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Structure 

This meta-analysis is organized into three volumes: 

Volume 1 – Summary Report 

Volume 2 – Case Studies  

Volume 3 – The Role of Codes and Standards  
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Executive Summary  

This report summarizes a meta-analysis of completed PIEVC assessments and provides practical 

insights that can help inform climate change vulnerability and risk assessment (CCVRA) work for 

users of the PIEVC-based approaches. It highlights climate vulnerabilities in Canadian 

infrastructure, explores the contributions of the PIEVC Family of Resources', including the PIEVC 

Protocol, and suggests enhancements for CCVRA practices.  The objectives of the meta-analysis 

are to: 

- Create and validate an approach and develop an analytical framework to review and 

draw lessons from publicly available PIEVC assessment reports.    

- Characterize, analyze, compare, and draw conclusions from PIEVC reports about 

infrastructure vulnerabilities; adaptation measures; strengths, weaknesses, limitations, 

and important enablers of PIEVC assessments; and potential priority areas for policy, 

regulatory, or codes and standards-related improvements. 

- Develop recommendations related to the assessment and management of climate risk 

and resilience for infrastructure addressed by PIEVC assessments. 

The meta-analysis included five phases:  

1. Developing and validating an analytical framework,  

2. Creating a database,  

3. Conducting a desktop analysis of 71 assessments across Canada,  

4. Performing an in-depth analysis of a subset (15) assessments including interviews with 

infrastructure owners and other involved members, and  

5. Reporting the findings.  

Twelve (12) case studies were developed reflecting various project stages, assets, and locations 

based on interviews and in-depth research analysis. 
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PIEVC Methodology Findings   

The PIEVC Protocol is the most referenced of the PIEVC Family of Resources, followed by the PIEVC 

High Level Screening Guide (HLSG). A clearly defined project scope, including supporting 

infrastructure, funding requirements, and consistent methodology is critical for the success of 

assessments. Developing and communicating scope with interested parties can help meet 

expectations and manage scope creep.   Further insights and advice for practitioners are provided 

for elements such as climate hazard indicators, emissions scenarios, time horizons, participant 

engagement, and risk scoring methodologies. Engagement, including workshops, is one of the 

most beneficial aspects of the PIEVC process, providing opportunities to better understand 

impacts with real-world experience and increase the awareness of climate change and capacity to 

adapt for participants.   

Factors Influencing Vulnerability and Resilience 

Common characteristics influencing the vulnerability and resiliency of infrastructure to extreme 

weather and climate change drive performance response and provide a basis for setting risk 

criteria and consequence analysis. Specific characteristics and insight are provided for the 

following categories:  

- Condition, including age and presence of upgrades,  

- Design and Functionality, including insufficient load and functional capacities and low 

impact development, 

- Emergency Response, including operational challenges and back-up power and 

generation,  

- Policy and Governance, including compliance with regulations and community 

engagement, 
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- Geography, Landscape, and Land Use, including proximity to water and natural features 

and vegetation.  

Trends and Patterns in Climate Risk  

PIEVC assessments are prioritization exercises to identify, characterize, and rank climate change 

risk. This meta-analysis focused exclusively on identifying high risks in assessments while also 

examining why other assessments showed none.  Among the different types of assessments, those 

for airports had the highest number of identified high risks, whereas coastal infrastructure 

assessments had the lowest. The primary parameters linked to high-risk interactions were 

humidity, heat, and heavy rainfall. Notably, heat- and heavy rainfall-related parameters were the 

most frequently used parameters across assessments. Buildings had the highest number of 

climate parameters (21) that resulted in high risks, compared to only two for flood protection 

infrastructure. Assets with high risks associated with multiple hazards can be challenging to 

develop comprehensive recommendations for; however, many recommendations can increase 

resilience to multiple hazards. 

Recommendations 

Recommendations in PIEVC Assessments typically fall into four categories: Remedial, 

Management, Policy and Additional Study. Almost all assessments recommended Remedial 

measures (e.g., adding secondary overflow drainage systems) and Additional Studies (e.g., 

hydrological studies) specific to the systems being assessed. In addition to recommendations for 

upgrading or hardening assets, many also focused on interventions such as increased 

maintenance practices (Management measures) that can improve resilience without costly 

interventions.   Importantly, almost half (47%) of assessments included a Policy recommendation 

to update system-specific design or material specifications. 
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Common Benefits and Challenges for CCRVAs 

This meta-analysis identified various benefits of conducting CCVRAs using the PIEVC Protocol. 

The benefits include: 

• Increased knowledge and capacity building and engagement, allowing for diverse 

perspectives and holistic resilience strategies beyond the initial assessment phase;  

• A structured yet and flexible process that allows assessments to be embedded into 

broader initiatives such as Adaptation Strategies;  

• Confirmation and consolidation of information to better understand climate change 

impacts on operations and assets, streamlining adaptation planning; 

• Demonstrated commitment to action and identified priorities to successfully apply and 

secure implementation funding; and  

• Actionable recommendations for addressing the most significant vulnerabilities and risks 

and maximizing the impact of limited resources. 

The challenges identified include: 

• Time and resources required;  

• Access to climate data and approaches to analysis;  

• Access to other data such as social, economic, and environmental factors;  

• Conceptual understanding of core concepts; and  

• Collaboration across disciplines. 

From Climate Risk to Climate Action 

The case studies identified how many organizations have moved forward with implementing 

adaptation measures identified during PIEVC assessments. Establishing a strategic plan to 

seamlessly transition from climate risk to climate action is essential, leading some organizations 
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to incorporate implementation planning processes directly into their CCRVA process. Others have 

successfully implemented remedial, management, additional study and policy measures 

independent of overarching implementation plans. In many cases, PIEVC assessments resulted in 

climate actions extending beyond the most immediate recommendations of the assessment, 

incorporating results into Master and Adaptations Plans and Asset Management initiatives.  

Many enablers and obstacles were identified as organizations transitioned from climate risk to 

climate action. Enablers included prior experience with adverse consequences from climate 

hazards, involving a multidisciplinary project team from the beginning of the CCRVA process, 

demonstrating tangible benefits through financial analysis, having a climate change and 

sustainability champion on the team, and recognizing the criticality of the infrastructure to the 

broader community. Obstacles included challenges in securing funding for costly remedial 

upgrades, getting buy-in from communities and municipal governments, and prioritizing risks 

amidst multiple high-risk interactions and limited resources.     

Lessons Learned  

It is important to document everything, from risk assessment to climate action. Following the 

implementation of adaptation measures, it is essential to monitor, document, and report on the 

performance of these measures, as well as any obstacles and challenges. These steps are crucial 

to keep track of progress, enable process repetition, and inform learning and best practices. 

Climate change adaptation is an iterative process not just because of the changing nature of 

climate system but also as a learning process. With increased knowledge and experience, we can 

continuously improve the CCRVA process, climate action, and monitoring and reporting 

progress.   
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Terminology 

Several terms related to PIEVC are used throughout this report. PIEVC (pronounced PIE-VEE-SEE) 

is the trademark used by an Alliance established to promote climate risk assessment. PIEVCTM is 

owned and operated by an alliance of the Institute for Catastrophic Loss Reduction (ICLR), the 

Climate Risk Institute (CRI) and Deutsche Gesellschaft für Internationale Zusammenarbeit (GIZ) 

GmbH. Originally, PIEVC was a committee established in 2005 by Engineers Canada, with support 

from Natural Resources Canada. It was called the Public Infrastructure Engineering Vulnerability 

Committee (PIEVC). The Committee oversaw the development of a Protocol for evaluating climate 

risk. The Protocol has been used in hundreds of climate risk assessments across Canada and 

around the world. In 2020, the PIEVC Alliance assumed ownership of the PIEVCTM Program. 

The PIEVC Protocol is a set of documents 

describing a process of climate and 

infrastructure risk assessment. This Protocol 

has been used since 2008. The PIEVC Family 

of Resources refers to both the PIEVC 

Protocol and other resources that have been 

released since 2020. Each resource in the 

“Family of Resources” remains true to core 

PIEVC principles. A new version of the PIEVC 

Protocol was developed and released in 2024.

To learn more about the PIEVC Program, visit www.pievc.ca. 

 

 

 

 

 

 

 

 

 

 

Figure 1: PIEVC family of resources 
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1. Introduction  

 About this report and intended audience  

This report is intended to summarize a meta-analysis of previously completed assessments that 

use the approach outlined in the PIEVC Family of Resources. This report was produced to provide 

practical insights that can help inform the work of vulnerability and risk assessment practitioners 

and infrastructure owners and operators who use or plan to use the PIEVC-based approaches. The 

report is based primarily on information sourced from publicly available reports found on PIEVC.ca 

and interviews with experts. This report is designed to be accessible to a wide audience. While it 

is assumed that readers possess some foundational knowledge of the PIEVC Family of Resources, 

efforts have been made to include explanations and context throughout the report.  

The purpose of this report is to provide a picture of climate vulnerabilities across a range of 

infrastructure types in Canada, characterize how the PIEVC Family of Resources have contributed 

to their assessment and management, and identify options to further support climate change 

vulnerability and risk (CCVRA) assessment-related practices.  

This meta-analysis did not attempt to assess the accuracy of the results of any assessment.  While 

some comparisons can be made across reports, each report includes unique considerations for 

the specific infrastructure that was assessed. High or low vulnerability and risk scores for one 

assessment can help inform the overall picture, across PIEVC assessments, of climate change 

vulnerability and risk. These findings should not be interpreted to imply that similar asset types 

will inherently share the same level of vulnerability or risk. The location, condition, design, and 

other infrastructure-specific and contextual factors can result in distinctly different vulnerability 

and risk profiles across two or more infrastructure systems of the same type.   
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Background and Purpose  

The PIEVC Protocol is an approach to climate change vulnerability and risk assessments (CCVRA). 

The Protocol provides a road-map to guide the systematic assessment of the resilience of 

infrastructure to the effects of extreme weather, climate variability and climate change. The 

process helps establish priorities in addressing climate risk to inform decisions on where action is 

needed and appropriate adaptation measures. Since 2008, the Protocol has been applied to assess 

climate vulnerabilities and risks across a wide range of infrastructure systems.  

The PIEVC Program’s collection and sharing of assessment reports is a unique and valuable asset. 

With over 100 publicly available reports and several hundreds more referencing the PIEVC 

Protocol,  these resources offer crucial insights into climate change-related vulnerabilities, factors 

that contribute to these vulnerabilities (and, conversely, resilience), resulting risks, and resilience-

enhancing measures for Canadian infrastructure systems.  

By studying this large and growing set of reports, it has been possible to draw conclusions about:   

• The most common and consequential types of severe weather, climate, and climate 

change-related vulnerabilities identified within and across specific infrastructure 

categories across various regions of Canada;   

• The characteristics of specific asset types and management practices that make 

infrastructure systems and their services more or less vulnerable to the impacts of severe 

weather, climate variability and change;   

• Important characteristics of approaches taken to conduct PIEVC assessments, related 

challenges, and noteworthy workarounds; and,   

• Specific recommendations that can be made for changes to climate change vulnerability 

and risk assessment (CCVRA) guidance (e.g., the PIEVC Protocol), practice, programs, policy 

and regulation, and codes and standards.   
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Meta-Analysis Objectives 

The objectives of this Meta-analysis are:  

• To create and validate an approach to review and draw lessons from publicly available 

PIEVC assessment reports, including the development of a tailored analytical framework.   

• To characterize, analyze, compare, and draw conclusions on PIEVC reports about: 

infrastructure vulnerabilities; planned or otherwise reported adaptation measures; 

strengths, weaknesses, limitations, and important enablers of PIEVC assessments; and 

potential priority areas for policy, regulatory, or codes and standards-related 

improvements to better foster the climate resilience of key types of infrastructure systems 

in Canada.   

• To develop recommendations related to the assessment and management of climate risk 

and resilience for infrastructure addressed by the PIEVC assessments, focusing as possible 

on reforms to CCVRA practice, programs (e.g. asset management), policies and 

regulations, and codes and standards.     

 Core PIEVC Concepts  

When the first PIEVC Protocol was being developed and released, normative definitions for 

the core concepts of climate change vulnerability and risk were still evolving, both within the 

PIEVC user community but also across the practice of climate change vulnerability and risk 

assessment more broadly.  This shifting conceptual basis for climate change vulnerability and 

risk assessment has caused inconsistencies in and required modifications to how related terms 

have been used over time and between and among PIEVC practitioners. Notably, recent 

updates to the PIEVC Protocol (Spring 2024) have more explicitly harmonized the core 

concepts, terms, and processes underlying the PIEVC approach with those now more broadly 
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established through international standards (such as ISO 310001) and advanced through key 

international organizations (such as IPCC2). Figure 2, below, depicts a conceptual framework 

for climate change vulnerability and risk that reflects both current understanding and the 

updated basis for PIEVC guidance and practice.   

Figure 2 describes the connection from vulnerability to climate risk. 

 

1 https://www.iso.org/iso-31000-risk-management.html 

2Reisinger, Andy, Mark Howden, Carolina Vera, et al. (2020) The Concept of Risk in the IPCC Sixth Assessment 
Report: A Summary of Cross-Working Group Discussions. Intergovernmental Panel on Climate Change, 
Geneva, Switzerland. pp15 
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Figure 2 Climate vulnerability and risk concepts as reflected in international standards and PIEVC 

2. Methodology  

The following section outlines the approach taken for the PIEVC Meta-Analysis. Refer to the PIEVC 

Family of Resources documents for more information on the methodology of the PIEVC Protocol.  

Research Questions  

The Meta-Analysis set out to address the following set of primary and supporting questions:  
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Climate impact 

trends 

 

1. What are the most common and consequential types of 

severe weather, climate, and climate change-related 

vulnerabilities of infrastructure systems?  

• How are these vulnerabilities similar and different 

across infrastructure categories and regions of Canada?  

• Which climate hazard-infrastructure element 

interactions have resulted in the highest risk scores 

across assessments, or are otherwise noteworthy? 

Characteristics 

driving 

vulnerability 

 

2. What characteristics make infrastructure systems 

vulnerable to the impacts of severe weather and climate 

change in Canada?  

• Are there general categories into which vulnerabilities 

or vulnerability-inducing characteristics can be 

classified?  

• Are these vulnerabilities and characteristics system and 

location-specific, or can broader trends be observed 

across Canada?   

Resilience 

recommendations

 

3. What actions might be taken to help minimize 

vulnerabilities?  

• What categories do recommended actions typically fall 

within?  

• To what extent did the CCVRA conduct further analyses 

to inform adaptation actions, and what were they (e.g., 

cost-benefit analysis, assessing a range of options 

etc.)?  
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• To what extent are recommended actions specific to 

individual systems or more broadly applicable (such as 

policy, codes & standards)?  

Approaches & 

improvements to 

CCRVA Process

 

 

4. How are PIEVC-based CCVRAs supporting climate 

resilience?  

• What characteristics of PIEVC-based CCVRAs are 

common? How are practitioners adjusting approaches 

to fill gaps and manage challenges?  

• How have CCVRAs contributed to resiliency planning, 

and to the national picture of climate and infrastructure 

vulnerabilities in Canada? What are the shortcomings 

in this regard?   

• What further support is needed to help overcome 

limitations in CCVRAs, or otherwise help foster the 

implementation of actions? 
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Meta-Analysis Approach  

The meta-analysis was completed in five phases, as outlined in Figure 3 and described below. 

 

Figure 3 Overview of the meta-analysis approach 

With over 100 available PIEVC reports, the meta-analysis required a structured and systematic 

approach to synthesizing and analyzing results from multiple studies. An analytical framework 

was developed and validated to serve as a roadmap for the project team that outlined the criteria 

for report inclusion, how data was structured and organized, and the categories of information 

that were collected and synthesized.  

A database was created to store the information collected from each report. First, all available 

studies were reviewed and inputted into the database. Any assessment that did not include a 

complete and comprehensive report, including risk scores, was excluded. Additionally, several 

reports completed prior to 2013 were excluded from the analysis. This resulted in 71 of 101 

1. Analytical 
Framework

Develop and 
validate analytical 
framework 
Describe set of 
criteria / 
information fields

2. Databasing

Create database 
with fields 
described in 
analytical 
framework 
Input 70+ reports 
into database 

3. Desktop 
Analyses

Conduct desktop 
analyses of 70+ 
assessments

4. In-Depth 
Analyses

Conduct further 
analyses of 15+ 
assessments 
using:
- prior case 
studies and 
synthesis reports;
- interviews / 
focus groups.
Address more 
nuanced 
questions, seek 
further insights.

5. Reporting

Common trends, 
noteworthy 
findings, 
Recommendations
Case Studies

Expert review and input from PIEVC Advisory Committee  
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available studies moving on to the desktop analyses. The database was established using the 

categories described in Section 2.3. 

Desktop analyses were completed for 71 studies. This process included reviewing available 

information (primarily the PIEVC report, with supplemental information from appendices and 

other resources where required) and inputting information into the database. Data analysis was 

conducted for the information and is described in Section 3. 

In-depth analyses were conducted to improve the findings of the meta-analysis by addressing 

research questions that could not be answered based on the reports alone. Resource limitations 

required limiting the number of in-depth analyses to a subset (15) of the full set of assessments. 

The in-depth analyses included additional research into publicly available information (such as 

Climate Adaptation Plans) and the conduct of interviews with infrastructure owners and other 

involved members. A key objective of the in-depth analyses was to better understand how results 

have been used and recommendations have been implemented. 

Reporting this report summarizes the results of the meta-analysis. The report focuses on key 

findings from the desktop analyses, case studies developed from the in-depth analyses, and 

recommendations.  

Throughout the process, a Project Advisory Committee was established to review, provide 

suggestions, and validate the approach and findings of the meta-analysis.  

Desktop Analyses Data Collection  

An online database was created using AirTable. The software was selected to allow for better 

tagging, linking, and data analyses. Each assessment was entered into the database by the project 

team and the report was reviewed to collect the relevant information. This included inputting 

information directly from the report (such as the stated scope) and tagging fields for further data 
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analyses (such as high level recommendations).  Over 85 fields were collected for each report 

across the following categories: General, Methodology, Data Collection and Analysis, 

Infrastructure Response Considerations, Risk Results, Recommendations and Limitations. A 

complete list of fields collected are described in Appendix A. 

Reports included in Meta-Analysis   

A total of 71 reports were used in the desktop analyses and 15 reports were included in the in-

depth analyses. Though 101 reports were available to the PIEVC Alliance when the project began 

(October 2023), 71 were selected for the desktop review. This reduction was made due to the time 

required to review each assessment. The 29 reports selected to not move to the next stage of 

analysis were assessments completed before 2013 (as the meta-analysis is focused on the last 

decade), assessments that were missing some reporting details (such as risk scoring) and 

assessments where the asset type had already been covered comprehensively by other 

assessments reviewed. 14 assessments completed before 2013 were included as they cover unique 

assets, locations, or case studies that could not otherwise be captured. Most of the reports were 

published from 2018-2021 as seen in Figure 4.  
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Figure 4 Studies included in meta-analysis by year 

The PIEVC Alliance is aware that the number of studies has only increased since 2021 with the 

release of the PIEVC High Level Screening Guide. This drop in available studies is not 

representative of the number of assessments completed, but of the number of assessments 

submitted for public release.   

