk reduction.

Recommendations

The risk assessments and adaptation actions provided an overview of the risk and vulnerabilities of the built
infrastructure and the socio-economic aspects for the City. The assessment enabled the City to identify high-risk areas
and allocate resources to take actions in preventing, reducing or eliminating potential risks. The assessment focused
on the City’s current condition and how the assets fared with future projected climate hazards. The following
recommendations for consideration as Next Steps:

1. Prioritize Actions. The risk assessment results showed high-risk assets, and these can be priority items to address
and implement risk treatment actions. When criticality scoring was applied, it showed that a high risk for one asset
category becomes a lower priority. Priority rankings based on criticality of the infrastructure to the City are shown
on Figure ES-5. A list of recommended actions has been provided for the City to consider and implement. City can
consider starting with low cots actions and those that can be implemented along with planned policy or bylaw
updates, and/or mainstreamed into the infrastructure renewal, community planning and development projects.
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Figure ES-5 Critical Infrastructure Ranking
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2. Cross Cutting Discussion and Information Sharing. The City is encouraged to share this information with other
relevant departments and inform asset managers for future planning. Furthermore, the cross-departmental
discussion can help to identify, assess, and address common problematic areas to protect assets.

Table ES-2 Cross Cutting Adaptation Actions Applicable to All Departments/Corporations

All Departments/Corporation

Increase public engagement and community awareness of climate change impacts and adaptations through public
open houses, schools and other discussion forums.

Increase cross-departmental collaboration and information sharing to improve management of climate change risks
and opportunities.

Increase education and public awareness of the health and safety impacts of climate change.

Create and disseminate climate related risk maps across City departments, and to residents, businesses and other
organizations to support more resilient development and planning.

Develop an education and awareness program to increase understanding of the benefits of local food production,
and appreciation of local food.

Employ an adaptive management approach to climate adaptation planning.

Increase staff training on climate change impacts and adaptations across all departments.
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All Departments/Corporation

Increase the resilience of City buildings to climate hazards and extreme weather, for example through updates to
the City’s development process, including zoning, planning and permitting.

Integrate climate change science and concepts into school curriculums.

Promote densification in all City planning and developments.

Promote sharing of City maps and emergency information to improve emergency response.
Promote the use of renewable energy sources in homes and buildings.

Avoid flood prone areas through zoning, planning and development restrictions.

3. Monitor, Assess, and Update Risk Scores and Adaptation Actions. The City is encouraged to identify performance
or tolerance threshold (e.g., temperature, precipitation) of the asset so that it provides a baseline for monitoring.
As the City improves or make modifications to reduce the risks and vulnerabilities to the assets, the adaptation
plans can be updated. This encourages improvements and furthering the reduction and removal of risks.

4. Continual Review of Climate Data. The City, overtime, should also monitor the ongoing evolution of climate
projections. This will allow the City to update the risk score and evaluate its vulnerabilities and exposure based on
current and science-based information. Adaptation actions will be adjusted accordingly while staying flexible and
adaptable to the potential market fluctuations.

6 xii
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1 INTRODUCTION

11 Project Background

The City of Camrose (the ‘City’) would like to develop an understanding of the

high-risk climate vulnerabilities and risks. The results of this risk assessment Municipal

will guide critical action planning for a resilient community and reducing the Climate Change
impacts of climate change. The City is conducting this work with funding from Action Centre

Municipal Climate Change Action Centre (MCCAC) Climate Resilience
Capacity Building Program.

A series of risk identification and assessment workshops was conducted with the City using the Public Infrastructure
Engineering Vulnerability Committee (PIEVC) Protocol, developed by Engineers Canada. The assessment was
conducted on the following assets and areas:

Stormwater;

Water;

Wastewater,

Waste Management;

Municipal facilities;

Fleet, Roads, Airport, and Transit;
Emergency Management;
Environment and Parks; and
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Community (social aspects) and Local Economy.

Further to the above list of assets, operational staff, building staff, and public users were also included in the
assessment. A socio-economic risk assessment was conducted on a qualitative basis as part of the project.

