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The British Columbia Ministry of Transportation and Infrastructure (“BC
MOTI") have been leaders in climate change risk and adaptation for over 15
years. In 2010, MOTI launched the first PIEVC assessment of the Coquihalla
Highway (Highway 5) and completed four subsequent assessments on other
highways (Yellowhead Highway 16, Highway 37A in the Stewart (Bear Pass)
Region, Highway 97 in the Pine Pass Region, and Highway 20 in Bella Coola
Region). The results of these assessments were synthesized in 2014 with a
focus on identifying risks to water management and drainage infrastructure
and recommendations for best practices for adaptation. Since these
assessments were completed, many of the recommendations have been
implemented and BC MOTI has made significant progress to mainstream
climate considerations into design and decision making. This includes
requiring all new and rehabilitated Ministry transportation infrastructure
engineering design include climate change considerations and adjustments.
This case study focuses on the findings of the initial PIEVC assessments and

progress made on adaptation.
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Step 1: Scope, Context and Criteria

The first step in the PIEVC Protocol outlines what will be assessed, how far the assessment will look
outside of system boundaries, and metrics for measuring and ranking risks

Approach

The five climate change vulnerability and assessments were all completed using the PIEVC
Protocol. All assessments included core characteristics of the PIEVC process, such as considering
infrastructure, climate data collection and workshops. The five assessments were selected for
areas across British Columbia to represent the high diversity of landscapes and conditions across

the province and how these can result in unique climate change considerations.
Scoping Considerations

At the onset of the 2014 assessments, it was already noted that results would be incorporated
into upcoming guidance documents focused on climate change including addressing the
impacts of extreme precipitation on highway systems. These studies are an excellent example of
beginning with the end in mind by already planning how assessment results will fit into broader
initiatives. Additionally, the three assessments completed in 2014 were more narrowly focused

on risk to drainage and water management concerns rather than all potential climate-related

vulnerabilities.
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The five assessments referenced in this

case study are shown in the figure and

Kilometres

referred to as:

e Coquihalla Highway (Highway 5)
e Yellowhead (Highway 16)

e Stewart (Bear Pass Highway 37A)
e Pine Pass (Highway 97)

e Bella Coola (Highway 20)




All five assessments had similar stated objectives:

+ to identify components that are at risk of failure,
+ loss of service,
« damage, or deterioration from extreme climatic events or significant changes to baseline

design values.

All assessments focused on existing highways constructed in the 1960s to 1980s and included

consideration for planned upgrades and rehabilitation projects.

Prior to beginning the Highway 5 (Coquihalla) and Highway 16 (Yellowhead) assessments, a pre-
screening activity was conducted to select representative segments rather than attempting to
complete assessments on thousands of kilometres of highway. This pre-screening activity
included a weighted evaluation of the segment’s suitability for the assessment against criteria
like infrastructure age, data availability, variety of terrain, and strategic importance of the route.
The two chosen assessments were ranked 1st and 3rd highest in this evaluation process (2nd
ranking was similar to 1st ranking in climatic and geographic characteristics and thus 3rd ranking

location chosen.

Three assessments were conducted in parallel and completed in 2014: Highway 20, Highway
37A, and Highway 97. These highways were selected to represent both coastal areas (Bella Coola
and Stewart) and interior B.C. (Pine Pass northeast of Prince George) and because they had
already experienced extreme rainfall and significant road closures. As these three assessments
followed the previous two completed in 2010 and 2011, it was determined that the 2014 PIEVC
assessments would focus primarily on drainage and water management concerns as these had
resulted in the highest risk from past assessments. The PIEVC Protocol provides the flexibility to
determine the focus of an assessment at the onset. While it can be valuable to assess a wide
range of climate hazards, several assessments have also been completed that took a targeted
approach to focus on a specific issue, like flooding. In this example, there was greater confidence
that extreme rainfall should receive priority as two previous comprehensive hazard assessments

had already been completed indicating this as a priority hazard.



