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Through a series of workshops with the Project team comprised of engineers, technicians, climate 
scientists and management from and Stantec, the climate hazard interactions with 
selected  components were identified. and an associated consequence/severity of 
impact rating (1 [Negligible] to 5 [Catastrophic]) assigned to each interaction. The risk to the infrastructure 
components were then calculated by multiplying the consequence score by the probability of the 
occurrence (1 [Rare] to 5 [Almost Certain]) of the climate hazards. Risks were determined for current 
climate, the 2050s and the 2080s. The table summarizing the risks scores for the 2080s climate period is 
provided below for reference. 
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• Regularly inspect  and monitor any changes to their integrity or 
maintenance requirements. 

• Regularly inspect the building, roof, and grounds for damage to infrastructure components, drain 
blockages, etc. each spring and fall and after severe wind and rain events. Inspecting drainage routes 
for accumulated debris and providing maintenance as needed will reduce the risk of localized flooding 
and drainage issues. 

• Review and update practices and protocols related to emergency response and management during 
significant weather events such as extreme heat, extreme wind, freezing rain, heavy rain, and heavy 
snowfall, to accommodate for increasing severity and frequency of extreme weather events. 

Design-related Adaptation Recommendations 

The following measures are presented for consideration during detailed design of the . 

• Review winds loads of concern with the  to confirm their ability to 
handle upper-end wind gust intensities for the region. 

• Request  to confirm 
risk levels under high wind events.  

• Review with the manufacturer other factors such as  
considering the potential for wind and ice loading  

• Consider the projected increase in atmospheric temperature on the facility roof when sizing the roof’s 
insulation needs to mitigate excessive heat transfer in the future climate. 

• Consider a light-coloured roof membrane to reduce solar heating the impact of solar heating and heat 
transfer through the roof. 

• Ensure local and relevant building codes and design best practices are followed with respect to roof 
and roof tie construction to ensure the proper design and construction of the roof. 

• Consult the manufacturer of the window and sealant for material with specifications that are 
appropriate to projected future conditions. 

• Exterior finishes that are dependent on seals for weatherproofing should be avoided where possible. 
• Ensure sizing of HVAC equipment is completed to accommodate for near-term changes to the 

climate (i.e., climate change within the design life of the system) to cover the extreme heat demand.  
• Consider designing a mechanical room large enough to accommodate the requirement for additional 

cooling equipment associated with an increasing temperature caused by climate change. 
• Consider conducting a wind study on the structure and lands to assess the wind risk and the need for 

mitigation such as wind deflectors or dampers. 
• Consider the inclusion of a heated sill under the  to limit the potential 

for impact from freeze-thaw, flash-freezing of ponded water, and freezing rain on the  
drainage routes. 
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Abbreviations 

  

CCVA Climate Change Vulnerability Assessment 

ECCC Environment and Climate Change Canada 

GCM Global Climate Model 

GHG Greenhouse Gas 

HVAC Heating, Ventilation and Air Conditioning 

IDF Intensity, Duration and Frequency 

IPCC Intergovernmental Panel on Climate Change 

ISO International Organization for Standardization 

LTVP Long-Term Vision and Plan 

NCR National Capital Region 

NOAA National Oceanic and Atmospheric Administration 

NRCAN Natural Resources Canada 

PCIC Pacific Climate Impacts Consortium 

PIEVC Public Infrastructure Engineering Vulnerability Committee  
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PSPC Public Services and Procurement Canada 

RCP Representative Concentration Pathway 

SPIB Science & Parliamentary Infrastructure Branch 

UNEP United Nations Environment Programme 

WMO World Meteorological Organization 
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Glossary 

Adaptation  Changes in processes, practices, and structures to moderate 
potential damages or to benefit from opportunities associated with 
climate change. Actions / measures that reduce the negative impacts 
of climate change, while taking advantage of potential new 
opportunities. 

Adaptive Capacity The IPCC defines adaptive capacity as the ability of a system to 
adjust to climate change (including climate variability and extremes) 
to moderate damages, to take advantage of opportunities, or to cope 
with the consequences. 

Climate Defined as the statistical description of weather over a period of time 
ranging from months to thousands of years. 

Climate Event A climatic condition that the infrastructure could experience deemed 
relevant for consideration in the vulnerability assessment. 