The meta-analysis also attempted to have geographic variation across Canada as seen in Figure 

5. Ontario had the highest number of assessments available (17). Only one assessment was 

available for Nunavut however the report did not include key information such as risk scores so 

could only be partially reviewed.  
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Figure 5 Assessments included in meta-analysis by location 

Of the 71 PIEVC assessments reviewed, the majority address a single infrastructure system and 

the subsystems that comprise it. All assessments were tagged with a primary infrastructure type 

(i.e., at the system level).  The number of studies included in the meta-analysis by primary 

infrastructure classification is summarized in Table 1. Because some studies assessed multiple 

primary infrastructure types (such as both water and wastewater) the total count of studies across 

infrastructure types in Table 1 exceeds 71. Community wide assessments refer to assessments that 

look at most or all public assets in a community and are generally completed with a lower level of 

detail for each asset type.  
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Table 1 Assessments in meta-analysis by infrastructure type 

Infrastructure Classification Number of studies 

Stormwater 14 

Wastewater 14 

Buildings 11 

Coastal Infrastructure 10 

Potable Water 7 

Community Wide Assessments 6 

Roads and Associated Infrastructure 6 

Airport Infrastructure 5 

Electrical 4 

Flood Protection 2 

Recreational Lands and Nature Based 

Infrastructure 
2 

Bridges 1 

Hospital Infrastructure 1 

 Limitations 

This meta-analysis did not attempt to assess the validity of findings nor the quality of each 

assessment report. The review and data collection for each report were completed in 

approximately 4 to 12 hours, and fields were then reviewed for quality assurance by the project 

lead. Although this review was comprehensive for the purpose of this work, it was not possible to 

undertake tasks such as a detailed review of all technical inputs, rate the accuracy or the rationale 

for scoring, comparison of climate analysis results with newer modelled results, or re-validation of 

scoring with participants based on recent experiences. 
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The PIEVC Alliance is aware of over 300 completed PIEVC assessments; however, only 101 have 

been formally submitted and posted to PIEVC.ca. This gap is mainly due to assessments where 

project managers did not submit material, or agreements were established to withhold 

submissions for confidentiality. The PIEVC Alliance has made extensive efforts to gather additional 

reports, including reaching out to key contacts and soliciting submissions via the PIEVC website 

and social media platforms. PIEVC practitioners are encouraged to submit reports to the PIEVC 

Alliance to build our collective knowledge of climate change vulnerability and risk and for 

consideration in future updates of this meta-analysis. 

A significant limitation of the meta-analysis was the ability to collect and analyze all risk scoring 

results. Every PIEVC assessment includes scoring for exposure (E), consequence (C), likelihood (L), 

and risk (R) for each climate hazard indicator and infrastructure element pairing. Across the 71 

assessments reviewed, this included over 37,000 climate hazard indicator–element pairings, 

amounting to over 150,000 scores (E, C, L, R) without accounting for multiple time horizons. While 

methods for collecting and analyzing these scores using artificial intelligence were explored, a 

feasible approach was not identified by the project team due to limitations in the file inputs (only 

PDF versions of reports were available), the confidential nature of some reports, and potential 

errors. Instead, only high-risk interactions were collected, resulting in over 1600 recorded 

interactions. These limitations could be addressed in the future with advancements in data analysis 

tools or the requirement that projects submit detailed scoring and results to an online portal.    
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3. Case Studies  

Twelve case studies were developed to support this meta-analysis. These case studies are 

intended to showcase the diversity of PIEVC assessments, including all stages of project life cycles, 

asset types, and geography. The development of each case study included additional research 

into both the assessment and subsequent activities, like adaptation plans. A 1-hour interview was 

held with one or more representatives from the project, including both project leads and 

consultants.  

Case studies can be found in the supplemental PIEVC Meta Analysis Case Studies document. Case 

studies are referenced throughout the meta-analysis report using the "short name" column for 

simplicity. 

How to read case studies: each case study is split into two sections. The first half summarizes the 

core steps of the PIEVC assessments, including unique scoping considerations, data and 

information used, vulnerability and resilience characteristics, risk summaries, and 

recommendations. These are intended to be concise, so always refer the full detailed report if 

more information is needed. The second half of the case study reflects back on the assessment, 

how it has led to climate adaptation, the benefits and challenges of conducting it, and lessons 

learned.  
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#  Case Study 
Short Name 

Case Study Full Name  Tags  

1  Marda Loop Mainstreaming Climate 
Change Risk Assessment 
into Municipal Decision 
Making: The Marda Loop 
Project   

Location: City of Calgary    
Asset type: Roads and Associated 
Infrastructure   
Project Phase:  Design    
Year completed: Assessment completed in 
2022, construction underway in 2024  

2  AIM 
Network 

Bridging the Gap: Climate 
Risk Capacity Building 
Initiatives by the Atlantic 
Infrastructure 
Management Network    

Location: Atlantic Canada  
Asset Type: Multiple   
Project Phase: Multiple  
Year completed: 2023 – 2024   

3  IO Building Health, Building 
Resilience: Climate 
Adaptative Infrastructure 
with Infrastructure Ontario 

Location: Ontario  
Asset Type: Hospitals  
Project Phase: Conceptual, Design  
Year Completed: 2019-present  

4  Atlantic 
Ferries 

Navigating Stormy Seas: 
Enhancing Climate 
Resilience in Atlantic Ferry 
Systems   

Location: New Brunswick, Prince Edward Island, 
Nova Scotia  
Asset Type: Transportation (Ferries)  
Project Phase: regular operation, renewal   
Year Completed: 2018-2020  

5  Bragg Creek Trailblazing Community 
Planning: A   
High Level Screening of 
Climate Risk by Bragg 
Creek Trails  

Location: Bragg Creek, Alberta  
Asset Type: recreational lands and nature-
based infrastructure  
Project Phase: Existing Assets  
Year Completed: 2023  

6  BC MOTI Paving the Way: 15 Years 
of Climate Resilience on 
BC Highways  

Location: British Columbia  
Asset Type: Roads  
Project Phase: Existing Assets, New Assets  
Year Completed: 2009 – ongoing   

7  FN-iRT Developing Resilient 
Infrastructure with the 
First Nation Infrastructure 
Resilience Toolkit  

Location: Ontario  
Asset Type: community-wide  
Project Phase: Multiple, predominantly existing 
assets   
Year Completed: 2016-present  

8  PortsToronto  Harboring Change: 
Integrating Climate Risk 

Location: Ontario  
Asset Type: Coastal infrastructure, airports  
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into Transportation 
Planning for PortsToronto  

Project Phase: Regular Operation, Renewal and 
Rehabilitation  
Year Completed: 2019   

9 Electric Powering Resilience: 
Assessing Climate Risks to 
Canada’s Electrical 
Systems with the 
PIEVC Protocol  

Location: PEI, Ontario  
Asset Type: Electrical  
Project Phase: Existing  
Year completed: 2019, 2022  

10 Faro Faro's Climate-Ready 
Upgrades: Designing 
Water, Sewer, Storm 
Systems and Roads for the 
Future   

Location: Yukon  
Asset Type: storm, water, wastewater, roads  
Project Phase: design  
Year Completed: assessment completed in 
2019, construction underway in 2024  

11 Riverside Riverside Resilience: 
Adapting to East 
Windsor's Flooding 
Challenges  

Location: Ontario  
Asset Type: storm, water, wastewater  
Project Phase: design  
Year Completed: assessment completed in 
2019, construction underway in 2024  

12  Surrey Shaping Shorelines: 
Leveraging PIEVC in City 
of Surrey's Coastal Flood 
Adaptation Strategy 

Location: Surrey, British Columbia 
Asset Type: Coastal 
Project Phase: various  
Year Completed: 2017 
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4. Key Findings  

The key findings represent trends and observations identified as part of the desktop analyses. 

These analyses included the collection and high-level review of data from reports, as described in 

Section 2. Information was further supplemented for some assessments via in-depth review, 

including interviews and the review of additional material, such as adaptation plans.  

PIEVC Methodology Findings  

The following sections summarize key methodological components collected and analyzed as part 

of the meta-analysis. The collection and review of this information was primarily to identify how 

PIEVC-based CCVRAs are supporting climate resilience and identifying common characteristics 

and methods. Throughout this section, advice for practitioners boxes are used to draw attention 

to specific methodological decisions that PIEVC practitioners can make to better align with current 

best practices.  

PIEVC Resources 

The PIEVC Protocol is the flagship document that was first developed by Engineers Canada in 

2006. Of the 71 assessments included in the meta-analysis, 61 reference the PIEVC Protocol. Since 

the PIEVC High Level Screening Guide (HLSG) was released in 2021, several assessments have cited 

this approach or completed a blended assessment that includes elements of both the PIEVC 

Protocol and the PIEVC HLSG. Fifteen (15) assessments using the HLSG have been included in the 

meta-analysis. Additionally, 4 assessments were reviewed that use the First Nations Infrastructure 

Resiliency Toolkit (FN-iRT) that adapted the PIEVC Protocol for First Nations communities. 16 

assessments reviewed included explicit reference to alignment with ISO 31000, demonstrating the 

importance of this alignment with PIEVC resources.  
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Two additional PIEVC resources have been released in beta format, the PIEVC Large Portfolio 

Manual and PIEVC Green. No assessments that cite these methods were available for review.  

Scope  

Scoping is a critical phase of conducting a PIEVC assessment. All assessment reports should state 

the scope and objectives of the assessment. The scope of the assessment considers factors such 

as the purpose of the assessment, jurisdictional considerations, a high-level description of the 

system being assessed, boundaries of the assessment, interdependency of the system in the 

broader context of the community, and how the life cycle of the assets was matched to the time 

horizon of the assessment.  

Each assessment was reviewed and tagged based on its stated scope and objectives (see Figure 

6).  

 

Figure 6 Number of assessments using specific key words to describe their scope 

 



PIEVC Meta-Analysis – Summary Report 
  

 

 

20 

 

 

Observations on scope and objectives from the meta-analysis include: 

• Funding Requirements: In recent years, numerous studies (21 in the meta-analysis since 

2018) have been conducted as part of initiatives like the Investing in Canada Infrastructure 

Program of Infrastructure Canada that requires a Climate Lens3. These studies are typically 

conducted on proposed assets that are at the conceptual or early design stage.  

• Supporting Infrastructure: Many assessments were explicitly scoped to look beyond the 

physical infrastructure that is owned and operated by the project proponent, to include 

supporting infrastructure. This can include impacts to operations and maintenance 

personnel and third-party utilities. Though broader scope can at times increase the 

complexity of the assessment, it can also result in a better understanding of impacts.   

• Community-Wide Assessments: Historically, many PIEVC assessments have focused on 

a single asset. In recent years, there has been an increasing demand to assess the climate 

risk of all assets that a municipality or First Nations community owns. These studies are 

often conducted at a screening level, however, are highly beneficial for identifying and 

prioritizing risks within the broader context of the community. The results of these studies 

are often highly relevant for asset management planning.  

• Need for a Consistent Process: Many assessments used the PIEVC Protocol due to a 

desire for a consistent, methodological, trusted, and defensible process for assessing 

climate change risk. These assessment reports often reference both the PIEVC Protocol 

and standards such as ISO 310004. The PIEVC Protocol has been designed to align with 

ISO 31000 to meet these requirements.  

 

3 https://www.infrastructure.gc.ca/pub/other-autre/cl-occ-eng.html  

4 https://www.iso.org/iso-31000-risk-management.html  

https://www.infrastructure.gc.ca/pub/other-autre/cl-occ-eng.html
https://www.iso.org/iso-31000-risk-management.html
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Advice for Practitioners: A clearly defined project scope is critical for the success of assessments 

and must be well described in reporting. Scoping can often be iterative, however should give clear 

direction on the purpose of the work, boundaries, and expected results. Developing and 

communicating scope with interested parties can help with meeting expectations and managing 

scope creep. Establishing project scope can also determine the level of detail needed or expected 

for the assessment.  

Asset Life Cycle Stage 

All PIEVC assessments reviewed were tagged according to the life cycle stage as shown in Figure 

7. In several cases, assessments were tagged with multiple stages. For example, an assessment 

that looked at a system that is already in regular operation may have a component that is being 

refurbished that is currently in the design stage.  

 

Figure 7 Number of assessments by infrastructure life cycle stage 
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Where age information was available, many of the assets in regular operation were constructed 

over 50 years ago, with an average construction year of 1968. Many PIEVC assessments have been 

completed on aging assets where decisions need to be made to upgrade, refurbish, or 

decommission and climate change should be considered.  

Climate Hazard Indicators and Elements  

An important part of the PIEVC methodology is defining climate hazard indicators (CHIs) and 

elements that make up the infrastructure system under assessment.  

Table 2 and Figure 8 show distributions of the number of climate hazard indicators, elements, 

and interactions (calculated as the number of CHI x elements) for the assessments. Most 

assessments use between 8 and 18 climate hazard indicators and 12 and 43 elements. There are 

no clear trends indicating that the number of CHIs or elements used is increasing or decreasing 

based on location or year that the assessment was completed in.  

Advice for Practitioners: The number of CHIs or elements selected does not necessarily 

correspond to the level of detail, complexity, or effort required for the assessment.  For example, 

various in-depth assessments have been completed that use a small number of elements and CHIs 

to represent a system’s response to a single hazard type, such as heavy rain or coastal flooding. 

Conversely, a very high-level assessment may have hundreds of possible interactions. This is 

common when assessing a portfolio of assets against all relevant climate hazards. There are, 

however, logistical considerations that come into play, particularly when considering the effort to 

process climate data and plan a workshop. When you have many elements and CHIs, it is even 

more important to plan comprehensive methods and a well-structured agenda for discussing risk 

within an allocated time frame. This ensures the assessment remains manageable and productive 

for all interested parties and the project team.  
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Table 2: Numbers of climate hazard indicators and elements used among the assessments 
 

Climate Hazard 
Indicators 

Elements Number of 
interactions 

Minimum 3 2 15 

Median 13 26 357 

Maximum 33 182 2912 

 

Climate Hazard Indicators Elements Interactions 

   

Figure 8: Number of climate hazard indicators, elements and interactions among the assessments 

Three-hundred twelve (312) unique climate hazard indicators were used across the 71 studies 

reviewed. Each of these indicators was assigned a more generic parameter to group and 

understand these results. The 32 generic parameters selected are shown in Table 3 and ordered 

by frequency of use. The most frequently used climate hazard indicators are related to heat, heavy 

rainfall, cold, and wind. In many cases, assessments will use multiple climate hazard indicators that 

have been classified as the same higher order parameter. 
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Advice for Practitioners: It is often valuable to define multiple climate hazard indicators that 

represent different thresholds. For example, assessments may define various temperature 

thresholds, such as temperatures exceeding 30°C and 35°C. These thresholds can have different 

impacts on the infrastructure being assessed or different likelihoods of occurrence. Having well-

documented knowledge of these thresholds is crucial for forming recommendations and later 

adaptation planning. This ensures that solutions are tailored to the specific elements and systems 

under assessment.  

Table 3 Climate parameters used among the assessments 

Parameter Number of 
unique 
CHIs 

Example Climate Hazard Indicators Number of 
times CHIs 
were used 

Heat 19 Extreme Heat, Heat Wave, Daily maximum 
temperature exceeding 38°C 

82 

Heavy Rainfall 32 High Intensity Rainfall, Rainfall – 1 hr, 5-yr, 
Wettest Days Precipitation 

81 

Cold 21 Cold Snap, Wind chill <=-30C for 2+ hours 77 
Wind 26 High Winds – 90 km/hr gust, High Winds – 

120 km/hr gust, Wind Extremes/Gusts, Wind 
Events (Plough Winds / Microbursts) 

69 

Snow 17 Days with >10cm snowfall over a large area, 
Snowfall Duration 

63 

Freezing Rain/Ice 9 Ice Accretion, Freezing Rain, Precipitation – 
Ice – 15mm Ice accretion 

60 

Freeze/Thaw 4 Winter Freeze Thaw, Cycles yr-1 divided by 
30 +3C to -3C, Freeze Thaw Cycles 

43 

Coastal 8 Sea Level Rise, Storm Surge, Combined event 
of high-tide, high winds and sea level rise 

42 

Heavy Snowfall 12 15cm snow in 1 day, 9+ days with 5+ cm of 
snow, Blowing Snow/Blizzard 

37 

Average Temperature 14 Average Daily Temperature, Warmer Winters 36 
Drought/Water Deficit 7 Water Shortages, Total Moisture Index <= 

550mm, Drought/Dry Period 
36 

Prolonged Rainfall 8 Sustain Rainfall, Heavy 5-Day Total Rainfall, 
Long duration rainfall 

33 

Winter Rain 10 Rain on Snow, Rain on Frozen Ground 28 
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Storms 18 Frequency of Severe Storm, Hurricane or 
Tropical Storm, Extratropical storms, 
Hurricane event 

27 

Flooding 12 Riverine / Overland Flooding, Shoreline – 
High water  76m, Riverine – 100 year 
regulatory 

25 

Lightning 4 Lightning – Any strikes near infrastructure, 
Lightning – Greatest yearly density 

25 

Average Rain 11 Precipitation as rain, Rainfall – Freshet Season 
(High Elevation), March rainfall totals > 60 
mm 

22 

Frost 6 Frost Penetration, Frost Days 22 
Tornado 3 Tornado frequency within 25 km area, 

Tornado frequency within 50 km area 
21 

Hail 4 Precipitation (hail) – 4.5cm, Hailstorm, Hail 
storm >19mm diameter 

19 

Fog 4 Fog, Heavy Fog, Ice Fog 19 
Variability 7 Extreme Diurnal Temperature, Variability, 

Temperature Increase in extreme 
daily/monthly max and duration, Seasonal 
Temperature Variations 

17 

Wildfire/Fire 6 Hot-Dry-Windy Index, Grassfires, 
Temperature Increase compounded with 
increase in dry days and increase in storm 
events 

16 

Other 10 Contaminated Water, Ocean Acidification, 
Pests and Diseases – Deer ticks and Lyme 
disease, Winter days >-11C, UV Exposure – 
UV Index >=10, Seismic – High Magnitude 
Event, Solar Radiation, Water Temperature, 
Land Use Storm Water Runoff Coefficient 

13 

Average Precipitation 4 Annual Precipitation, Fall Precipitation 
 

13 

Permafrost 10 Ground Freezing, Ground Thawing Index, 
Embankment Freeze-Back 

13 

Air Quality 5 Air Pollution, >45 AQ Advisory Days 11 
Other Hydrological 
Processes  

7 Water Table Level, Groundwater Table, Rain 
on Saturated Ground 

7 

Rivers/Lakes 6 River Flow / Ice Increase, Water Course Level, 
Winter Water Flow 

7 

Humidity 3 Extreme Humidity, High Humidity Periods 6 
Snow Melt 5 Rapid Snow Melt, Snow Driven Peak Flow 

Events, Spring freshet with high water levels 
6 
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Time Horizons  

Establishing the time horizon is an important part of defining the scope of PIEVC assessments. 

Time horizons should be selected to match the lifespan of the infrastructure being assessed and 

require an understanding of both climate data and the system under assessment.  In some cases, 

systems being assessed have components with different lifecycle estimates, and time horizons 

should be carefully selected to represent these differences.  

As shown in Figure 9, 42% of the assessments used one time horizon, 46% used two time 

horizons, and a smaller number (11%) used three or more time horizons.  

 

Figure 9: Number assessments using specific numbers of time horizons 
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Advice for practitioners: It can often be more efficient for climate specialists to generate climate 

projections for multiple time horizons and emissions scenarios at the same time. While multiple 

time horizons may not be required for the risk assessment, they could be used later to help inform 

more detailed recommendations. Climate specialists should discuss generating climate 

projections with potential future uses in mind before selecting a single time horizon or emissions 

scenario.  

Figure 10 shows the time horizons used. Most (76%) of assessments include the 2050s time 

horizons, followed by 2080s (41%). These are often stated as “near-term” (2030s), “mid-term” 

(2050s), and long-term (2080s). The time horizon selected should match the lifecycle of the asset, 

and in most cases this is stated in the report. In some cases, reports noted that climate data was 

only available for specific time frames and adjustments were required.  

A small number of assessments have been completed that only considered historic climate data 

and did not include future climate change scenarios. These were undertaken as a pilot approach 

in 2012 to determine if the PIEVC methodology could be used for assessments that only wanted 

to consider historic climate conditions. Historic climate and current climate are not the same due 

to how rapidly the climate has changed in recent decades. As our understanding of climate change 

improves, the impacts of climate change become more apparent, and climate projections become 

more widely available, it is recommended to incorporate future climate change into assessments.   
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Figure 10: Number of assessments using each alternative time horizon 

Assessments should use and document a baseline climate normal period. Climate normal should 

include a 30-year period to understand the climate system, as less than 30-years can reflect more 

natural variation and lose a comprehensive understanding of climate change trends. In the 

assessments reviewed, the baseline period of 1981-2010 was used most frequently (21 studies), 

followed by 1971-2000 (15 studies) and 1976-2005 (12 studies).  