Multidisciplinary teams were assembled for all assessments, with expertise including
engineering, construction, local climate and weather, environmental, and operations and
program staff. The workshop process has been extremely valuable to BC MOTI who continues
to use these formats for climate risk assessments. While there are always opportunities to
improve the structure, the process of bringing together groups and discussing climate risk has
been beneficial for building internal capacity and awareness. Additionally, having diverse
perspectives and experiences can be particularly valuable when considering cascading events.
For example, bringing together geotechnical and water resources experts can improve
understanding of climate impacts that are more complex to predict, such as increased

precipitation impacts to slope stability.

Step 2: Specifying Elements and Climate Details

The next step requires defining the system elements and climate information used in the analysis.

Data and Information Used

Climate data was collected in collaboration with Pacific Climate Impacts Consortium (PCIC).
Analysis included the collection of historic data and climate projections for 2041 to 2070
("2050s"). Other climate data collected and reviewed included climate information in the
National Building Code, intensity-duration-frequency curves, flood plain mapping, and

regionally specific climate model outputs.

The three 2014 assessments included 13 climate hazard indicators, such as extreme high rainfall
(>98mm), heavier sustained rainfall (>100mm in 48 hours), snow accumulation (5 or more days
with snow >60cm), and rain on snow. Atmospheric River events are an important consideration
when evaluating extreme weather in British Columbia. Atmospheric River events (also known as
"Pineapple Express”) can occur when a flow of low and mid-level moist air driven by the
subtropical jet stream result in extreme high rainfall events impacting coastal locations in a short
period of time and in some instances, reaching into the interior of BC which is what occurred in

the November 2021 major flooding event.



For some climate hazard indicators, likelihood could not be established using climate modelling
approaches and instead were assigned based on professional judgement and sensitivity analysis.
These assessments can serve as an example for other assessments on how practitioners can
leverage the knowledge of climate service providers like PCIC and move the assessment forward
even where uncertainty exists. BC MOTI and PCIC continue to collaborate on advancing climate
science. The 2014 assessments are also an example of the diversity of climate conditions across
British Columbia and how a tailored approach is required. For example, the interior assessment
(Highway 97 Pine Pass) required a focus on summer convective storms, while the two coastal

assessments (Bella Coola and Stewart) required a focus on large storms during winter months.

Information was collected on the design and current performance of the roadways, such as the
size of existing culverts. In many cases, this information could be collected through interviews
and consultation with operations staff who are highly knowledgeable about the functionality of
the system. This approach can compensate when there is a lack of specific design data,
particularly for aging systems constructed prior to more comprehensive data management

systems.

The Coquihalla Highway 5 assessment included 40 infrastructure elements grouped into three
categories:

1. infrastructure,

2. environmental features, and

3. miscellaneous.

The Yellowhead Highway 16 assessment included 39 elements grouped into three categories:
1. above ground,
2. below ground, and

3. miscellaneous.

Similarly, the 2014 assessments included 18 infrastructure elements per highway section,
classified as above ground or below ground. The same classification was used for each highway
segment, however components that were not applicable to the segment were removed from the

scope.



Across the five assessments, 2200 possible interactions were assessed. Most (64%) of these were
removed from further assessment during the yes/no analysis, and an additional 20% were ranked
as low or no material risk, followed by 14% medium and 2% high. All but the Yellowhead
Highway 16 assessment had some high risks and Pine Pass Highway 97 had the greatest number
of high risks. The risk tolerance thresholds defined in the projects meant that any high risks

identified required immediate action.
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Almost all these high risks were because of interactions related to extreme high rainfall events,
including both short-duration high intensity events and sustained heavy rainfall. In coastal
regions, this included atmospheric river events. These extreme rainfall and high magnitude

storms can result in high risks affecting the safety and serviceability of infrastructure.



These events have and are expected to continue impacting elements such as drainage
infrastructure (culverts, ditches), protection works and armoring, embankments, and retaining

walls.

