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D I S C L A I M E R

WSP Canada Inc. (“WSP”) prepared this report solely for the use of the intended recipient, in accordance with the 
professional services agreement between the parties. In the event a contract has not been executed, the parties agree 
that the WSP General Terms for Consultant shall govern their business relationship which was provided to you prior 
to the preparation of this report.  

The report is intended to be used in its entirety. No excerpts may be taken to be representative of the findings in the 
assessment. The conclusions presented in this report are based on work performed by trained, professional and 
technical staff, in accordance with their reasonable interpretation of current and accepted engineering and scientific 
practices at the time the work was performed.  

The content and opinions contained in the present report are based on the observations and/or information available 
to WSP at the time of preparation, using investigation techniques and engineering analysis methods consistent with 
those ordinarily exercised by WSP and other engineering/scientific practitioners working under similar conditions, 
and subject to the same time, financial and physical constraints applicable to this project.  

WSP disclaims any obligation to update this report if, after the date of this report, any conditions appear to differ 
significantly from those presented in this report; however, WSP reserves the right to amend or supplement this 
report based on additional information, documentation or evidence.  

WSP makes no other representations whatsoever concerning the legal significance of its findings. 

The intended recipient is solely responsible for the disclosure of any information contained in this report. If a third 
party makes use of, relies on, or makes decisions in accordance with this report, said third party is solely responsible 
for such use, reliance or decisions. WSP does not accept responsibility for damages, if any, suffered by any third 
party as a result of decisions made or actions taken by said third party based on this report.  

WSP has provided services to the intended recipient in accordance with the professional services agreement between 
the parties and in a manner consistent with that degree of care, skill and diligence normally provided by members of 
the same profession performing the same or comparable services in respect of projects of a similar nature in similar 
circumstances. It is understood and agreed by WSP and the recipient of this report that WSP provides no warranty, 
express or implied, of any kind. Without limiting the generality of the foregoing, it is agreed and understood by 
WSP and the recipient of this report that WSP makes no representation or warranty whatsoever as to the sufficiency 
of its scope of work for the purpose sought by the recipient of this report.  

In preparing this report, WSP has relied in good faith on information provided by others, as noted in the report. WSP 
has reasonably assumed that the information provided is correct and WSP is not responsible for the accuracy or 
completeness of such information.  

Benchmark and elevations used in this report are primarily to establish relative elevation differences between the 
specific testing and/or sampling locations and should not be used for other purposes, such as grading, excavating, 
construction, planning, development, etc.  

Design recommendations given in this report are applicable only to the project and areas as described in the text and 
then only if constructed in accordance with the details stated in this report. The comments made in this report on 
potential construction issues and possible methods are intended only for the guidance of the designer. The number of 
testing and/or sampling locations may not be sufficient to determine all the factors that may affect construction 
methods and costs. We accept no responsibility for any decisions made or actions taken as a result of this report 
unless we are specifically advised of and participate in such action, in which case our responsibility will be as 
agreed to at that time.  

The original of this digital file will be kept by WSP for a period of not less than 10 years. As the digital file 
transmitted to the intended recipient is no longer under the control of WSP, its integrity cannot be assured. As such, 
WSP does not guarantee any modifications made to this digital file subsequent to its transmission to the intended 
recipient. This limitations statement is considered an integral part of this report. 
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E X E C U T I V E  S U M M A R Y

Municipal and transit infrastructure is facing increasing pressure from climate change in the form of changing 
precipitation patterns, increasing temperatures, rising numbers of wildfires, and more frequent and severe weather 
events. The trends are projected to continue to increase in the coming years, further impacting infrastructure, 
operations, services along with the communities and economies they serve. The City of Calgary (COC, “the City”) 
declared a climate emergency on November 15, 2021 (COC, 2022) and is now accelerating City-wide timelines to 
reduce greenhouse gas emissions (GHGs) and advance climate adaptation and mitigation priorities. In response, 
Calgary Transit (CT) is underway with a Fleet Electrification Planning Study (“the Project”, “the Study”), supported 
by WSP’s Transportation and Infrastructure Advisory Services. The Project would see the replacement of internal 
combustion engine buses with battery electric buses (BEBs) along with electrification planning and infrastructure 
upgrades at three garage facilities. 

As a sub-phase of the Project, WSP’s Climate Resilience Services were retained to conduct a Climate Risk and 
Resilience Assessment (CRRA) to characterize the physical risk of future climate change impacts. This CRRA has 
been completed to identify, assess, mitigate, and manage risks associated with climate change during the design, 
operation, and maintenance of the Project. Five system categories were assessed including built and charging 
infrastructure, fleet assets, the environment, and people. 

This assessment has been completed in alignment with the City of Calgary’s Public Infrastructure CRRA framework 
and ZETF’s resilience assessment guidance. The report supports approval criteria under the City’s Capital 
Infrastructure Assessment requirements. It was carried out to align with the City’s Climate Resilience Strategy 
(COC, 2018) and broader objectives for climate action that lay the foundation for more efficient, productive, and 
accessible cities. This assessment also supports the City’s application to Infrastructure Canada’s Zero Emission 
Transit Fund (ZETF). It has been completed in accordance with ZETF’s GHG+ PLUS Guidance Modules (INFC, 
2021) 

The steps outlined in the guiding frameworks are summarized in three steps within this report: (1) risk analysis, (2) 
risk evaluation, and (3) risk mitigation. The risk analysis comprises the identification and categorization of project 
components, relevant climate hazards, and key impacts that result from the interaction of climate hazards and project 
components. The risk evaluation assesses the likelihood that a climate impact will occur in combination with the 
consequence should that impact occur. Resilience measures are proposed for all risks with a score of medium or 
higher. Very low and low risk impacts have been excluded from this step as per COC guidance (COC, 2021). A 
high-level return-on-investment analysis was completed for all resilience recommendations to assist in prioritizing 
adaptation options. 

The assessment looks at the interactions between nine climate hazards identified by the COC and five system 
categories, including built infrastructure, charging infrastructure, fleet assets, human wellbeing, and natural 
environment. 155 impacts were identified and evaluated for level of risk. Climate projections and likelihood scores 
were provided by the COC guidance document for RCP8.5 for the baseline time period, 2050s and 2080s. The COC 
climate projections and likelihoods are used to maintain consistency across assessments of COC public 
infrastructure. Consequence was evaluated based on input from subject matter experts and professional judgement.  

Risk scores were evaluated for all impacts and for each time period. The maximum risk score among the time 
periods determines if a resilience recommendation is provided. The assessment resulted in 16 impacts with a 
maximum risk score of medium, 85 impacts with a maximum risk score of high, and 6 impacts with a maximum 
risk score of extreme. Table 1-1 presents the distribution of impacts by system category based on the maximum risk 
score assessed across all time periods.  
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Table 1-1  Maximum risk scores for each system category.  

NUMBER OF IMPACTS BASED ON MAXIMUM RISK SCORE 

RISK SCORE 
BUILT 

INFRASTRUCTURE 
CHARGING 

INFRASTRUCTURE FLEET ASSETS HUMAN WELLBEING 
NATURAL 

ENVIRONMENT 

Very Low 1 — — — — 

Low 37 2 4 3 1

Medium 8 2 3 1 2

High 54 8 6 14 3

Extreme 2 2 — 2 — 

Overarching recommendations from the CRRA for the City of Calgary include: 

1 Consider future projections for higher average temperature, extreme heat, and SDHI rainfall in the design 
and selection of construction materials and equipment. This is particularly important for cooling equipment 
where impacts from extreme heat are not easily managed through existing cooling strategies.  

2 Monitor, collect data, and evaluate the performance of equipment and materials through all seasons and 
when exposed to extreme weather. Given that electrification infrastructure is evolving with new 
technologies and materials, it will be important to understand the response of the fleet assets and charging 
infrastructure to a range of environments.  

3 Incorporate equipment protection devices to prevent damage from lightning and hail. Damage to rooftop 
equipment (on buses and buildings) may cause significant service disruptions that may interfere with CT’s 
operations. This recommendation is considered a high return-on-investment due to the large potential losses 
avoided from lightning damage.  

4 Review drainage design on site. Provide adequate drainage on site to reduce the potential for pooling water 
and moisture ingress, particularly at sites where this is an existing issue (Anderson Garage). Convey water 
away from structures and clear drainage infrastructure of obstructions to allow stormwater, runoff, and 
snowmelt to drain from the site. These resilience measures are expected to have a higher return on 
investment.  

5 Consider climate change impacts when developing environmental and health and safety plans at the 
construction stage to increase the project resilience. 

The resilience measures recommended in the CRRA for the Calgary Transit Fleet Electrification cannot protect 
against all losses; however, they can help lessen damage, limit service disruptions, and allow the facility to recover 
more quickly after extreme events. Climate risk and resilience assessments should be considered as an ongoing 
process, and it is therefore recommended that the City of Calgary periodically revisit vulnerabilities, risks, and 
control measures presented in this report as new information becomes available at a minimum of every five years. It 
is recommended that control measures related to design are considered in all future design work.  
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1 INTRODUCTION 

1.1 BACKGROUND 

Climate change is a key challenge of the 21st century. The City of Calgary (COC, “the City”) declared a climate 
emergency on November 15, 2021 (COC, 2022) and is now accelerating City-wide timelines to reduce greenhouse 
gas emissions (GHGs) and advance climate adaptation and mitigation priorities. In response, Calgary Transit (CT), 
the public transit agency owned and operated by the City, is underway with a Fleet Electrification Planning Study 
(“the Project”, “the Electrification Project”, “the Study”). This planning work is being supported by WSP’s 
Transportation and Infrastructure Advisory Services.  

As a sub-phase of the Project, WSP’s Climate Resilience Services were retained to conduct a Climate Risk and 
Resilience Assessment (CRRA, “the assessment”) to characterize the physical risk of future climate change impacts 
and develop recommendations and strategies to reduce risk and improve resilience to climate change. A Greenhouse 
Gas Mitigation Assessment (GHGMA) has also been completed and is provided as a separate report.  

Transit electrification entails the transition away from internal combustion engines (ICE) to low-carbon propulsion 
systems in transit vehicles in order to realize carbon reductions and other broader sustainability goals (such as noise 
reduction and improved wellbeing). It is a strategic priority that aligns with the Green Fleet Strategy within the 
City’s Climate Resilience Strategy and net zero goals (COC, 2018). The Project would see the replacement of ICE 
buses with battery electric buses (BEBs) and electrification planning and infrastructure upgrades at various garage 
facilities. While the Project includes buses fuelled with compressed natural gas (CNG), the CRRA is limited only to 
BEBs and associated electrification planning and infrastructure upgrades. Light rail vehicles (LRV) and other 
associated rolling stock that do not use low-carbon propulsion systems are beyond the scope of this study.  

1.2 OBJECTIVES 

The CRRA has three main objectives. First, it aims to identify, assess, mitigate, and manage risks associated with 
climate change during the project’s design and operation. The assessment evaluates potential impacts from climate 
change on built and charging infrastructure, fleet assets, the environment, and people. To improve resilience to 
climate change and reduce physical risk, adaptation options are developed for the most significant risks. A 
stakeholder engagement session was conducted with COC and CT staff to review and validate preliminary risk 
assessment scores and discuss potential resilience measures for the Project. A high-level return-on-investment (ROI) 
analysis estimates the benefit of implementing assessment recommendations. This report outlines the findings of the 
assessment and supporting analyses.  

Second, this assessment supports approval criteria under the City’s Capital Infrastructure Assessment requirements. 
The Project is being carried out to align with the City’s Climate Resilience Strategy (COC, 2018) and broader 
objectives for climate action that lay the foundation for more efficient, productive, and accessible cities. Program 5 
of the Resilience Strategy outlines the actions related to the transition of transportation modes to low- and zero-
emissions options while Program 10 relates to positioning the City as a leader in climate change mitigation. The 
electrification of Calgary’s transit fleet can play a role in achieving these objectives.  

Third, this assessment supports the City’s application to Infrastructure Canada’s Zero Emission Transit Fund 
(ZETF). It has been completed in accordance with guidance on climate resilience by the City’s Public Infrastructure 
Climate Risk and Resilience Assessment (CRRA) framework and risk assessment sheet (COC, 2021) and ZETF’s 
GHG+ PLUS Guidance Modules (INFC, 2021). 
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1.3 APPROACH 

This assessment aligns with the ISO31000 (Risk management – Guidelines) and ISO14091 (Adaptation to climate 
change – Guidelines on vulnerability, impacts, and risk assessment) standards, which are widely used for evaluating 
climate change impacts on assets, systems, and operations. It is also informed by guidelines set out in Infrastructure 
Canada’s Climate Lens Resilience Assessment (INFC, 2019) and the Public Infrastructure Engineering Vulnerability 
Committee (PIEVC) High Level Screening Procedure (ICLR, 2022). The approach was developed based on the 
City’s Climate Change Adaptation Technical Memo (COC, 2021) and Integrated Risk Management Process. This 
document and assessment process was developed in by the COC to support the completion of complete and 
consistent climate change risk assessments across all public infrastructure projects in Calgary. The approach also 
meets the requirements outlined by the ZETF guidance documents (INFC, 2021). 