Advice for practitioners: The 1991-2020 climate normal produced by Environment and Climate 

Change Canada are currently being developed and can be used for assessment once they are 

ready. It may also be useful to compare observed data from the time that the infrastructure was 

designed or constructed. For example, a wastewater treatment plant from 1955 may benefit from 

comparisons from the 1941-1970 baseline. Remember, historical data should not be compared 

directly to projections. Climate projections should always be compared to modelled historic data. 

See ClimateData.ca: Understanding Historical Data for more guidance and consult a qualified 

climate specialist for assessments.  

https://climatedata.ca/learn/
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Emissions Scenarios 

The Intergovernmental Panel on Climate Change (IPCC) is the most authoritative international 

source for climate change information. The IPCC develops assessment reports approximately 

every five (5) years that address the state of knowledge on climate change, its causes, potential 

impacts and response options. Each assessment draws upon an ensemble of global climate 

models that are used to make projections about future changes in climate. Different emissions 

scenarios are used with the models to evaluate the range of potential future climate change as a 

function of different potential future levels of atmospheric greenhouse gas concentrations. Over 

time, the climate models have been improved – from one “generation” or models to the next - 

and methods for establishing emissions scenarios have changed as well.  

Most of the PIEVC assessments reviewed as part of this meta-analysis were conducted when the 

available climate projections were derived from the model generations used for the IPCC’s 

“Assessment Report Five” (AR-5) or for the (IPCC) Assessment Report Six (AR-6). In the transition 

from the AR-5 generation to the AR-6 generation of models, the emission scenarios for applying 

the models also shifted; from the Representative Concentration Pathway (RCP) approach to the 

Shared Socioeconomic Pathway (SSP) approach. 

Among RCPs and SPPs, RCP 8.5 and SSP5-8.5 are the highest emissions scenarios, respectively. 

Because these two scenarios have also been most reflective of global emission levels to date, 

they’re also frequently called “business as usual” scenarios, however this terminology is not 

recommended. Across PIEVC assessments based on the AR5 or AR6 generation(s) of models, RCP 

8.5 and SSP5-8.5 have been the most commonly-used emissions scenarios, respectively (see 

Figure 11. Of those assessments which specify the emissions scenario(s) they selected, most (69%) 

relied on a single (generally 8.5) scenario. Of the 31% that used multiple emission scenarios, most 

used a combination of RCP 4.5 and RCP 8.5.  
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Figure 11 Emission scenarios used among assessments 

Advice for practitioners: Most assessments should apply, as a minimum, the highest greenhouse 

gas concentration pathway. In AR6, this is SSP5-8.5. These high emissions scenarios typically result 

in the greatest amount of future projected climate change compared to historic modelled 

conditions. They are therefore a good choice if you intend to ‘stress test’ the system, allowing for 

the identification of maximum risk. However, using a range of greenhouse gas scenarios can also 

be beneficial for adaptation planning; forcing, for example, more explicit consideration of system 

sensitivities and responses over a range of plausible conditions. Regardless of the number of 

greenhouse gas scenarios employed, assessments should, as a rule, use multi-model ensembles. 
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For more information, see ClimateData.ca: Understanding Multi-Model Ensembles 5  and 

Understanding Shared Socio-economic Pathways (SSPs)6.  

Site Visits  

57% of assessments reviewed included a site visit. Site visits can be highly valuable for 

understanding the system and to speak candidly with local staff about ways in which the system 

has functioned in the past, vulnerability characteristics, and how they have responded to previous 

extreme events. These visits often offer the opportunity to see systems, take pictures, and ask 

questions. Some studies noted that a site visit was not required as there was significant 

involvement of staff who have hands-on experience in the design, operations, and maintenance 

of the asset being assessed. In this example, the assessment team felt that the participation of 

knowledgeable staff in data collection, interviews, and workshops was sufficient.  

Advice for practitioners: When a site visit is not possible, it is highly recommended to obtain 

locally relevant knowledge through other methods, such as conducting interviews with 

operational staff, surveys, and reviewing site photography. 

Workshops  

The PIEVC Protocol has historically relied on workshops as a method to obtain feedback and 

perspectives on risk. One or more workshops were held for 80% of assessments reviewed as shown 

in Figure 12. Of the 20% of studies that did not include a workshop, most were completed since 

2020. Reports identified three primary reasons for not holding a workshop:  constraints due to the 

 

5 https://climatedata.ca/interactive/multi-model-ensembles/ 

6 https://climatedata.ca/resource/understanding-shared-socio-economic-pathways-ssps/ 
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COVID-19 pandemic (and virtual workshops were also not possible), a lack of time or resources 

(particularly for high level screening assessments), and a lack of capacity among infrastructure 

owner staff.    

 

Figure 12: Workshop participation type 

In most cases, workshops were held once the climate data analysis had been completed and 

likelihood scores assigned. Severity of impact scoring was generally the focus of the workshops. 

Workshop-based severity scoring was used for 44 out of 71 assessments.  Twelve assessments 

were reviewed where the project team (typically consultants hired by the infrastructure owner) 

completed risk scoring without a workshop and validated these results. In a small number of cases, 

likelihood scoring was also completed by workshop participants, typically building on climate data 

analysis. Several assessments held additional workshops after scoring was completed to support 

developing recommendations and adaptation planning.  

Half of the reports reviewed stated the names and titles of participants (or “interested parties”) or 

types of participants involved in the assessment, including those who attended workshops. These 
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have been categorized and summarized in Figure 13. These values do not represent the number 

of participants, as some assessments may have multiple attendees in the same category. The most 

frequently referenced participants are technical or engineering professionals, followed by climate 

science and operations and maintenance. Several assessments identified unique participants that 

are not often included, such as disability specialists or water quality experts. The variety of 

participant types identified is a sampling of how diverse expertise and knowledge holders can be 

engaged as part of the process. There are no limitations on how many participants, or the type of 

expertise required. This should all be reflective of the project scope and expected outcomes.  

All interviews conducted identified engagement, including workshops, as one of the most 

beneficial aspects of undertaking a PIEVC assessment (see Section 5). Engaging across an 

organization and with other interested parties provides an opportunity not only to better 

understand impacts with real-world experience but also to increase the awareness of climate 

change and capacity to adapt for participants.  

Advice for Practitioners: The PIEVC methodology was developed with the principle of expert 

elicitation, acknowledging the challenges or even impossibility of obtaining highly relevant data 

to quantifiably assess the impacts of climate on infrastructure. The collective experience and 

knowledge of interested parties gathered for the workshop is intended to supplement these gaps. 

Local knowledge and understanding of the system being assessed are invaluable to build on 

general knowledge of climate change impacts. PIEVC assessments conducted without the use of 

a workshop, or at the very least the thorough review and validation by local representatives 

knowledgeable of the system being addressed,  could overlook important considerations and 

affect the quality of the results.  The workshop serves as an important forum to bring together 

diverse expertise, perspectives, and insights.  
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Figure 13 Numbers of assessments including each Participation Type 

Risk Scoring  

The PIEVC Protocol provides example methods for scoring likelihood, consequence, and risk 

thresholds, including place-holder definitions for each level of the example ordinal scales. Note 

that in previous versions of the PIEVC Protocol, likelihood was referred to as probability and 

consequence was referred to as severity of impact. The following tables show the proportion of 

PIEVC assessments that have used each of the scoring methods provided by the Protocol, or 

methods derived/adapted from the examples in the Protocol. These findings demonstrate that 

most practitioners have adopted outright (without tailoring) the examples provided in the 

Protocol.   
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Table 4: Likelihood definitions 

Scoring Method Scoring Definitions Number of 
studies (%) 

Method A – 
qualitative 
definitions 
 

0 = Negligible, Not Applicable 
1 = Highly Unlikely, Improbable  
2 = Remotely Possible 
3 = Possible, Occasional 
4 = Somewhat Likely, Normal 
5 = Likely, Frequent 
6 = Probable, Often 
7 = Highly Probable, Approaching Certainty 

 
48 (40%) 

Method B – 
probability 

0 = <0.1% / <1 in 1,000 
1 = 1% / 1 in 100 
2 = 5% / 1 in 20 
3 = 10% / 1 in 10 
4 = 20% / 1 in 5 
5 = 40% / 1 in 2.5 
6 = 70% / 1 in 1.4 
7 = >99% / >1 in 1.01 

23 (19%) 

PIEVC HLSG 
Middle Baseline 

1 = Likely to occur less frequently than current  
climate 
2 = ↑ 
3 = Likely to occur as frequently as current  
climate 
4 = ↓ 
5 = Likely to occur more frequently than  
current climate 

19 (16%) 

Alternative Example: 
1 = >1 in 50 years / Highly Unlikely,  
Improbable 
2 = 1 in 10 to 1 in 50 years / Remotely Possible 
3 = 1 in 1 to 1 in 10 years / Possible,  
Occasional 
4 = 10 per year to 1 per year / Somewhat  
Likely, Normal 
5 = >10 per year / Likely, Frequent 

31 (26%) 
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Advice for Practitioners: While Method A, Method D, Method E, and HLSG definitions may serve 

as reasonable starting points for practitioners to establish scoring methods tailored for their 

context and purpose, scales may need to be adjusted.  The definitions used to describe each level 

of likelihood, consequence, or risk must use descriptors that make them unambiguous (i.e., so the 

same score will be interpreted in the same way by each person on the assessment team and by 

anyone else who may need to make use of the assessment results at a later date). For example, 

terms such as “Moderate” are highly subjective and participants engaged in assessments should 

agree on a definition and example of what such a term means. These unambiguous definitions 

should be documented in the report to make clear the rationale for scoring. The examples of 

alternative scoring definitions can be used as inspiration.  

Table 5: Consequence scoring methods 

Scoring 
Definitions Number of studies (%) Scoring 

Method 
Method D 0 = No Effect 

1 = Measurable 
2 = Minor 
3 = Moderate 
4 = Major 
5 = Serious 
6 = Hazardous 
7 = Catastrophic  

34 (47%) 

Method E 0 = Negligible, Not Applicable 
1 = Very low, Some Measurable Change 
2 = Low, Slight Loss of Serviceability 
3 = Moderate Loss of Serviceability 
4 = Major Loss of Serviceability, Some Loss of  
Capacity 
5 = Loss of Capacity, Some Loss of Function 
6 = Major, Loss of Function 
7 = Extreme, Loss of Asset 

5 (7%) 

PIEVC High Level 
Screening 

1 = Very Low 
2 = Low 
3 = Moderate 
4 = High 

3 (4%) 
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5 = Very High 
Alternative 
(simplified 
definitions) 

Example:  
0 - No Effect 
1 - Insignificant 
2 - Minor 
3 - Moderate 
4 - Major 
5 - Catastrophic 

22 (31%) 

Alternative 
(detailed 
definitions)  

Example:  
Physical System Effects: physical disruptions to 
transmission, distribution, or other assets.  
Operations and Maintenance Deployment: personnel 
and/or resources required to address disruptions to 
operations.  
Load Restoration: the time required to restore electrical 
service to customers during an outage event.  
Financial loss: restoration costs to address consequence 
(e.g., cost of asset repair or replacement).  
Health and Safety of Personnel: reduced work capacity 
or injuries related to climate events. 

8 (11%) 

Table 6 Risk tolerance thresholds scoring methods 

Scoring 
Definitions Number of studies (%) Scoring 

Method 
PIEVC Protocol 7 
Point Scale 

<12 = Low Risk 
12-36 = Medium Risk 
>36 = High Risk  
7 = Special Case 

31 (42%) 

PIEVC HLSG 5 
Point Scale 

1-9 = Low Risk 
10-16 = Medium Risk 
>16 = High Risk 
5 = Special Case 

17 (23%) 

Alternative Example:  
≤ 5 Low: No action required 
6 to 12 Moderate:  Monitoring recommended; action 
may be required if threat materializes; a more detailed 
analysis may be needed 
15 to 25   High: Action required; immediate attention if 
risk occurs in current climate; adaptation planning 
necessary if risk occurs in future climate projections 

25 (34%) 



PIEVC Meta-Analysis – Summary Report  
 

  

38 

 

 

Factors influencing Vulnerability and Resilience 

This section presents the common characteristics identified that make infrastructure systems and 

elements more or less vulnerable to severe weather and climate change impacts in Canada. These 

characteristics are classified into the following categories: Condition, Design and Functionality, 

Emergency Response, Policy and Governance, and Geography, Landscape, and Land Use. These 

categories align with the Protocol's Performance Response Criteria as they, too, help provide a 

basis for setting risk criteria and consequence analysis; however, the categories presented here 

include the sensitivity (i.e., increasing vulnerability) and the resiliency (i.e., decreasing vulnerability) 

characteristics that drive performance response. In other words, these characteristics help to 

understand how infrastructure will be able to cope and maintain a level of service when under 

stress from severe weather and climate change.  

 

The following definitions are described in Volume 5 of the PIEVC Protocol (2024) and are 

provided in the meta-analysis to give context and improve understanding. Refer to the 

vocabulary companion document for more information.  

Engineering Vulnerability: the shortfall in the ability of public infrastructure to absorb the 

negative effects, and benefit from the positive effects, of changes in the climate conditions 

used to design and operate infrastructure. 

Vulnerability: propensity or predisposition to be adversely affected.  

Resilience: the capacity of interconnected social, economic, and ecological systems to cope 

with a hazardous event, trend or disturbance, responding or reorganizing in ways that 

maintain their essential function, identity and structure. Resilience is a positive attribute 

when it maintains capacity for adaptation, learning and/or transformation. 
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This meta-analysis has attempted to generalize these characteristics so that they are not overly 

specific to asset type or location. Some exceptions exist, such as coastal infrastructure located 

below sea level.  

Advice to Practitioners: The vulnerability and resilience characteristics of infrastructure systems 

identified in this report can act as an additional support for identifying and characterizing the 

vulnerability and resilience of systems in future assessments. These are not intended to be a 

comprehensive list that is applicable to all systems, however, may spark ideas or considerations 

that can be further investigated.



PIEVC Meta-Analysis – Summary Report  
 

  

40 

 

 

Condition 

The condition of the asset can increase or decrease vulnerability to climate change. Characteristics that lead to poorer conditions and 

performance issues may increase the vulnerability of infrastructure. Conversely, assets that are in good condition are often more resilient 

to climate change. Table 7 describes condition related characteristics identified by PIEVC assessments as contributing to the 

vulnerabilities of the system(s) they addressed. 

Table 7: Condition characteristics frequently identified by PIEVC assessments as influencing vulnerability 

Characteristic  Description 

Increasing Vulnerability 

Aging and related 

deterioration  

Many of the assets assessed are reaching the end or exceeding their useful life and are experiencing age-

related deterioration and reduced ability to deliver services. Issues such as leaks, foundation damage, 

and structural instability are common. Assessments that identified assets where the age has exceeded 

the expected service life frequently also identify greater vulnerability to climate change.  

Example: The Yellow Quill First Nations assessment, using the 2017 Asset Condition Reporting System’s 

(ACRS) report, found certain critical assets were scored at the lower end of the “Fair” range and 

characterized as showing signs of deterioration and are underperformance. The same ACRS report 

indicated that the identified deficiencies could worsen absent intervention. For future time periods (under 
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climate change) the PIEVC assessment therefore assigned high risk scores to many of the components 

for which ACRS provided “fair” condition ratings at the time the PIEVC assessment was conducted. 

Damage from 

hydrological processes 

(flooding, erosion, 

permafrost thaw) 

Areas near rivers, below, at, or near sea level, in permafrost zones, or with poor drainage may face 

ongoing challenges such as flooding, saltwater intrusion, erosion, and instability.   Some structures, such 

as breakwaters and amour stones help mitigate coastal flooding, but erosion and instability remain a 

concern, especially with changing climate conditions. When historically or frequently exposed to impacts 

of hydrological processes, the condition of assets can deteriorate more quickly and become more 

vulnerable to intensifying hydrological hazards or other climate hazards, like extreme wind.  

Example 1: An assessment conducted in Placentia, Newfoundland, located near sea level, noted concerns 

of erosion in sections of their breakwater due to continuous wave action, some of which occasionally 

overtops the breakwater, compromising its condition and functionality.  

Example 2: The Saint John Airport in New Brunswick recorded previous flooding events in 2019 and 2020 

due to extreme precipitation, major snowmelt episodes, and overflowing banks of the Mispec River that 

runs adjacent to the south and east of the Airport. The report states that projected increases in extreme 

precipitation and rapid snowmelt may also increase flooding of the Mispec River and the impacts on 

airport infrastructure. The assessment led to 47 high-risk interactions, 6 associated with riverine/overland 

flooding and 24 to extreme precipitation. The highest risks were related to flooding of the runway and 

airport infrastructure, leading to potential interruptions to flight schedules, increased maintenance 

requirements, and impacts on the health and safety of staff. 
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Lack of Maintenance / 

Maintenance Resources 

Routine maintenance is one of the most important factors in the condition of infrastructure assets. While 

only some studies note a lack of maintenance as a factor in the deteriorating condition of assets and, in 

turn, increasing vulnerability to climate-related hazards, most studies include recommendations for 

improved operations and maintenance (O&M) activities (See section 3.3). This lack of maintenance is 

often due to limited resources (including funding and human resources) that can delay repairs and 

upgrades, a factor increasing vulnerability highlighted in multiple case studies. 

Example: In an interview with PortsToronto staff, it was noted that they were surprised that the 

assessment didn't identify any high-risk interactions due to, in part, the poorer condition of assets from 

a combination of those nearing the end of their useful life and a lack of proactive maintenance. Some 

capacity constraints have required that O&M activities be performed more reactively. This has included 

a significant reduction in the workforce since the COVID-19 pandemic. However, after completing the 

assessment, PortsToronto recognized that more will be done to incorporate climate into O&M activities 

and take a more proactive approach to managing climate risk.  

 

 

Increasing Resiliency 

Upgrades or 

replacements 

Completed and planned upgrades can enhance infrastructure conditions. These efforts involve proactive 

measures such as replacing aging HVAC systems, upgrading roofing, installing energy-efficient lighting 

fixtures, and integrating modern technologies. By implementing these initiatives, infrastructure systems 
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are modernized, more energy efficient, and the overall functionality is enhanced, leading to better 

performance and longevity under changing climate and hazard conditions. 

Example 1: The Yellowhead section of Highway 16 was one of a few sections of the Highway chosen by 

British Columbia’s Ministry of Transportation and Infrastructure (MOTI) to determine if any of its 

components were at risk of failure, loss of service, or damage from extreme climate events. The 

assessment found that the Yellowhead section was relatively robust and identified no high-risk 

interactions. It was noted that this was partly due to the Highway's maturity and ongoing rehabilitation 

throughout its life span, resulting in high layers of resiliency.  

On-going maintenance, 

inspections, and 

monitoring 

On-going monitoring, inspections, and maintenance activities are noted across assessments to ensure 

that infrastructure remains in optimal condition by addressing minor issues before they escalate into 

more significant problems. 

Example 1: Some Highway 6 and 39 assets in Saskatchewan were considered to be in good operating 

condition owing to the Saskatchewan Ministry of Highways and Infrastructures’ ongoing monitoring, 

maintenance and replacement programs. The assessment of Saskatchewan's Highways 6 and 39 

identified 48 high-risk interactions for the proposed and existing assets. However, the report states that 

most high-risk scores were due to high probability scores and that none of the interactions had a severity 

score higher than 3.  Severity scores were lower, in part, due to the Saskatchewan Ministry of Highways 

and Infrastructures’ risk mitigation measures already in place for climate events. For instance, in response 

to winter temperature variations, operation and maintenance (O&M) personnel clear drainage culverts 
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using methods such as steaming and the Safe Operating Procedures for working in heat. 

Recommendations to reduce risks with O&M include the continuity of the services since the assets are 

already in good operating condition owing to the Ministry's ongoing monitoring, maintenance and 

replacement programs. 
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Design & Functionality  

Most built infrastructure in Canada was designed using historical climate data. As climate conditions change, infrastructure systems’ 

structural and functional design capacities are more likely to be exceeded by climate hazards, or to diminish more quickly over time 

because of increased weathering. As such, changing climate conditions can compromise the structural integrity and functional capacity 

of infrastructure systems, diminishing their ability to perform as intended.  