1.2 Purpose

The purpose of this assessment is to conduct a climate-based risk analysis and provide an overall climate risk map for
the City’s key infrastructure, as noted above. The assessment is within the City’s boundary as shown on Figure 1-2.
The results of this study will assist the City to incorporate climate risks discussion and adaptive measures into future
land use planning, engineering design standards, operational practices, infrastructure assessment, and human resource
programming. The assessment included:

il Reviewing City’s key infrastructure assets;

il Identifying a set of relevant climate hazards, stressors and trends based on present and future climate
parameters that are specific to the City of Camrose;

il Evaluating the level of risk facing each infrastructure; and

il Identifying a list of high-level adaptation measures to address key risks.
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1.3 International Standard Guidelines (1ISO)

The risk assessment process that this project adopted is based on the ISO 31000'’s principles of risk management. The
principles follow a systematic cycle of actions to create and protect the value of the community. Figure 1-1 illustrates
the process starting from integration of organizational activities that requires the collaboration of all departments,
using a structured approach to assess risk that is customized for the appropriate context. The discussion is also
inclusive and dynamic, drawing from evidence-based information. Finally, the risk management process identifies a
continual improvement through leaning and experience.

Figure 1-1 Principals of Risk Management (ISO 31000)

Continual Improvement Integrated

Continually improved through
learning and experience.

An integrated part of organizational

@ Tﬁr activities

Human & Cultural Factors Structured / Comprehensive

Takes account of behaviour and
cultural considerations

A structured and comprehensive
approach to risk management leads
to consistent and comparable
results

Customized

Value Creation
and

Best Available Information Protection

Processes are customized and
proportionate to context and
objectives

Evidence based drawing on
historical and current information
and future expectations

Dynamic Inclusive

Recognizes the changing nature of risk
and anticipates, detects and responds to
changes in a timely manner

Includes timely involvement of
stakeholders

Another ISO guideline that was consulted is ISO 14092. Our approach to the climate risk assessment employed a ‘best
practice’ methodology, which is based on the “Climate Resilience Express — Community Climate Adaptation Planning
Guide” (https://mccac.ca/app/uploads/CRE_Planning-Guide_Final.pdf), which was developed by All One Sky
Foundation for the Municipal Climate Change Action Centre and the Climate Resilience Capacity Building Program.
Our work is also aligned with the recently published International Standards Organization (ISO) guideline 14092:
Adaptation to Climate Change—Requirements and guidance on adaptation planning for local governments and
communities, and with the Intergovernmental Panel on Climate Change’s (IPCC) latest conceptualization of climate risk
assessment methods.

1.4 Assessment Limitation

Risk is defined as the product of the likelihood of the “impact” and the consequence of the “impact” on the system.
The “impact” in this discussion referred to the climate change impacts or climate hazards. Vulnerability is defined as
how the system fares against the climate hazards when exposed. It can also be viewed as the ability of the system to
absorb the inundation of the climate hazards. In other words, vulnerability is the inability of a system to cope with the
adverse effects of climate change and the climate variability. The sensitivity of the system when exposed to the
climate change is often evaluated based on level of use, service life/age, maintenance/operations costs, and
replacement costs. Adaptive capacity is assessed based on time and cost for the system to resume to its original
service.

1-2
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1 - Introduction

In this report, vulnerability was not assessed in detail as noted above, but only qualitatively within the consequence
scoring. During consequence scoring, which took place in workshops, the City of Camrose staff were asked how their
systems (infrastructure) will behave when exposed to the various climate hazards at their current conditions. Their
qualitative assessment was based on their engineering/technical experience and their understanding of their
assets/infrastructure. This Qualitative Vulnerability discussion, coupled with the risk assessment, provides an overall
understanding of the current status of the City’s infrastructure. This initial mapping of risk will allow the City to
formulate a more focused and detailed risk and vulnerability assessment of each infrastructure components beyond
this report.

The Community (social aspects) and Local Economy discussion in

the report is qualitative in nature. The quantitative assessment is

outside the scope of this project. However, the results of discussion i
can inform future assessment if the City chooses to assess the

impacts on a monetary basis.

Scope, Context, Criteria

Risk Assessment

<

Risk
Identification

Risk
Analysis

Risk
progression from Risk assessment to treatment that will require Evaluation

The Adaptation measures identified in this report will provide the
City will potential activities to consider, plan and implement. The
international standard for risk management, ISO 31000 shows the

Consultation
MBINSY pue Buriojuopy

Communication and

monitoring, review, consultation, and communication (Figure 1-2). In — —
this project, we have taken the first step to identify risk reduction &
and treatment. Beyond this project, the City would then need to @

take the future steps to identify the site specific risk reduction

strategies and activities in future details.