Information for this assessment was collected from available background documents, site plans, and reports of 
existing conditions. This includes climate projections, worksheets, and templates (COC, 2021); design drawings and 
preliminary layouts; functional planning and design reports (WSP/MMM, 2017); relevant codes and standards 
(NRC, 2019); and information on municipal service connections for buildings components. A key source of 
information is WSP’s draft Transit Fleet Electrification Planning Study (WSP, 2022). Information and assumptions 
used in the assessment were validated with subject matter experts (SMEs) as needed for accuracy and completeness 
of information.  

A risk and resilience workshop presented findings of the risk assessment to City staff and key individuals from the 
WSP team. The objective of the workshop was to review and validate risk scores and existing resilience measures 
inherent in the design and planning of the Project as well as adaptation options that could be incorporated into future 
stages of the Project to increase the resilience to climate change . Risk scores and resilience recommendations 
presented herein incorporate the feedback from the workshop where applicable.  

A high level return-on-investment (ROI) analysis is also provided. It aligns with the City’s Triple Bottom Line 
framework (COC, 2021) and guidance from Infrastructure Canada (INFC, 2019). The ROI is intended to 
characterize the resilience benefits of adaptation recommendations and help in prioritizing options for 
implementation. Because the Project is still in the planning stage, the ROI is similarly high-level, using order of 
magnitude cost estimate ranges.   

1.4 METHODS 

This CRRA satisfies the criteria and guidance material of both the City and the ZETF. Figure 1-1 illustrates both 
processes. The seven steps of the City’s CRRA are shown in red and the ZETF guidelines are shown in dark blue. 
While the nomenclature of individual steps may vary, the intent and outcomes are aligned.  

                                                                                                                                                                                           RISK 
               RISK ANALYSIS                                                           RISK EVALUATION                                                 MITIGATION 

 

 

Figure 1-1  Climate Risk and Resilience Assessment (COC, ZETF, and WSP)  
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The CRRA has three main steps. Each step is summarized below and further described in the following sections: 

— Risk Analysis (Section 3) 

— Risk Evaluation (Section 4) 

— Risk Mitigation (Section 5) 

1.4.1 RISK ANALYSIS 

The risk analysis comprises the identification and categorization of project components, relevant climate hazards, 
and key impacts that result from the interaction of climate hazards and project components. Impacts to built, natural 
and human systems are identified and described based on the climate hazards and exposure. The project component 
breakdown is described in Section 2.2. Relevant climate risks for the site are identified and the City’s Calgary-
specific climate projections are used for the Present, 2050s-, and the 2080s-time horizons under RCP8.5. 
Confirmation was received that climate projections under RCP4.5 were not required to satisfy the ZETF 
requirements. (M. Jones, email communication, April 4, 2022). 

The risk analysis captures the component analysis, climate analysis, and interaction analysis steps specified by the 
CRRA guidance and the identification of climate parameters and climate analysis steps specified by the ZETF 
guidance. This step is further detailed in Section 3.  

1.4.2 RISK EVALUATION 

The risk evaluation assesses the likelihood that a climate impact will occur in combination with the consequence 
should that impact occur. Likelihood is evaluated based on the probability of a climate indicator exceeding a given 
threshold and is consistent with the scores indicated in the CRRA guidance (COC, 2021). Consequence is evaluated 
based on considerations of health and safety, structural integrity, and functionality, with additional scoring criteria 
added to capture environmental and financial impacts. Consequence scores may be reduced where adaptive capacity 
currently exists. The risk evaluation assesses the risk scores using the City’s risk classification matrix (COC, 2021). 
The City’s risk classification matrix was used in this assessment, as this is the more conservative approach 
compared to that used in the ZETF guidance.  

WSP has engaged with infrastructure subject matter experts within WSP, including Steve Gundy (P.Eng, 
mechanical), Keith Rogers (P.Eng, electrical) and Sander Quartero (P.Eng, transportation) to validate the climate-
infrastructure interactions and severity of consequences. Meetings were held over video conference to validate the 
inputs and assumptions used in the assessment.  

The risk evaluation captures the COC’s likelihood analysis, consequence analysis, and risk analysis steps and the 
ZETF’s assessment of likelihood and consequence and risk ranking steps. The risk evaluation is presented in Section 
4 and the scoring/classification metrics used are presented in Appendix A. 

1.4.3 RECOMMENDATIONS AND RISK MITIGATION 

Resilience measures are proposed for all risks with a score of medium or higher. Very low and low risk impacts 
have been excluded from this step as per COC guidance (COC, 2021). Resilience measures include those that can be 
incorporated into the design, construction, operation and maintenance of the assets. The residual (remaining) risk is 
described qualitatively at a system category level. Residual risk is not a calculated value and is uniquely dependent 
on the implementation and extent of resilience measures.  

A high-level estimation of return-on-investment (ROI) is provided to indicate the benefits that resilience measures 
can have on the Project and help prioritize options for implementation. The level of detail reflects the planning stage 
of this project by using order of magnitude cost estimate ranges. The risk mitigation step captures the resilience 
analysis specified in the CRRA (Step 7) and the risk treatment identification step specified by the ZETF assessment 
guideline This step is further detailed in Section 5.  
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1.4.4 RESILIENCE WORKSHOP 

A resilience workshop (the workshop) was conducted with City staff and key individuals from the WSP team to 
review and validate assessment results. The workshop was held over Microsoft Teams and Mural on June 8th, 2022. 
Mural is a collaborative online platform that allows participants to contribute comments on “sticky notes” into the 
presentation. Microsoft Teams was used as a video conferencing platform to allow discussion and elaboration of 
ideas verbally throughout the session.  

This report incorporates feedback and additional considerations identified during the workshop session. A final 
version of the Mural is included in Appendix G. 

1.5 ASSUMPTIONS AND LIMITATIONS 

A number of assumptions were made within the Fleet Electrification Planning Study (WSP, 2022). Most of these 
assumptions carry over to the CRRA and are listed below. Minor updates have been made to match developments 
and feedback from the City since the planning study’s draft submission.  

— Calgary Transit will transition to ultimately operate a mixed fleet of CNG and Battery Electric Buses (BEBs); 

— All required utility network upgrades past 2026 are assumed to be feasible to be completed by ENMAX for the 
provided timeline; 

— Transit service modelling is based on baseline of Fall 2019 booking period, updated service blocking has been 
undertaken as required to allow for service to be run by electric buses; 

— Existing Victoria Park Garage will be replaced with the Blackfoot Garage, which is a new purpose-built garage 
in the Manchester Industrial Area on the site of the existing Wildrose Motocross Park; 

— All electric bus service will be run with in-depot charged BEBs with all charging and bus storage occurring 
indoors;  

— The Spring Gardens and Anderson Garages will support all electric bus service;  

— The Blackfoot Garage will support half-electric and half-CNG bus service; and 

— The Stoney Garage will support all CNG bus service and is beyond the scope of this assessment. 

In addition, the following assumptions are specific to the CRRA.  

— WSP has assumed the preference of the Blackfoot Garage over the Highfield Garage, as described above. This 
assumption was made in the absence of a decision from The City on a preferred site, and due to Blackfoot 
Garage being further along in project planning. 

— For infrastructure that is not existing, risks are identified with the assumption that the infrastructure will be built 
to current codes and standards, subjected to the current climate projections for the area.  

The findings presented in this study are based on the information and data available at the time of writing. 
Additional study limitations include the following: 

— Since the project is in the planning stages at the time of this assessment, the CRRA presents risks to existing 
building infrastructure that is intended for use into the future stages of the project as well as planned 
infrastructure based on information gathered from prior planning documents (WSP/MMM, 2017).  
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2 PROJECT CONTEXT 
Calgary Transit (CT) owns and operates a bus fleet and LRV network from five transit garages. The portion of the 
bus fleet undergoing electrification planning is the focus of this assessment. As CT seeks to modernize their bus 
fleet, maintenance infrastructure and service buildings will be upgraded to meet the changing operational 
requirements. The draft Fleet Electrification Planning Study (WSP, 2022) and this CRRA are informed by the 
Electric Bus Pilot Project (“the eBus Pilot”) which CT initiated in Spring 2020 to support the City’s Green Fleet 
Initiative (COC, 2018) with funding from Emissions Reduction Alberta. In addition to sustainability and resilience 
outcomes, Calgary’s transit system is an important dimension of the City’s emergency management plan, as transit 
service would be provided to community hubs during periods of increased climate hazard risk.  

This CRRA draws on the draft Fleet Electrification Planning Study (WSP, 2022) as a primary source of information 
and data. This assessment characterizes the risk profile by climate change conditions to the infrastructure under 
assessment (see Sections 2.2 and 3.1), highlights the most significant risks, and provides potential adaptation options 
which may be incorporated into design and operations. This report has been delineated to meet with City of Calgary 
and ZETF assessment requirements and approval criteria. Thus, it presents a union of scopes to satisfy both 
organizations. A greenhouse gas mitigation assessment (GHGMA) complements this assessment and will be 
provided as a separate report.  

2.1 PROJECT OVERVIEW 

The Project introduces a fleet of 30-, 40-, and 60-foot battery electric buses (BEBs) to three of five CT garage sites. 
The Study (WSP, 2022) proposes the replacement of approximately 700 gasoline- and diesel-fueled buses over a 
time horizon of approximately 20 years. The 30-foot buses utilize dispensers for charging and feature electric 
heaters. The 40- and 60-foot buses utilize pantographs for charging and feature diesel heaters. Information about 
make and model are unavailable until the Project proceeds to procurement, which will be informed by future 
technologies, regulatory landscapes, and available resources. 

The Spring Gardens and Anderson Garages will be retrofitted to support electrification. The Blackfoot Garage will 
be designed and constructed. It replaces the Victoria Garage, which is assumed to remain in operation until the 
Blackfoot Garage is commissioned for operations. A fifth garage, the Stoney Garage, is a CNG facility and is 
beyond the scope of this assessment. Figure 2-1 illustrates the approximate location these garage sites. Sections 
2.1.1, 2.1.2, and 2.1.3 provide site-specific details for the three garages that will be electrified.  

Structural, architectural, electrical, and mechanical design and planning modifications are required to accommodate 
overnight in-depot charging and natural gas generator backup power at the Spring Gardens, Anderson, and 
Blackfoot Garages. On-route charging is not included in the infrastructure under assessment. This matches the scope 
and direction of the draft Study (WSP, 2022).  

ZETF SCOPE 

The ZETF is a funding stream that supports the electrification of bus fleets and is made available in partnership with 
Canada Infrastructure Bank (CIB). The application will be reviewed by both CIB and Infrastructure Canada and 
evaluated separately. This report addresses the ZETF requirements for climate resilience. It is assumed that this 
report will be used to support the ZETF application. At the time of writing, the specific inclusions from the Project 
for the ZETF application remain to be determined. 
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Figure 2-1 Location map for the Calgary Transit garages (source: Google MyMaps, retrieved May 2022) 

2.1.1 SPRING GARDENS GARAGE 

The Spring Gardens Garage is located at 928 32 Ave NE in north-central Calgary adjacent to Nose Creek. This 
facility began operations in 1976 and was expanded in 2003 and 2015. It currently houses a mix of 30- and 40-foot 
buses and has a capacity of 465 FFE (forty-foot equivalent). Electrification is proposed in three phases to allow 
space for construction: Phase 1 beginning in 2023 and Phase 2 and 3 beginning in 2029. Structural upgrades are 
necessary to support roof mounted charging cabinets and overhead pantograph charging units.  

2.1.2 ANDERSON GARAGE 

The Anderson Garage is located at 11425 Anderson Station Way SW in south-central Calgary. The facility began 
operations in 1978 and was upgraded in 2016 to accommodate increased LRV maintenance and inspection. The 
current facility houses a mix of 30- and 40-foot buses and has a capacity of 154 FFE; however recent studies may 
result in a capacity reduction of 46 FFE to improve site safety. While the charging equipment will be located at 
grade, the pantograph charging units will be installed at ceiling level which requires structural review. To coordinate 
electrical upgrades with ENMAX, electrification is proposed for 2023 alongside Spring Gardens Phase 1. 

