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In 2022, The City of Calgary contracted Dillon Consulting to conduct a Climate
Risk and Resilience Assessment (CRRA) as part of the Marda Loop Streetscape
Project. This initiative, situated in the vibrant Marda Loop neighborhood of
Southwest Calgary, aims to enhance pedestrian environments, safety,
community spaces, connections, and landscaping. The CRRA serves as a
model for how municipalities can use risk assessments conducted in the
design phase of projects to pinpoint priority risks and integrate adaptation
measures into subsequent design and construction stages. The assessment
identified numerous high-risk factors spanning current and future timeframes
including extreme heat, wildfire, and short duration high intensity rainfall. The
assessment also included the identification of resilience measures and a high-
level Return on Investment (ROI) analysis to evaluate various adaptation
options. Since the assessment was completed, The City of Calgary has
continued to refine the methodology and conducted additional research into

ROI analysis to streamline future CRRAs.



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 City of Calgary is a leader in understanding climate risk and taking action to build resilience.
Calgary has developed a Climate Risk Assessment Framework to guide infrastructure planning
and design that includes two tools: the Climate Risk Screening Assessment (CRSA) and the
Climate Risk and Resilience Assessment (CRRA). The CRRA was created using the PIEVC Protocol
as a foundation and has been tailored to the needs of The City, including additional steps on

risk treatment. More information on the methodology can be found in the Marda Loop Report

and on The City of Calgary website.

Scoping Considerations

The CRRA approach was developed to align with I1ISO 31000 and the PIEVC Protocol. The
assessment was completed in the design stage so that risk reduction measures could be applied
before the project is constructed. Three workshops were held as part of the project with the
assessment team (Dillon Consulting) and later with City of Calgary staff to validate the results
and identify resilience measures. The assessment was completed on a design stage project;
however, the design was occurring in phases and one section was at the 60% design stage and

another was at the conceptual design stage.

25 components were assessed across four categories: Built Infrastructure, Natural Infrastructure,
Human Well-being, and Critical Third-Party Infrastructure. The Human Well-being category was
included to ensure that the health and safety of construction and operations personnel and users

was accounted for in the assessment.

Consequence scoring was completed using a custom consequence classification matrix
developed for Calgary where each consequence score is defined in magnitude across three
categories: health & safety, structural integrity, and functionality. The highest score of the three

categories determines the consequence score for the hazard-component interaction in question.
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The City of Calgary requires that all assessments include a resilience analysis so that risks
identified can have complementary risk reduction measures identified without the need for a
secondary process. This includes identification of how the design already includes resilience

measures and how additional resilience measures can be incorporated into the design.

Another mechanism that The City encourages consideration for climate risk and resilience is
through the Sustainable Building Policy that applies to new construction or renovations that
meet funding criteria. A comprehensive guidance document provides more information on why

climate adaptation is important for the built environment.

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

The City of Calgary partnered with the Calgary Airport Authority in 2020 to hire a consultant to
prepare climate projections for two time horizons (2050s and 2080s) using RCP 8.5. The City has
used these climate projections to develop likelihood scoring for use in the CRRA process. The
City then hires consultants to do the risk assessment work who can also identify system-specific
parameters and thresholds when needed. This approach has reduced the complexity and time
required to complete assessments across The City, as the majority of the climate analysis has

already been done.

The assessment found many high and medium risks, with no extreme risks in any time horizon.

12 interactions were identified as present high risks, increasing to 14 in 2050s and 19 in 2080s.


https://www.calgary.ca/environment/climate/sustainable-building-policy.html

400
350
300
250
200
150
100

50

Present 2050s 2080s

EmVeryLow ELow B Medium #®High

The hazard with the most high risks is extreme heat impacting construction personnel, event
space, operations personnel, users, and trees. Other hazards resulting in several high risks are
short duration, high intensity rainfall and wildfires. At the same time, hazards like heavy snow
fall show decreasing likelihood year round (but remain consistent during winter periods) and
some high risks are reduced to medium and low in future time horizons. Assets in the human
wellbeing category (construction personnel, operations personnel, and users) have higher risks
on average, demonstrating how the potential for bodily injury and illness from hazards like heat

waves and wildfire are consequential.