15 Organization of the Report Figure 1-2 ISO 31000 Risk Management

This report is organized in the following way: Process (High Level Screening)

il Section 2: Provides an overview of the process undertaken for the Resilience Assessment, including the PIEVC
High Level Screening (HLS) process overview and an overview of the risk analysis.

il Section 3: Reviews the climate trends and projections.

il Section 4: Outlines the assets for each infrastructure category, the risk assessment and resulting potential
impacts.

il Section 5: Presents a preliminary list of adaptation actions.

il Section 6: Reviews the work completed and provides recommendations for next steps.
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Figure 1-3 City of Camrose Study Boundary
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1.6 Use of Report

This report is written such that the reader will only have to read the asset that is relevant to their work or operations
or the risk assessment and results. The City has two uses for the report:

il Departmental with details of the assessment;

il Corporate summary that can communicated at a high level with Council and managers.

Based on this request, the following sections are as follows:

q The results and detailed discussions are found in Section 4. In Section 4, each asset has its own risk discussion
that include the following:
i Description of the asset components.
i Risk assessment results based on the PIEVC HLS Tool conducted in Workshops Series 2. The results

are presented to answer four separate questions listed in Section 3 of this report.

il For adaptation, Section 5, the report shows commonality of actions and provide short, medium and long-term
as the initial priority consideration.

il Lastly, Section 6 provides recommendations for next steps for City to consider.
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2 METHODOLOGY

The project was conducted in the phases shown in Figure 2-1 below.

Figure 2-1 Project Overview

SRS

2 €
% i

L Project —— = 2 Dsta — 3 Risk ———— 4 Assessment —— 5. Conclusions and
definition collection Analysis and adaptation recommendations

measuras

During Project Definition, Workshop 1A, Associated Engineering provided a discussion of climate change principles
and parameters, the PIEVC High Level Screen (HLS) tools and process, and information gathering requirements. The
information gathering process was mainly to understand the major components and function of City’s assets. The City
presented the information of the assets in Workshop 1B, Tell Us About Your System, which informed the subsequent
Risk Assessments, Workshop 2.

Workshop 2 Series, Risk Assessment, consisted of five separate sessions:
Workshop 2A: Water, Wastewater, Stormwater;

Workshop 2B: Roads, Transit, Fleet, Airport;

Workshop 2C: Facilities and Properties;

Workshop 2D: Waste Management, Environment/Parks; and

= =2 =2 =4 =

Workshop 2E: Community (social aspects) and Local Economy.

Workshop 3 Series, Risk Reduction/Treatment (Adaptation), was conducted in the following sessions:
Workshop 3A: Water, Wastewater, Stormwater;

Workshop 3B: Road, Fleet, Transit and Airport;

Workshop 3C: Waste Management, Environment/Parks;

Workshop 3D: Facilities and Properties; and

= =2 =2 =2 =

Workshop 3E: Community (social aspects) and Local Economy.

2.1 Risk Identification and Assessment

Risk, in general, is discussed in terms of likelihood and consequences. The likelihood is described as the hazards,
events or conditions that could occur, and consequence as the result occurring in varying levels of negative or positive
impacts or effects. In quantitative terms, risk is evaluated as the product of the likelihood and consequence.

In terms of climate risk, we begin to understand how the variability of climate patterns impact the built environment
and environment, and in turn, how this impacts the society. This can be illustrated in Figure 2-2 below.

2-1
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Figure 2-2 Risk Inputs
. . )
Climate Likelihood
What are the likelihoods — today / tomorrow?
Weather What will be the impacts?
)
)
Infrastructure & Consequence
Envionment What are the consequences and how severe?
L Society Measure impacts and benefits here. )

For this project, the PIEVC HLS tool was used in assessing the built infrastructure. The socio-economic risk
assessment used the same risk concept, but the PIEVC Tool was not used. The methods are discussed in the following
sections.

2.2 Assets ldentification

The municipal owned assets that were assessed are:
Water,

Wastewater;
Stormwater;

Waste Management;
Municipal facilities;

Fleet, Roads, and Transit;
Airports;

Environment;
Emergency management;
Public users; and

=2 =2 =4 -4 8 4 5 -4 8 5 -

Operational staff.