Table 8: Design & functionality characteristics frequently identified by PIEVC assessments as influencing vulnerability 

Characteristic  Description 

Increasing Vulnerability 

Insufficient 

design and load 

capacities  

Many assessments highlight that infrastructure design load capacities may be insufficient for projected increases in the 

frequency and magnitude of extreme events or changing average conditions.   

Example 1: The drainage capacity of roads or runways to withstand extreme rainfall as noted in the City of Vernon Stormwater 

and Mike Zubko Airport assessments, and cooling loads in buildings during a heatwave increasing vulnerability in 

Infrastructure Ontario's Three Public Buildings and the Nanaimo Regional General Hospital (NRGH) assessments. 

Location of asset 

on site  

The location of an asset on site has been linked to vulnerabilities in many assessments. Additionally, assets with limited 

accessibility suggest potential challenges in conducting maintenance or repairs promptly, especially during emergencies. 

Some on-site locations that can increase vulnerability include if the electrical systems are located in the basement, how high 

above or below sea level the assets are, and if components are located outside, such as trees, transmission lines, and lift 

stations. 
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Example: The Town of Altona, Manitoba, conducted a resilience assessment on the town’s existing and proposed drainage 

infrastructure in preparation for applying for the Green Infrastructure Adaptation, Resilience and Disaster Mitigation funding 

stream. The assessment identified 27 high risks for the 2050s time frame, increasing to 31 in the 2080s. In both time frames, 

a high risk resulted from the interaction between the proposed lift station’s electrical panel and lightning strikes due to 

projected increases in storm intensity. The proposed lift station is vulnerable because it is designed to be located outside, 

unlike the existing lift station, which has no high risks and is housed in a building structure.   

Construction 

Materials  

Using certain construction materials such as metal roofing, asphalt shingles, vinyl siding, and timber framing, while common, 

can contribute to vulnerability over time due to weathering, decay, and structural weaknesses. This characteristic, although 

important to consider, didn’t lead to any high-risk interactions across the assessments partially due to the long-term nature 

of the impact that can be mitigated through operation and maintenance (O&M). 

Example: Hydro Ottawa mentioned concerns about cracking and fissuring in materials, for example, polymer-based materials, 

caused by thermal stress and freeze-thaw cycles. 

Example: The Toronto Hydro-Electric System Public Infrastructure Engineering Vulnerability assessment identified special 

case risks of low severity and high probability of blowing snow and heavy snowfall. Over time, de-icing salt may cause assets 

to weather, decreasing performance, durability, and resilience of electrical infrastructure. However, due to the slow onset of 

weathering, ongoing operations and maintenance can mitigate impacts if prioritized. 

Insufficient 

drainage 

Inadequate drainage systems, including culverts, swales, and ditches, exacerbate flooding problems during high-intensity 

rainfall events. The lack of proper drainage infrastructure can lead to water buildup, erosion, and damage to adjacent roads, 

vegetation, and trails. 

Example: The Mike Zubko Airport in the Northwest Territories highlighted ponding at the intersection of a Taxiway and the 

runway because the natural surface drainage was blocked by infrastructure. Improper drainage is not only a flooding concern, 
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but it can also lead to the acceleration of permafrost thaw. These concerns led to a medium-risk interaction because the 

Airport recognized the importance of proper drainage and at the time of the assessment was upgrading surface drainage, 

including new berms and culverts. 

 

Increasing Resiliency 

Asset protection Resiliency is increased if the asset incorporates a protection element such as breakwaters, dikes, and lightning protection.  

Example: In the early 1990s, the Town of Placentia constructed a breakwater parallel to the main beach in response to 

multiple flooding events. In the report, it is noted that since the construction of the breakwater, there hasn't been any flooding 

in downtown Placentia. 

Additional 

support systems  

Some infrastructure assets include redundancy in equipment, such as sewage lift stations with multiple pumps that operate 

on a duty and standby system or buildings with additional ventilation systems. This redundancy enhances resilience by 

providing backup capabilities in case of equipment failure. 

Example: The District of Tofino undertook a Climate Lens Assessment on the design of the proposed Wastewater Treatment 

Plant, Conveyance Upgrades, Outfall Upgrades & Residuals Handling Facility. The plant was originally designed to withstand 

the peak wet weather flow (PWWF) horizon to 2040 with additional space and pipe capacity for the 2060s. The assessment 

identified only medium-low risk interactions for the headworks and the pump stations to increasing maximum daily 

precipitation because both systems were designed with 100% redundancy. These include upgrading the existing pump 

stations and adding another pump station and force mains, as well as screens and grit removal units designed to future peak 

influent flow rate and secondary clarifiers at the headwaters.   
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Safety 

equipment  

Many buildings are equipped with safety features such as smoke detectors, fire alarms, sprinkler systems, fire extinguishers, 

emergency exit signs, emergency lighting, security cameras, and accessibility features. These features enhance safety during 

emergencies and contribute to infrastructure resilience. 

Example: While some assessments, such as the Yellow Quill and Kasabonika FN-iRT assessments mention already having 

safety equipment in highly critical buildings such as education centers, many others provide recommendations to increase 

resiliency through the addition of safety features. For example, the Glenbow Museum Climate Lens CCRA and the Marda 

Loop CCRA recommended that the projects provide water bottle fill-up stations to support the health and safety of users 

during extreme heat events. 

Low Impact 

Development 

(LID) 

Implementing LID, such as permeable surfaces, rain gardens, and bioswales, are some measures that have been incorporated, 

particularly as flood mitigation strategies. Implementing LID practices helps manage stormwater runoff, reduce flooding, and 

improve water quality. By mimicking natural processes, these techniques enhance infrastructure resilience by reducing 

reliance on conventional drainage systems and mitigating the impacts of urbanization on hydrological cycles. 

Example: The City of Vancouver, to reduce combined sewer overflows (CSOs) due to capacity constraints, incorporated LID 

measures, including bioretention budges and dry wells, into the design of the Hastings Sunrise Sewer Renewal & Green 

Infrastructure Project as a cost-effective approach to managing excess rainwater volumes.  
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Emergency Response  

Emergency response measures can significantly affect the vulnerability or resilience of infrastructure to climate change impacts. 

Inadequate responses have the potential to exacerbate the severity of climate-related events, resulting in prolonged disruptions and 

extensive damage. Conversely, well-planned and timely emergency actions can mitigate impacts, facilitate swift recovery, and diminish 

overall socio-economic losses. The integration of effective emergency response protocols into broader climate adaptation strategies is 

essential for enhancing infrastructure resilience and safeguarding communities against future climate challenges.  

Table 9: Emergency response characteristics influencing vulnerability 

Characteristic  Description  

Increasing Vulnerability 

Operational 

challenges  

Operations staff face increased challenges during extreme weather events such as snowstorms, hurricanes, and high winds. 

Access issues, road conditions, and additional duties like snow plowing and tree clearing can impact the effectiveness of 

emergency responses. 

Example: The Municipality of the District of Shelburne (MDS) in Nova Scotia conducted a climate change vulnerability 

assessment of Sandy Point Sewage Treatment Plant (STP). Included in the components assessed were the operations and 

maintenance (O&M) staff and their ability to access and maintain STP infrastructure during extreme events. This increased 

the impact on O&M staff in this assessment as they have additional duties, such as snow and tree clearing, and answering 

public complaints. These impacts resulted in high-risk interactions related to access to infrastructure components during 

climatic events like hurricanes.  
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Limited access to 

infrastructure 

Road conditions resulting from climate events can present access issues in many remote communities and some infrastructure 

systems, limiting the ability to receive resources such as water, food, fuel, and additional aid during an emergency.  

Example: Due to concerns of wind and precipitation events damaging the single road access into the town of Tofino in British 

Columbia, the new design for their pump stations and wastewater treatment plant includes back-up power generators; 

however, concern remains due to the potential inability to re-fuel the generators if the road is damaged. 

Lack of 

emergency 

response plans 

that include 

climate change   

Although cities and organizations have emergency response plans and procedures, few of these plans have been updated to 

address changes in hazards and risks due to climate change. Updates would involve coordination with government agencies, 

weather monitoring centers, and other interested parties to anticipate and mitigate risks. 

Example: All of the Ferry Terminals owned by Transport Canada (TC) have comprehensive emergency response manuals and 

procedures for operational issues and risk; however, it was noted that these plans can be improved upon if they updated 

annually to include potential hazards, a monitoring and tracking system and communication. In an interview with TC, it was 

noted the since the assessment, emergency response plans, monitoring, tracking and reporting are all done on a continuous 

basis by the port's operator.  

Increasing Resiliency 

Emergency 

Response 

Preparedness  

Some organizations already have detailed emergency response protocols and plans tailored to specific risks, such as flood 

emergencies, based on factors like river levels and weather forecasts.  

Example: The Town of Placentia in Newfoundland undertook a vulnerability assessment to determine if its public 

infrastructure could handle additional loads expected with climate change. Included in the assessment was a review of its 

Emergency Planning. The Town established emergency planning procedures partly due to a significant downtown flooding 

event when its flood wall failed. The assessment found the Emergency Planning to be sufficient. It exceeded projected 

increases in sea level rise, storm surges, and a combination of both, resulting in a vulnerability score of less than 1.   
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Back-up power 

and generation 

Some infrastructure, such as water treatment plants, sewage lift stations, and healthcare facilities, are equipped with 

emergency backup power generators or systems. These features ensure essential service and communication continuity 

during power outages, increasing resilience to disruptions.  

Example: The City of Powell undertook a Climate Lens climate resilience assessment of the design for the proposed 

Consolidated Wastewater Treatment Facility (CWWTP) to replace three existing facilities that were no longer in compliance 

with regulations. The CWWTP was designed to the 2050 time horizon with the ability to upgrade beyond. Included in the 

assessment is the Electrical Infrastructure / Standby Power, which found some medium risk associated with high temperature 

and wildfire. However, these risks exist in the 2080s time horizon of the infrastructure and can be reassessed and upgraded 

if need be. The assessment notes that the backup power for the CWWTP and the new pump stations were included in the 

90% design as a climate resilience strategy.  
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Policy & Governance  

Policies, guidelines, standards, regulations, and governance dynamics at various levels (federal, provincial/territorial, municipal, and 

facility) all play a significant role in infrastructure ownership, decision making, operation, and ultimately how infrastructure owners 

respond to climate change. These frameworks can influence everything from the design and construction to ongoing maintenance and 

adaptation to changing conditions. They often shape the incentives and constraints faced by infrastructure owners and operators, 

influencing their choices regarding climate change adaptation and mitigation strategies. 

Table 10: Policy & governance characteristics influencing vulnerability 

Characteristic   

Increasing Vulnerability 

Jurisdictional 

Complexity  

Many assessments mention jurisdictional complexities involving multiple agencies or levels of government, which can 

sometimes lead to delays or inefficiencies in addressing infrastructure vulnerabilities and risks, or prevent them from being 

addressed because of conflicting incentive structures across organizations.  

Example: in an interview, it was highlighted that some areas of New Brunswick, Prince Edward Island, and Newfoundland 

are classified as “unincorporated”, with no municipal or regional jurisdiction and land use planning and permitting is 

managed by the province. In some examples, municipalities are trying to manage flooding but the majority of the watershed 

is located in unincorporated areas. Without communication between these organizations, it will be challenging to manage 

risks.  

Compliance with 

regulations 

Regulations, bylaws, and standards govern different aspects of infrastructure, including design criteria, operation, 

maintenance, administrative processes, and environmental considerations. Compliance with these regulations is essential 
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for infrastructure projects; however, not all regulations consider climate change, leading to concerns that new infrastructure 

projects will continue with "business-as-usual" approaches, since new approaches may be seen as introducing liabilities 

that would not have otherwise been experienced if already-standardized (business-as-usual) approaches had been used 

instead.  

Example: Several interviews noted occasional reluctance from infrastructure professionals to design beyond the 

requirements in Provincial Construction Codes and National Model Construction Codes. In these cases, it is important to 

emphasize that codes offer minimum standards, and designers may bear a responsibility for public safety, necessitating 

consideration of future climate change impacts that exceed existing code requirements.  As awareness increases, this 

becomes less of a problem; however, there remains a need for updates and guidance at both regional and national levels 

to inform decision-making and ensure that resilience considerations are integrated effectively into infrastructure projects. 

Regulatory 

changes  

Some assessments mention the eventual need for changes in regulations, bylaws, and standards, suggesting that current 

regulatory environments may impede infrastructure adapting to meet evolving requirements, potentially increasing 

vulnerability if changes are not implemented effectively or in a timely manner.  

Example: In 2010, the Toronto and Region Conservation Authority (TRCA) undertook a climate change vulnerability 

assessment of the components of the Claireville Dam in the Don River, the G. Ross Lord Dam in the Humber River, and their 

reservoirs. A detailed hydraulic assessment of the changes to dam inflow or the risk of dam failure to increase extreme 

events such as extreme rainfall and the probable maximum flood (PMF) was not assessed due to insufficient understanding 

of these interactions. However, it was noted that, at the time of the assessment, provincial initiatives were reviewing the 

operational and regulatory considerations of these interactions. This led to the recommendation for TRCA to closely 

monitor the Ministry of Natural Resources (MNR), who is responsible for regulation governing the design, operations, and 

management of dams in Ontario, and other regulatory agencies for changes to dam design and performance standards 
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that consider climate change, and that an assessment of this nature be conducted for both dams without delay as soon as 

this information is made available. 

Demographics/ 

Social vulnerability 

The socio-economic status, age distribution, cultural diversity, and access to resources within a community significantly 

influence its capacity to adapt and cope with climate-related hazards. Marginalized groups, such as low-income households, 

elderly individuals, indigenous communities, and people with disabilities, often bear a disproportionate burden of climate 

impacts due to limited access to social, economic, and political resources. Additionally, factors such as access to healthcare 

and historical injustices exacerbate vulnerabilities. Numerous studies across Canada have shown connection from social 

vulnerability to infrastructure vulnerability.  

Example: The First Nations Infrastructure Resilience Toolkit (FN-iRT) case study highlights how First Nations infrastructure 

is in poorer condition due to funding constraints. While funding can be received for designing new infrastructure, a lack of 

funds remain for ongoing operations, maintenance, and upkeep. This has resulted in depreciated infrastructure service life 

and increased risks across communities. Refer to the FN-iRT case study to see how the FN-iRT has paved a pathway for 

First Nation communities to receive proper funding to help build climate resilient infrastructure and communities.  

Increasing Resiliency 

Community 

Engagement 

Community concerns and feedback are significant in infrastructure planning and decision-making processes. Local 

experiences, perspectives, and knowledge are an essential part of understanding how climate hazards manifest, change 

over time, and impact infrastructure and social systems, necessary to produce well informed risks.  Infrastructure projects 

may address community concerns related to drainage, flooding, and potential impacts from neighboring activities. 

Example: A PIEVC assessment was conducted on the Metolong Dam in Lesotho in Southern Africa. This assessment 

included the comprehensive development of impact chains and extensive engagement to understand how impacts to the 

drinking water system would have widespread impacts on downstream users.  
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Environmental 

Considerations 

and Sustainability  

Regulations and policies often include considerations for environmental protection and sustainability. These involve 

managing stormwater, protecting fish habitats, reducing pollution, and incorporating green infrastructure to address 

climate change impacts.  

Example: Managing the risks associated with urban flooding is a common outcome of PIEVC assessments, and 

recommendations are not only focused on grey infrastructure solutions. Many assessments, such as the City of Lethbridge 

CVRA and Town of Aurora Climate Change Adaptation Plan, include recommendations to require low impact development 

standards and promote stormwater retention.   
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Geography, Landscape & Land Use  

The geographical location of the infrastructure and its surrounding landscape and land use can significantly influence its vulnerability 

to a changing climate. Natural features such as forests, wetlands, and grasslands help drive the hydrological processes of an area. It is 

becoming more evident that these features need to be relied upon to mitigate some of the climate change risks to infrastructure by 

providing services such as stormwater attenuation, natural water filtration, temperature regulation, and preventing erosion and 

landslides by stabilizing the soil. 

Table 11:Geography, landscape & land use characteristics influencing vulnerability 

Characteristic  Description 

Increasing Vulnerability 

Proximity to Water  Several assessment locations are situated near significant water bodies, including rivers, lakes, and oceans. This proximity 

increases the risk of flooding, storm surges, and erosion. Many of the studies with high risks associated with flooding and 

extreme rainfall are located near water.  

Example: The City of Calgary has 10.5 kilometers of the Bow River flowing through its downtown core, leaving the city 

vulnerable to riverine flooding in a highly populated area. Flood maps indicate that flood events may become more 

frequent and severe over the next century.  

Soil characteristics  Soil characteristics, including permafrost, moisture-holding or highly erodible soils, can cause infrastructure to be 

vulnerable to flooding and erosion. Some areas characterized by permafrost or high-water tables can also affect soil 

stability. 
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Example: The Mike Zubko Airport is located on continuous permafrost with a high ground ice content in the top 10-

20m of the ground. In 2013, a portion of the runway failed due to seepage through the runway fill and the thermal 

degradation of ice-rich soil. Although an important vulnerability influencer, the assessment identified medium-risk 

interactions associated with permafrost warming and reduced bearing capacity or runway settlement because this is 

expected to be a slow process that can be managed through monitoring and maintenance. Thus, knowing the soil 

characteristics, the associated hydrological processes, and how to manage potential impacts can greatly reduce the 

vulnerability of the infrastructure. 

Resources 

extraction 

Activities like mining, logging, and agricultural practices can have significant environmental impacts, including habitat 

destruction and pollution, leading to soil instability and increased demands on water treatment systems. 

Example: Concerns of increased runoff overwhelming the capacity of Yellowhead Highway’s catch basins are mentioned 

due to surface vegetation changes from logging and pine beetle outbreaks.  

Urbanization & 

Impermeable 

Surface 

Many study areas are highly urbanized, with impermeable surfaces such as asphalt and concrete covering significant 

portions of the land. Impermeable surfaces reduce natural drainage, increasing runoff during storm events and pressure 

on drainage systems. This trend can exacerbate flooding and overwhelm drainage infrastructure during heavy rainfall 

events, which expected to increase with climate change. 

Example: The City of Montreal is highly urbanized and impermeable, with built surfaces comprising 57% of the area. This 

increases the risks associated with urban flooding, as drainage capacity is insufficient.  

Population growth 

or change 

Many assessments highlight population growth and urbanization leading to increased demand for infrastructure services 

such as water supply, wastewater treatment, transportation, and mechanical systems. Rapid population growth may 

outpace the capacity of existing infrastructure systems, exacerbating vulnerability to climate change impacts such as 

changes in precipitation patterns and extreme weather events. 
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Example: In 2021, The City of Melville conducted climate resilience assessment on the design of the proposed water 

lagoon expansion project. The new design was prompted due to the existing water lagoon system nearing or exceeding 

treatment and storage capacity. The increasing population and wastewater generation in the City is greater than the 

existing system can handle resulting in vulnerability of the system and restrictions on the City’s ability for growth. Thus, 

the new wastewater lagoon expansion is designed to handle a projected population of approximately 7000.  

Increasing Resiliency 

Natural Features & 

Vegetation 

The preservation and restoration of green spaces, trees and forests, natural floodplains, and wetlands are being utilized 

as part of flood mitigation strategies, natural water filtration processes, and shading. Preserving and restoring natural 

features can enhance infrastructure resilience by providing natural flood storage, absorption areas, and habitat for 

biodiversity. Natural features help buffer climate change impacts while providing ecosystem services that support 

community well-being. 

Example: The City of Selkirk in Saskatchewan is developing an Urban Forest Management Plan as part of the City's Capital 

Asset Management Program. Part of the Plan is a multiyear urban canopy project. To receive funding from the Investing 

in Canada Infrastructure Program (ICIP), the City conducted a climate change resilience assessment on their forest 

inventory. The urban canopy project is an adaptation action in the City of Selkirks Climate Change Adaptation Strategy to 

help reduce climate change impacts on its built infrastructure and residents, such as physical stress and HVAC system 

failures from increasing heatwaves as well as sewage backup and discharge and flooding occurrences from increased 
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rainfall events7. The resilience assessment helped identify climate impacts on the urban canopy and adaptation actions 

necessary to keep it healthy so it can continue providing adaptation services to the City. 