Climate Model A numerical representation of the climate system based on the 
physical, chemical, and biological properties of its components, their 
interactions and feedback processes, and accounting for all or some 
of its known properties. 

Climate Parameter A specific set of weather conditions or climate trends deemed to be 
relevant to the infrastructure under consideration. 

Climate Prediction An estimate of future climate quantities (means, statistics) over a 
defined time horizon.  

Climate Projection An estimate of longer-term future climate. 

Consequence/Severity Score A score (0 to 5) used to define the severity of the consequences of a 
weather event or climate trend impacting a particular infrastructure 
component. 
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Design Life The period of time during which the infrastructure is expected to 
operate within design parameters. Notionally, the length of time 
between commissioning and the onset of wear-out. Typically, design 
life is a shorter duration than the period between commissioning and 
the anticipated time of actual failure. In some cases, design life is 
stated in terms of the economic return period of an engineering 
project. 

The design life of the infrastructure as a whole may be different than 
the individual components that comprise the infrastructure based on 
routine refurbishment or replacement of components over the useful 
life of the infrastructure.  

Global Climate Model (GCM) Complex computer programs commonly used to simulate the 
atmosphere or ocean of the earth and project climate trends on a 
global scale. The mathematical models are based on general 
circulation of the planetary atmosphere and apply thermodynamics to 
calculate radiation and latent heat in order to establish a global mass 
and energy balance. 

Infrastructure Component One of a number of physical features, processes, procedures and/or 
human resources that comprise the infrastructure. 

Infrastructure Response The generally anticipated effects arising from the climate and other 
change parameters interacting with the infrastructure components. 

Infrastructure Threshold Value A value representing an infrastructure specific weather event or 
climate trend that triggers an undesirable infrastructure response. 

Interaction The interface between weather events and/or climate trends and 
infrastructure components. 

Life Cycle Analysis (LCA) The whole-life approach from resource extraction through 
manufacturing, transportation, installation, use, maintenance and 
disposal or recycling which provides the critical long-term information 
necessary to make evidence-based, sustainable design and 
manufacturing decisions. 
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Life-cycle costing (LCC) LCC is a method for assessing the total cost of facility ownership. It 
takes into account all costs of acquiring, owning, and disposing of a 
building or building system. LCC is especially useful when project 
alternatives that fulfill the same performance requirements but differ 
with respect to initial costs and operating costs, have to be compared 
in order to select the one that maximizes net savings. LCC analysis 
should include Construction costs; Electricity and energy costs; 
Maintenance costs consistent with operations specifications of the 
mechanical equipment specified. For example, LCC will help 
determine whether the incorporation of a high-performance HVAC or 
glazing system, which may increase initial cost but result in 
dramatically reduced operating and maintenance costs, is cost-
effective or not. 

Net zero Carbon Ready 
Building 

A building is one in which energy consumption is reduced to a 
minimum through building design strategies and efficiency measures 
to the point where it would be practical/economical in the future to 
use non-carbon based (fossil) fuel sources to meet its energy needs. 

Professional Judgment The application of training, knowledge, experience, and skills gained 
over a prolonged period of professional practice. 

Regional Climate Model (RCM) Regional climate models (RCMs) provide climate projections on a 
smaller grid scale than GCMs. They are based on GCMs to initiate 
the model process then produce parameters on the smaller scale 
using a process called dynamic downscaling. 

Representative Concentration 
Pathway (RCP) 

Greenhouse gas concentration trajectories adopted by the IPCC for 
the Fifth Assessment Report. 

Resiliency Resiliency is the elasticity, or adaptability of buildings to ‘endure’ and 
maintain operations in changed climate conditions or recover from a 
climate change related disruption or impact. It requires designers to 
identify hazards and vulnerabilities local to a given site, before 
projecting impacts and implementing measures that reduce risk and 
increase flexibility to adapt. 
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Consequence/Severity Score A score (0 to 5) used to define the severity of the consequences of a 
weather event or climate trend impacting a particular infrastructure 
component. 

Vulnerability The degree to which a system is susceptible to, or unable to cope 
with, adverse effects of changing climate, including climate variability 
and extremes. 

Weather The state of the atmosphere at a given time and place, with respect 
to variables such as temperature, moisture, wind velocity, and 
barometric pressure. 