Additionally, Bella Coola and Stewart had high results related to the impact of freshet conditions
to high peak flow events. These events could become more frequent and intense due to warmer

winter temperatures, earlier spring, and increased precipitation.

Other notable findings included that ice jams were not perceived as high risks and high risks
were associated with cumulative impacts of events such as snowmelt increasing water flow in

combination with higher magnitude and frequency of peak flow events.

The assessments all included data collection, discussion and assessment of the characteristics

that make the infrastructure vulnerable to climate change, including:

« age and condition of the infrastructure,
* maintenance practices,
 the rate at which systems are upgraded or replaced,

« geography, factors affecting service delivery (like population growth), and policy.

Condition of the roadways is a critical consideration of vulnerability which influenced risk
rankings. Reporting includes references of segments that are performing well, and others that

are experiencing issues such as pavement cracking and are scheduled for resurfacing.

All five highway segments had similar overall risk profile patterns. The Highway 97 Pine Pass
segment, however, did receive a higher overall risk ranking. The report notes that this arose from
a combination of the regional geomorphology and the design and condition of the road. The
Highway 97 Pine Pass segment has faced challenges with maintaining good quality pavement
surfaces due to highly variable weather conditions and severe events like heavy snowfall, wet
summers, and very cold winters. Sections of Highway 97 Pine Pass included in the assessment
have also experienced severe frost heaving and grade movements, with possible causes linked

to poor soil conditions and sections that experienced the corridor’'s heaviest precipitation.



Step 4: Reporting

Communicating the assessment results and recommendations

Recommendations

Most recommendations focus on high risk associated with high intensity rainfall. Remedial
measures identified include investigation of design reserve capacity and upgrading
infrastructure with increased rainfall as part of routine design and maintenance activities.
Management actions included documenting water conditions and investigating infrastructure
failure modules. Additional study recommendations included issuing guidelines for how to
account for climate change in design and creating a methodology to assess geomorphological

vulnerability.

After the Assessment

Climate Resilience does not end with the completion of the Climate Resilience Assessment.
Results and recommendations were revisited as part of the meta-analysis with the project team.

After the assessments were completed, Technical Circular T-06/15 was issued requiring all

projects provide climate informed engineering design adaptation and design criteria sheet
submission to the Chief Engineer’s Office. This document integrates climate risk and adaptation
planning into all engineering design work for new projects and rehabilitation and maintenance
initiatives. T-06/15 was updated in 2019 to T-04/19 and clarifies expectation for engineering
teams to consider the impacts of climate change, assess risk, and develop adaptation strategies
to increase resilience. An easy-to-use design criteria template was created to summarize each
project, highlight changes in design values, and estimate adaptation costs. Additionally,
Engineers and Geoscientists BC (EGBC) collaborated with BC MOTI to release the “Professional

Practice Guidelines - Developing Climate-Resilient Designs for Highway Infrastructure in British

Columbia” further elaborating on policy T-04/19 by providing additional guidance.
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https://www2.gov.bc.ca/assets/gov/driving-and-transportation/transportation-infrastructure/engineering-standards-and-guidelines/technical-circulars/2019/t04-19.pdf
https://www.egbc.ca/getmedia/b60921fc-a820-41be-868f-02f0d3d92892/EGBC-BCMOTI-Climate-Resilient-Design-Highway-V2-0.pdf.aspx
https://www.egbc.ca/getmedia/b60921fc-a820-41be-868f-02f0d3d92892/EGBC-BCMOTI-Climate-Resilient-Design-Highway-V2-0.pdf.aspx
https://www.egbc.ca/getmedia/b60921fc-a820-41be-868f-02f0d3d92892/EGBC-BCMOTI-Climate-Resilient-Design-Highway-V2-0.pdf.aspx

When a risk assessment identifies flooding as a high risk, many of the technical recommendations

are focused on increasing the robustness of the infrastructure such as:

« making bridge lengths longer and culvert diameters larger,
* raising the road profile, and

« generally increasing the capacity with larger infrastructure.