Vulnerability and Resilience Characteristics

This case study demonstrates how climate change can be embedded from the onset of design
projects, rather than trying to evaluate the vulnerability of existing infrastructure that was
designed without climate change considerations. By conducting a CRRA before designs were
finalized, areas were identified where resilience measures can be integrated or strengthened. For
example, the assessment identified rainfall as a medium risk to sidewalks and curbs and provided
rationale for incorporating resilience features like grading to facilitate drainage and green

infrastructure to support water infiltration.



Step 4: Reporting

Communicating the assessment results and recommendations

Recommendations

During a validation workshop, 26 adaptation measures were identified and discussed. These adaptation
measures included those that were already incorporated into the design and additional measures that
could be added to the design. Adaptation measures that were already a part of the design were identified
from The City of Calgary’s Master Plan and in consultation with the design team. Highlighting these
measures is a valuable aspect of the CRRA process as it can create a clear line between these measures
and improved climate resilience and provide additional rationale for investing now. Additionally, the
identification of several new adaptation measures not yet considered or incorporated into the design

demonstrates the value of the process.

Of the 26 adaptation measures identified, six measures were selected by The City for further
evaluation that included a high-level return on investment analysis. At the time of assessment,

data was not available to quantify losses associated with many of the measures.

The following adaptation measures received a reasonable ROI:

- Adding water bottle refilling station: this measure can reduce disruption costs to
personnel and businesses experiencing heat stress or dehydration and costs are considered
reasonable given the benefits.

- Introducing drought tolerant plants/landscaping elements: can reduce maintenance
efforts and overall costs.

- Replacing impervious concrete with pervious pavers: reducing maintenance costs for
concrete, less de-icing applications and reduced surface runoff are all benefits that were

deemed likely to be more cost effective compared to slightly higher upfront costs.

The rest of the adaptation measures included in the ROI analysis were rated as having a low ROI
potential. These included the addition of a bike repair station along 34th Avenue, room to allow
for greater heat expansion joints in sidewalks and ramps, and the addition of a Bioswale along

18/19th Street.



The remaining 20 recommendations included management activities such as ongoing
monitoring of infrastructure responses to various conditions; natural environment actions such
as selection of tree species with less lateral branching to reduce vulnerability to ice and snow
build up; human wellbeing actions, such as tracking weather-related injuries/accidents; and
critical third-party recommendations such as the relocation of a gas line to accommodate more

soil for trees.

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.

Of the six adaptation measures selected by The City for further evaluation, the following four
were added to the design:

- Water bottle refill stations,

- Drought tolerant plants/landscaping,

- Replacing impervious areas with pervious concrete in some areas, and

- Room to allow for greater heat expansion joint in sidewalks in ramps.

Additionally, a selection of tree species with low lateral branching planted in structural soils/silva
cells was added to the design. Since the designs have been finalized, The City has been in contact
with their third-party utility partner, Atco Gas, to discuss the relocation of a gas line to

accommodate the silva cells and an increased soil volume for trees.

Finally, although not recommended in the assessment but will improve infrastructure resiliency,
The City has engaged another third-party partner, ENMAX, to bury the overhead transmission

lines along 34th Avenue.



Marda Loop Project: Construction of the Marda Loop project has been underway since July
2023 and will continue through 2024. The process of implementing the above adaptation
measures has begun, for example, coordination with Atco Gas; however, plans for their

construction are slated for 2024.

City of Calgary CRRA Framework: Since the risk assessment's completion in 2022, The City of
Calgary has updated their CRRA framework. Some updates included the emergence of the CRSA
tool as a less time-intensive and more flexible risk assessment option for various project types;
guidance on how the CRRA and CRSA can support decision making and progress tracking; and

the addition of environmental impacts to the consequence classification matrix.

These updates also require the users of the CRRA to include an Implementation Plan for
recommended adaptation strategies as part of Step 5 — Reporting and Next Steps. Project teams
can do so utilizing the CRSA tools Step 4 — Implementation that helps prioritize the most feasible
adaptation recommendations to be integrated into the design. The implementation process
encourages teams to:

- Identify resilience strategies for all medium and high risks that are beyond the current
building code requirements.