2.1.3 BLACKFOOT GARAGE 

The proposed Blackfoot Garage will be located in the Manchester Industrial Area on the site of the existing 
Wildrose Motocross Park (5608 Burbank Crescent SE). A conceptual design was proposed in a 2017 functional 
planning study (WSP/MMM, 2017), however at that time electrification was not yet considered. Thus, the 
infrastructure under assessment for this garage represents the best available information based on updates in the 
draft Study (WSP, 2022) and internal correspondence (D. Soroaga, personal communication, May 2, 2022). At the 
time of writing, this facility will accommodate half-electric and half-CNG bus storage for a total of 500 FFE. 
Construction is planned to begin in 2029. Modifications will be made to the proposed designs to suit future bus 
charging needs.  
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2.2 INFRASTRUCTURE DESCRIPTION 

The infrastructure under assessment aligns with the details and specifications in the draft Study (WSP, 2022). The 
infrastructure description is grouped into five main system categories: built infrastructure, charging infrastructure, 
fleet assets, natural environment, and human wellbeing. The built infrastructure, natural environment, and human 
wellbeing categories align with guidance from the City (COC, 2021). The additional system categories of charging 
infrastructure and fleet assets are used to capture specificity of electrification. The following sub-sections describe 
the assets under each system category.  

2.2.1 BUILT INFRASTRUCTURE 

Built infrastructure captures the Project assets related to building design and site servicing. Asset types include 
structural, building envelope, mechanical, electrical, civil servicing, and hardscaping. Each asset type was explored 
for each of the garages and summarized for use in the assessment. Descriptions are provided in Table 2-1.  

Table 2-1 Description of Built Infrastructure Components 

ASSET CLASS DESCRIPTION  

Structural  The structural system includes the roof superstructure, building superstructure, and foundation 
(substructure).  

— Includes existing steel frame superstructure, steel decking on open web steel joists, wide-
flanged girder system, and hollow structural section (HSS) columns for all garages. 
Concrete foundations vary between locations and include piles, slab on grade, grade 
beams, and spread footings.  

— Proposed retrofits will require structural upgrades to accommodate increased dead load 
on the superstructure and related live loads. Micro piles have been included for 
consideration in structural upgrades.  

Building Envelope The building envelope systems include exterior walls, windows, skylights, exterior doors, roof 
membrane, and roof drainage.  

— The two existing garages have masonry block walls. Proposed new construction will 
include in-filled wind bearing steel studs and/or masonry block walls. Fenestration typically 
consists of glazing units with aluminum frames and exterior doors are commercial grade 
metal doors. Limited information is available regarding existing roof drainage and 
membranes.  

Electrical  The electrical system includes electrical utility service, underground and overhead electrical 
distribution, on-site electrical generation, on-site electrical storage, exterior lighting, and 
communications.  

— Electrical upgrades will be required for all sites in order to provide 25kV, 12MVA 
distribution to provide 9MW (Anderson) and 25kV, and 40MVA distribution to provide 
36MW power (each for Spring Gardens and Blackfoot). New electrical switchgear systems 
are proposed for all sites.  

— Electrical distribution is comprised of overhead cables to rooftop for the Anderson Garage, 
and underground concrete encased ducts leading to above ground distribution at the 
building footprint for the other two garages.   

— Each garage is proposed to have four separate natural gas generator systems to be 
located outdoors fitted with internal protection, monitoring, controls, and communications.  

— It is assumed that all sites have fiber optic cables underground and server, which is (or will 
be) held in a climate-controlled cabin.  
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ASSET CLASS DESCRIPTION  

Mechanical  The mechanical systems include heating, ventilation, cooling, life safety, building  automation, 
and plumbing systems, including sump pumps.  

— Existing buildings are equipped with ventilation systems to meet requirements for CNG 
bus storage and servicing. No cooling system is provided for the bus depot areas in any 
garage but may be provided for small office spaces.  

— Heating is provided by ceiling-mounted gas fired unit heaters in all garages. 

— The proposed Blackfoot Garage includes roof-top air handling units with heat recovery to 
provide heating and ventilation.  

— Upgrades to fire protection systems will be required and will include CO/NO detection and 
temperature sensors with performance-based fire protection system to service the 
maintenance bays.  

— It is assumed that all buildings have or will be fitted with sump pump discharge. Anderson 
Garage was reported to have a sump pump system that did not have sufficient capacity to 
manage volumes during the 2013 floods.  

— It is assumed that all buildings have or will be fitted with a building automation system 
(BAS) to monitor and control building controls.  

Civil Services & 
Utilities 

Civil service and utilities include the stormwater, potable water supply, sanitary sewer and 
natural gas systems.  

— These systems are all connected to municipal and regional suppliers. The proposed 
Blackfoot Garage design includes a stormwater pond to attenuate peak flows and help 
manage extreme precipitation events.  

Hardscaping Hardscaping includes parking lots, accesses and drive aisles, pedestrian walkways, stairs and 
access ramps, bus pullouts, retaining walls, and fencing.  

— It is assumed that all exterior parking and driving surfaces are and will be asphalt 
pavement, and the walkways and interior driving surfaces are made of concrete pavement. 
Proposed retaining walls are assumed to be interlocking stone units with soil 
reinforcement or concrete retaining walls with spread footings and fencing is assumed to 
be chain-link type.   

2.2.2 CHARGING INFRASTRUCTURE  

Charging infrastructure includes the charging cabinets, which distribute power from the municipal electrical service 
to individual charging units, and dispensers, which transfer power from the cabinet to the battery electric bus (BEB). 
The changes to the structural components of built infrastructure (listed in Sections 2.2.1) are included, primarily, to 
accommodate the installation of these assets. Descriptions are provided in Table 2-2. 
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Table 2-2 Description of Charging Infrastructure Components 

ASSET CLASS DESCRIPTION  

Charging Cabinet The cabinets are assumed to be ‘containerised’ charging units that support up to 20 charging 
positions.  

— The units used as the basis of design are 14,600 kg per unit and provide 1500 kW of 
continuous DC output power.  

— Proposed arrangements for the Spring Gardens facility position the cabinet units of the 
roof of the building, while the other two garage facilities position the units at grade, on site.  

Dispenser  The selected dispensers are pantograph down charger units to minimize impact to bus storage 
space within the garages for 40- and 60-foot buses. These units will be positioned on the 
garage ceiling and will lower to contact the battery.  

— The proposed arrangement provides one dispenser per bus parking space. Each 
pantograph unit weighs 185kg and provides 450kW of continuous DC output power.  

— 30-foot buses will be provided with plug-based charging dispensers with ceiling mounted 
cable management systems.  

2.2.3 FLEET ASSETS 

The fleet assets comprise of the 30-, 40-, and 60-foot BEBs and their onboard assets such as the battery and 
propulsion and electrical system. BEBs vary in battery capacity, heating mechanisms, and length. Throughout the 
assessment, these variations are addressed individually where necessary, however most climate change-related 
impacts are assumed to have a uniform impact. For example, hail damage is expected to be similar no matter the 
length of bus. Descriptions are provided in Table 2-3. 

Table 2-3 Description of Fleet Asset Components 

ASSET CLASS DESCRIPTION  

Battery Electric Bus The BEB includes the bus body, propulsion and electrical components, and the charging 
interface.  

— All buses will be charged using in-depot charging stations.  

Battery Each size of bus is equipped with a difference size battery.  

— 30-foot bus: 252 kWh 

— 40-foot bus: 550 kWh 

— 60-foot bus: 650 kWh  

HVAC The on-bus HVAC is electric-powered for 30-foot buses and diesel-powered for 40- and 60-foot 
buses 
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2.2.4 NATURAL ENVIRONMENT 

The natural environment is a broad system category that may include landscaping, vegetation and other maintained 
natural infrastructure in addition to native ecosystems and biodiversity. Given that the garage sites are located in 
urbanized and/or industrial areas, no impacts relating to native ecosystems and biodiversity were assessed. Assets 
are limited to natural infrastructure located at the garage sites, amounting to landscaping and vegetation. Only 
Natural Infrastructure was included for this system category, however environment was also considered in the 
evaluation of consequences to capture additional impacts.  

Table 2-4 Description of Natural Environment Components 

ASSET CLASS DESCRIPTION  

Natural Infrastructure Natural infrastructure includes maintained trees, shrubs, and lawn on site.  

2.2.5 HUMAN WELLBEING 

Human wellbeing is included to capture climate change-related risks to people. In this assessment, this includes 
construction personnel, operations personnel, and users (transit passengers). Health and safety is also considered in 
the evaluation of consequences to capture additional impacts on human wellbeing. Descriptions of each category are 
provided in Table 2-5.  

Table 2-5 Description of Human Wellbeing Categories  

ASSET CLASS DESCRIPTION  

Construction 
Personnel 

Construction personnel are considered during construction, retrofit, and replacement of the 
garage only.  

Operations Personnel Operations personnel include personnel at the garage sites and bus drivers/operators.  

Users Users are considered bus passengers and are assumed to not be present at maintenance 
garages.  

2.3 ASSESSMENT TIMESCALE 

Three time horizons (COC, 2021) are considered with the CRRA: a baseline period (1981-2010), the 2050s (2041-
2070), and the 2080s (2071-2100). The baseline period uses historical climate data to identify climate conditions 
from the recent past and serves as a benchmark to compare against future climate projections. Climate projections 
and associated risks for the 2050s are important for assets with a design life of approximately 30 years. This 
typically includes mechanical, electrical, and communications systems as well as some building envelope 
components. Climate projections and associated risks for the 2080s are important for assets with a longer design life 
in the order of 60 years or more. This typically includes structural systems, site services, and some civil 
infrastructure components. The design life of new buildings is assumed to be 75 years as per CSA S478: Guideline 
on Durability of Buildings. This would extend the expected service life of the Blackfoot Garage and select retrofits 
for Spring Gardens and Anderson Garages beyond the 2080s time period, classifying this as a long-life project as per 
COC and ZETF guidance. 

Note that the draft Study (WSP, 2022) refers to separate time horizons that align with capital planning processes and 
budget cycles. Upgrades and new construction of garage facilities and procurement of BEBs are expected to be 
complete prior to the commencement of the 2050s time period (i.e., before 2041). Work at all three garages is 
expected to commence in the mid-2020s.  
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3 RISK ANALYSIS  

3.1 COMPONENT ANALYSIS 

This step draws on the system category and asset descriptions in Section 2.2 and identifies component-level 
infrastructure that are exposed to climate and weather-related impacts. The identified components are critical to the 
operations and services of Calgary Transit. Excluded are elements such as interior finishes. A complete list of 
components and the associated asset class and system category are presented in Table 3-1. This represents the 
infrastructure included in this assessment.  

Table 3-1 Component Summary 

SYSTEM 
CATEGORY 

ASSET 
CLASS COMPONENT 

Built 
infrastructure 

Structural 

Superstructure – Roof 
Superstructure – Building 

Substructure – 
Foundation 

Building 
envelope 

Exterior Walls 
Windows 

Skylights 
Exterior doors 
Roof membrane 
Roof drainage 

Mechanical 

Cooling system 
Heating system 
Ventilation system 

Life safety 
BAS System 
Plumbing system 
Sump pumps 
Vertical transportation 

Electrical 

Electrical service 

Electrical distribution 
On-site electrical 
generation 
On-site electrical storage 
Exterior lighting 

Communications 

Civil services 
& utilities 

Stormwater system 
Drinking water supply 
Sanitary sewer system 
Natural gas supply 
Stormwater detention 
ponds 

SYSTEM 
CATEGORY 

ASSET 
CLASS COMPONENT 

Built 
Infrastructure 

Hardscaping 

Parking lots 
Accesses & drive aisles 
Pedestrian walkways 
Stairs / access ramps 
Bus pull-out 
Retaining walls 

Fencing 

Charging 
infrastructure 

Cabinet  
Charger at grade 
Roof mounted charger 

Dispenser 
Plug-in 
Pantograph 

Fleet assets 

Battery 
electric bus 

Bus body 

Propulsion and electrical 
systems 
Charging interface 

Battery 
252 kWh, 550 kWh, 650 
kWh 

HVAC 
Electric unit 
Diesel unit 

Human 
wellbeing 

Construction 
personnel 

Construction personnel 

Operations 
personnel 

Operations personnel 

Users Users 
Natural 
environment 

Natural 
infrastructure 

Maintained trees, 
shrubs, and lawn 
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3.2 CLIMATE ANALYSIS  

Globally, climate change will result in a long-term rise in the Earth’s average temperature. On a local scale, impacts 
will vary and include shifts in temperature, precipitation, wind, and other weather patterns, including extreme 
weather events. The climate projections were provided by the City of Calgary (COC, 2021). The City produced this 
information in partnership with GHD (2020) and the Calgary Airport Authority for the 2050 and 2080 time horizons 
under RCP8.5. The projections use a historical time horizon from 1960-2014 as observed at the Calgary Airport 
based on Environment and Climate Change Canada (ECCC) data (COC, 2021).  