 

7 City of Selkirk Climate Change Adaptation Strategy 

https://www.myselkirk.ca/wp-content/uploads/2019/07/Climate-Change-Adaptation-Strategy-Final-May2019.pdf
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Trends and Patterns in Climate Risk 

PIEVC assessments are prioritization exercises to identify, characterize, and rank climate change 

risk. Most assessments sort results into low risks, medium risks, and high risks. While the focus of 

this section is on high-risk interactions captured during databasing and desktop analyses (see 

Section 2), it's essential to acknowledge the significance of all risk scores and results across each 

assessment. Emphasizing high risks here does not undermine the importance of the process to 

identify and document low and medium risks. 

While many assessments adopt a common threshold for defining 'high risks' (as detailed in Risk 

Scoring in Section 4), the interpretation of these risks often varies significantly between 

assessments. For instance, one assessment might categorize an interaction as having 'extreme 

consequence' only if it leads to a complete loss of the asset, service disruptions, and cascading 

impacts on the community downstream. In contrast, another assessment might classify an 

interaction as 'extreme consequence' if it results in asset loss, regardless of its downstream 

impacts. Assessments that provide clear definitions of consequences and consider the extent of 

cascading impacts enable a more systematic understanding and comparison of risks across 

different assessments. The primary objective, however, of a PIEVC assessment is to provide 

actionable results tailored to the specific needs of the owner conducting the assessment, rather 

than facilitating direct comparisons between assessments.  

Figure 14 shows the number of studies that resulted in high risk interactions. Twenty-three (23) of 

the 71 reports reviewed include no high risk interactions in any time horizon (32%). The asset type 

that resulted in the most high risks are airports, with all five assessments identifying high risks in 

at least one time horizon. Coastal infrastructure had the fewest number of studies with high risks, 

with five out of nine having no high risks.  
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Figure 15 shows the climate parameters that result in high risks based on the number of 

assessments in which the parameter is used. The parameter that most often resulted in high risks 

when used was humidity, often in relation to mechanical systems in buildings. In many instances, 

humidity-related risks are projected to considerably increase under future climate change 

scenarios. Heat (such as heat waves) and heavy rainfall (such as 1-in-20 year rainfall) parameters 

are the next most frequently associated with high-risk interactions. Heat- and heavy rainfall-

related parameter are also two of the most frequently used parameters across assessments.  

Table 9 shows each climate parameter and each major infrastructure element and whether the 

interaction results in a high risk, no high risk, or was not assessed. Figure 16 shows the number of 

climate parameters resulting in high risks by infrastructure type. Twenty-one (21) different climate 

parameters resulted in high risks associated with buildings (the highest), compared to only 2 in 

association with flood protection infrastructure. Assets that resulted in high risk scores in 

association with multiple hazards may be more complex to develop comprehensive 

recommendations and adaptation strategies for, however many recommendations can increase 

resilience to multiple hazards.  

It is important to also note the number of studies included by infrastructure type. Assessments 

with fewer studies (such as bridges, where only one assessment was available) are more 

challenging to draw conclusions about as the data are representative of a single asset and 

location.  
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Figure 14: Studies with high risk by infrastructure type 

Note: The number displayed in each bar represents the number of assessments that were reviewed. For example, five airport 

assessments were reviewed and all five indicated some high risks. Only two flood protection assessments were reviewed, and one 

indicated high risks while the other did not. Due to the sample size, it is not advisable to infer that any particular infrastructure category 

is more or less susceptible to climate change impacts.  
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Figure 15: Studies that result in high risks (any time horizon) when included as a parameter  
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Table 12 Climate parameters resulting in high Risks by infrastructure type (high risks, no high risks, parameter not used) 
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Figure 16 Number of parameters resulting in high risks by infrastructure type
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Recommendations from PIEVC Assessments  

Recommendations in PIEVC Assessments typically fall into four categories:  

• Remedial Measures: efforts to reduce risk through physical interventions including re-

engineering, refurbishing, rebuilding, and hardening.  

• Management Measures: efforts to reduce risk without physical changes to the system. 

This can include actions like developing procedures to manage risk and providing training 

to manage emerging hazards.  

• Policy Measures: efforts to reduce risk that are broader and more overarching climate 

adaptation beyond individual infrastructure systems. This can include actions like 

developing a climate adaptation plan for a municipality or updating design criteria to 

incorporate climate projections.  

• Additional Study: efforts to better understand factors driving risk and data to support 

planning. This can include actions like watershed modelling and cost-benefit analysis.  

It is a common misconception that all recommendations from a climate risk assessment relate to 

upgrading or hardening assets. Many of the recommendations made at the end of the PIEVC 

assessment are focused on interventions such as increased maintenance practices that can 

improve resilience without requiring costly interventions.  

The recommendations at the end of an assessment often cannot be immediately implemented 

without additional evaluation. This has historically not been part of the PIEVC assessment, but as 

a follow-up initiative. Further analysis to inform adaptation actions was done by a small handful 

of the assessments reviewed. Only three assessments reviewed conducted a cost-benefit analysis 

on a subset of the recommendations proposed in the assessment. Additional follow-up through 

the interview process identified many concrete examples of recommendations being 

implemented. Refer to case studies for more detailed discussion.  
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Advice to Practitioners: While the existing repertoire of PIEVC assessments can serve as a 

valuable source of inspiration, it is important to remember the context in which recommendations 

were developed. Some of the earliest PIEVC assessments were conducted at a time when the 

concept of climate adaptation for infrastructure was still emerging and resources were limited. As 

our understanding of climate change risks and adaptation strategies evolve, practitioners are 

encouraged to push the boundaries on what recommendations are included and how they are 

developed. This could involve providing more comprehensive and actionable recommendations, 

such as an implementation plan to assist owners in decision-making.  

Almost all assessments recommended remedial measures and additional studies specific to the 

systems being assessed, while management and policy recommendations tend to be more 

broadly applicable, for example, updating operations and management practices and procedures 

and emergency response plans to incorporate climate change. However, 47% of assessments 

recommended updates to system-specific design or material specifications, which falls under 

policy recommendations. 
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Remedial Measures 

Recommendations for remedial measures typically include re-engineering, refurbishing, rebuilding, and hardening actions. The most 

common remedial action across assessments is flood related upgrades, including increasing dike crest height, adding secondary 

overflow drainage systems, and LID to aid stormwater management. These categories are not intended to be comprehensive of all 

potential recommendations, but instead provide a general picture of the types of recommendations commonly considered in PIEVC 

assessments. 

 Table 10 summarizes these categories and provides examples.  

Table 13: Common types of remedial action recommendations 

Remedial Actions Example Number of 

assessments 

Flood related upgrades “To address the potential for dike overtopping, it is recommended that the existing dike system 

be reconstructed along its existing alignment to ensure a continuous top elevation of 177.1m… 

Establishing this top of dike elevation can be achieved using a combination earth berms, walls 

backed with earth berms, walls, automated mechanical gates, and raising Riverside Drive.” - 

East Riverside Flood Risk Assessment 

34 
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Retrofitting “If turbidity from well water is increasing, the existing emergency eye wash stations installed 

should be reviewed and retrofitted with a built-in and/or external in-line filtration system.” 

Penticton Airport Risk Assessment Report Climate Change 

26 

Improve power or 

alternative source 

“Provide permanent back-up power at the new pumping station and temporary back-up 

(portable genset receptacle) power at the existing pumping station” - Vulnerability of Sandy 

Point STP Upgrade to Climate Change 

23 

Increase capacity “New infrastructure, possibly including additional retention volumes (interception/retention 

tunnel or other) will have to be considered in the near future in order to achieve the overflow 

control objectives of the order of 7 times per summer season, which are largely exceeded in 

current conditions, with an observed overflow frequency of around 50 times per summer 

season.” - Évaluation de la vulnérabilité aux changements climatiques des réseaux de types 

combiné, pseudo-séparatif et pluvial du bassin tributaire de l’ouvrage de surverse Belgrand à 

Laval 

23 

Include climate risk in 

design 

“Building adaptive capacity into the dike design to allow for a future additional 1 m increase in 

dike crest height, in particular to accommodate continued SLR” - Xwu'nekw Park Sea Dike 

Climate Lens Resilience Assessment 

20 

Use of nature-based 

solutions 

“Introduce drought resistant planting to help stabilize road and trail embankments. “ - City of 

Lethbridge Climate Vulnerability and Risk Assessment 

20 

Raise/Relocate Assets  “Solar panels and the associated electrical equipment may be installed with a higher freeboard 

from the expected flood level, to secure the functionality of the solar farm” Summerside Solar 

and Storage Integration Project  

19 
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Heat related upgrades “Use of temperature resistant plastics for play structures.” - PIEVC Assessment of Three City 

Parks - City of Mississauga 

15 

Replace aging 

component(s) 

“All of the existing assets will exceed their estimated remaining service life and will require 

significant rehabilitations or replacement before then” - Transportation Assets Risk 

Assessments (TARA) to Climate Change, Digby Ferry Terminal, Nova Scotia 

13 

Reinforcement “Identify risk mitigation or risk avoidance measures for strong to extreme wind events, such as 

securing (anchoring) asset components such as roofs, light structures, etc.” - Climate Change 

Impacts on Water and Wastewater Infrastructure at Akwesasne 

10 

Winter weather related 

upgrades 

“For new pipe installations, ensure pipes are below maximum frost level in ground. Install 

insulating material above pipes as additional protect for freezing.” - Climate Change Impacts on 

Yellow Quill First Nation Infrastructure 

9 

Back Up Systems ” Design generators or backup power storage with cooling systems sized for 2050 

conditions. “Glenbow Museum Climate Lens Climate Change Resilience Assessment 

7 

Lightning protection “Design should provide lightning and communication equipment protection to reduce risk of 

equipment loss and consider standby power systems to maintain operations during power 

outages.” - City of Meadow Lake Recreation & Civic Centre Climate Change Resilience 

Assessment 

7 

Low Impact Development 

(LID) 

Apply Low Impact Development (LID) and other "at-source" or "lot- level control" strategies 

aimed at reducing and delaying conveyance system loading.  - Town of Aurora Climate Change 

Adaptation Plan 

7 
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 Wind related upgrades   “Careful design of drains and stormwater infrastructure to be resilient to debris from wind and 

other severe storms.” - Glenbow Museum Climate Lens Climate Change Resilience Assessment   

7 

Install monitoring and 

sensors 

“To address the potential for bypassing of the dikes through the sewer system, design 

alternatives were developed for various scenarios - each involving the installation of backflow 

prevention devices or sluice gates at the cross-connection points in the sewer system to 

prevent the flow of flood waters inland” - East Riverside Flood Risk Assessment   

6 

Improve Ventilation Establish a robust moisture management design, including rain screening, foundation moisture 

barriers, careful placement of air intakes, envelope junctions allow for adequate drainage and 

drying, robust air barrier with external insulation, strategies to reduce thermal bridging and 

condensation potential - Glenbow Museum Climate Lens Climate Change Resilience Assessment 

6 

Install Communication 

System 

Provide radio based SCADA / telemetry system to communication disruptions during extreme 

events - Vulnerability of Sandy Point STP Upgrade to Climate Change  

4 

Water Use Efficiency  Consider an accelerated plumbing fixture replacement program to reduce potable water 

consumption and strain on regional domestic water supply. - Climate Change Vulnerability 

Assessment for Nanaimo Regional General Hospital (NRGH) 

3 
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Management Measures 

Many recommendations from PIEVC assessments tend to be related to management activities as these are much easier and less 

expensive to implement, while also reducing risk. These measures can include developing new or updating procedures, guidance 

documents, education and training for staff, and risk transfer through insurance. The most common management recommendation 

across assessments is to update operation and management procedures, followed closely by increasing maintenance, monitoring and 

inspection frequencies. So long as resources permit, these recommendations can be a cost-effective way to reduce risk and ensure 

infrastructure remains in good operating condition. Table 14 summarizes these categories. 

Table 14 Common types of management measures 

Management Measures  Example Number of 

assessments 

 Include climate in O&M 

practices/procedures 

Conduct a procedural review of current operation and maintenance practices, and standard 

operational procedures and evaluate their robustness against future climatic conditions - Mike 

Zubko Airport Climate Change Vulnerability Assessment 

43 

 Increase maintenance Conducting routine maintenance and inspection of emergency generators due to the increasing 

potential for electrical supply interruptions associated with freezing rain and ice storms, in 

advance of the weather event or readiness drills. - Climate Change and Extreme Weather 

Vulnerability Assessment of PortsToronto Assets 

33 
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 Increase monitoring  Monitoring precipitation intensity data in 5-minute intervals will help to build a strong baseline 

data set useful for determining climate change vulnerability in the future. This data set can also 

inform weather-based decision making such as timing of maintenance activities. - City of Nelson 

Stormwater Management System 

29 

 Increase inspection 

frequency 

Annual roof inspections can help identify reduced service life issues, such as degranulation, 

crazing, and bowing of the roof membrane. These inspections pre-empt reduced service life 

concerns and can be planned for renewal prior to critical failures. - Climate Change Vulnerability 

Assessment for Nanaimo Regional General Hospital (NRGH)  

24 

 Data Collection Require contractors to document weather conditions that caused major maintenance issues. 

Notionally, this would include meteorological data on rainfall, wind, etc. from the nearest weather 

station. This would link infrastructure problems with climate data and facilitate future monitoring 

of this interaction. - British Columbia Ministry of Transportation and Infrastructure - Yellowhead 

Hwy 16 

20 

 Review/investigate 

infrastructure design/load 

capacity 

Investigate current design reserve capacity of the Yellowhead Highway to handle changing 

hydrology from increased local extreme rainfall events - British Columbia Ministry of 

Transportation and Infrastructure - Yellowhead Hwy 16 

20 

 Improve 

documentation/reporting 

Log events and situations (such as infrastructure failure, maintenance issues and operations 

responses) related to extreme weather in an easily accessible database. Assessment of Town of 

Welland’s Stormwater and Wastewater Collection and Treatment System 

18 

 Develop safe work / 

operation practices 

Create a Health and Safety committee to develop policies related to heat waves, and a plan to 

protect workers subject to extreme climate events. Provide First Aid training to supervisors/staff 

15 
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to allow early recognition of heat related illness and treatment. Climate Change Impacts on 

Kasabonika Lake First Nation Infrastructure 

 Education and training Support landowners to protect their property from sanitary backups through education and 

incentive programs - Town of Aurora Climate Change Adaptation Plan 

13 

 Use of nature-based 

solutions 

Identify the sectors where green infrastructure (bio-retention, tree planting, green spaces, etc.) 

would be most effective for managing stormwater upstream. - Évaluation de la vulnérabilité aux 

changements climatiques du réseau de drainage unitaire de Montréal 

12 

 Improve communication Prepare an emergency communications plan and staff training for extreme weather events. Plans 

should address collections, staff, and visitor safety. - Glenbow Museum Climate Lens Climate 

Change Resilience Assessment 

10 

 Improve/ensure water 

quality  

Install Point of Entry water treatment systems (Portable Reverse Osmosis/Ultraviolet (UV) 

Disinfections Systems) water disinfection systems to reduce risks of water contamination to 

homeowners on cisterns. Climate Change Impacts on Yellow Quill First Nation Infrastructure 

10 

 Develop or improve health 

and safety procedures or 

guidelines 

Continue or begin to provide appropriate weather-related personal protection equipment (PPE) 

that can reduce exposure risks. - PIEVC Assessment for Maritime Electric Company LTD. 

10 

Include results in asset 

management system 

Create/continue an asset management/building management program to identify and maintain 

the components that are vulnerable to climate change but that will benefit from remedial action 

and a scheduled maintenance and repair plan - Assessment Of University Of Saskatchewan 

Current Engineering Building And New Addition 

4 
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Policy Measures  

Policy recommendations are typically higher order actions than management measures identified in the previous section. These 

recommendations are typically more complex and require additional work in order to implement after the assessment. The most 

frequent policy recommendations are related to updating the design or material specifications for future assets (such as upsizing 

culverts to accommodate increased rainfall). Additionally, many of the findings of risk assessments can be integrated into other climate 

change related initiatives, such as an adaptation strategy. The recommendations in Table 15 demonstrate the value of having a diverse 

group involved in the assessment, as many of these recommendations require collaboration beyond the responsibility of the project 

proponent. 

Table 15 Common types of policy recommendations 

Policy Measures Example Number of 

assessments 

Update design or material specifications, 

codes, or standards 

Develop relevant, practical design parameters and guidelines to help 

designers account for the future influence of climate change on 

highway infrastructure designs. For example, it is currently difficult to 

account for the effect of increased magnitude and frequency of rainfall 

on extreme stream peak flows as it is not a linear relationship. Future 

hydrotechnical design may require more complex engineering such as 

33 
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continuous rainfall analysis and watershed modeling. British Columbia 

Ministry of Transportation and Infrastructure - Yellowhead Hwy 16 

Include climate in strategy/plan/policy As a public-sector organization, Island Health will be responsible for 

developing 10-year mitigation and adaptation plans to meet the 

mandated requirements of the new BC Climate Leadership Plan. 

Hospitals tend to have a large environmental footprint, yet given their 

central regional role, they also have unique potential to provide 

leadership and serve as community anchors and role models for 

sustainability actions. Incorporating low carbon resilience by 

integrating planning for climate change resilience with energy 

efficiency (and other aspects of carbon management) offers a variety 

of co-benefits and synergies, including saving time and financial 

resources. Such an approach could model climate leadership 

approaches for the region. - Climate Change Vulnerability Assessment 

for Nanaimo Regional General Hospital (NRGH) 

32 

Update Emergency Response Update emergency response procedure and manual, including annual 

review of potential hazards, a monitoring and tracking function, the 

manual & communication - Transportation Assets Risk Assessments 

(TARA) to Climate Change, Digby Ferry Terminal, Nova Scotia 

31 

Engagement of other jurisdictions Anticipate and plan collaborations for high risk weather events, such 

as interactions with emergency and community services, external 

17 
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agencies, and the community itself. - Climate Change Impacts on Water 

and Wastewater Infrastructure at Akwesasne 

Improve documentation/reporting Documenting the management decisions PortsToronto makes in 

association with the weekly briefings from the International Lake 

Ontario - St. Lawrence River Board. - Climate Change and Extreme 

Weather Vulnerability Assessment of PortsToronto Asset 

2 

Incentive programs Promote and provide incentives for water conservation in urban 

agriculture, including grey water recycling and water retention and 

storage technologies. - City of Lethbridge Climate Vulnerability and Risk 

Assessment 

2 

Low Impact Development Update 2013 study on values for integration natural capital in Aurora 

to reflect current assets and into the AMP -  

2 
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Additional Study  

It is very common that after a PIEVC risk assessment is completed, additional studies are needed to better inform factors of infrastructure 

risk, including risk drivers, climate hazards, and developing data, or studies that better inform recommendations like cost-benefit 

analysis or social impact studies. The most frequent additional study recommendation across assessments is to conduct future CCVRAs 

as climate data and science continues to evolve. Specific infrastructure elements/materials and hydrological studies were the next most 

common set of recommendations with the intention to better inform specific risk results or climate hazard-component interactions that 

were out of scope in the initial assessment. Table 16 summarizes these categories.  

Table 16 Common types of additional study recommended 

Additional Study Measures Example Number of assessments  

Future climate analysis Undertaking additional climate analysis to determine the current and future 

impact on operations from fog and wind (once the meteorological station 

on the island is fully functional). - Climate Change and Extreme Weather 

Vulnerability Assessment of PortsToronto Assets 

28 

Specific infrastructure or materials study CCTV inspection of existing collection system to identify possible I & I 

sources. - Vulnerability of Sandy Point STP Upgrade to Climate Change 

24 

Hydrological studies / modelling A study to estimate the potential increases to freshet flow rates and 

frequency should be completed, including hydrologic modeling using 

projected climate values. This will better inform operations and design 

18 
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decisions. - City of Vernon Stormwater Infrastructure PIEVC Assessment 

Report 

Engineering Study An engineering review should be undertaken to evaluate if the existing fan 

system is adequately designed to support the cooling requirements of the 

space. - Penticton Airport Risk Assessment Report Climate Change 

10 

IDF Curves The Application implications of the updated and the projected (i.e., 2020 

and 2050) IDF relationships, developed for this risk assessment, should be 

evaluated to determine long-term applicability for sewer design. - 

Assessment of Town of Welland’s Stormwater and Wastewater Collection 

and Treatment System 

8 

Cost benefit analysis Complete a business case for installing a CAT2/3 low vis infrastructure to 

allow aircraft to arrive and depart in low visibility conditions - Climate 

Change Resilience Strategy Saint John Airport, New Brunswick 

6 

Long term monitoring and evaluation Reassess the climate change vulnerability every five years with several 

interested parties, including airport operators, the owners and users of the 

airport, as more baseline data, infrastructure performance information, and 

improved climate models become available - Mike Zubko Airport Climate 

Change Vulnerability Assessment 

6 

Nature-based solutions study Abundant greenspace onsite should be used to manage stormwater 

sustainably as part of the site’s natural infrastructure. Further studies are 

needed to fully understand the stormwater capacity of the dry pond and 

4 
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the added demand of the proposed development. Forest Lawn Multiplex 

Climate Change Resilience Assessment 

Technological innovation research Explore more widespread use of distribution automation. - PIEVC 

Assessment for Maritime Electric Company LTD. 