These recommendations can come with trade-offs such as high cost and increased CO2
emissions which are not always feasible across the entire province in the short- or medium-term.
BC MOTI has drawn inspiration from the Colorado Department of Transportation (CDOT) Risk

and Resilience Program including the “4Rs of Resilience” :

« Robustness (the strength of an asset or system to withstand relevant threats)
« Redundancy (the presence of a backup system or plan)
» Resourcefulness (ability to identify, diagnose, and treat problems with available resources)

« Rapidity (ability to restore functionality in a timely way)

This approach has been incorporated into recent assessments, where participants have evaluated
these four criteria to identify adaptation options and actions. This has helped identify different
actions beyond just increasing the capacity, including allowing for safe and controlled failure,
constructing detour routes where none exist, using real-time monitoring to identify hazards
before they happen, and emergency mobilization of equipment and resources to repair after

failure.

BC MOTI has been a pioneer in climate impacts and adaptation for over fifteen years since the
initiation of the first PIEVC assessment on the Coquihalla Highway 5. Since then, British Columbia
has experienced several significant extreme weather events, including a heat dome in July 2021
that wouldn’t have occurred without the added effects of climate change and an atmospheric
river event in November 2021 that damaged more than 130 kilometres of roadway and resulted

in the closure of the Coquihalla Highway 5 and other provincial highways.


https://www.codot.gov/programs/planning/cdot-resilience-program

These events underscored the profound impact of climate change on both people and
infrastructure, highlighting the urgent need to prioritize recommendations and develop new

tools and systems to address these challenges.

Many of the PIEVC assessments identified stormwater drainage infrastructure and undersized
culverts as key parts of the climate risk picture. Since these assessments, BC MOTI invested in a
“Culvert Vulnerability Asset Management System”. This system integrates GIS and asset
management data with PCIC data on projected future flows to develop risk indicators.
Recognizing that not all culverts have equal consequences if failure occurs, the system factors in
characteristics like criticality of the road to create a prioritized list for future upgrades. BC MOTI
prioritization includes targeting bridges or culverts nearing the end of service life that require

upgrades. Including climate risk in asset management is valuable in asset risk management.

Recent BC MOTl initiatives in implementing climate adaptation and resilient actions can be traced
back to PIEVC climate change vulnerability and risk assessments completed over ten years ago.
Some of these are direct and tangible, like the introduction of Technical Circular T-04/19, Culvert
Vulnerability Asset Management System, and others are more difficult to monitor and track but
nonetheless, promote and increase Provincial transportation system resilience. For example,
participants in a workshop have highlighted risks like water entering electrical boxes. For future
designs and upgrades, a relatively simple adaptation strategy is to install the boxes higher. This

is climate adaptation in action, even when not labelled this way.

Several of the climate adaptation initiatives have benefited from continued collaboration with
The Pacific Climate Impacts Consortium (PCIC). These relationships were strengthened during
the initial CCRVAs, as climate scientists and infrastructure experts collaborated to understand
what types of climate data are most valuable for these assessments and for adaptation decision-
making. Tools like the PCIC Climate Explorer and Design Value Explorer have been highly
beneficial for engineers and other infrastructure practitioners to understand climate impacts to
design and the later referenced for use in the National Building Code of Canada and the

Canadian Highway Bridge Design Code.
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When more than 130 kilometres of roadway were damaged by flooding in 2021, BC MOTI already
had assessed the risk of atmospheric river events and were prepared to act and make repairs for
more resilient highways. Climate projections were incorporated into the new design for more
robust highways. Although these disruptions were extremely consequential, considerable effort
to understand climate hazards, impacts and risk prior to these events helped with appropriate

response.