- Indicate whether the strategy will be applied to the design, explored in futures stages of the
project, or cannot be applied to the project.

- Produce comprehensive plans so that the project team can refer back during later stages of
the project for continued improvement of resilience.

- Indicate implementation barriers for strategies that cannot be integrated into the project.
These barriers will inform local government and industry stakeholders who can work to
reduce barriers and enable resilient building strategies.

- Consider the carbon footprint of recommended strategies.

- Consider the impacts of combined climate hazards.



The Marda Loop risk assessment was conducted during the design phase of a project allowing
more opportunity for resilience to be incorporated directly into the design and reduce the
potential for vulnerability and adverse outcomes. Part of this process was a high-level ROI
analysis that allowed The City to see the economic value of selected adaptation
recommendations. Each recommendation found to have a reasonable ROl was included in the
final project design. This highlights the benefit and importance of these analyses for facilitating

buy-in from decision makers and climate change adaptation action.

One benefit of the CRRA process is the use of custom consequence scoring criteria, that is, health
and safety, structural integrity, and functionality used in the Marda Loop assessment. These
consequence criteria allow for conversations with different expertise to create a full picture of
the potential impacts on a hazard-component interaction and well-informed risks. For example,
an engineer may be more focused on the functionality of a road during an extreme heat event
and rate the consequence on the lower end of the scale. Whereas operations personnel will have
more knowledge and input for the health and safety criteria which may score higher than
functionality. This process fosters collaboration and information-sharing among stakeholders to

drive more comprehensive resiliency strategies that reduce risk.

CRRA Challenges - Although some adaptation measures were considered for the ROl analysis,
it was done at a very high level and at the time of assessment, data was not available to quantify
losses associated with many other measures. This was primarily due to the lack of valuation data
or inability to quantify how the measure would avoid losses. These limitations demonstrate why
more work is still required to implement ROI studies. Since the assessment, a large-scale
economic analysis was completed on City buildings; however, it is unclear how this analysis

impacted the project design.

Implementation Challenges- The Marda Loop project's location in the southwest district of The
City challenged the implementation of some resilience measures due to space constraints and

utility conflicts.



These issues caused increased labor and material costs resulting in certain strategies, such as the
bike repair station to be value managed out of the project. The Atco gas line relocation extended
the duration and intensity of the construction in this area. This led to multiple media stories on
local business owners concerned about revenue losses and the Canadian Federation of
Independent Business (CFIB) encouraging The City to introduce a construction mitigation
program. To help mitigate this challenge The City has created a mobility monitoring process to
allow community members to stay informed on construction location, dates, and impacts such

as road closures, restrictions, and detour changes.

Operations and Maintenance Challenges - The use of pervious pavers is new to The City of
Calgary and the Marda Loop will act as a pilot project. This novel construction approach has
raised concerns around the operations and management of the pervious pavers, particularly the
equipment and training that is needed for upkeep and maintenance. In response to these
concerns, the project team has worked with Stantec, the design consultant, and roads operations
to develop an Operations and Management Manual for pervious pavers. Discussions are also
being had about the ownership of the pervious pavers, whether it be stormwater management,

water services, or the roads department.

The biggest takeaway from the Marda Loop project so far has been to include interested parties
from the beginning of the project and provide relevant documentation and additional support
such as information sessions, individual, and on-site meetings. This should include clear
communication with asset owners on the project's scope and objectives, including climate risk
and resiliency. Early and regular communication with affected local business owners was also
noted. Involving local business owners and community members from the outset could have
reduced frustration and potentially the amount of negative media reports. These lessons
highlight the value of a multidisciplinary team, and a collaborative risk assessment approach that
integrates various perspectives throughout, including community members, local businesses,

and asset owners.



Read the full report here: Marda Loop Climate Change Risk Assessment

Visit The City of Calgary Climate Risk Assessment Framework for more information on the

CCRA process and to gain access to the CRSA tool

Learn more about the project here: Marda Loop Main Streets
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