While Emergency Management is not a “built” asset, this service is are critical to the function of the City. During the
workshops, Emergency Services were included in all categories and assessed for risks. Similarly, operational staff, and
public users are included in the risk assessment.

2.3 Climate Likelihood Scoring

The likelihood scoring in PIEVC High Level Screening was based on the climate projections. The climate parameter
trends and projections were translated into likelihood scores (L), with increasing/decreasing values reflecting
increasing/decreasing occurrence over the specified time horizon. Translation into likelihood scores normalized the
various climate change trend measures into a common numerical ranking. For each climate parameter, an appropriate
likelihood score was applied to determine the direction-of-change for potential impact. Table 2-1 lists the method for
determining climate likelihood scores. For the City of Camrose assessment, we have used the PIEVC Middle Baseline
Approach for likelihood scoring.

2-2
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Table 2-1 PIEVC Likelihood Scoring

Middle Baseline Approach -

Establish Base Method

Likelihood Score (L)

Likely to occur less frequently
than current climate

2
bl Likely to occur as frequentl
3 Current Climate Baseline Y . d y
as current climate
Per Parameter

4 |

I Likely to occur more frequently
5 | than current climate

|

v

2.4 Consequence Scoring

Using the defined infrastructure and climate parameters, this assessment was completed by evaluating the
consequences of an interaction between each climate parameter and infrastructure component. The determination of
consequence was guided by a simplified PIEVC technique shown in Table 2-2.

Table 2-2 PIEVC Consequence Scoring Method
0 No effect
1 Insignificant
2 Minor
3 Moderate
4 Major
5 Catastrophic

2-3




City of Camrose

2.5 Risk Scoring

Using the likelihood and consequence scoring, the final risk score for each infrastructure component falls on a scale

between 0 and 25 (refer to Figure 2-3):

q Between 0 and 9 are considered low risk;
il Between 10 and 19 are considered medium risk ( ); and
il Between 20 and 25 are considered high-risk (red) items.

Upon completion of the risk assessment, the risk
scores across all climate-infrastructure interactions
were assessed.

This review was completed to establish confidence
in the professional judgement employed in the
process, as well as to identify any unexpected or
surprising results in terms of risk. Unexpected
results were not necessarily erroneous, as

they highlighted where climate changes were

anticipated to introduce new issues and challenges.

The results of the assessment for each
infrastructure category were compiled on a master
worksheet, along with comments on the rationale
for individual component consequence scoring as
shown the example Figure below. Section 4
describes the results of the assessment

2-4
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4 Major 0 4 8 12 16
8
3 = Moderate 0 3 6 9 12 15
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2 Z Minor 0 2 4 6 8 10
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1 Insignificant 0 1 2 3 4 5
0 No Effect 0 0 0 0 0 0
Negligible Highly Unlikely Remotely Possible Somewhat Likely Likely
Not Applicable Improbable Possible Occasional Normal Frequent
LIKELIHOOD
0 1 2 3 4 5
Figure 2-3 Risk Assessment Matrix Example Scoring
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Figure 2-4 Example — Risk Assessment Worksheet

Conseqguence Score
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Community (Social) and Local Economy Assessment

For this category, the PIEVC High Level Screen (HLS) tool was not used as it is more suited for built infrastructure. All
One Sky Foundation, our sub-consultant, conducted a qualitative risk assessment with the City that considered
climate related events and trends that could result in direct and indirect impacts to the people. Similar to the PIEVC
HLS tool, this process also used the basic concept of Risk is a product of Likelihood and Consequence. Note the
assessment was limited to:

T

T

Impacts arising from projected climate changes to the 2060s (2051-2080) time period, under a high
greenhouse gas emissions scenario (RCP 8.5)%.

Impacts within the geographic boundaries of the City of Camrose.

Impacts related to changes in the climate. The assessment did not consider impacts related to, for example,
provincial policy or legislative changes, broad economic impacts, or impacts related to demographic or
population changes that might affect the workforce, etc.

Impacts on the City of today. While climate projections were considered out to the 2060’s, the changes were
considered in terms of the City today, in terms of exiting development, land use patterns and resource
capacity. The goal was to overlay the future climate on the Camrose of today. Doing so, allowed the climate
adaptations to be determined and implemented within the City’s timeline.