Zero Carbon Building 
A Zero Carbon building is one in which there is no fossil fuel use 
onsite for daily operations with the exception of backup generators 
and systems. Any onsite energy used should be low carbon e.g. 
clean electricity, renewable natural gas or approved forms and 
sources of biomass. Residual GHG emissions from the use of very 
low carbon electricity grids do not need to be included. 
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1.0 INTRODUCTION 

 

 
 

 
 

 
 

 is resilient to the impacts of future climate change and extreme weather, 
a PIEVC Climate Change and Vulnerability Assessment (CCVA) was completed. The results of the CCVA 
are presented in this report. 

1.1 PROJECT OBJECTIVES AND SCOPE 

The overall objective of the  Climate Change Vulnerability 
Assessment is to assess infrastructure components of the planned  that are at risk of failure or 
impaired service function due to the impacts of climate change and extreme climate events. Building 
codes have traditionally been based on historical climate data for specific regions and as a result, 
buildings and infrastructure have been designed with specific climate loads based on historical climate 
data. As climate changes, there is the potential for infrastructure to be subject to future climate conditions 
and loads that may exceed historic design criteria. It is therefore important to account for future climate 
conditions when designing new infrastructure and when assessing building resiliency, maintenance 
requirements, and future infrastructure renewals, retrofits, improvements, and additions. 

The CCVA process is intended to inform the design team of the projected changes in climate and the 
associated risks for consideration during the planning, detailed design and on-going operations of the 
Project.  

Climate risk is defined as a function of the probability of a climate event or hazard occurring and the 
severity of the consequence to the infrastructure as a result of interacting with the climate event. The 
assessment addresses potential impacts of climate change and extreme weather to the planned  

under current climate (1981-2010) and future climate for the mid-century (2050s [2041 to 2070]) 
and late-century (2080s [2071 to 2100]). The following objectives were completed as part of the Climate 
Change Vulnerability Assessment. 

• Identify building infrastructure components affected. 
• Identify key climate events/hazards that could affect  infrastructure. 
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• Develop a climate profile for the  to facilitate determining the current and future 
probability of occurrence of climate events. 

• Perform an assessment of the severity of consequences for interactions between selected climate 
events and impacts to the utility and function of infrastructure components. 

• Determine the climate risk profile for the  under current and future climate periods. 
• Develop climate adaptation and resilience measures for the high and extreme risks, including 

recommended climate-based modifications to design criteria to increase infrastructure resilience to 
climate change and extreme weather events. 

Many risks can be mitigated through design modifications and operational changes, identifying and 
incorporating adaptation strategies and resilient design principles to improve the long-term resilience of 
the Project to climate change impacts. The climate risks identified during the CCVA should be included 
into the Project’s overall risk register and management processes and integrated into corresponding 
asset management and operational maintenance plans for the . 

1.2 PROJECT LOCATION AND AREA GEOGRAPHY 

The  
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Figure 1: Location of  
Google Earth. Image Date 10/16/2019, 

September 23, 2021) 

1.3 PIEVC PROTOCOL 

The PIEVC (Public Infrastructure Engineering Vulnerability Committee) Protocol was developed by 
Engineers Canada to assess the vulnerabilities of public infrastructure to the impacts of climate change. 
The Protocol analyzes both infrastructure and climate information and evaluates potential interactions 
between them. Information gathered through the Protocol process is intended to assist infrastructure 
owners and operators make informed decisions about infrastructure operation, maintenance, planning 
and development to address potential impacts of future climate change and extreme weather events. 
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Table 1: Project Team members and Roles 

    

    

    

    

    

    

    

   

1.5 DESCRIPTION OF INFRASTRUCTURE 

The infrastructure components selected for the CCVA are listed in Table 2. The components were 
selected to align with the  of the Project.  
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Table 2:  

 

1.6 TIME FRAME FOR ANALYSIS 

The time horizons PIEVC assessment are the 2050s (2041 to 2070) and the 2080s (2071 to 2100), which 
align with the estimated service life of the  and associated 
infrastructure. The 1981–2010 time period was used to establish current climate normal conditions, which 
forms the climate baseline for the PIEVC assessment. 
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2.0 CLIMATE PROFILE AND PROJECTIONS 

2.1 OVERVIEW 

Climate is usually defined as the "average weather," or more rigorously, as the statistical description in 
terms of the mean and variability of meteorological variables such as temperature, precipitation, and wind 
over a period of time. A climate profile is a description of current and future climate; therefore, relies on 
both historical climate records and on climate projections to predict future climate (developed by global 
climate models or GCMs). A full climate profile was developed for the  for current 
and future climate conditions considering the Representative Concentration Pathway 8.5 (RCP 8.5) 
emission scenario. The  is included in Appendix A for reference. 