3.2.1 HAZARD IDENTIFICATION  

Hazard identification identifies the most relevant climate hazards to the Project. Additional detail was added to the 
list of climate hazards provided by the City (COC, 2021) where appropriate. Relevance is assessed based on project 
location, similar projects, and professional judgement. Climate hazards included in this assessment are summarized 
in Table 3-2. Riverine flooding was deemed ‘not relevant’ and described separately.  

Table 3-2 Qualitative Description of Relevant Climate Hazards 

CLIMATE 
HAZARD 

HAZARD 
TREND RATIONALE 

Extreme heat Increasing Challenges in maintaining interior temperatures; accelerated degradation of building 
components (i.e., thermal expansion); impacts to outdoor workers and construction 
schedule; impacts to the operational efficiency of fleet assets (i.e., cooling 
requirements for user comfort and safety; exceedance of the internal temperature for 
propulsion and electrical systems) 

Higher 
average 
temperatures 

Increasing Risks: increased cooling demand; impacts on plant survival and biodiversity; frequent 
winter freeze-thaw cycles impacting material deterioration and operational efficiency 
of fleet assets 

Opportunity: decreased heating requirements; reduced freezing impacts; projected 
reduction freeze-thaw cycle frequency in the long term 

Wildfire Increasing Wildfire is not expected to directly damage buildings, site, and fleet assets. However, 
reduced visibility and poor air quality (due to wildfire smoke) may impact ventilation 
systems and human wellbeing 

Drought Likely 
increasing 

Direct impacts to maintained vegetation from a lack of rain or irrigation. Other impacts 
to the potable water supply at a municipal level (water stress) 

SDHI rainfall Increasing Heavy rainfall may lead to site flooding, flooding of the tunnels (Spring Gardens), and 
seepage into walls and foundations; heavy rainfall may reduce the operational 
efficiency of fleet assets 

Severe storms Likely 
increasing 

Thunderstorms, lightning, and hail can cause visible damage to the building, site, and 
fleet assets; severe storms may reduce the operational efficiency of fleet assets. 
Other impacts include off-site power outages. 

High winds Likely stable Structural considerations (horizontal loading); visible damage to rooftop components; 
high winds may reduce the operational efficiency of fleet assets. Other impacts 
include off-site power outages. 

Heavy 
snowfall 

Decreasing Risks: Warmer wetter, major snowfall and freezing rain episodes could add more load 
to building structure and envelope and impact building access; heavy snow may 
cause power outage; more rain-on-snow events could cause site flooding; heavy 
snow (and cold temperatures) may reduce operational efficiency of fleet assets 

Opportunity: heavy snowfall episodes are projected to decrease, which may result in 
lower risk in the long term. 
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RIVERINE FLOODING 

City guidance suggests the 1:100-year return period for riverine flooding (COC, 2021). A review of the locations of 
the garage facilities (as per Figure 2-1) was screened and cross-referenced against flood mapping resources (COC, 
n.d.).The Anderson Garage is not located to near to any watercourses, so it has no exposure to riverine flooding. 
However, the Spring Gardens and Blackfoot Garages are adjacent Nose Creek and the Bow River (after the 
confluence with the Elbow River), respectively. The City’s Bylaw Flood Map (which forms part of the Calgary 
Land Use By-Law 1P2007) depicts the spatial reach of the floodway and flood fringe for Calgary’s watercourses. 
Table 3-3 summarizes the riverine flooding exposure findings for the Spring Gardens and Blackfoot Garages. 
Copies of the two quarter sections of the Bylaw Flood Map are included in Appendix C.  

Table 3-3 Review of Riverine Flooding Exposure (COC, 2014a; COC, 2014b) 

GARAGE 
FACILITY 

SECTION NUMBER 
(SEC. TWP. RGE. MERIDIAN.) COMMENTARY  EXPOSURE 

Spring Gardens 
Garage 

35C-24-1-W5 The site of the Spring Gardens Garage is 
located north and east of 32 Ave NE. Neither 
the flood fringe nor the floodway impacts the 
site.   

Not exposed 

Blackfoot Garage 35S-23-1-W5 The site of the Blackfoot Garage is located at 
the north end of Burbank Rd SE (13-Y-0585). 
Neither the flood fringe nor the floodway 
impacts the site.   

Not exposed 

Utilizing the 1:100-year return period for riverine flooding, the garage sites under assessment (Anderson, Spring 
Gardens, and Blackfoot) are all beyond the regulated floodplain boundary for the chosen flooding event. These three 
garages are not exposed to riverine flooding and this climate hazard is not considered further in the assessment. The 
1:100-year threshold was selected based on provincial and municipal regulations, current design standards, and 
ongoing flood initiatives led by the City. The flood levels used are from existing flood mapping and studies 
completed by Alberta Environment and Parks and the City. Climate change is expected to continue to impact flood 
levels in Calgary. While garage sites are expected to remain “not exposed” to riverine flooding in these conditions 
due to their distances from major waterways, flood levels should be continually monitored and updated as new 
information is gathered.   

3.2.2 CLIMATE PROJECTIONS 

The climate projections used in this assessment were obtained from the CRRA guidance and supporting resources 
(GHD, 2020; COC, 2021). These projections were initially developed to inform assessment and design of urban 
drainage infrastructure and have been updated to suit public infrastructure more broadly.   

Climate projections are presented for RCP8.5 for the 2050s-time horizon, representing mid-century (2041-2070) and 
the 2080s-time horizon, representing end-century (2071-2100). The baseline period is based on the global climate 
model data for the Canadian climate normals period (1981-2010). RCP refers to Representative Concentration 
Pathways, which describe a set of future global emission scenarios. RCP 8.5 is considered the passive scenario 
whereby greenhouse gas reduction and global mitigation measures are limited, resulting in greater climate changes 
projected for the passive scenario. Figure 3-1 shows the net CO2 emissions for each RCP scenario until 2100 (Fuss, 
S. et al., 2014). Bold lines represent the mean CO2 projections for each RCP scenario based on 24 global climate 
models (GCM). 

RCP8.5 was selected for this study to best represent the ongoing trend in greenhouse gas emissions worldwide. 
Using RCP8.5 is considered a conservative approach given the uncertainty in future emissions levels and that the 
impacts under the more moderate scenarios (RCP4.5 and 6.0) have similar outcomes at mid-century (2050s). The 
climate projections used in the risk assessment were provided by the City of Calgary to maintain consistency across 
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COC public infrastructure assessments, as requested by the City (P. Cookson-Hills, email communication, May 31, 
2022). 

The projections used in this assessment are presented in Appendix B and show the low (10th percentile), mean (50th 
percentile), and high (90th percentile) values for the baseline, 2050s and 2080s time periods under RCP8.5. 

 

 

Figure 3-1 Net CO2 emissions for each RCP scenario until 2100 (Fuss, S. et al., 2014)  
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3.3 INTERACTION ANALYSIS  

The infrastructure components for each system category were assessed in relation to the climate hazards identified to 
identify possible climate impacts. Table 3-4 shows a summary of relevant climate-infrastructure interactions 
identified. In this table, ‘Y’ denotes a relevant risk interaction between the climate hazard and any component 
included in the listed asset class. ‘N’ indicates no interaction with any component in the asset class.  

Table 3-4 Component-Hazard Interaction Summary 
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Structural N Y N N Y Y Y Y 

Building Envelope Y Y N N Y Y Y Y 

Mechanical Y Y Y N Y Y Y Y 

Electrical Y Y N N Y Y Y Y 

Civil Services & Utilities N Y N N Y N N Y 

Hardscaping Y Y N N Y N Y Y 

Charging Cabinet Y Y N N Y Y Y Y 

Dispenser N Y N N N N N N 

Battery Electric Bus Y N N N N Y N Y 

Battery Y Y N N N Y Y Y 

HVAC N N Y N N N N Y 

Natural Infrastructure Y N N Y Y Y Y Y 

Construction Personnel Y N Y Y Y Y Y N 

Operations Personnel Y N Y Y Y Y Y Y 

Users Y N Y Y Y Y Y Y 

 

In total, 155 component-hazard interactions were identified and assessed. 102 interactions are associated with built 
infrastructure, 14 with charging infrastructure, 13 with fleet assets, 20 with human wellbeing and six with natural 
environment. A complete list of component-specific impact descriptions is included in Appendix D as the complete 
risk register.  
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4 RISK ASSESSMENT  
The assessment evaluates risk based on the combination of likelihood and consequence. Likelihood, in this case, 
refers to the likelihood that the projected values for a given climate indicator will exceed an established threshold 
and consequence is evaluated based on a rating scale and expert judgement. The following section outlines the 
evaluation of likelihood, consequence, and risk.  

4.1 LIKELIHOOD  

Likelihood represents the probability of a projected climate variable exceeding a chosen threshold in a given time 
horizon and are developed for each of the assessment horizons (baseline, 2050’s, and 2080’s). This assessment uses 
the likelihood scores presented in the City’s CRRA guidance document (COC, 2021). The City’s likelihood scale is 
shown in Appendix A-1and likelihood scores are shown in Appendix B-2.  

4.2 CONSEQUENCES OF IMPACTS 

The consequence of impacts was evaluated and scored for a total of five consequence categories. Three of the 
categories are defined based on the COC CRRA guidance and include health and safety, structural integrity, and 
functionality. Environmental and financial (cost) categories are also included to capture considerations that may play 
an important role in the selection of adaptation options and that highlight the severity of impacts on systems beyond 
the asset component being assessed.  

Consequence is rated on a scale of 1 to 5 for each of the categories. If the component or system has existing 
resilience measures built in or can be easily modified to be more resilient to a given impact, the component is 
deemed to have adaptive capacity and the overall impact score is reduced by up to 1 point on the consequence scale 
depending on the degree of adaptive capacity. This step adjusts the risk scores slightly to allow the assessment to 
identify the impacts that are most critical based on the existing component condition. The final consequence score 
with adaptive capacity included, is carried through to the risk evaluation.  

The consequence classification matrix used in this assessment is provided in Appendix A-2 and the complete list of 
consequence scores assigned for the assessment components is included in the full risk register in Appendix D. 

4.3 RISK EVALUATION 

Risk is the potential loss of life, injury, or destroyed or damaged assets which could occur to a system, society, or a 
community in a specific period, determined as a function of hazard exposure, likelihood, consequence, and adaptive 
capacity. In this assessment, the adjusted consequence and the likelihood scores are cross referenced using the risk 
classification matrix in Appendix A-3.  

The ZETF uses a slightly different risk matrix that assigns lower scores to very high likelihood/very low 
consequence and very high likelihood/low consequence risks compared to the COC matrix. The COC matrix is 
selected for this assessment because it presents a more conservative approach to risk assessment and to produce an 
assessment that is consistent with COC’s risk assessment approach for public infrastructure.  

Based on the numerical values used in the COC risk matrix, high likelihood/low consequence and low 
likelihood/high consequence scores are rated as a medium risk. The incorporation of adaptive capacity into the 
assessment diverges slightly from the COC methodology and leads to some instances of risk scores changing from a 
low risk (6) to a medium risk (5) when adaptive capacity reduces the consequence score. These cases have been 
manually adjusted to reflect the initial risk score prior to the adaptive capacity being applied.  
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Risks are summarized for each asset type below. Risks are presented in full following the COC worksheet in 
Appendix E, showing the risk score for the present, 2050s-, and 2080s-time horizons for each impact identified. 
Details of the assessment are included in the Risk Register in Appendix D. 

4.3.1 BUILT INFRASTRUCTURE 

The risks to built infrastructure that are rated medium and higher relate to extreme heat, higher average 
temperatures, SDHI rainfall, wildfire and lightning. A summary of the risk profile for built infrastructure is 
presented in Table 4-1.  

Table 4-1  Risk Profile for Built Infrastructure 

RISK SCORE 
NUMBER OF IMPACTS 

PRESENT 
NUMBER OF IMPACTS 

2050 
NUMBER OF IMPACTS 

2080 

Very Low 4 4 4 

Low 72 39 38 

Medium 14 12 10 

High 12 47 48 

Extreme 0 0 2 

Lightning is the highest rated risk to built infrastructure. Lightning is projected to increase into the future and 
buildings are not equipped with lightning protection systems. Given the intended use of these buildings as electric 
bus charging facilities, a lightning strike would add significant disruptions to operations and services if a strike were 
to hit a building, in addition to the consequences related to building damage and human health and safety.  