Impacts that are worsening (becoming more frequent or severe) as a result of climate change. Climate change
impacts that are improving with climate change, such as extreme cold events, snowstorms, and freeze-thaw
cycles, were not included within this scope. Climate change may also provide some benefits, in terms of
increased opportunities for recreation or agriculture. These potential benefits were also excluded.

1 RCP (Representative Concentration Pathway) 8.5 is a "business as usual" scenario and assumes that world greenhouse gas
emissions continue to increase at current rates through the end of the century.

(/i
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The Climate Risk Assessment Method involved:

1. Identifying potential climate change impacts. These are the ‘climate impact scenarios’ outlined in Section 3.
2. Assigning a likelihood score to each climate impact scenario using the scale at Table 2-3. Likelihood scores
were calculated for each climate impact scenario based on modelled climate change projections for the City,
historic event occurrence, published research/studies, and/or professional judgement of the project team.
3. Assigning a consequence score to each climate impact scenario using the scale at Table 2-4. The
consequences of each climate impact scenario were discussed, and a score assigned, at the Workshop on
October 6, 2022.
4. Combining the likelihood and consequence scores to produce an overall risk score for each climate impact
scenario.
Table 2-3 Likelihood Scale
Score Descriptor Likelihood/Probability
1 Rare Impact scenario is expected to happen less than once every 100 years
(annual chance < 1% in 2050)
5 Uniikel Impact scenario is expected to happen about once every 51-100 year
y (1% & annual chance < 2% in 2050)
3 Possible Impact scenario is expected to happen about once every 11-50 years
(2% & annual chance < 10% in 2050)
4 Likel Impact scenario is expected to happen about once every 3-10 years
y (10% & annual chance < 50% in 2050)
5 Almost Certain Impact scenario is expected to happen once every two years or more frequently
(annual chance A50% in 2050)
2-6
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Descriptor

Very low

Low

Medium

High

Very high
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Table 2-4 Consequence Scale
Description

Negligible impact on health & safety and quality of life for residents.

Very minimal impact on local economy.

Financial loss equal to <1% tax impact.

Negligible impact on vulnerable groups (low income, seniors, rants, older adults,
children, vulnerable occupations, persons with disabilities and persons with pre-
existing chronic medical conditions) and on existing disparities, inequalities and

deprivation.

Low impact on health & safety and quality of life for residents.

Minimal impact on local economy.

Financial loss equal to >1% tax impact.

Minimal impact on vulnerable groups (low income, seniors, rants, older adults,
children, vulnerable occupations, persons with disabilities and persons with pre-
existing chronic medical conditions) and on existing disparities, inequalities and
deprivation.

Some injuries, or modest temporary impact on quality of life for some residents.
Temporary impact on income and employment for a few businesses, or modest
costs and disruption to a few businesses.

Financial loss of between 3% and 5% tax impact.

Some vulnerable groups are disproportionately affected, exacerbating existing
disparities, inequalities and deprivation.

Short-term community interruption and/or localized evacuations.

Serious injuries or illnesses, some fatalities, or long-term impact on quality of life
for most residents.

Mid to long-term impact on businesses and economic sectors, major economic
costs or disruption.

Financial loss equal to >5% tax impact.

Numerous vulnerable groups are significantly affected resulting in long-term
increases in existing disparities, inequalities and deprivation.

Mid to long-term community interruption and/or widespread evacuations.

Many serious injuries or illnesses, some fatalities, or long-term impact on quality
of life for most residents.

Long-term impact on businesses and economic sectors, major economic costs or
disruption.

Financial loss equal to >10% tax impact.

Large vulnerable groups are significantly affected resulting in long-term
increases in existing disparities, inequalities and deprivation.

Long-term community interruption and/or widespread evacuations.
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The end result of the risk assessment was a climate risk matrix (Table 2-5), which delineated between risks that pose
an unacceptable threat to the City, and those that do not. The results of the climate risk assessment are provided in
Section 4.