One of the greatest challenges users have in complying with the Technical Circular T-04/19 is
knowing the appropriate level of detail, as climate change hazards, impacts, and risk assessments
can range from a short high-level screening to a very comprehensive level analysis. BC MOTI is
working on revised guidance to assist with this process and match the level of effort for the
assessments to the scope, scale, and complexity of the assignment. Ultimately, designers are
required to document the rationale for how the assessment was conducted and feel confident

they have chosen an appropriate response.

The Culvert Vulnerability Asset Management System has been useful to identify high risk assets,
however challenges remain on the appropriate adaptation action decisions to make. An example
of the complex but real challenge that BC MOTI is faced with asking is "with limited resources, is
it more appropriate to upgrade two out of ten culverts with future climate projections included
in the design, or increase the size of all ten?” To assist answering this question, consider the
highway corridor as a system of various parts and not the parts in isolation. BC MOTI has
partnered with Infrastructure Canada to create guidelines on how to take system-based

approach to climate resiliency. These guidelines will help address some of these challenges.
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1. Champions matter: the former Chief Engineer of BC MOTI, Dirk Nyland, P.Eng./IRP worked
diligently to incorporate climate change into decision making across the ministry. Since his
retirement, several champions, including lan Pilkington and Sarah Gaib (contributors to this case

study), have continued to advance climate informed adaptation.

2. Don’t be afraid to try something new: when the Technical Circular was introduced in 2015,

there were many questions about its function and implementation.

3. Start now: Each time a new assessment is completed, and a new group of people come
together to discuss climate change, collective knowledge, involvement, and commitment

improves.

4. Document your decisions: An important point from Chief Engineer lan Pilkington, P.Eng. for
BC MOTl is the desire to want to wait for more information or data. If infrastructure owners across
Canada and the world hesitate due to a perceived lack of information or data, countless decisions
will be made without appropriate considerations for the risk. lan encourages his staff to do their

best with the information or data available and to document their decisions and rationale.
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Learn more about how British Columbia is adapting transportation infrastructure to climate

change. This webpage includes access to all completed BC MOTI PIEVC assessments, the
technical circular and design criteria sheet referenced in this case study, a climate language
primer, and climate modelling details.

Learn more about the Colorado Department of Transportation Risk and Resilience Program,

including the 4Rs of Resilience

Stay current on climate adaptation resources and information compiled by EGBC on their

Climate Change Information Portal

Access information prepared by ClimateData.ca on climate change and transportation,

including a case study on the PIEVC Protocol

Watch a short interview with Dirk Nyland on Preparing our Roads and Bridges for the Impacts

of Climate Change

Watch a presentation on Application of the PIEVC High Level Screening Guide for the Cariboo

Road Recovery Project by Zane Sloan (Arcadis IBI Group) and Sarah Gaib (BC MOTI).

Learn more about how to incorporate systems-based approaches to plan and build climate-

ready infrastructure. The webpage contains the guidebook, associated worksheets and the

background literature review.
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https://www2.gov.bc.ca/gov/content/transportation/transportation-environment/climate-action/adaptation
https://www2.gov.bc.ca/gov/content/transportation/transportation-environment/climate-action/adaptation
https://www.codot.gov/programs/planning/cdot-resilience-program
https://www.egbc.ca/practice-resources/programs-resources/climate-sustainability/climate-change-information-portal
https://climatedata.ca/explore/sector/transportation/
https://climatedata.ca/case-study/assessing-highway-vulnerabilities-with-the-pievc-protocol/
https://www.youtube.com/watch?v=fpQbNfEXr7w
https://www.youtube.com/watch?v=fpQbNfEXr7w
https://www.youtube.com/watch?v=u2nlSsBTv6g
https://www.youtube.com/watch?v=u2nlSsBTv6g
https://www2.qa.gov.bc.ca/gov/content/transportation/transportation-environment/climate-action/adaptation/systems-based-approaches-for-climate-resilient-infrastructure
https://www2.qa.gov.bc.ca/gov/content/transportation/transportation-environment/climate-action/adaptation/systems-based-approaches-for-climate-resilient-infrastructure