SDHI rainfall presents a high risk if the rainfall event exceeds the capacity of the stormwater system and other 
drainage infrastructure. This could lead to water ingress, damage, and loss of service of components. During the 
Resilience Workshop, operations personnel from the City of Calgary noted that the Anderson Garage and Victoria 
Park locations are particularly exposed to flooding from high groundwater during periods of heavy rainfall based on 
the topography surrounding the garage. Heavy rainfall events were said to have caused problems with water 
accumulating in the basement of the facilities. Anderson Garage, being located a low point in the area, will continue 
to be exposed to impacts of SDHI rainfall. Consequences for this type of impact may be more severe at these 
locations.  

Many impacts from extreme heat are rated as high due to the likelihood of temperature increases exceeding existing 
thresholds for cooling capacity and material specifications. Existing design guidelines may not account for future 
temperature projections, leading to undersized equipment and materials that cannot withstand high temperatures. 
These heat-related risks are rated low-medium for the present time period and increase to high by mid-century, 
continuing into end-century.  

Increasing average temperatures are also rated as high risk due to the impacts of increased frequency of winter 
freeze-thaw cycles on the longevity and durability of materials towards mid-century. Increasing winter freeze-thaw 
trends towards mid-century may also decrease the efficiency of electrical storage and generation equipment, 
reducing the useful service life of those components.  

Wildfire also presents a high risk due to the high likelihood of increase in both future time horizons and the 
consequences to human health. The existing bus depots are reported to be equipped with filters that do not align with 
current best practices for indoor air quality during periods of heavy smoke.  

Medium level risks are caused by SDHI rainfall exacerbating material deterioration for building components and 
systems. Risks of increased erosion was also identified for infrastructure supported by granular materials such as 
pavement and retaining walls. These risks were noted to increase towards mid-and end-century. Impacts of increased 
frequency of freeze-thaw cycles on the stormwater system were evaluated as moderate risks towards mid-century 
and may cause blockages in pipes and drainage infrastructure if temperature swings are significant.  

Impacts to built infrastructure to high winds was typically rated very low to low. This is, in part, due to the moderate 
likelihood scores assigned to the indicator and the threshold selected for high winds (mean number of days with 
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maximum wind gusts ≥ 90 km/hr). According to the Enhanced Fujita Scales damage to infrastructure components 
was rarely expected to occur at or below 90 km/hr (ECCC, 2014), resulting in lower consequence scores.  

4.3.2 CHARGING INFRASTRUCTURE 

The risks to charging infrastructure that are rated medium and higher relate to extreme heat, higher average 
temperatures, SDHI rainfall, and severe storms. A summary of the risk profile for charging infrastructure is 
presented in Table 4-2.  

Table 4-2  Risk Profile for Charging Infrastructure 

RISK SCORE 
NUMBER OF IMPACTS 

PRESENT 
NUMBER OF IMPACTS 

2050 
NUMBER OF IMPACTS 

2080 

Very Low 0 2 2 

Low 6 0 0

Medium 6 2 4

High 2 10 6

Extreme 0 0 2

Similar to built infrastructure, the extreme risks are associated with severe storms and the impacts of lightning 
strikes on charging infrastructure. Roof mounted charging cabinets are susceptible to lightning strikes which could 
damage infrastructure, building, and fleet assets. Cabinets are not known to be equipped with lightning protection 
systems to help mitigate these risks. 

High risks are associated with extreme heat, higher average temperatures and SDHI rainfall. Because the cabinets, 
whether roof mounted or at grade, are always outside, extreme heat may reduce operational efficiency if the capacity 
of the integrated air-cooling system is exceeded. With higher average temperatures, freeze-thaw cycles and the mean 
number of cooling degree days are relevant for the chargers and dispensers, respectively. The fluctuating 
temperature of freeze-thaw cycles (higher average temperatures) and increased frequency of cycles may degrade the 
operational efficiency of roof mounted and at-grade chargers by degrading the components of the units. Increased 
temperatures (as measured by the mean number of cooling degree days) inside garages may similarly degrade the 
operational performance of dispensers, both plug-in and pantograph varieties. SDHI rainfall may lead to localized 
pluvial and rooftop flooding and moisture ingress, damaging roof mounted and at-grade charging infrastructure and 
reducing its useful service life.  

4.3.3 FLEET ASSETS 

The risks to fleet assets that are rated medium and higher relate to extreme heat, higher average temperatures, 
wildfire, severe storms, and high winds. A summary of the risk profile for fleet assets is presented in Table 4-3. 

Table 4-3  Risk Profile for Fleet Assets 

RISK SCORE 
NUMBER OF IMPACTS 

PRESENT 
NUMBER OF IMPACTS 

2050 
NUMBER OF IMPACTS 

2080 

Very Low 1 2 2 

Low 10 4 4

Medium 3 4 2

High 0 3 5

Extreme 0 0 0

High risks are associated with extreme heat, higher average temperatures, wildfire, and severe storms. Extreme heat 
may degrade the propulsion and electrical systems of a BEB. Extreme heat could also increase the demand on 
battery. The fluctuating temperature of freeze-thaw cycles (higher average temperatures) may cause batteries to lose 
their charge. Severe storms may lead to adverse driving conditions which could increase demand on the battery. 
Impacts to the battery may reduce the service life and changes in operational efficiency and overall range of the bus. 
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Wildfire smoke can lead to poor air quality days, which increases the demand on HVAC systems to provide air 
filtration (both diesel and electric units).  

Medium risks are associated with severe storms and high winds. Hail may damage the charging interface on the roof 
of the bus, disrupting pantograph charging in the bus depot. High winds may lead to adverse driving conditions 
which could increase demand on the battery. 

Given that the buses are exposed to climate impacts in all areas of the CT service catchment, cascading and indirect 
impacts are excluded from the assessment. For example, riverine flooding may damage or limit access to roads with 
bus service. This is excluded from the assessment as road assets are understood to be beyond the immediate purview 
of CT. 

4.3.4 NATURAL ENVIRONMENT 

The risks to the natural environment that are rated medium and higher relate to extreme heat, drought, SDHI rainfall, 
and severe storms. A summary of the risk profile for the natural environment is presented in Table 4-4.  

Table 4-4  Risk Profile for Natural Environment 

RISK SCORE 
NUMBER OF IMPACTS 

PRESENT 
NUMBER OF IMPACTS 

2050 
NUMBER OF IMPACTS 

2080 

Very Low 1 1 1 

Low 3 0 0 

Medium 1 4 2 

High 1 1 3 

Extreme 0 0 0 

The high risks are associated with drought, severe storms, and SDHI rainfall. Extreme heat and drought may dry out 
vegetation. Severe storms may break branches and damage vegetation; blowing debris is a health and safety risk. 
SDHI rainfall may lead to potential surface flooding and damage vegetation and landscaping. This may further lead 
to erosion, sedimentation, and contamination.  

Medium risks are associated with extreme heat and high winds. Both may lead to damaged vegetation and risks of 
damage to buildings and injury.  

4.3.5 HUMAN WELLBEING 

The risks to human wellbeing that are rated medium and higher relate to extreme heat, wildfire, drought, SDHI 
rainfall, and severe storms, high winds, and heavy snowfall. A summary of the risk profile for human wellbeing is 
presented in Table 4-5.  

Table 4-5  Risk Profile for Human Wellbeing 

RISK SCORE 
NUMBER OF IMPACTS 

PRESENT 
NUMBER OF IMPACTS 

2050 
NUMBER OF IMPACTS 

2080 

Very Low 0 0 0 

Low 5 5 4 

Medium 9 2 2 

High 6 12 12 

Extreme 0 1 2 

The extreme risks are associated with extreme heat, and wildfire. Extreme heat may lead to heat stress for transit 
users, especially those belonging to vulnerable populations (such as the elderly and young). Wildfire smoke can lead 
to poor air quality days, which is a health and safety concern for transit users. There are analogous high risks for 
these two climate hazards on construction and operations personnel. The decrease in risk rating reflects the elevated 
awareness, training protocols, safety standards, and personal protective equipment of these construction and 
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operations personnel; however, garages are not fitted with cooling equipment. During the workshop, operation 
personnel identified concerns with extreme heat and the inability to passively cool the garages. Spring Gardens in 
particular was identified as being susceptible to high indoor temperatures during the summer months. They 
mentioned that historically, garage doors would be left open overnight to allow the facility to cool down. Some 
garages are reported to not accommodate this approach, with operations staff citing security concerns. Additionally, 
with increasingly high temperatures over night, these passive cooling strategies are not effective and increasing 
wildfire activity necessitates the closure of garages to help improve the indoor air quality.  

Additional high risks are associated with drought, SDHI rainfall and severe storms. Drought may lead to water 
stress. SDHI rainfall may lead to surface flooding which could disrupt outdoor operations and impact access for 
transit users. Severe storms are a health and safety risk for transit users and construction and operations personnel.  

Medium risks are associated with high winds and snowfall. Users are at risk of being struck by blowing debris 
during high wind events. Heavy snowfall may disrupt outdoor operations and impact access for transit users.   
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5 RECOMMENDATIONS 
This section describes the resilience recommendations that make up the risk mitigation step (Section 5.1) and 
summarize the return-on-investment analysis (Section 5.2). Refer to the overall Risk Register in Appendix D for 
specific recommendations for each component-hazard interaction and Appendix F for the ROI analysis results. 

5.1 RESILIENCE RECOMMENDATIONS 

Recommendations for adaptation options are provided for medium, high and extreme risks. For impacts with risk 
scores that vary among time horizons, the highest score is used. Adaptation options are presented by system 
category and linked to relevant climate hazards. Recommendations are presented according to the project lifecycle 
phase, categorized as one of the following: (1) planning, design, and retrofit; (2) construction, or (3) operation and 
maintenance. Recommendations related to the end-of-life of an asset are generally captured in the planning, design, 
and retrofit stage. At a high level, resilience recommendations include the following:  

◦ Increase monitoring and inspection frequency and detail.  

◦ Increase maintenance frequency. 

◦ Review/update existing designs and operating plans. 

◦ Modify future designs to account for changes in climate. 

◦ Reduce power/water consumption in select operations. 

◦ Introduce passive solutions for cooling. 

In general, the implementation of resilience measures is expected to reduce the risk of climate hazards by reducing 
or mitigating the consequence if a climate trend exceeds a given threshold. For example, if pavement designs are 
updated to withstand higher temperatures, the consequence of the number of hot days exceeding a given threshold 
would decrease (given the threshold has not changed). The resulting risk is referred to as the residual risk, describing 
the remaining risk to an asset system or component if adaptation measures have been implemented. The level of 
residual risk depends on the effectiveness of the resilience measure.  

The following sections present recommendations for each system category, summarizing the results of the CRRA. 
Relevant climate hazards and a description are provided for each recommendation. Some of the recommendations 
can apply to several climate impacts, indicated by the climate hazards listed in the tables. In some cases, measures 
may only need to be completed once, serving to reduce the risk for several impacts identified. Otherwise, the 
recommendations may need to be completed regularly or at an increased frequency compared to current procedures. 
If a component has existing resilience measures in place, this has been captured in the assessment as adaptive 
capacity. Recommended options can provide co-benefits for mitigation and greenhouse gas emission reduction; 
these should be explored in more detail for each project element. A complete list of adaptation options and 
additional resilience measures is provided for each impact in Appendix D. 

5.1.1 BUILT INFRASTRUCTURE  

Recommendations for built infrastructure include adaptation options for existing infrastructure (Spring Gardens and 
Anderson Garages), future construction (Blackfoot Garage and retrofits to Spring Gardens and Anderson Garages) 
and typical operation and maintenance procedures. The existing garages and typical best practices in the region 
already incorporate some resilience measures; these include the use of light-coloured roofing materials to decrease 
solar warming of the facility, natural gas back-up power at all sites, and hail guards to protect roof-mounted 
equipment. Heat tracing on the roof is included in the proposed upgrades and future design plans and a stormwater 
detention pond is included in plans for future construction at Blackfoot. These should continue to be incorporated 
into future designs and building upgrades. A summary of adaptation options for risks to built infrastructure are given 
in Table 5-1. 
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Recommendations for built infrastructure include considerations for future design and increased operations and 
maintenance requirements. Broadly stated, all new infrastructure and retrofit projects should design for future 
climate conditions and exceed design values, standards, codes, and regulations where appropriate for conservative 
design. This would apply to, for example, HVAC systems (including ventilation capacity and the suitability for 
passive cooling methods), stormwater capacity and overland flow routes, building envelope components, seals and 
expansion joints, backup and onsite power generation capacity, lightning protection, and pavement mix designs. 
Construction of built assets is not the direct responsibility of Calgary Transit, however consideration for 
incorporating climate resilience should be included in procurement and project requirements.  