Table 2-5 Risk Matrix
E\ )
g %’ MEDIUM MEDIUM HIGH
=
-%’ MEDIUM MEDIUM HIGH
L
o | 5
E 2 LOW MEDIUM MEDIUM HIGH HIGH
) =
o
|
)
% LOW MEDIUM MEDIUM
@]
LOW LOW LOW
. . ) Almost
Unlikely Possible Likely .
Certain
LIKELIHOOD

2-8




City of Camrose

3 CLIMATE PROJECTIONS

3.1 Climate Data

The climate data availability within Canada has rapidly evolved and access to datasets are now more readily available
and organized for use; Canada has several data sources where historical climate data and future climate projections
can be obtained. The PIEVC High Level Screen (HLS) Guideline indicated that although Climate data are now available
in higher spatial and temporal resolution, there are remaining differences in availability of historical climate data sets
may lead to gaps in overall understanding of baseline climate information for some climate parameters and geographic
areas. When this occurs, it is possible to use proxy datasets and modelled data to cover the gaps. Complex parameters
include wind gusts, extreme and complex precipitation events, snowfall. Table 3-1 lists the climate data sources
available. For this Assessment, the Climate Atlas of Canada and Climate Data Canada were used to obtain data and
projections.

Table 3-1 Climate Data Sources
Climate Portal Name Source Link
Climate Atlas of Canada Prairie Climate Centre https://climateatlas.ca

Environment and Climate Change
Climate Data Canada Canada/ OURANQS/ CRIM/ PCIC/ https://climatedata.ca
Prairie Climate Centre

Downscaled Climate Environment and Climate Change https://climate-

Scenarios Canada change.canada.ca/climate-data/#/
e . https://www.pacificclimate.org/analysis

PCIC Plan 2 Adapt Pacific Climate Impacts Consortium P P g 4

-tools/plan2adapt

https://www.pacificclimate.org/analysis

PCIC Climate Explorer Pacific Climate Impacts Consortium L
-tools/pcic-climate-explorer
. . . https://www.ouranos.ca/climate-
Ouranos Climate Portraits Ouranos Consortium P .
portraits
3.2 Timescale and Parameters

The infrastructure assessed have varying lifecycles ranging from 15 to 100 years from present. Table 3-2 shows the
typical lifecycle of assets as a starting point for risk assessment.
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Table 3-2 Typical Lifecycle

Elements Expected Lifecycle

Base system 50-100 yrs.
Refurbishment 20-30 yrs.
Reconstruction 50 yrs.

1 Dams/Water Supply

Base system 100 yrs.
Major upgrade 50 yrs.
Components 25-50 yrs.

I Storm/Sanitary Sewer

Road surface 10 -20 yrs.
Bridges 50-100 yrs.
Maintenance annually
Resurface concrete 20-25 yrs.
Reconstruction 50-100 yrs.

1 Roads/Bridges

Retrofit/alterations 15-20 yrs.

Houses/Buildings
q u uilding Demolition 50-100 yrs.

= = =A =4 =4 =4 = = = = =A =4 =4

For this project, the time horizons for assessment were chosen to align with the design life/expected lifecycle of the
infrastructure, or period of time before a planned retrofit or reassessment of climate impacts. This assessment
considered the following climate periods:

il 2020s (2020 — 2040) i.e., current conditions
i 2050s (2041 — 2070)
i 2080s (2071 — 2100)

Parameters were selected based on potential ongoing and future impacts to the physical infrastructure, as well as
impacts to operation and maintenance. In all cases, the Representative Concentration Pathway 8.5 (RCP8.5, i.e. upper-
end, business as usual) scenario was chosen to reflect a worse-case scenario for the infrastructure. Climate parameters
investigated in this assessment are noted in Table 3-3 below:

Table 3-3 Climate Parameters

Climate Parameters Climate Sub-Parameters

f
f
f
f
f
f
f
il
il
il

Summer Mean Daily Temp (5C)
Winter Mean Daily Temp (3C)

Days above +30°C

Warmest Maximum Temperature (3C)
Days below -30°C

Coldest Minimum Temperature (5C)
# Freeze/Thaw Events

Temperature

Annual Total Precipitation (mm)
Maximum 5-day Consecutive Precipitation (mm)
Maximum One-Day Precipitation (mm)

Precipitation
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Climate Parameters Climate Sub-Parameters

il
f
f
il

Winter Precipitation

Severe Summer Hail Days (% Change Relative to Present)

Years >/=1 Freezing Rain Warnings

Drought - Relative Standardized Precipitation Evapotranspiration Index-
based Drought Severity Scale for Agricultural Growing Season (May-
August)

River Flooding

River Flooding Creek Flow

Wildfire Risk - Climate Moisture Deficit

Wildfire Wildfire Smoke - Climate Moisture Deficit

Heavy Winds Mean # days/year with Daily Peak Wind >70 km/h

Tornado To