The time horizons of 1981-2010 were selected as current conditions establishing the climate baseline for 
the project area. The climate for the 2020s (time horizon of 2011 to 2040) were presented to evaluate 
how recent trends correlate with the projections in the near future. The climate for 2050s (time horizon of 
2041 to 2070) and 2080s (time horizon of 2071 to 2100) were presented to assess the climate change 
risks to the Project over its expected operational life and to allow considerations to be developed 
regarding infrastructure operations or retrofits at the end of its lifespan. The risks and recommendations 
of this report are specific to the RCP 8.5 scenario as it is considered to best represent the current global 
GHG emissions. Section 2.3 provides additional details about GHG emission scenarios. 

2.2 DATA AND SOURCES 

The baseline conditions of the project area are based on the observations from local Environment and 
Climate Change Canada (ECCC) weather stations. Climate projections are descriptions of the future 
climate and are most often collected from GCMs developed by many organizations across the world. 
These GCMs are complex, in that they all rely on many different assumptions about how they work and 
what will happen in the future (i.e., they focus more on different physical phenomena to estimate future 
climate, whether it be greenhouse gas (GHG) concentrations in the atmosphere or absorption of solar 
radiation by the ocean). Since different GCMs focus more than others on different physical phenomena, 
there is a noticeable difference in the future climate that is predicted. Therefore, it is not recommended to 
rely only on one or two GCMs to estimate future climate. Instead, an average of several GCMs tends to 
give a more reliable estimate of future climate. 

There are nearly 40 GCMs that have contributed to the Fifth Coupled Model Intercomparison Project 
(CMIP5) (Taylor et al., 2012), which forms the basis of the Fifth Assessment Report from the 
Intergovernmental Panel on Climate Change (IPCC). The Pacific Climate Impacts Consortium (PCIC) has 
taken a subset of 24 of these models to produce reliable, high-resolution downscaled climate projections 
localized to specific areas of interest in Canada. In the climate profile, the climate projections from a 
selection of 24 models from the CMIP5 were used with the application of an updated version of the 
statistical downscaling method.  
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The historic and projected intensity-duration-frequency (IDF) data for RCP 8.5 scenario published by the 
Institute for Catastrophic Loss Reduction (ICLR) at Western University, London, Ontario was used to 
evaluate the future changes in intensity, duration, and frequency of precipitation events. IDF data relates 
short-duration, high rainfall intensity with its frequency of occurrence. For the project area, the historical 
IDF data from  weather monitoring station (ID: 3081680) were used to evaluate the future 
changes in intensity, duration, and frequency of precipitation events. Projections for future climate IDF 
data are available based on results from 24 Global Circulation Models that simulate future climate 
conditions. The projected IDF data used in this assessment is based on bias-corrected results from nine 
downscaled climate models under the RCP 8.5 emission scenario from the Pacific Climate Impacts 
Consortium. 

2.3 PLAUSIBLE CLIMATE SCENARIOS 

Climate modeling uses various greenhouse gas (GHG) emissions scenarios, known as Representative 
Concentration Pathways (RCPs), to project future climate variables under different concentrations and 
rates of release of GHGs to the atmosphere, as well as different global energy balances. Various future 
trajectories of GHG emissions are possible depending on the global mitigation efforts. 

RCPs are established by the Intergovernmental Panel on Climate Change (IPCC), the international body 
for assessing the science related to climate change. The IPCC was set up in 1988 by the World 
Meteorological Organization (WMO) and United Nations Environment Programme (UNEP) to provide 
policy makers with regular assessments of the scientific basis of climate change, its impacts and future 
risks, and options for adaptation and mitigation (IPCC, 2014) 

The IPCC has set four GHG emissions scenarios through RCPs as shown in Figure 3. RCP 8.5 is the 
internationally recognized the most pessimistic - “business as usual” GHG emissions scenario. Other 
GHG emissions scenarios represent more substantial and sustained reductions in GHG emissions. For 
example, the RCP 2.6 emissions scenario may be achievable with extensive adoption of 
biofuels/renewable energy and large-scale changes in global consumption habits, along with carbon 
capture and storage. RCP 2.6 is representative of a scenario that aims to keep global warming below 2°C 
above pre-industrial temperatures. RCP 4.5 is considered the ‘medium stabilization’ scenario where 
global mitigation efforts result in intermediate levels of GHG emissions (IPCC, 2014).  