Built infrastructure recommendations also include management actions. Consideration should be given to reducing 
power consumption during peak hours through peak shaving and reconfiguring charging schedules. Emergency 
response plans could be developed or modified to include responses to climate hazards. Increase monitoring of 
upcoming weather forecasts to enable a proactive response. Finally, regular maintenance and inspection should be 
conducted regularly. When resilience measures are implemented proactively, they are expected to reduce the 
residual risk.  

Table 5-1 Resilience Recommendations for Built Infrastructure 

RESILIENCE 
RECOMMENDATION 

CLIMATE 
HAZARDS DESCRIPTION 

Planning, Design, and Retrofit 

Improve drainage SDHI rainfall Provide adequate drainage on site to reduce the potential for pooling water 
and moisture ingress. Evaluate sump pump capacity and increase as 
necessary. Anderson Garage, in particular, was reported to have issues 
with groundwater infiltration in the basement. Drainage improvements may 
involve a site review and recommendations, and/or a complete site model 
developed by a qualified professional.  

Passive cooling 
methods 

Extreme heat 

Higher 
average 
temperatures 

Passive cooling strategies could be considered in design of the garage 
such as strategic shading, window placement/tinting, tree planting, airflow 
considerations, strategically placed vegetation, albedo-increasing colour 
selection, and/or use of prevailing winds in cooling. A cool roof should be 
explored given the passive cooling challenges faced by the existing 
garages. Opportunities for passive cooling such as opening doors/windows 
to cool the facility overnight are not feasible due to security concerns. 
Green walls should be considered for space saving where a green roof is 
not feasible. 

Review existing 
capacity  
 

Extreme heat 

Higher 
average 
temperatures 

At the time of HVAC equipment replacement or a renovation, assess the 
existing HVAC equipment cooling capacity to determine if upsizing of 
cooling capacity is required.  Deliver cooling to the building to respond to 
projected temperatures over the lifetime of the replacement HVAC 
equipment. Any upsizing would also require an electrical capacity review.  

SDHI rainfall 
Review stormwater model incorporating future IDF curve data to quantify 
increase in ditch and culvert sizing to accommodate extreme events. 
Increase capacity as required during asset renewal phase. 

Anchor outdoor 
equipment 

High winds 
Design charging cabinets with appropriate fasteners/anchors to secure 
units against high winds.  
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RESILIENCE 
RECOMMENDATION 

CLIMATE 
HAZARDS DESCRIPTION 

Planning, Design, and Retrofit (continued) 

Protect equipment  
All 

Consider adding roof overhang on rooftop equipment to prevent 
sun/rain/snow damages. This recommendation comes from discussions 
with COC operations personnel to provide some protection from weather- 
and climate-related impacts. 

Adjust design to 
consider future climate 
conditions 
 

Severe storms 

Extreme heat 

Higher 
average 
temperatures 
 

Install lightning protection systems to prevent damage to built, charging, 
and fleet assets during large storms. 

Design cooling systems for future construction (Blackfoot) and retrofit 
(Spring Gardens and Anderson) with projected extreme temperatures in 
mind. Air cooling may be rendered ineffective at high temperatures and 
other solutions, such as refrigerant-based cooling systems could be 
considered. Technologies that are better equipped to withstand increasing 
temperatures may be costly. Consider upsizing power generation 
equipment components to support higher power demands during extreme 
climate events.  

Resilience exists with the current backup power system. Additional backup 
power through generators or renewable energy will increase energy 
security during outages or periods of increased power demands. 

Consider future range of projected temperatures and select building 
envelope materials in design appropriate to projected extreme 
temperatures and freeze thaw cycles. 

Replace higher-traffic paved areas with concrete, particularly where heavy 
vehicles will be slowing down and accelerating. It is assumed that vehicles 
will be moving at lower speeds. Depending on the level of service required 
for these areas, this recommendation may be a lower priority. 

Install electric or HEPA filters in the ventilation system. HEPA filters will 
help with smoke management, and management of air-borne illnesses. 
Install a dual stage filter system to minimize the replacement frequency of 
finer filters during wildfire smoke events. 

Fit sanitary service with a backflow preventer to protect building from 
sewage backflow during periods of heavy rainfall. 

Increase width of expansion joints with those that allow more expansion as 
necessary. Depending on the level of service required for these areas, this 
recommendation may be a lower priority.  

Construction 

Modify project 
requirements 

All Add testing and project completion requirements to inlcude project 
requirements related to changing climate. This might include  air tightness 
testing, thermal scans, and other building commissioning tests.  

Environmental Plans in 
construction 

All Include climate considerations in Environmental Construction Operations 
Plan process and Contractor Environmental Responsibility Package to 
respond to impacts of extreme weather while also reducing potential 
impacts to the environment in accordance with the City's Env. Procurement 
Process. 
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RESILIENCE 
RECOMMENDATION 

CLIMATE 
HAZARDS DESCRIPTION 

Operations and Maintenance 

Inspect for damage Heavy winds Inspect for damage from blown debris following extreme wind events. 

Conduct regular 
inspection and 
maintenance 

All Conduct regular inspection of components and as necessary. Assess and 
repair damage as required.  

Monitor paved/concrete surfaces and carry out maintenance prior to severe 
weather events and respond to any identified issues in a timely manner to 
help prevent existing damage from worsening.  

Conduct a pavement assessment visual inspection annually by a pavement 
engineer and determine the frequency of maintenance required. 

Increase the frequency of inspection of air filters. This will not be effective if 
improved air filters are not installed. 

Monitor overhead 
hazard 

Heavy 
snowfall 

Monitor/assess the site for overhead hazards from falling snow and ice after 
snowfall events. If possible, restrict access to these areas until the snow/ice 
has significantly thawed. Monitoring can be incorporated into existing 
procedures with few changes to overall operations/services.  

Reduce power 
consumption  

Extreme heat Lower the number of buses being charged at once. Introduce software to 
optimize peak-shaving and reduce the draw of electricity during periods of 
high demand to reduce operating costs and power consumption. 

Increase monitoring  SDHI rainfall  
Severe storms 

Monitor weather forecasts for upcoming extreme weather events. 
Maintenance and clean out catch basins, gutters, and manholes in a timely 
manner to make the full capacity available during storms.  

Monitor localised flooding / pooling impacts of extreme storm events. 

5.1.2 CHARGING INFRASTRUCTURE 

The components included in this system category are not assumed to be designed by a contracted company and are 
assumed to be purchased as product bundles. The project elements that can incorporate recommendations for 
resilience relate to the future design of accessory charging infrastructure (such as mounting hardware and protection 
devices) as well as monitoring, operations, and maintenance procedures to service the components. No existing 
resilience measures are in place, however future designs are anticipated to include hail guards and updated plans and 
procedures to suit the component requirements for charging infrastructure.  

Charging infrastructure recommendations include considerations for future design, management action, and regular 
maintenance. Implementation of recommendations may reduce residual risk. The cooling systems cabinets and 
dispensers should account for future climate projections, particularly for high temperatures and poor air quality. 
Future design should also consider the installation of lightning protection and design interventions to elevate critical 
equipment (such as cabinets) to minimize the impact of flooding and water ingress damage. Management actions 
include reviewing and validating performance of the eBus pilot to inform and ground-truth assumptions of the 
Project. Additionally, consideration should be given to monitoring and collecting operational data from BEBs during 
various weather and climate conditions. This would inform future phases of the Project. Regular maintenance is 
suggested to remove ice build-up and inspect seals on cabinets. Note that these maintenance activities may already 
be present. A summary of adaptation options for risks to charging infrastructure are given in Table 5-2. 
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Table 5-2 Resilience Recommendations for Charging Infrastructure 

RESILIENCE 
RECOMMENDATION 

CLIMATE 
HAZARDS DESCRIPTION  

Planning, Design and Retrofit 

Add lightning protection Severe storms Consider installing lightning protection to minimize the likelihood of direct 
impact to charging cabinets.  

Elevate equipment SDHI rainfall Consider mounting at-grade cabinets on a housekeeping pad. Consider 
elevating the roof mounted cabinets or locate at highpoints on the roof. 

eBus pilot takeaways All Incorporate lessons learned and takeaways from Calgary Transit's 
Electric Bus Pilot Project to optimize the performance of charging 
cabinets and dispensers. ROI will depend on the type of resilience 
measures implemented as a result of the study 

Operation and Maintenance 

Assess the 
watertightness of seals 

SDHI rainfall Inspect cabinet after extreme precipitation events and evaluate for 
moisture ingress and damage. As appropriate, increase the NEMA 
enclosure rating to increase water tightness. 

Maintain operating 
temperatures 

Extreme heat  
Higher average 
temperatures 

Maintain operating temperatures of the cabinet and dispenser within 
design specifications. Provide/ increase mechanical cooling capacity as 
required. Additional equipment may be required, incurring additional costs 

Data collection and 
monitoring 

All Monitor and collect data on the impacts of climate change conditions on 
charging cabinets and dispensers. This may be accomplished with data 
loggers. Resilience improvement depends on what is done with the 
information collected. 

Winter maintenance Higher average 
temperatures 

During periods of fluctuating temperatures, provide de-icing solutions as 
needed during regular winter maintenance to roof mounted and at-grade 
charging cabinets.  Additional equipment may be required, incurring 
additional costs. 

 

5.1.3 FLEET ASSETS 

Similar to charging infrastructure, the components included in this system category are assumed to be purchased as 
product bundles. The project elements that can incorporate recommendations for resilience relate to the monitoring, 
operations, and maintenance procedures to service the fleet components. No existing resilience measures are in 
place, and can be adjusted once the system performance is better understood by CT. A summary of the adaptation 
options for risks to fleet assets are given in Table 5-3. 

Fleet asset recommendations are primarily considerations for future design and management action. If 
recommendations are implemented, residual risks can be reduced. The cooling systems for propulsion and electrical 
systems and onboard ventilation capacity should account for future climate projections, particularly for high 
temperatures and poor air quality. Management actions include reviewing and validating performance of the eBus 
pilot to inform and ground-truth assumptions of the Project. Additionally, consideration should be given to 
monitoring and collecting data operational data from BEBs during various weather and climate conditions. This 
would inform future phases of the Project.  
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Table 5-3 Resilience Recommendations for Fleet Assets 

RESILIENCE 
RECOMMENDATION 

CLIMATE 
HAZARDS DESCRIPTION  

Planning, Design and Retrofit 

eBus pilot takeaways All Incorporate lessons learned and takeaways from Calgary Transit's Electric 
Bus Pilot Project to optimize battery, propulsion, and electrical systems.  

Operation and Maintenance 

Prepare alternate route 
plans 

Heavy 
snowfall 

Adjust route planning as necessary during periods of heavy snowfall to plan 
for increased battery consumption in buses. 

Maintain operating 
temperatures 

Extreme 
heat 

Maintain operating temperatures for the propulsion and electrical systems 
within design specification. Provide (or increase) mechanical cooling capacity 
as required. Additional equipment may be required, incurring additional 
costs. 

Vehicle inspection 
protocol 

Severe 
storms 

Consider an inspection protocol after hail events to monitor for damage to 
the connector rails. Reactive adaptation strategies can help reduce future 
damage but do not increase the inherent resilience of a given component. 

Data collection and 
monitoring 

All Monitor and collect data on the impacts of climate change conditions on 
propulsion and electrical systems and batteries. This may be accomplished 
with data loggers. Resilience improvement depends on what is done with the 
information collected. 

Clear snow and ice 
from tops of buses 

Heavy 
snowfall 

Plan to remove the snow/ice during periods of heavy snowfall or allow time 
for the snow to thaw within the bus garage. Level of effort will depend on the 
amount and quality of the snow/ice. Manage melt water in the garage.  

5.1.4 NATURAL ENVIRONMENT 

Resilience recommendations for natural infrastructure responds, primarily, to impacts from hot, dry conditions and 
damage from heavy rainfall. No existing measures were noted that increase the system’s adaptive capacity, however 
improving the resilience of natural systems will generally improve the resilience of connected or adjacent systems.  

While not captured in this step, potential opportunities and co-benefits exist and can be incorporated into the design 
and operations of the garages. Increasing temperatures may lead to longer growing seasons, which may provide 
direct benefits associated with greenspaces as a result. Landscaping and vegetation can also contribute to stormwater 
management by attenuating peak flows and improving infiltration of stormwater to the ground. Increased natural 
infrastructure will also support carbon sequestration, reduction of urban heat island effect, and support biodiversity, 
among other co-benefits. Risks to natural infrastructure still exist and will need to be managed, however the 
combination of opportunities and inherent adaptive capacity may help manage risks related to other system 
components.  A summary of the adaptation options for risks to the natural environment are given in Table 5-4. 