3 

Criticality assessment It has been identified that several of the critical pump stations are a risk of 

impacts from flooding. As climate projections indicated a potential for an 

increase in storm events and flooding, a review of these pump stations is 

recommended followed by remedial action to add the required flooding 

protection identified. - City of Calgary Water Supply Infrastructure 

2 

Forensic Analysis Execute detailed forensic case study of April 30, 2017 storm event to 

properly assess: 1) Storm surge height and coastline penetration during the 

event, 2) Refine return period calculation of the event, 3) Identification of 

similar storms that have occurred historically, and 4) Better determine 

likelihood of future storms of similar nature under climate warming. - PIEVC 

Assessment of Three City Parks - City of Mississauga 

2 

Public health impact assessment  Monitoring and projection of climate change trends and associated health 

impacts such as extreme heat events, wildfire, flooding, and increased 

prevalence of diseases (e.g. Lyme disease, Zika virus, West Nile virus) can 

help to inform patient flow analysis and highlight associated internal 

capacity issues. The monitoring of hospital visits for respiratory issues 

following wildfires and extreme heat events by the BC Centre for Disease 

2 
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Control (BCCDC) is an example of the type of early warning and alert 

system that NRGH could become connected with. Climate change is also 

projected to drive the emergence of new health risks that might affect the 

hospital’s capacity to operate. - Climate Change Vulnerability Assessment 

for Nanaimo Regional General Hospital (NRGH) 
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Identified Gaps and Limitations  

Stating limitations is recommended as part of all PIEVC reporting. Most assessments reviewed 

include a section on limitations. Each report has been reviewed and tagged with a standard 

limitation type as shown in Table 17. The most commonly stated limitations are related to climate 

modelling and climate science, followed by access to data.  

Table 17 Stated limitations 

Stated Limitations Number of 

assessments 

Climate Modelling  39 

Climate science 36 

Access to data 23 

Cascading effects/impacts not considered 14 

Level of detail 11 

Assumption that data received was correct 10 

Professional judgement 10 

Uncertainty 8 

No cost-benefit analysis 7 

No site visit 5 

Project timeframe 5 

Step 4 engineering analysis 5 

Number of scenarios and / or time horizon 4 

Jurisdiction limitation 3 

Assumption that asset condition remains the same 2 

Outdated instrumentation 1 
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5. Benefits of Conducting CCRVAs 

The following sections describe some of the benefits of conducting CCVRAs using the PIEVC 

Protocol that were highlighted in the meta-analysis process. Anonymous quotes are provided that 

draw on the interviews conducted as part of the case study development.  

Capacity building and engagement 

• PIEVC assessments offer an opportunity for capacity building within organizations 

including the infrastructure owner undertaking the assessments and other interested 

parties. 

• Through the process, internal champions are developed, supported, and empowered. This 

increased understanding and awareness directly supports action.  

• Engagement throughout the duration of an assessment can foster a culture of expertise 

and ownership within the organization. A sense of ownership over the risk results and an 

improved understanding help to ensure resilience efforts move beyond the initial 

assessment phase. 

• This engagement not only ensures diverse perspectives are considered but also facilitates 

knowledge sharing and collaboration. 

• Longstanding relationships within and across organizations have been formed from PIEVC 

assessments.  

• By involving participants from various sectors, CCVRAs promote a holistic approach to 

resilience planning, enhancing the effectiveness and relevance of resulting strategies. 
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What we heard: 

• “Bringing together diverse groups and perspectives is always valuable for us. Many of 

the findings related to cascading risks and impacts would not be possible without these 

conversations.” 

• “Our engagement process brought together teams that often don’t collaborate or share 

information. Our operations team was not aware of how many community members 

were displaced after a flood event until they heard from social services that hundreds of 

people had needed support finding alternative housing. This helped us understand the 

downstream impacts to communities beyond just infrastructure.” 

• “We need climate change experts, but it is much more meaningful and critical to have 

a chief administrative officer and a public works department staff member who cares 

about climate change. We need climate to be understood and embedded into all these 

roles for effective action.” 

• “I’ve attended several workshops that bring together municipal infrastructure owners, 

climate experts and service providers, and the broader environmental sector. There are 

many organizations, including not-for-profits, that may otherwise not be engaged in 

these types of activities but can provide tremendous value and expertise.”  

Structured yet flexible process  

• PIEVC has been used across an incredibly broad range of infrastructure types, scales, 

locations, and achieved a wide range of objectives.  

• There is consensus among users of the PIEVC Protocol that the approach is both rigorous 

and flexible. The range of assessment applications included in the meta-analysis can 

inspire others to adapt the approach to their specific needs.  

• Several assessments embedded a PIEVC assessment into a much broader initiative, such 

as the development of a Coastal Adaptation Strategy or Master Plan.  
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What we heard: 

• “When you get more comfortable using the PIEVC Protocol, you can see how the core 

steps can be adjusted to your needs.”  

Confirmation and consolidation of information 

• Despite increased awareness of climate change, hesitation still exists to incorporate 

climate change into new designs and prioritization initiatives. The results of the PIEVC 

assessment, particularly when high risks are identified, is a helpful tool to rationalize future 

adaptation planning. 

• In some instances, a PIEVC assessment is an opportunity to bring together the information 

and knowledge that an organization already has. They may be aware of climate impacts 

but have yet articulated how it is affecting operations and assets.  

What we heard: 

• “Engineers may already be thinking about incorporating climate into their design but 

are worried about the implications, like being told they are overdesigning or costs are 

not warranted. Pointing to the results of the CCVRA is a clear and defensible resource 

to rationalize decisions to act.” 

Demonstrate commitment to action 

• Several assessments used the results of the PIEVC assessment to successfully apply and 

secure funding, such as the Disaster Mitigation and Adaptation Fund (DMAF). These 

examples demonstrate that a completed CCVRA assessment can signal that the 

organization is earnestly committed to taking action and has identified priorities.  
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What we heard: 

• Unfortunately, several organizations we interviewed have experienced extreme events, 

such as hurricanes, severe windstorms, floods, and fires, which were exactly outlined in 

their risk assessments.  These events have had significant repercussions for public 

infrastructure, including service disruptions and damages that have deeply impacted 

communities. In situations where your credibility and reputation are at risk, it is 

important to demonstrate concrete steps taken to identify and prevent these outcomes 

from happening again. Several organizations emphasized that after an event, climate 

adaptation becomes a higher priority, and having prepared ideas increases the 

likelihood that they can be implemented. While not entirely proactive, this approach is 

preferable to having no plan to address the risks at all.  

Actionable recommendations 

• One of the primary benefits of CCVRAs is their ability to generate actionable 

recommendations. These can range from highly specific recommendations for specific 

assets to general overarching principles to incorporate climate risk. 

• By focusing efforts on addressing the most significant vulnerabilities and risks, 

organizations can maximize the impact of limited resources and minimize potential losses 

due to climate-related events. 

• By assessing vulnerabilities and risks comprehensively, CCVRAs provide organizations with 

specific insights into areas requiring attention and intervention. 

• These recommendations serve as a roadmap for implementing targeted adaptation 

measures, enabling organizations to prioritize actions based on identified risks and 

opportunities. 

• CCVRAs are a step towards optimizing resource allocation by identifying areas where 

investments in resilience will yield the greatest returns. 
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What we heard: 

• “The end result of an assessment should be a clear roadmap towards climate adaptation 

planning. Recommendations should describe next steps to be taken, who is responsible, 

and the timeline to implement.” 

• “Increasingly, infrastructure owners are requiring that CCVRAs and risk treatment 

initiatives are directly tied or part of a single project. This approach helps ensure that 

action is taken, and reports don’t sit on a desk.   
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6.  Common Challenges for CCVRAs 

The following sections describe some of the challenges of conducting CCVRAs using the PIEVC 

Protocol that were highlighted in the meta-analysis process. Anonymous quotes are provided that 

draw on the interviews conducted as part of the case study development.  

Time and resources required  

• Several interviews highlighted that conducting a PIEVC assessment demands significant 

resources. Even when hiring external experts, there are still demands on the internal 

knowledge and expertise of the infrastructure owner. 

• Many organizations, especially smaller ones, or those in the Global South, may lack the 

necessary resources to conduct comprehensive assessments. 

• Bringing together a diverse group of experts requires expert coordination and facilitation 

skills. As highlighted in the benefits section, the value of this effort should not be 

underestimated in an effort to streamline or reduce costs.  

 

What we heard: 

• “Do not underestimate the time needed for effective engagement and facilitation. There 

is often a tendency to allocate the majority of time to technical tasks and neglect 

communication. Planning for more engagement than anticipated can give surprising 

and beneficial results.”  

• “It is much easier to do an assessment when there is external funding or expertise 

provided.”  
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Access to climate data and approaches to analysis  

• The robust development and interpretation of climate data consistently emerges as a 

major challenge in conducting a PIEVC assessment. Although there have been 

advancements in the field since the Protocol was first used in 2008, this remains a 

challenge.  

• Access to reliable climate data was identified as one of the most prominent limitations 

across all assessments reviewed. Additionally, confidence in data used was raised several 

times in interviews. Some interviews indicated they felt confident in using data for the 

assessment, but it will take more work to incorporate scenario-based planning into future 

designs.  

• Since the last update to the PIEVC Protocol in 2016, several tools such as ClimateData.ca, 

Climate Atlas of Canada, Ouranos’ Climate Portraits and PAVICS, and the PCIC Climate 

Explorer have been introduced. Many of the assessments reviewed lacked access to these 

tools, suggesting potential to streamline climate data collection and analysis in the future.  

• The increasing availability of climate data portals has been helpful; however there remains 

a need for more guidance on topic such as: how to use indirect data proxies for hazards 

that cannot be easily obtained at the local level (such as freshet flooding, fog, and 

hurricanes), calculating extreme event statistics, combining quantitative and qualitative 

information in a single assessment, and comparing chronic and acute hazards.  
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What we heard: 

• There is currently no standardized set of qualifications or competencies to assess the 

skillset of climate specialists for conducting PIEVC assessments. This makes it 

challenging to hire these experts and feel confident in the results they provide.  

• There is a clear need for supplemental or supporting guidance in the PIEVC Protocol 

and additional training to support applied climate science for PIEVC applications. 

Continued efforts are needed to address these challenges.  

• Continued collaboration with organizations like the Canadian Centre for Climate 

Services and regional climate hubs, such as Ouranos, PCIC, ClimAtlantic, ClimateWest 

and the Ontario Resource Centre for Climate Adaptation are also integral to advance 

practice.  

Access to other data  

• Data related to social, economic, and environmental factors may also be lacking or 

outdated, further complicating the assessment process and the ability to prepare detailed 

recommendations, such as cost-benefit analysis. 

• Overcoming these data limitations requires innovative approaches to data collection, 

analysis, and modeling, as well as collaboration with relevant interested parties to fill gaps 

and address uncertainties. 
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What we heard: 

•  “We had a request to quantify the cost of doing nothing versus the cost of adaptation. 

However, at the time, there was limited publicly available data or methods to accurately 

quantify the direct and indirect impacts of hazards such as floods. It appears that 

obtaining clear numbers for climate mitigation is much more feasible compared to 

adaptation efforts.” 

Conceptual understanding of core concepts 

• Through the meta-analysis, it became clear that there have been divergences in the 

interpretations and applications of core concepts such as vulnerability, risk, sensitivity, 

adaptive capacity, and exposure. Most assessments apply a single consequence score, 

often representing both how vulnerable the infrastructure element is to a given hazard 

and how consequential this interaction could be. Without proper documentation, this can 

be problematic. For example, in a workshop setting, participants may feel that an event 

like a large flood could have catastrophic consequences (i.e. score of 5) if an asset failed 

but also think the likelihood of the hazard (flooding, i.e. score of 4) is higher than the 

likelihood of failure of the asset occurring, resulting in a high risk (i.e. score of 20).  Because 

consequence scoring requires that you assume the event has occurred, and the likelihood 

score cannot be adjusted, participants may choose to lower than consequence score. This 

may include discussion on how the existence of a robust emergency response team to 

complete immediate repairs and cleanup could lower the consequences. This discussion is 

often overly simplified in reporting, particularly when concepts related to sensitivity and 

adaptive capacity are not considered. This makes results significantly more challenge to 

revisit or understand.  

• Assessments vary widely in how they consider the service(s) an infrastructure provides in 

their risk scoring and reporting. For example, one assessment might categorize an 
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interaction as having 'extreme consequence' only if it leads to a complete loss of the asset, 

service disruptions, and cascading impacts on the community downstream. In contrast, 

another assessment might classify an interaction as 'extreme consequence' solely based 

on asset loss, regardless of downstream impacts (i.e. how services are affected and how 

critical these services may be). When this is not well documented or reported, it is 

challenging to compare risks across different assessments or replicate the same 

assessment again in the future.   

• A frequently raised limitation of the core PIEVC methodology is the ability to consider 

cascading risks. The revised PIEVC Protocol (2024) and the PIEVC Green Protocol (2023) 

offer additional guidance on these concepts. It is anticipated that with the growing 

popularity and knowledge of systems –thinking-based approaches, practitioners will have 

more guidance and tools available to understand the full picture of infrastructure within a 

broader system context.  

• To address this challenge, it is essential to establish clear definitions and frameworks for 

these concepts, ensuring consistency and accuracy throughout the assessment process. 

The revised 2024 PIEVC Protocol has included more guidance on these core concepts, and 

additional add-on support such as a standalone vulnerability analysis and the use of 

impact chains.  

What we heard: 

• “We should be really stressing here that you can reduce some of the subjectivity by 

better defining consequences. ‘Medium’ is much more subjective and ambiguous than 

‘reduction in service for 4 hours.’ This also makes for better adaptation planning, if 

you’ve scored as high consequence from a structural lens then your recommendation 

shouldn’t be O&M if that doesn’t align.”  
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Collaboration across disciplines 

• PIEVC assessments require an interdisciplinary approach among experts from various 

fields, including climate science, engineering, social sciences, and policy. Coordinating 

these diverse perspectives and integrating their insights into a cohesive assessment can 

be challenging, requiring effective communication, collaboration, and leadership. 

• Different disciplines may have different methodologies, metrics, and priorities, further 

complicating the integration process and potentially leading to conflicts or inconsistencies 

in the assessment outcomes. 

What we heard: 

• “Terms like ‘conservative’ can hold completely opposite meanings to a climate scientist 

and an engineer. When collaborating, it’s crucial to align on terminology and not assume 

that any particular skillset is more valuable than another.”  
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7. From Climate Risk to Climate Action  

CCVRAs can serve as the foundation for climate change adaptation by providing crucial 

information about an organization's vulnerabilities and risks. This information helps inform the 

planning and implementation of adaptation measures recommended and prioritized in the 

CCVRAs. The implemented adaptation measures help build infrastructure systems and 

communities that are more resilient to the impacts of climate change.  

This meta-analysis has identified numerous instances of significant actions being taken to move 

from climate risk to action. These are highlighted in several case studies and in the sections 

described below. 

Establishing a strategic plan to seamlessly transition from climate risk assessment to climate action 

is critical to maintain momentum and ensure risks are effectively addressed. Responding to this 

some organizations have begun incorporating implementation planning processes into their 

CCVRA process: 

• In 2019, British Columbia’s Ministry of Transportation and Infrastructure [See BC MOTI 

Case Study]  issued the Technical Circular (TC) T-04/19 to all staff, requiring that all projects 

provide engineering design adaptation and submit a design criteria sheet to the Chief 

Engineer's Office. This guidance document integrates climate risk and adaptation planning 

into all decision-making processes for new projects, and rehabilitation and maintenance 

initiatives. 

• In 2024, the City of Calgary [see Marda Loop Case Study] updated its Climate Risk and 

Resilience Assessments (CRRA) and Climate Risk Screening Assessments (CRSA) 

Framework to support decision making. Users are now required to include an adaptation 

implementation plan as part of their reporting on any assessment. These plans can be 

created using the CRSA Tool, which encourages teams to identify strategies beyond 

https://www2.gov.bc.ca/assets/gov/driving-and-transportation/transportation-infrastructure/engineering-standards-and-guidelines/technical-circulars/2019/t04-19.pdf
https://www.calgary.ca/environment/climate/climate-risk-assessment-framework.html
https://www.calgary.ca/environment/climate/climate-risk-assessment-framework.html
https://www.calgary.ca/environment/climate/climate-risk-assessment-framework.html
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current building standards, further prioritize recommended actions, produce 

comprehensive plans that can be referred to throughout the project, and also consider 

actions related to climate change mitigation. 

• The Ontario First Nations Technical Services Corporation (OFNTSC) created the First 

Nations Infrastructure Resiliency Toolkit [See FN-iRT Case Study]. The Toolkit is a process 

that allows First Nations communities to assess infrastructure vulnerability due to extreme 

weather and manage risks. The Toolkit is comprised of Modules: Data Structure and 

Sources, Climate Risk Assessment, and Asset Management Plan (AMP). The AMP Module 

allows the user to identify life cycle needs and financial requirements for maintenance 

and/or upgrades, establish priorities, and plan, monitor, and report for all community 

assets. The Toolkit has emerged as a solution to link infrastructure status with climate 

change impacts, facilitating short- and long-term asset management planning. 

• In 2023, the Atlantic Infrastructure Management [See AIM Network Case Study] launched 

an Asset Management Cohort Program for Atlantic Canada to assist municipalities in 

conducting climate change vulnerability and risk assessments. The Cohort is comprised of 

5 workshops focused on organizational capacity building and prioritizing renewal and 

replacement of infrastructure. The final workshop focused on creating a list of critical 

assets and strategies for preventative maintenance, monitoring and renewal, assessing 

alternatives to replacements and renewal to manage funding constraints, preparing capital 

projections for the assets, integrating actions into Asset Management Planning, and 

monitoring progress to explore opportunities for continued improvement.  

 

 

 

https://firstnationsirt.org/
https://firstnationsirt.org/
https://www.aimnetwork.ca/cohort-program
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What we heard: 

• "Our goal was not focused on just writing a report. We wanted the assessments to lead 

directly to adaptation” 

• The adoption of FN-iRT represents a significant step forward in community resilience-

building efforts. By empowering communities with the tools and knowledge needed to 

assess and mitigate risks, FN-iRT enhances their capacity to adapt to a changing climate. 

 

While implementation plans are emerging as important means for facilitating coordinated climate 

action in response to the recommendations of PIEVC assessments, assessments have also led in 

many cases to implemented adaptation measures independent of overarching implementation 

plans.   

 

Remedial measures have included rehabilitation efforts to increase the capacity of stormwater 

infrastructure [See PortsToronto Case Study], upgrades to pump stations and creating more 

storage to reduce flooding along the east riverside [See Riverside Case Study], erosion control 

measures [See Faro Case Study], replacing impervious pavement with pervious in the design [See 

Marda Loop Case Study], and rerouting trails away from low lying areas (Bragg Creek).  