Although some progress has been made, current estimates of GHG emissions are still close to following 
the RCP 8.5 path, therefore this assessment is based on climate parameters estimated under the RCP 
8.5 scenario. The IPCC Special Report on Global Warming of 1.5ºC (October 8, 2018) supports the 
selection of the RCP 8.5 for this assessment.  
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Figure 3 Historical CO2 emissions for 1980-2017 and projected emissions trajectories to 
2100 for the four Representative Concentration Pathway (RCP) scenarios. 
(Source: Smith and Myers, 2018) 

2.4 CLIMATE HAZARDS IN THE PROJECT AREA 

The regional climate for the  is defined as humid continental which is typically characterized by 
cold winters and warm summers with occurrence of precipitation throughout the year. The climate 
hazards related to extreme temperatures, flash freeze, winter freeze-thaw cycles, winter rain, heavy 
rainfall, heavy snowfall, high winds, tornadoes, thunderstorms, etc. can pose risks to the project 
infrastructure. Stantec’s research into the climate trends and projections for the project area is 
summarized in the climate profile (in Appendix A) and briefly presented below. The climate hazards, 
climate trends and confidence level associated with the projections for each climate parameter are 
presented in Table 3. 

• The project area has experienced (and is projected to continue experiencing) temperature increases 
for annual mean daily temperature, and annual maximum daily temperature. This trend applies to all 
seasons. By the 2080s, the average annual daily mean and daily maximum temperature are 
projected to increase by 5.5°C and 5.2°C from current baseline temperatures respectively under RCP 
8.5.  
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• The number of extreme heat events – i.e., days with maximum temperatures > 35°C – has averaged 
around 0.2 days/year from 1981 to 2010. By the 2080’s, the number of days over 35°C is projected to 
increase to 11.2 days/year under RCP 8.5. This change is also expected to increase the number of 
cooling degree days (based on an 18°C threshold) which translates into an increase in cooling load 
requirements on the HVAC system of the Project.  

• The number of cold temperature days – i.e., days with minimum temperature ≤ - 30°C is expected to 
decline from 13.6 days per year (1981-2010) to 1.6 days per year by 2080s under RCP 8.5. This 
translates to an expected decline in the number of heating degree days (based on an 18°C threshold) 
which will result in a decrease in future heating requirements for the Project. 

• Total annual precipitation is projected to increase by 13.0% in 2080s under RCP 8.5, with the largest 
percentage change (+27.7%) occurring during the spring months. 

• Precipitation events are projected to become 0.2% to 53.4% more intense by the 2080s under RCP 
8.5, for design storms ranging from 5 minutes to 24-hour duration, and for the return frequency of 2 to 
100-year based on historic and projected Intensity, Duration, Frequency (IDF) curves. This could 
translate to an increased risk of over land flooding due to the overwhelming of storm water 
management systems. Flooding is also likely to occur due to more rapid snow melt periods, and an 
increase in the number and intensity of rainfall events. 

• The number of frost days is expected to decrease by 24.4% by the 2080s under RCP 8.5. With 
warmer temperatures projected for the coming decades, the number of annual freeze-thaw events for 
the project area is projected to decrease by 19.9% by the 2080s. 

• The effects of climate change with respect to wind are not as well understood as variables such as 
temperature. The annual mean frequency of future daily wind gust events of ≥90 km/h from the 
current condition could be 40%–50% higher in future climate for the project area (Cheng et al., 2014).  