If recommendations are implemented, residual risks can be reduced. Recommendations related to the natural 
environment are primarily management action, through policy decisions to allow maintained vegetation to go 
dormant and reduce water consumption, monitoring upcoming weather forecasts, maintaining landscape 
maintenance schedules, and assessing the possibility of future stormwater reuse. There is an opportunity for 
increasing biodiversity at the garage sites and increasing the resilience of vegetation to hazards such as extreme heat, 
drought, and extreme rainfall events.  
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Table 5-4 Resilience Recommendations for Natural Infrastructure 

RESILIENCE 
RECOMMENDATION 

CLIMATE 
HAZARDS RECOMMENDATION  

Planning, Design and Retrofit 

Functional biodiversity Extreme heat 

Drought 

Consideration of incorporating more functional biodiversity through 
replacement of vegetation and/or lawn with native, heat tolerant species 
and groundcover. 

Future study of 
stormwater reuse 

Drought Consideration of a future stormwater reuse study for irrigation during dry 
summer months. Note that the required storage volume, demand volume 
and treatment and quality targets would need to align for feasibility. 

Introducing infrastructure to support water re-use and storage may require 
significant modifications to the site, however improvements to the resilience 
of garage operations during periods of drought may see a worthwhile 
increase. 

Operation and Maintenance 

Prune trees High winds Prune trees regularly to make them more resistant to wind damage. This 
may be outsourced to specialized contractors for larger trees. 

Site and landscape 
maintenance 

SDHI rainfall 
Severe storms 

Clear catch basins of debris to prevent overland flooding; prune trees 
regularly to reduce the chance of falling limbs and damage to vegetation. 

Advance warning 
systems 

SDHI rainfall 
Severe storms 

Monitor weather forecasts for multi-day or heavy rainfall events which could 
contribute to site flooding, erosion, sedimentation, and contamination. The 
resilience improvement will be dependent on what actions are taken as a 
result of the monitoring activities. 

Dormant vegetation Extreme heat 
Drought 

Maintained vegetation which is damaged by extreme heat and drought 
could be left to go dormant (depending on level of service required).  

5.1.5 HUMAN WELLBEING 

Recommendations for human wellbeing relate to increasing the capacity or providing alternatives for heating, 
cooling, and ventilation to serve users (bus passengers) and protect personnel. Current workplace health and safety 
standards establish guidelines for safe work practices that place responsibility on personnel to identify and refuse 
unsafe work (GOA, n.d.). This is expected to limit worker exposure to working in conditions that are unsafe due to 
severe climate hazards. A summary of the adaptation options for risks to human wellbeing are given in Table 5-5. 

These recommendations are considerations for future design, management actions, and health and safety 
interventions. If recommendations are implemented, residual risks can be reduced, particularly for vulnerable users 
of the transit system. Considerations for future design include ensuring the cooling and ventilation of HVAC 
systems within buildings and onboard BEBs account for future climate projections, particularly for high 
temperatures and poor air quality. Management actions should consider preparations for drought and extreme heat 
by planning for water restrictions during summer months, providing access to drinking water, and discouraging non-
essential water consumption. Health and safety interventions include planning for construction activities under 
climate change conditions and providing personal protective equipment when necessary. 

 



 
 
 

 

Calgary Transit Fleet Electrification Planning Study: Climate Risk and Resilience Assessment 
Project No. 221-00073-00 
City of Calgary 

WSP
July 2022
Page 28

Table 5-5 Resilience Recommendations for Human Wellbeing  

RESILIENCE 
RECOMMENDATION 

CLIMATE  
HAZARDS DESCRIPTION  

Planning, Design and Retrofit 

Increase ventilation 
capacity 

Wildfire Fit buildings and BEBs with HVAC systems that can provide sufficient ventilation 
capacity to maintain health and safety of occupants and users, particularly those 
from vulnerable populations (elderly, young, etc.). Instal the highest MERV rating 
air filter that the manufacturer recommends for the ventilation equipment.  

Increase cooling 
capacity 

Extreme 
heat 

Fit buildings and BEBs with HVAC systems that can provide sufficient cooling to 
maintain health and safety of users, particularly those from vulnerable 
populations (elderly, young, etc.). Research, guidance and policy development 
from the City of Toronto suggests a maximum indoor temperature standard of 
26°C.  

Passive cooling 
methods 

Extreme 
heat 

Consider passive cooling methods (i.e., opening windows, bus air curtains) and 
budget for higher energy needs for cooling in planning. Consider designing 
routes and range target for energy demand needs during extreme heat.  

Construction 

Personal protective 
equipment 

Wildfire Provide adequate respiratory protection equipment to construction personnel. 
According to the California Department of Industrial Relations, this could include 
disposable filtering facepiece respirators (dust masks), other half facepiece 
respirators, or full facepiece respirators. 

Sheltering 
precautions 

All Include considerations for sheltering for construction personnel during extreme 
climate events in health and safety plans. 

Changes to 
operations 

Extreme 
heat  
Drought 

Consider planning for interruptions to construction during periods of drought and 
extreme heat. While this may result in losses from construction delays, planning 
for interruptions may help avoid some financial losses issues arising relating to 
worker health and safety and scheduling. 

Operations and Maintenance 

Increase inspections All Increase the frequency of inspection of components and replace as required. 

Access to drinking 
water 

Extreme 
heat 

Maintain access to drinking water to users and construction and operations 
personnel during periods of extreme heat.  

Health and safety 
All 

Include considerations for working under climate change conditions, including 
extreme heat, smoky air conditions and/or poor air quality, surface flooding, 
severe storms and high winds in health and safety plans. 

5.1.6 ADDITIONAL CONSIDERATIONS 

The recommendations included address the shifts in design, operations and maintenance procedures that will help 
designers as well as facility and fleet managers to better prepare and respond to impacts from climate change. 
Ongoing climate impacts, such as damage from freeze-thaw cycles, should continue to be monitored. Provisions for 
additional maintenance should be considered where chronic impacts are projected to increase.  

Additional resilience considerations were identified through discussions with SMEs, operations personnel, and City 
of Calgary staff. These address key concerns that transcend the five system categories. Consideration of these 
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additional measures may contribute to emissions reductions and could support allied net zero efforts. These 
additional recommendations include the following: 

— Consider additional structural capacity to allow for the possibility of roof-top mounted solar panels at the garage 
sites. This would support net zero goals. Further study would be needed to understand the supply contribution 
of solar power to the overall demand. Solar panels are not currently considered in the design.  

— Consider how changes in bus operations might impact/exacerbate climate impacts. Bus charging, for example, 
will likely generate a significant amount of heat from energy losses in the system. This will add to the cooling 
requirements during periods of high temperature and increase the number of cooling days.  

— It is our understanding that existing generator capacity is sufficient to charge 20% of the proposed bus fleet. 
Consider how to optimize fleet charging and servicing during power outages or increased power demand.  

— Consider ways to reduce water use during periods of drought that allow continued supply of water to users, 
personnel and essential services. Bus washing and exterior washing could be suspended until more widespread 
use of water sources can resume. Water re-use for bus washing may also be considered.  

— Partner with other Calgary groups to assess and maintain infrastructure. This includes Water Services for 
drainage infrastructure, Urban Forestry for tree pruning and removal, Parks for IMP programs and biodiversity 
inspections. 

— Introduce climate related key performance indicators (KPIs) to evaluate the impacts of climate change on the 
various components and systems within CT’s operations. This will enable continual feedback regarding the 
impacts of climate change on the bus garage, charging infrastructure, buses, and associated components. 

— The results presented in this report illustrate the risk to each component from a single windspeed threshold. 
Additional studies may be required for impacts that are not adequately captured using the CRRA Guidance. The 
speed at which an impact is likely to occur varies between system categories and between component types. 
Risks from wind hazards may be explored further to gain a more detailed understanding of wind-related 
impacts.  

Workshop discussions with City staff explored the definition of “successful adaption” for this project and for COC 
projects more broadly. Based on these discussions, climate adaptation efforts should aim to support the COC and CT 
in carrying out their mandates by supporting the operational goals and purpose of the organization. Resilience was 
also said to help protect the lives and livelihoods of Calgarians, minimize operational risks to people, environment, 
and finances, and help reduce costs. In general, participants see success in adaptation as overall improvements from 
existing conditions in the face of changing climate; this includes improvements to efficiency and reliability of 
components, systems, operations, and services, improved work environment, and improved impact on society.  

5.2 RETURN-ON-INVESTMENT 

A cost-benefit analysis was completed to assess the order of magnitude return-on-investment (ROI) associated with 
each resilience recommendation provided in this CRRA. This analysis is high-level given the scope of this 
assessment and the early planning stages of the Electrification Project.  

The ROI is evaluated by comparing the order of magnitude costs to complete a resilience recommendation and 
estimated losses avoided if a resilience measure is implemented. Estimated order of magnitude costs include fixed 
costs (e.g., planning, design, construction) and ongoing costs (e.g., operations, maintenance, and monitoring), as 
well as costs related to service disruptions, construction delays, and responding to health and safety concerns. 
Estimated order of magnitude losses avoided relates to damage to assets, shifts in asset service life, and revenue 
associated with services disruptions. Discussion is only provided for recommendations where costs might be 
discernible based on available infrastructure details. Recommendations that relate to health and safety cannot be 
meaningfully assessed in relation to injuries, illness, or loss of life; for these recommendations, discussion are only 
provided for costs and losses avoided that pertain to revenue and service disruptions. 

Cost-benefit analyses are strongest when there are detailed costs available for measures that might be implemented 
and past losses to compare to. In the case of the Calgary Transit Fleet Electrification Project, the early stage of 
design and lack of data on component-specific losses related to extreme events mean that a detailed return on 
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investment is not yet quantifiable. Instead, this analysis aims to capture the order of magnitude costs and losses 
avoided over the lifetime of the component being assessed.  

The order of magnitude cost ranges used in this analysis are as follows: 

— $: <$10,000 

— $$: $10,000-$100,000 

— $$$: $100,000-$1M 

— $$$$: $1M+ 

Any estimates provided in this section are opinions of possible costs that might be encountered, based on the 
knowledge and professional experience of the authors, and not based on calculations of the estimated costs to be 
incurred and avoided resulting from the implementation of a given resilience recommendation. Results are intended 
to give an indication of the economic desirability of the proposed recommendation.  Economic desirability is 
measured by the difference between the magnitude of potential costs and avoided losses.  

In many cases, resilience recommendations involve a number of steps and can be implemented in full or in part. The 
return on investment will depend on the degree to which a recommendation is implemented and how it is managed 
after implementation. For example, monitoring activities do not inherently increase the resilience of an asset but, 
rather, play an important role in identifying next steps to improving climate resilience.  The actions that are taken to 
respond to the information gathered during monitoring will influence the estimated costs/losses avoided. It is 
important to note that higher risk impacts should be managed through relevant adaptation options even when the 
option is assessed to have a lower ROI.  

WSP has noted the following recommendations that are anticipated to have higher and lower return-on-investment 
and recommendations for which return on investment cannot be meaningfully assessed, based on preliminary 
assessment of possible costs that might be encountered or avoided. Appendix E presents the complete return-on-
investment analysis, which presents the order of magnitude cost, estimated loss avoided, and high-level return on 
investment for each of the recommendations provided in Section 5.1. 

Higher return-on-investment recommendations relate, primarily, to changes in design and maintenance procedure 
that have the potential to reduce significant damage to the buildings or infrastructure. The project costs for these 
recommendations tend to be smaller than the potential losses resulting from wide-spread damage across building 
systems. The following recommendations highlight the recommendations that are expected to provide a higher 
return-on-investment: 

1 Install lightning protection on buildings and structures that contain electrical systems which are critical to 
carrying out Calgary Transit’s operations. 

2 Clear catch basins and roof drains to remove debris to reduce the risk of flooding during heavy 
precipitation events. Increase drainage provisions on site to reduce the potential for pooling water and 
moisture ingress, convey water away from structures and reduce issues with snow melting and refreezing. 
Review minimum diameter of downspouts considering increased rainfall intensity (15-minute 
accumulation). Evaluate sump pump capacity and increase as necessary. 

3 Monitor paved/concrete surfaces and carry out maintenance regularly to help prevent existing damage from 
worsening. Conduct regular inspection of components. Assess and replace or repair components as needed 
to respond to damages from climate-related impacts.  

4 Consider future design temperatures and adjust building material selection to suit when designing or 
redesigning components to incorporate more durable materials and equipment that is sized appropriately to 
meet increasing demands from climate hazards. 

5 Conduct regular maintenance and monitoring of site components. Prune trees regularly to make them more 
resistant to wind damage. 

6 Incorporate lessons learned and takeaways from Calgary Transit's Electric Bus Pilot Project to optimize 
battery, propulsion, and electrical systems.  Continue to monitor and collect data on the impacts of climate 
change conditions on propulsion and electrical systems, charging cabinets, dispensers, and batteries. 