 

Management measures have included routine maintenance and inspections of existing 

infrastructure, increasing monitoring, data collection, and reporting damage from hazards and 

ship cancellations and delays [See Atlantic Ferries Case Study] and erosion progression using 

photo logs and measurements [See Faro Case Study]. Both coastal infrastructure case studies, 

PortsToronto and the Atlantic Ferries, currently reactively employ operations and management 

due to the nature of the hazards they encounter. Refer to the full case studies to see the different 

plans both organizations have to transition to a proactive approach. Since the implementation of 

the previous pavement in the Marda Loop project in Calgary, the project team has worked with 
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Stantec, the design consultant, and roads operations to develop an Operations and Management 

Manual for pervious pavers. 

 

Additional study recommendations that have been implemented include borehole testing to 

understand permafrost conditions in Faro, a stormwater management (SWM) study by 

PortsToronto at the Billy Bishop Toronto City Airport (BBTCA), wave studies by the Atlantic Ferry 

Terminals to inform the design of asset upgrades, and further, more location specific CCVRA by 

the City of Windsor. 

 

Policy measures can be more challenging to implement, especially if they require the 

participation of parties outside the original assessment, which may 11  help explain why this 

category PIEVC-related recommendations appears to have resulted in the smallest number of 

implemented actions. However, as stated above, BCMOTI developed the Technical Circular (TC) T-

04/19 policy requiring all Provincial projects to consider climate risk and adaptation. In addition, 

Engineers and Geoscientists BC (EGBC) collaborated with BCMOTI to release the "Professional 

Practice Guidelines - Developing Climate-Resilient Designs for Highway Infrastructure in British 

Columbia," further elaborating on the Technical Circular and providing additional guidelines. In 

numerous cases, PIEVC assessments have resulted in climate actions extending beyond the most 

immediate recommendations of the assessment teams and reports. For example:  

• Assessment results have been included in Master Plans. For example, the City of Windsor's 

Eastside assessment [See Riverside Case Study] directly informed the Sewer and Coastal 

 

11 It should be noted that not all interviews were conducted with infrastructure owners. Since policy 
changes occur internally for organizations and municipalities, more policy recommendations may have 
been implemented. 

 

https://www2.gov.bc.ca/assets/gov/driving-and-transportation/transportation-infrastructure/engineering-standards-and-guidelines/technical-circulars/2019/t04-19.pdf
https://www2.gov.bc.ca/assets/gov/driving-and-transportation/transportation-infrastructure/engineering-standards-and-guidelines/technical-circulars/2019/t04-19.pdf
https://www.citywindsor.ca/residents/Construction/Environmental-Assessments-Master-Plans/Documents/Windsor_Sewer_n_Coastal_Flood_Protection_Master_Plan_Rpt_FINAL_-_AODA_Optimized.pdf
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Flood Protection Master Plan released in 2020, and the Bragg Creek CCVRA was completed 

alongside the West Bragg Creek Trails Master Plan to identify and highlight where climate 

adaptation is already happening and demonstrate how these decisions will become even 

more important over time.  

• Assessment results have helped inform Adaptation Plans. For example, both Hydro 

Ottawa and Maritime Electric [See Electric Case Study] have developed Climate Adaptation 

Plans in response to their PIEVC assessments, aiming to address vulnerabilities and reduce 

risks, and the City of Windsor included the Eastside PIEVC Assessment results in the City 

of Windsor Degree of Change Climate Change Adaptation Plan released in 2020 [See 

Riverside Case Study].  

• Assessment results have been integrated into Asset Management initiatives. For example, 

since the completion of their PIEVC assessments, BCMOTI invested in a "Culvert 

Vulnerability Asset Management System" that integrates GIS and asset management data 

with Pacific Climate Impacts Consortium (PCIC) data on projected future flows to develop 

risk matrices. Additionally, the Transportation Assets Risk Assessments (TARAs) were 

completed to inform long-term planning and asset management decisions to guide future 

planning and design of new infrastructure for TC [See Atlantic Ferries Case Study]. 

Enablers & Obstacles for Implementing Actions 

Case studies of PIEVC assessments and the actions they have prompted have highlighted various 

enablers and obstacles for implementing adaptation measures. 

Enablers 

Experience with Hazards/Impacts - Organizations and communities that have already 

experienced adverse consequences from climate hazards are more likely to understand the need 

https://www.citywindsor.ca/residents/Construction/Environmental-Assessments-Master-Plans/Documents/Windsor_Sewer_n_Coastal_Flood_Protection_Master_Plan_Rpt_FINAL_-_AODA_Optimized.pdf
https://braggcreektrails.org/west-bragg-creek-trails-master-plan/
https://www.citywindsor.ca/residents/environment/Documents/Climate%20Change%20Adaptation%20Plan%20-%20FINAL.pdf
https://www.citywindsor.ca/residents/environment/Documents/Climate%20Change%20Adaptation%20Plan%20-%20FINAL.pdf
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for climate action. While these events should never be presented as beneficial, they can serve as 

a catalyst for action that can prevent future damage.    

What we heard: 

• “The town agreed on the erosion issues in the one area – when we sent questions off to 

get feedback, they identified this issue because it was visible to them. Other impacts 

that they can’t see seem harder to get buy-in on.” 

Capacity building and engagement - Including all interested parties and a multidisciplinary 

project team throughout the CCRVA process helps build momentum for implementation through 

relationship and capacity building and assigning responsibility for addressing high risks. If parties 

know their concerns and needs are being considered, they are more likely to help facilitate 

implementation. 

What we heard: 

• “The more you put into the workshops, the more you get out of them. We were able to 

gain the momentum for implementation because we were really catering to the 

stakeholders.” 

• “You really need to put the work in to maximize participation and relationship building 

if you want to achieve successful implementation” 

Providing costing information – Being able to show decision makers tangible benefits though 

financial analyses helps facilitate buy-in and implementation. Financial analyses such Return on 

Investments (ROI) and cost-benefit analyses help show decision makers that money spent now 

will save money in the future.  
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What we heard:  

• “We were also successful in receiving DMAF funding for the project. This was because 

we were able to do a Return-on-Investment analysis and provide hard numbers for 

before and after adaptation measures are implemented. It is the cost analysis that the 

government wants to see.” 

Climate change and sustainability champions - Having a climate change or sustainability 

champion, someone who has a vested interest the assessment producing results, is key to moving 

climate action along.   

What we heard:  

• “Having a champion is the best thing you can do. I have a strong passionate team with 

the go get em’ - no one else is going to do it so we will - mindset” 

Criticality – It is important to consider the criticality of the infrastructure and ensure that 

discussions on severity of impact are reflected in the assessment process. Recognizing the 

importance of infrastructure in supporting communities and essential services can help prioritize 

adaptation efforts and allocate resources effectively. For example, Hydro Ottawa and Maritime 

Electric promptly implemented adaptation measures due to the criticality and public-facing 

consequences of electrical infrastructure failure. 
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What we heard: 

• “Not every road needs to be 100% accessible in every condition, it depends on the 

criticality. For example, some damage can be acceptable where repairs are possible. 

There needs to be levels to resilience depending on criticality.” 

• “It is super expensive to raise bridges, so we have included some risk-based criteria for 

decision making, like if the bridge has fast moving water beneath it, if it's on local roads, 

if the road goes to the hospital or is closer to ocean.” 

Obstacles 

Funding – Many communities and organizations in Canada are facing aging infrastructure, 

resulting in increased risk and the need to make upgrades that incorporate adaptation measures 

to serve users better in the long-term. While CCVRAs can help secure various streams of funding 

such as the Disaster Mitigation and Adaptation Fund (DMAF), challenges remain due to the high 

price tag of these upgrades. However, it is important to note that climate action can be taken 

without a high price tag by incorporating measures such as enhanced operations and 

maintenance, etc.  

What we heard:  

• “The Storm Water Management study completed identified a number of improvements 

that are very expensive ranging from $25-35 million. These improvements are 

programmed for later years because we can't afford them right now.” 

Buy in – It can be challenging getting buy-in from communities and municipal governments to 

implement adaptation measures for many reasons, including competing priorities such as the 

housing crisis or a lack of knowledge of climate change and the benefits of adaptation. It is 



PIEVC Meta-Analysis – Summary Report  
 

 

104 

 

 

important to approach discussions with an open mind, actively listening to perspectives and 

concerns. Engaging in open dialogue fosters greater understanding and collaboration.  Buy-in is 

facilitated when those involved are adequately communicated with, are well informed, and 

understand the significance and benefits of what is being proposed.  

What we heard: 

• “I once stood in front of the council and talked about the climate change impacts from 

flooding and return periods. The response was that they haven't seen this, so how could 

they know it's real and why should we spend the money on it? My takeaway was that 

maybe don't always use climate change language, instead say weather conditions. 

Depending on who you are talking to, it's important to change the language to facilitate 

the conversation.” 

COVID-19 Pandemic - The COVID-19 pandemic presented implementation challenges by 

reducing work forces, challenging financial allocations, and proved difficult to keep climate action 

momentum. It is important to learn from challenges that cause global disruption such as the 

COVID-19 pandemic. As climate change continues to progress, so does the risk for potential 

emerging diseases and other global crises.  

What we heard: 

• “Unfortunately, some of our business units haven't spoken about climate change in a 

while. Covid impacted our work force, cut it down 40% and the focus shifted to make 

sure business stayed afloat.” 

Prioritization - While CCRVAs help prioritize risks, challenges remain especially when there are 

multiple high-risk interactions. Challenges include balancing competing priorities and allocating 
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resources effectively to address vulnerabilities in infrastructure.  For example, assets that are 

nearing the end of their expected useful life might be more vulnerable in the short term, and 

action can be taken as part of normal renewal process and consider climate. It is much harder to 

make decisions for assets with high risks with a long-remaining service life and no planned 

upgrades. 

What we heard: 

• “One area got a pot of money to do upgrades, but we only got so much. So, we could 

update 2 undersized culverts to meet projected climate change capacity needs or we 

could design all 10 of the culverts to be a little bit bigger. We didn't know what to do. 

We eventually decided to do them all to make things a little bit better because if you 

only do 2, you'll end up losing a critical one done the line anyways” 

Designing/Building beyond the standard – While some professionals and organizations are 

beginning to understand the responsibility for public safety, necessitating consideration of future 

climate change impacts to design and build beyond codes and standards, there remain challenges 

in doing so. These obstacles exist for both infrastructure professionals (e.g., engineers) and the 

clients (e.g., infrastructure owners). Some professionals simply just want to build to base 

regulatory requirements (e.g., provincial construction codes), while others may not have the 

capacity, knowledge or experience to add climate aspects. It also costs more to design and build 

beyond the code minimums, in which some clients may not see the future cost saving benefit in 

the upfront costs; when there is no formal documentation supporting these notions, it challenges 

these conversations and buy-in from clients.  However, attitudes are shifting towards the former, 

there just remains one more major step to facilitate building resilient infrastructure: updated codes 

and standards.  
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What we heard:  

• “Prescriptive codes and standards are a huge barrier. With what's facing us, we haven’t 

come up with all the bright solutions yet. These codes and standards can get in the way 

of innovative solutions - you’re going to go with the code and standard or you’re 

sticking your neck out. We need to let professionals have the freedom to think”  

• “The standard is going to rule until they themselves consider climate change “ 

• “Ontario Building Code would be the key one to be updated – this is our biggest barrier 

because people want to build to code. But this is just a minimum and there’s nothing 

saying you can go beyond code, so how do we get people to make the little changes?” 

Lessons Learned 

Once adaptation measures are in place, it is essential to monitor, document, and report on the 

performance of these measures. These steps are important to keep track of progress, to enable 

repetition of the process, and inform learning and best practices. It is also important to document 

obstacles and challenges. Sharing lessons learned helps everyone identify ways to reduce 

obstacles and continuously enable the adoption of climate action and resilient infrastructure. 

Climate change adaptation is an iterative process not just because of the changing nature of 

climate system but also as a learning process. Climate science, data, and knowledge is ever 

evolving. As we gain more knowledge and experience, we can continuously improve the process 

of assessing risk, climate action, and monitoring and reporting progress.  

This meta-analysis closes with advice from the British Columbia Ministry of Transportation and 

Infrastructure:  

“Don't be afraid to try something new and don't wait to do so. If infrastructure owners across 

Canada and the world continue to put off making decisions on climate adaptation until better or 
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more accurate climate projections are available, countless decisions will be made without 

appropriate considerations for the risk. Do the best you can with the information you have and 

document everything.”  
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Appendix A  

Table 18 Fields collected for desktop analyses 

Category Field Input Type  
General Assessment Name Text 
General Company Text 
General Client Text 
General Date of Assessment 

completion 
Date 

General Primary 
Infrastructure 
Classification 

Drop down: 
Airport Infrastructure 
Bridges 
Buildings 
Coastal Infrastructures 
Electrical  
Mechanical 
Fuel 
Potable Water 
Recreational Lands and Nature-Based 
Infrastructure 
Roads & Associated Infrastructure 
Stormwater 
Wastewater 

General Additional 
Infrastructure 
Classification 

Drop down 

General Location Community Name: Text  
Dropdown: Province / Territory 

General Asset Life Cycle 
Stage 

Drop Down: 
Conceptual / Planning  
Design 
Construction 
In regular operation  
Renewal and Rehabilitation 
Decommissioning 

General Age / Date of 
Construction 

Text Description 
Drop Down:  
N/A – not yet constructed  



PIEVC Meta-Analysis – Summary Report  
 

 

109 

 

 

Category Field Input Type  
0-5 years  
5-25 years  
25-50 years 
50+ years  

General Expected Life Span Numerical field and description 
General Stated Assessment 

Objectives 
Long text description 

General Stated assessment 
scope 

Long text description 

General Objectives / Scope 
Key words 

Tagging  
Retrofit 
Planning for proposed infrastructure  
Procedure development 
Asset management  
Screening  
Regulatory process 
Funding Process (i.e. Climate Lens) 
Capacity Building  

Methodology Approach Cited  Drop down (can select multiple)   
PIEVC Protocol 
PIEVC HLSG 
PIEVC Portfolio 
PIEVC Green 
Alignment with ISO 31000 
Alignment with ISO 14090  
Alignment with IPCC  
Other (specify) 

Methodology Rationale for 
adjusting 
methodology 

Long text description 

Methodology Emissions scenario  Drop down (select multiple): 
RCP 8.5 
SSP5-8.5  
RCP 4.5 
SSP2-4.5  
RCP 2.6 
SSP1-2.6 

Methodology Time horizons used Drop down (select multiple): 
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Category Field Input Type  
Baseline, 2020s, 2030s, 2040s, 2050s, 2060s, 
2070s, 2080s 
Other: enter 

Methodology Baseline / Reference 
Period 

Drop down: 
1981-2010  
1991-2020 
1971-2000 
1961-1990 
1951-1980 
1941-1970 
Other (describe) 

Methodology Engineering Analysis Was Optional Step 4 – Engineering Analysis 
done? 
Yes 
No 

Methodology TBL Was triple bottom-line module used? 
Yes  
No 

Methodology Workshops Dropdown: Was a workshop held:  
Yes – scoring was done by participants 
Yes – scoring was done by consultants and 
validated by participants 
No  

Methodology Additional 
Quantitative analysis 

Long answer description (Example: H&H 
modelling) 

Methodology Probability (or 
likelihood) scales 

Dropdown with additional text input if 4: 
PIEVC Protocol 7-point Method A  
PIEVC Protocol 7 Point Method B 
PIEVC HLSG Middle baseline  
Alternative approach (describe) 
  

Methodology Severity of impact 
(or consequence) 
scales 

Dropdown with additional text input if 4: 
PIEVC Protocol (7-point) Method D 
PIEVC Protocol (7-point) Method E  
PIEVC HLSG (5-point)  
Alternative approach (describe) 

Methodology Risk Tolerance 
Thresholds 

PIEVC Protocol (7-point scale)   
PIEVC HLSG (5-point scale)  
Alternative approach (describe) 
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Category Field Input Type  
Methodology Risk Tolerance 

Thresholds 
Short answer description: include any discussion 
on risk tolerance in the report, particularly if it 
was adjusted  

Data Collection 
and analysis  

Climate parameters 
and indices 

Enter each Climate Hazard Indicator 

Data Collection 
and analysis 

Sources of 
thresholds and 
infrastructure data 

Short text description (design reports, codes and 
standards etc).  

Data collection 
and analysis  

Sources of climate 
data 

Short text description 

Data Collection 
and analysis 

Components Enter each component as a new line  

Infrastructure 
Response 
Considerations 

Condition  Long text: include any description or discussion 
on how the condition of assets does or does not 
influence the severity of impacts 

Infrastructure 
Response 
Considerations 

Design  Long text: include any description or discussion 
on how the design does or does not influence the 
severity of impacts  

Infrastructure 
Response 
Considerations 

Functionality Long text: include any description or discussion 
on how the design influence the severity of 
impacts 

Infrastructure 
Response 
Considerations 

Operations and 
maintenance 
Capacity  

Long text: include any description or discussion 
on the organization’s operational capacity and / 
or maintenance practices and if these influence 
the severity of impacts (example: does reporting 
describe experience with previous events and 
how these were managed, is there sufficient 
capacity to respond)  

Infrastructure 
Response 
Considerations 

Emergency 
Response 
procedures 

Long text: include any description or discussion 
on the organization’s emergency response and if 
these influence the severity of impacts  (example: 
already have a documented plan for specific 
hazards) 

Infrastructure 
Response 
Considerations 

Policy Long text: include any description or discussion 
on how policy (codes, land use planning etc.) 
influence the severity of impacts 

Infrastructure 
Response 
Considerations 

Social Long text: include any description on the 
downstream social impacts of failure or loss of 
service of assets  
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Category Field Input Type  
Exposure / risk 
drivers 

Geography / 
Landscape 

Long text: Are there any unique features of the 
geography / landscape that are contributing to 
climate risk? (example: located near river)  

Exposure / risk 
drivers 

Land use or 
population changes 

Long text: does the report identify significant 
land use changes or population growth / decline 
and impact to infrastructure system?  