 
 
 

 

Calgary Transit Fleet Electrification Planning Study: Climate Risk and Resilience Assessment 
Project No. 221-00073-00 
City of Calgary 

WSP
July 2022
Page 31

Moderate return-on-investment recommendations tend to be those that have the potential to avoid losses at the 
system or component level with low and moderate project costs. Examples of these resilience recommendations are 
highlighted below: 

1 Passive cooling strategies could be considered in design of the garage such as strategic shading, window 
placement/tinting, tree planting, airflow considerations, strategically placed vegetation, albedo-increasing 
colour selection, use of prevailing winds in cooling. Green walls could be considered for space saving 
where a green roof is not feasible. 

2 Design cooling systems with projected extreme temperatures in mind. Air cooling may be rendered 
ineffective at high temperatures and other solutions, such as refrigerant-based cooling systems could be 
considered. 

3 Add modifications to new equipment. Secure cabinet units with appropriate fasteners/anchors to resist 
displacement from high winds. Consider adding roof overhang on rooftop equipment to prevent 
sun/rain/snow damages. Consider mounting at-grade cabinets on a housekeeping pad. 

4 Maintain operating temperatures for the propulsion and electrical systems within design specification. 
Provide (or increase) mechanical cooling capacity as required. 

In some cases, the return-on-investment cannot yet be meaningfully assessed. The impacts that these 
recommendations address often capture risk/consequences for occupant health and safety that is difficult to quantify 
as a part of a high-level ROI assessment. A more detailed cost-benefit analysis was not feasible within this CRRA, 
but WSP recommends that the City of Calgary explore the topic further as the project advances and additional 
design details are known. Examples of this type of recommendation are highlighted below:  

1 Install HVAC systems in buildings and on BEBs that can provide sufficient ventilation capacity to maintain 
health and safety of occupants and users, particularly those from vulnerable populations (elderly, young, 
etc.). Consider installing the highest MERV rating air filter that the manufacturer recommends for the 
ventilation equipment. Increase the frequency of inspection of air filters and replace as required. 

2 Include considerations for working under climate change conditions, including extreme heat, smoky air 
conditions and/or poor air quality, surface flooding, severe storms and high winds in health and safety 
plans. Provide adequate respiratory protection equipment to construction personnel.  

3 Monitor/assess the site for hazards. If possible, restrict access to these areas until the hazard has 
significantly abated or has been cleared by personnel. 

Other recommendations that are challenging to assess relate to those with uncertainties about future costs and level 
of maintenance required. For example, incorporating more functional biodiversity through replacement of vegetation 
and/or lawn with native, heat tolerant species and groundcover would require moderate investment to design, 
construct, and maintain. The potential losses avoided are difficult to quantify due to uncertainties in the success of 
the planting, the degree of reduction in future maintenance costs, and the potential risk of losing the new vegetation 
in the years following planting.  
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6 CONCLUSION 
This assessment, comprising the risk analysis, risk evaluation, and risk mitigation steps, has been completed in 
alignment with the City of Calgary’s Public Infrastructure CRRA framework and ZETF’s resilience assessment 
guidance. This CRRA has been completed to identify, assess, mitigate, and manage risks associated with climate 
change during the design, operation, and maintenance of the Project. Five system categories were assessed including 
built and charging infrastructure, fleet assets, the environment, and people.  

A total of 155 impacts were identified and evaluated in this assessment. These impacts relate to extreme heat, higher 
average temperature, wildfire, drought, short-duration high-intensity (SDHI) rainfall, severe storms, high winds, and 
heavy snowfall. The risk evaluation step resulted in 107 impacts with risk ratings of medium, high, or extreme in 
any of the three assessment time periods. Resilience recommendations are provided for each of these impacts. The 
primary recommendations of this report are the risk adaptation and control measures listed in Table 5-1 through 
Table 5-5, intended to inform future project design.  

These recommendations are considerations for future design, management actions, and health and safety 
interventions. If recommendations are implemented, residual risks can be reduced, particularly for vulnerable users 
of the transit system. Considerations for future design include ensuring the cooling and ventilation of HVAC 
systems within buildings and onboard BEBs account for future climate projections, particularly for high 
temperatures and poor air quality. Management actions should consider preparations for drought extreme heat by 
planning for water restrictions during summer months, providing access to drinking water, and discouraging non-
essential water consumption. Health and safety interventions include planning for construction activities under 
climate change conditions and providing personal protective equipment when necessary. 

The highest risks scores relate to lightning strikes and are driven by the consequence of a significant strike on CT’s 
electric bus operations and health and safety considerations. Impacts of extreme heat on human wellbeing were also 
rated highly. Overarching recommendations for COC include:  

1 Consider future projections for higher average temperature, extreme heat, and SDHI rainfall in the design 
and selection of construction materials and equipment. This is particularly important for cooling equipment 
where impacts from extreme heat are not easily managed through existing cooling strategies.  

2 Monitor, collect data, and evaluate the performance of equipment and materials through all seasons and 
when exposed to extreme weather. Given that electrification infrastructure is evolving with new 
technologies and materials, it will be important to understand the response of the fleet assets and charging 
infrastructure to a range of environments.  

3 Incorporate equipment protection devices to prevent damage from lightning and hail. Damage to rooftop 
equipment (on buses and buildings) may cause significant service disruptions that may interfere with CT’s 
operations. This recommendation is considered a high return-on-investment due to the large potential losses 
avoided from lightning damage.  

4 Review drainage design on site. Provide adequate drainage on site to reduce the potential for pooling water 
and moisture ingress, particularly at sites where this is an existing issue (Anderson Garage). Convey water 
away from structures and clear drainage infrastructure of obstructions to allow stormwater, runoff, and 
snowmelt to drain from the site. These resilience measures are expected to have a higher return on 
investment.  

5 Consider climate change impacts when developing environmental and health and safety plans at the 
construction stage to increase the project resilience.  

The resilience measures recommended in the CRRA for the Calgary Transit Fleet Electrification cannot protect 
against all losses; however, they can help lessen damage, limit service disruptions, and allow the facility to recover 
more quickly after extreme events. Climate risk and resilience assessments should be considered as an ongoing 
process and it is therefore recommended that the City of Calgary periodically revisit vulnerabilities, risks, and 
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control measures presented in this report as new information becomes available (e.g., detailed design, updated 
climate projections, changes to operating parameters and/or local conditions) at a minimum of every five years. It is 
recommended that control measures related to design are considered in all future design work.  

This assessment supports approval criteria under the City’s Capital Infrastructure Assessment requirements. It was 
carried out to align with the City’s Climate Resilience Strategy (COC, 2018) and broader objectives for climate 
action that lay the foundation for more efficient, productive, and accessible cities. This assessment also supports the 
City’s application to Infrastructure Canada’s Zero Emission Transit Fund (ZETF). It has been completed in 
accordance with ZETF’s GHG+ PLUS Guidance Modules (INFC, 2021).  

The CRRA for the Calgary Transit Electrification Project was informed by background information provided at the 
time of writing. As the designs become more developed and if resilience measures are removed from or added to the 
design, additional risk assessment is recommended. Re-evaluating climate-related risks and resilience measures in 
the later design stages can allow for a more detailed understanding of how climate infrastructure interactions have 
and can continue to be addressed through resilient design and operation measures. 
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L I S T  O F  A C R O N Y M S

BEB Battery Electric Bus 
BESS Battery Energy Storage System 
CIB Canada Infrastructure Bank 
CNG Compressed Natural Gas 
COC City of Calgary 
CRRA Climate Risk and Resilience Assessment 
CT Calgary Transit
FFE Forty-Foot Equivalent 
GHG Greenhouse Gas 
GHGMA Greenhouse Gas Mitigation Assessment 
GOC Government of Canada 
LRV Light Rail Vehicle  
ROI Return-on-Investment
SME Subject Matter Expert  
ZETF Zero Emission Transit Fund 
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G L O S S A R Y  O F  C L I M A T E  T E R M S  

Active scenario RCP4.5 scenario corresponding to moderate mitigation of GHG emissions aimed at 
minimizing the cost of inaction to achieve a significant reduction of emissions. 

Adaptation Adjustment process to the current or future climate and its consequences. In today's society 
and for infrastructure projects, adaptation generally aims to mitigate or avoid damage, or to 
exploit opportunities that climate change causes. In some ecosystems, human intervention can 
facilitate adaptation. 

Adaptive 
capacity 

The ability of social, built, or natural systems to adjust to potential damage, to take advantage 
of opportunities, or to respond to consequences. 

Annual 
precipitation 

Total accumulated precipitation over a whole year. 

Climate Patterns of variability in atmospheric conditions in a given region over a long period of time, 
often decades or longer. This is different than weather which describes current atmospheric 
conditions (i.e., it is currently raining or windy). 

Climate change Any significant long-term change in the expected patterns of average weather of a region over 
a significant period of time, usually averaged to a minimum of 30 years. 

Climate hazard The potential occurrence of a climate change driven event or trend that may cause loss of life, 
injury, or other health impacts, as well as damage and loss to property, infrastructure, 
livelihoods, service provision, ecosystems and environmental resources. Climate indicators 
are metrics used to assess the climate hazard changing over time (e.g., number of hot days). 

Climate 
projection 

Assessment of the climate system’s state at a predefined future period (not to be confused 
with weather forecast). 

Consequence The degree to which a social, built or natural system is affected by climate change, and is 
determined by the predisposition of systems to suffer harm because of intrinsic and/or 
contextual conditions.  

Exposure The presence of people, built assets or natural assets in a place or setting that could be 
impacted by a hazard. In the case of some climate hazards, such as river flooding and 
wildfires, exposure can be reduced through moving people, built, and natural assets away 
from a physical boundary that has potential to be impacted (e.g., moving away from a 
floodplain to avoid being exposed to river flooding). In the case of other climate hazards, 
exposure is reasonably similar across all areas (e.g., severe storms, extreme heat). 

Freeze-thaw 
cycle 

Count of days where maximum temperature is above 0 °C and the minimum temperature is 
below 0 °C. Under these conditions, it is likely that some water at the surface was both liquid 
and solid at some point during the day. 

Heat wave Extended period of extreme heat. A heat wave is usually defined as a period of three or more 
consecutive days with maximum temperatures above 30 °C. 

Impact Effect of extreme weather, extreme climate hazards and climate change on the human 
environment, the economy, and the environment. An impact generally refers to the effects on 
life, livelihoods, health, ecosystems, economies, societies, cultures, services, and 
infrastructure caused by the interaction between climate change or hazards and vulnerability. 
of an exposed society or system. Impacts can also be called consequences or outcomes. 
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Intensity-
duration-
frequency 
(IDF) curve 

IDF curve is a representation of the probability that a given rainfall intensity or quantity occurs 
over a sub-daily time period. 

Likelihood The probability of the climate hazard occurring, considering the influence of climate change. 

Max 1-day 
precipitation 

The maximum amount of rain or snow that can be accumulated in a 24h-period once a year. 
This is an indicator of extreme precipitation. 

Max 5-day 
precipitation  

The maximum amount of rain or snow that can be accumulated over a 5-day period. This may 
be more representative of the amount of rain a region should expect at one time than the 1-
day precipitation total.  

Mean annual 
temperature 

The average temperature over the course of one year. 

Mean seasonal 
precipitation  

The average total precipitation a region should expect as rain, snow, or sleet, for a given 
season.  

Mitigation In the context of this report mitigate means to reduce the severity of a climate risk or impact. 

Passive 
scenario 

RCP8.5 scenario corresponding to a “business-as-usual” scenario with no global emission 
mitigation or reduction measures. 

Resilience The ability of a system to absorb disturbances while maintaining the same basic structure and 
ways of functioning. 

Return period Statistical measurement representing the average time between the occurrence of two events. 
For example, a 100-year return period flood zone is the area that is likely to be flooded every 
100 years on average. The reciprocal of return period is the annual frequency of occurrence. 
A 100-year return flood has 1/100 chance (1% chance) of occurring each year. 

Risk The interaction of climate hazard likelihood, community exposure to each climate hazard, and 
community vulnerability to each hazard. These three components can be used to estimate 
overall climate risk. 

Risk rating The assessment of the level of risk through a pre-defined scale. 

Scenario A plausible representation of future climate that has been constructed for explicit use in 
investigating the potential impacts of climate change. 

Sensitivity A measure representing the degree to which a system is adversely or favorably affected by a 
hazard or by climate change. Its effect can be direct (i.e., a change in crop yield in response 
to a change in temperature) or indirect (i.e., damage caused by an increase in the frequency of 
river flooding due to the rise in sea level). 

Snow depth The depth of the snow remaining on the ground at a given time.  

Wind gust A brief increase in wind speed, usually measured in less than 20 seconds. 
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