Risk Results Overall Risk Profile Long text: description of risk results and 
statement of vulnerability or resilience from 
executive summary  

Risk Results Risk results 
breakdown 

% of interactions that are high risks  

Risk Results High and Extreme 
risks 

Enter each component – hazard interaction 
identified as a high risk (by time horizon) 

Risk Results High risk 
descriptions 

Long text summary of higher risks and rationale  

Risk Results Special cases (Low 
probability, high 
consequence or high 
probability, low 
consequence) risks 

Add any description from the report on special 
cases 

Recommendations Remedial / 
Engineering Actions 

Enter each as a new line  

Recommendations Remedial actions 
(tagging) 

Infrastructure upgrades (flooding) 
Infrastructure upgrades (heat) 
Infrastructure upgrades (wind) 
Infrastructure upgrades (winter) 
Reinforcement 
Retrofitting 
Improved power or alternative source  
Use of nature-based solutions  
Changes or improvements upstream or not 
directly tied to infrastructure being assessed 
Monitoring and sensors 
Water Use Efficiency 
Include climate risk in design 
Re-design 
Increase capacity 
Low Impact Development (LID) 
Lightning protection 
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Category Field Input Type  
Adjust IDF curves 
Raise/Relocate Assets 
Improve Ventilation 
Back Up Systems 
Replace aging component(s) 
Improve Communication 
Data Collection 

Recommendations Management 
Actions  

Enter each as a new line 

Recommendations Management 
Actions (tagging) 

Increase inspection frequency 
Increase maintenance  
Develop health and safety guidelines 
Develop safe work/operating practices 
Improve Communication 
Prioritization / Triaging rehabilitation and repairs 
Data Collection 
Increase Monitoring 
Assess criticality 
Improve Health and Safety 
Education and training 
Include results in asset management system 
Incentive programs 
Improve documentation/reporting 
Include climate in O&M practices/procedures 
Monitoring and sensors 

Recommendations Policy  Enter each as a new line 
Recommendations Policy (tagging) Update design or material specifications  

Strategy/Plan/Program Update 
Include climate in strategy/plan/policy 
Incentive programs 
Encourage use of Low Impact Development 
Improve health and safety 
Engagement of other jurisdictions 
Improve documentation/reporting 
Update Emergency Response 
Improve communication 
Review and update codes and standards 
Funding 
Advocacy  
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Category Field Input Type  
Education / Training 
Emergency Management 
Communication 
Climate guidelines  

Recommendations Additional Study Enter each as a new line 
Recommendations Additional study 

(tagging) 
Adaptation planning 
Cost-benefit analysis 
Hydrological studies / modelling 
Climate modelling  
Public health impact assessment  
Social vulnerability studies  
Technological innovation research  
Legal and/or policy study  
Long term monitoring and evaluation  
Data requirements 
Engineering study 
Forensic Analysis 
Engagement with other jurisdictions 
Specific infrastructure / material study 
Nature-based solutions study  
Future climate analysis 
Criticality assessment 
IDF Curves 
Design standards 
Audits  

Limitations Stated limitations Long text description 
Limitations Limitations Tagging Access to data  

Assumption that data received was correct 
Professional judgement 
Engagement with interested parties  
Number of scenarios and / or time horizon 

Lessons Learned Lessons Learned Any documented suggestions for improving the 
CCRVA process  
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Appendix B  

Table 19: Assessments included in the meta analysis, linked to full report where applicable. * Denotes assessments 

included only for case study development and not reviewed for data points 

Assessment Name Year 

Completed 

Water Resources Public Infrastructure Vulnerability Assessment for 

Placentia Newfoundland 

2008 

British Columbia Ministry of Transportation and Infrastructure – Coquihalla 

Highway – Hope to Merritt Section 

2010 

Flood Control Dam Water Resources Infrastructure Assessment  2010 

Vulnerability of Sandy Point STP Upgrade to Climate Change 2011 

British Columbia Ministry of Transportation and Infrastructure - Yellowhead 

Hwy 16  

2011 

City of Calgary Water Supply Infrastructure 2011 

Climate Change Vulnerability Assessment of the Town of Prescott’s Sanitary 

Sewage System 

2011 

Évaluation de la vulnérabilité aux changements climatiques des réseaux de 

types combiné, pseudo-séparatif et pluvial du bassin tributaire de l’ouvrage 

de surverse Belgrand à Laval 

2011 

Government Of Northwest Territories – Highway 3 West of Yellowknife 2011 

Toronto Hydro-Electric System Public Infrastructure Engineering 

Vulnerability Assessment Pilot Case Study 

2012 

Évaluation de la vulnérabilité aux changements climatiques des réseaux 

d’évacuation des eaux de surface dans le secteur de Trois-Rivières-Centre 

2012 

https://pievc.ca/wp-content/uploads/2008/03/Town-of-Placentia_Newfoundland_Final-Report.pdf
https://pievc.ca/wp-content/uploads/2008/03/Town-of-Placentia_Newfoundland_Final-Report.pdf
https://pievc.ca/wp-content/uploads/2021/01/coquihalla_highway_nicolum_river_and_dry_gulch_final_report_web.pdf
https://pievc.ca/wp-content/uploads/2021/01/coquihalla_highway_nicolum_river_and_dry_gulch_final_report_web.pdf
https://pievc.ca/wp-content/uploads/2010/06/TRCA_Combined_Final-Report.pdf
https://pievc.ca/wp-content/uploads/2011/08/Shelburne_Sewage-Treatment-Plant_Report.pdf
https://pievc.ca/wp-content/uploads/2021/01/British-Columbia-Ministry-of-Transportation-and-Infrastructure-Yellowhead-Hwy-16-Report.pdf
https://pievc.ca/wp-content/uploads/2021/01/British-Columbia-Ministry-of-Transportation-and-Infrastructure-Yellowhead-Hwy-16-Report.pdf
https://pievc.ca/2011/05/13/city-of-calgary-potable-water-collection-treatment-and-distribution-system/
https://pievc.ca/wp-content/uploads/2021/03/Genivar-Town-of-Prescott-June-2011.pdf
https://pievc.ca/wp-content/uploads/2021/03/Genivar-Town-of-Prescott-June-2011.pdf
https://pievc.ca/wp-content/uploads/2021/03/CERIU-Ville-de-Laval-Sept-2011.pdf
https://pievc.ca/wp-content/uploads/2021/03/CERIU-Ville-de-Laval-Sept-2011.pdf
https://pievc.ca/wp-content/uploads/2021/03/CERIU-Ville-de-Laval-Sept-2011.pdf
https://pievc.ca/wp-content/uploads/2021/01/2gnwt_hwy_3_west_yellowknife_report_web-1.pdf
https://pievc.ca/wp-content/uploads/2021/03/AECOM-Toronto-Hydro-Sept-2012.pdf
https://pievc.ca/wp-content/uploads/2021/03/AECOM-Toronto-Hydro-Sept-2012.pdf
https://pievc.ca/wp-content/uploads/2021/01/Evaluation-de-la-ville-de-Trois-Rivieres-du-reseau-de-collecte-des-eaux-pluviales-Final-Report-French-only.pdf
https://pievc.ca/wp-content/uploads/2021/01/Evaluation-de-la-ville-de-Trois-Rivieres-du-reseau-de-collecte-des-eaux-pluviales-Final-Report-French-only.pdf


PIEVC Meta-Analysis – Summary Report  
 

 

116 

 

 

Assessment of University of Saskatchewan Current Engineering Building and 

New Addition 

2012 

Assessment of Town of Welland’s Stormwater and Wastewater Collection 

and Treatment System 

2012 

Infrastructure Ontario/Ministry of Infrastructure – Three Public Buildings 2012 

Union Water Supply System Climate Risk Assessment 2013 

City of Nelson Stormwater Management System 2014 

*Highway 20 - Bella Coola Vulnerability Assessment (2014) (PDF, 2.5MB)  

 

2014 

*Highway 37A - Stewart Vulnerability Assessment (2014) (PDF, 2.5MB)  

 

2014 

*Highway 97 - Pine Pass Vulnerability Assessment (2014) (PDF, 2.5MB) 

 

2014 

*Climate Change Vulnerability Assessment for Selected Stormwater 

Infrastructure at Toronto Pearson International Airport 

2014 

Évaluation de la vulnérabilité aux changements climatiques du réseau de 

drainage unitaire de Montréal 

2015 

Mike Zubko Airport Climate Change Vulnerability Assessment 2016 

Churchill Airport Climate Change Vulnerability Assessment 2016 

Graham Creek Stormwater Infrastructure PIEVC Studyture 2017 

Climate Change Impacts on Water and Wastewater Infrastructure at 

Akwesasne 

2017 

*Mud Bay Infrastructure Flood Vulnerability Assessment PIEVC Workshop: 

Summary and Outcomes 

2017 

https://pievc.ca/wp-content/uploads/2012/03/1-ASSESSMENT-OF-UNIVERSITY-OF-SASKATCHEWAN-CURRENT-ENGINEERING-BUILDING-AND-NEW-ADDITION.pdf
https://pievc.ca/wp-content/uploads/2012/03/1-ASSESSMENT-OF-UNIVERSITY-OF-SASKATCHEWAN-CURRENT-ENGINEERING-BUILDING-AND-NEW-ADDITION.pdf
https://pievc.ca/wp-content/uploads/2021/01/Assessment-of-Town-of-Wellands-Stormwater-and-Wastewater-Collection-and-Treatment-System-Final-Report.pdf
https://pievc.ca/wp-content/uploads/2021/01/Assessment-of-Town-of-Wellands-Stormwater-and-Wastewater-Collection-and-Treatment-System-Final-Report.pdf
https://pievc.ca/wp-content/uploads/2021/01/infrastructure_ontario-pievc_case_study_of_three_buildings_final_report-1.pdf
https://pievc.ca/wp-content/uploads/2021/03/Genivar-UWSS-May-2013.pdf
https://pievc.ca/wp-content/uploads/2014/02/7-Nelson-Stormwater-Infrastructure-Vulnerability-Final-Report.pdf
https://www2.gov.bc.ca/assets/download/9BF9120F9CC74E8398652995A6D00107?forcedownload=true
https://www2.gov.bc.ca/assets/download/9BF9120F9CC74E8398652995A6D00107?forcedownload=true
https://www2.gov.bc.ca/assets/download/9BF9120F9CC74E8398652995A6D00107?forcedownload=true
https://pievc.ca/wp-content/uploads/2021/01/gtaa_infrastructure_vulnerability_assessment_-_final-1.pdf
https://pievc.ca/wp-content/uploads/2021/01/gtaa_infrastructure_vulnerability_assessment_-_final-1.pdf
https://pievc.ca/wp-content/uploads/2015/07/Montreal-Jul-2015.pdf
https://pievc.ca/wp-content/uploads/2015/07/Montreal-Jul-2015.pdf
https://pievc.ca/wp-content/uploads/2021/01/inuvik_climate_vulnerability_assessment_web-1.pdf
https://pievc.ca/wp-content/uploads/2021/01/churchill_climate_vulnerability_assessment_web-1.pdf
https://pievc.ca/2017/05/17/graham-creek-stormwater-infrastructure-pievc-study/
https://pievc.ca/wp-content/uploads/2021/01/climate-change-impacts-water-wastewater-akwesasne-05-18-e-1.pdf
https://pievc.ca/wp-content/uploads/2021/01/climate-change-impacts-water-wastewater-akwesasne-05-18-e-1.pdf
https://www.surrey.ca/sites/default/files/media/documents/CFAS-PIEVC-Workshop.pdf
https://www.surrey.ca/sites/default/files/media/documents/CFAS-PIEVC-Workshop.pdf
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Climate Change Vulnerability Assessment for Nanaimo Regional General 

Hospital (NRGH) 

2018 

Delta Flood Protection System Risk Assessment 2018 

PIEVC Assessment of Three City Parks - City of Mississauga 2018 

Climate Change Impacts on Water and Wastewater Infrastructure at Moose 

Factory Final Report 

2018 

Climate Change Impacts on the Housing Infrastructure at Oneida Nation of 

the Thames 

2018 

Xwu'nekw Park Sea Dike Climate Lens Resilience Assessment 2019 

City of Vernon Stormwater Infrastructure PIEVC Assessment Report 2019 

Climate Change Resilience Assessment GNS East Reservoir Project 2019 

Climate Change and Extreme Weather Vulnerability Assessment of 

PortsToronto Assets 

2019 

Distribution System Climate Risk and Vulnerability Assessment 2019 

Summerside Solar and Storage Integration Project 2019 

Transportation Assets Risk Assessments (TARA) to Climate Change, Digby 

Ferry Terminal, Nova Scotia 

2019 

Saskatchewan Highway 6 and Highway 39 Corridor Improvements – Climate 

Change Risk and Vulnerability Assessment 

2019 

Altona Climate Resilience Assessment of Existing and Proposed Drainage 

Infrastructure 

2019 

Climate Change Resilience Assessment Urban Canopy Project 2019 

Climate Resilience Assessment Wastewater Treatment Plant, Conveyance 

Upgrades, Outfall Upgrades & Residuals Handling Facility 

2019 

Climate Change Impacts on Yellow Quill First Nation Infrastructure 2019 

https://pievc.ca/wp-content/uploads/2021/03/RDH-NRGH-2019.pdf
https://pievc.ca/wp-content/uploads/2021/03/RDH-NRGH-2019.pdf
https://pievc.ca/wp-content/uploads/2021/01/delta_flood_protection_system.pdf
https://pievc.ca/2018/07/24/pievc-assessment-of-three-city-parks-city-of-mississauga-2/
https://pievc.ca/wp-content/uploads/2021/01/2018-09-20-om-moose-factory-fn-pievc-risk-assessment-final-report-1.pdf
https://pievc.ca/wp-content/uploads/2021/01/2018-09-20-om-moose-factory-fn-pievc-risk-assessment-final-report-1.pdf
https://pievc.ca/wp-content/uploads/2021/01/2018-09-20-om-oneida-fn-pievc-risk-assessment-final-report-1.pdf
https://pievc.ca/wp-content/uploads/2021/01/2018-09-20-om-oneida-fn-pievc-risk-assessment-final-report-1.pdf
https://pievc.ca/wp-content/uploads/2019/12/20191211_climateresiliencereport_final_signed_pievc.pdf
https://pievc.ca/wp-content/uploads/2021/01/2019-12-31-Vernon-Drainage-Infrastructure-PIEVC-Assessment-Report_FINAL-1.pdf
https://pievc.ca/wp-content/uploads/2021/03/AECOM-Ports-Toronto-May-2019.pdf
https://pievc.ca/wp-content/uploads/2021/03/AECOM-Ports-Toronto-May-2019.pdf
https://pievc.ca/wp-content/uploads/2021/03/Stantec-Hydro-Ottawa-Sept-2019.pdf
https://pievc.ca/wp-content/uploads/2021/01/Summerside-Solar-and-Storage-Integration-Project-Summerside-Prince-Edward-Island-Canada-1.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Digby-Dec-2019.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Digby-Dec-2019.pdf
https://pievc.ca/wp-content/uploads/2021/03/Stantec-Sask-MHI-March-2019.pdf
https://pievc.ca/wp-content/uploads/2021/03/Stantec-Sask-MHI-March-2019.pdf
https://pievc.ca/wp-content/uploads/2021/01/Report-Altona-Climate-Resilience-Assessment-Final-Sept-10-2019-1.pdf
https://pievc.ca/wp-content/uploads/2021/01/Report-Altona-Climate-Resilience-Assessment-Final-Sept-10-2019-1.pdf
https://pievc.ca/wp-content/uploads/2021/01/Climate-resilience-assessment-wastewater-treatment-plant-conveyance-upgrades-outfall-upgrades-residuals-handling-facility.pdf
https://pievc.ca/wp-content/uploads/2021/01/Climate-resilience-assessment-wastewater-treatment-plant-conveyance-upgrades-outfall-upgrades-residuals-handling-facility.pdf
https://pievc.ca/wp-content/uploads/2021/03/Stantect-Yellow-Quill-First-Nation-Dec-2019.pdf
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Climate Resilience Assessment Town of Faro Water, Sewer and Road 

Upgrades - Phase 2 & 3 

2019 

East Riverside Flood Risk Assessment 2019 

PIEVC High Level Climate Assessment on Community Flood Mitigation 

Project 

2019 

Étude des vulnérabilités aux impacts climatiques de l'édifice situé au 3, 

Passage du Chien d'Or 

2019 

*Hydro Ottawa Distribution System Climate Risk and Vulnerability 

Assessment 

2019 

City of Powell River Consolidated Wastewater Treatment Facility Climate 

Change Resilience Assessment 

2019 

Penticton Airport Risk Assessment Report Climate Change  2020 

City of Vancouver Cambie Bridge Rehabilitation Climate Change Resilience 

Assessment 

2020 

Climate Lens Assessment Part 2: Climate Change Resilience Assessment: 

District Community Complex 

2020 

City of Lethbridge Climate Vulnerability and Risk Assessment  2020 

Disaster Mitigation and Adaptation Project Climate Change Resilience 

Assessment 

2020 

Wastewater Treatment Facility & Distribution System Project Climate 

Change Resilience Assessment 

2020 

Transportation Assets Risk Assessments (TARA) to Climate Change, Caribou 

Ferry Terminal, Nova Scotia 

2020 

Transportation Assets Risk Assessments (TARA) to Climate Change, Souris 

Ferry Terminal, PEI 

2020 

Belledune Port Authority Climate Change Risk Assessment 2020 

https://pievc.ca/wp-content/uploads/2021/01/faro-ug-upgrades-climate-resilience-report-final.pdf
https://pievc.ca/wp-content/uploads/2021/01/faro-ug-upgrades-climate-resilience-report-final.pdf
https://pievc.ca/wp-content/uploads/2021/01/East-Riverside-Flood-Risk-Assessment-Sept2019-2.pdf
https://pievc.ca/wp-content/uploads/2021/01/PIEVC-High-Level-Screening-Community-Flood-Mitigation-Project-Report-1.pdf
https://pievc.ca/wp-content/uploads/2021/01/PIEVC-High-Level-Screening-Community-Flood-Mitigation-Project-Report-1.pdf
https://pievc.ca/wp-content/uploads/2021/03/Stantec-Services-publics-et-Approvisionnement-Canada-Feb-2020.pdf
https://pievc.ca/wp-content/uploads/2021/03/Stantec-Services-publics-et-Approvisionnement-Canada-Feb-2020.pdf
https://pievc.ca/wp-content/uploads/2021/03/Stantec-Hydro-Ottawa-Sept-2019.pdf
https://pievc.ca/wp-content/uploads/2021/03/Stantec-Hydro-Ottawa-Sept-2019.pdf
https://pievc.ca/wp-content/uploads/2020/03/2020_03_13-Penticton-Airport-Climate-Change-Risk-Assessment-Report-PSPC.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Caribou-Jan-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Caribou-Jan-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Souris-Jan-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Souris-Jan-2020.pdf
https://pievc.ca/wp-content/uploads/2020/04/CBCL-Belledune-Port-Authority-April-2020.pdf
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Transportation Assets Risk Assessments (TARA) to Climate Change, Wood 

Islands Ferry Terminal, PEI 

2020 

Transportation Assets Risk Assessments (TARA) to Climate Change, Saint 

John Ferry Terminal, New Brunswick 

2020 

Étude de vulnérabilité des infrastructures aux effets climatiques et 

météorologiques possibles - Laval 

2020 

Climate Change Impacts on Kasabonika Lake First Nation Infrastructure 2020 

Étude de vulnérabilité des infrastructures aux effets climatiques et 

météorologiques possibles Shawinigan 

2020 

Regional Municipality of Wood Buffalo Flood Protection Project Climate 

Change Resilience Assessment 

2020 

Northwest Inner City Upper Plateau Separation Project - Climate Lens 

Resilience Assessment 

2020 

Wastewater Lagoon Expansion Climate Resilience Assessment 2021 

Erik Nielsen Whitehorse International Airport Airfield Upgrades – 

Engineering Services 

2021 

City of Vancouver Hastings Sunrise Sewer Renewal & Green Infrastructure 

Project 

2021 

Climate Change Resilience Strategy Saint John Airport, New Brunswick 2021 

Resort Village of Kannata Valley Stormwater Drainage Infrastructure 

Improvements 

2021 

Glenbow Museum Climate Lens Climate Change Resilience Assessment 2022 

*PIEVC Assessment for Maritime Electric Company LTD. 2022 

Town of Aurora Climate Change Adaptation Plan 2022 

https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Wood-Islands-20200115.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Wood-Islands-20200115.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Saint-John-Jan-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CBCL-TC-Saint-John-Jan-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CIMA-PSPC-Laval-Mar-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CIMA-PSPC-Laval-Mar-2020.pdf
https://pievc.ca/wp-content/uploads/2021/03/Stantec-Kasabonika-Lake-First-Nation-March-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CIMA-PSPC-Shawinigan-Mar-2020.pdf
https://pievc.ca/wp-content/uploads/2021/05/CIMA-PSPC-Shawinigan-Mar-2020.pdf
https://pievc.ca/wp-content/uploads/2022/04/WSP-St-John-Airport-Dec-2021.pdf
https://pievc.ca/wp-content/uploads/2022/04/City-of-Calgary-Integral-Glenbow-Climate-Lens-Feb-2022.pdf
https://pievc.ca/wp-content/uploads/2023/11/Town-of-Aurora-Oct-2022-Adaptation-Plan-inc-PIEVC-Assessment.pdf
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City of Meadow Lake Recreation & Civic Centre Climate Change Resilience 

Assessment 

2022 

Marda Loop Climate Change Risk Assessment 2022 

Forest Lawn Multiplex Climate Change Resilience Assessment 2022 

City of New Westminster West End Combined Sewer Separation & Green 

Infrastructure Project 

2022 

*Bragg Creek Trails Climate Risk Assessment and PIEVC Evaluation 2023 

Village Square Leisure Centre Climate Resilience Assessment 2023 

*Gros Morne, NL Climate Resilience: High Level Risk Assessment and 

Adaptation Options 

2024 

*Pictou Region, NS Climate Resilience: High Level Risk Assessment and 

Adaptation Options 

2024 

*Stratford, Cornwall and West River, PEI Climate Resilience: High Level Risk 

Assessment and Adaptation Options 

2024 

 

 

 

https://pievc.ca/wp-content/uploads/2022/07/City-of-Calgary-Dillon-Marda-Loop-June-2022.pdf
https://pievc.ca/wp-content/uploads/2022/03/Calgary-Forest-Lawn-CCRA-Report-20220107-Final-PIEVC-Site.pdf
https://pievc.ca/wp-content/uploads/2023/05/City-of-Calgary-Stantec-Village-Square-Arena-Feb-2023-1.pdf
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