• Historical data on tornado occurrences in Canada are insufficient to develop any conclusions 
regarding potential trends in tornado activity in the project area. Due to the complex nature of 
tornadoes and other thunderstorm related hazards, understanding the effects of climate change on 
their behaviour is challenging. Only relatively recently have detailed studies of climate change effects 
on thunderstorm activity been able to begin to provide effects of climate change over the North 
American continent. The study suggests an increase in the frequency of occurrence of tornado 
activity under future climate change in the context of North America (Diffenbaugh et al. 2013). The 
similar trend is expected in future climate for the project area. 
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Combined events/Complex variables are inferred based on several parameters, resulting in lower 
confidence for projections of combined event parameters. For example, tornado is a complex process 
and the projected prevalence of tornado activity under future climate conditions is not as well understood 
as other parameters. Confidence may also refer to whether other studies have been done for the climate 
events projections in the geographical area. 
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Table 7: Probability of Occurrence of Climate Hazards – Current Climate, 2050s and 2080s 

 

 

Current Climate Future Climate Future Climate
1981-2010 2050s 2080s

Extreme hot days Days (per year) with Max Temps greater than or equal to 30°C 3 4 5

Occurrence of heat waves Three or more consecutive days with temperature greater than 
30°C

3 5 5

Extreme cold Days (per year) with Min Temps less than or equal to -30°C 
without windchill factor

3 2 2

Flash Freeze Rapid temperature change from +5°C to -15°C or more (total of -
20°C change or greater) within 24 hours

4 4 4

Freeze- thaw cycle (winter) No. of freeze-thaw cycles in winter months 3 4 5

Winter rain 15 mm rain in 24 hrs 1 1 2

Short duration - High Intensity Rain 50 mm in 1 hr 1 2 2

Long duration rain 100 mm or more of rain over three consecutive days 2 2 2

Heavy snowfall 25 cm in 24 hrs 1 1 1

Wind Wind gusts Wind gusts greater than or equal to 100 km/hr 5 5 5

Tornadoes EF Rating >1 (EF Fujita Scale ) 2 2 2

Thunderstorm Related Parameters Lightning, Down bursts/Straight-Line Winds,  Hail, Extreme 
Rainfall

3 3 3

Heavy Snow followed by Winter 
Rain and Flash Freeze

Days with Snow turning to Rain, with Temperature change (-
10°C change or greater)

2 2 2

Probability of Occurrence

Complex 
Variables

Climate Hazards/Parameters Climate Parameter Threshold

Temperature

Precipitation
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3.2 CONSEQUENCE/SEVERITY OF IMPACT SCORING 

The PIEVC protocol provides two 7-point consequence scoring methods. The project team reviewed the 
two 7-point methods (Method D and Method E) in the protocol and compared those to a proposed 5-point 
scoring method that aligned closely with the PIEVC Method D. The project team selected using the 5-
point consequence scoring scale for the  CCVA as shown in Table 8.  

Each climate hazard/event and infrastructure component interactions were assessed to determine if the 
infrastructure component will be exposed to or interact with the climate hazard. Those interactions that 
were deemed to occur were carried forward in the risk assessment and assigned a severity of 
consequence score. As part of the CCVA process, a consequence/severity of impact rating was assigned 
by the CCVA project team for each climate hazard - infrastructure element interaction. Consequence 
scoring was completed during Workshop No. 3. 

Table 8: Consequence Scoring Table 

 

 

3.3 CLIMATE-RELATED IMPACTS 

Climate change has the potential to impact the proposed   
in a variety of ways. For example, potential impacts might be related to system and 

building performance, infrastructure integrity, occupancy comfort, and increased fatigue on building 
systems that will require increasing levels of maintenance in the future. A component-by-component 
breakdown of the possible impacts from selected climate hazards during design, construction and 
operational phases of the project are summarized in Table 9. The list of impacts was used a reference 
when assigning consequence/severity of impact scores during the CCVA process (Workshop No. 3). 
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Table 9: Climate-related impacts to project infrastructure 

Asset Components Primary Climate Hazards Potential Impacts on Infrastructure 

Building envelope – 
Roof 

Extreme heat 
Heatwaves 
Wind gusts 
Tornadoes 
Storm-related parameters 

• The hanger roof could lift under extreme wind 
conditions. 

• Extreme heat could penetrate the roof, increasing 
demands on the hanger’s HVAC system. 

Building envelope – 
Roof-top vents and 
drains 

Flash freeze 
Storm-related parameters 

• Clogging of roof drains and associated increased risk 
of leakage from standing water. 

Building envelope – 
Windows 

Extreme heat 
Tornadoes 

• Extreme heat could penetrate the window, increasing 
demands on the hanger’s HVAC system. 

• Wind-blow debris could damage windows. 

Building envelope – 
Window seals 

Extreme heat 
Heatwaves 

• Hot temperatures deteriorate window sealants and 
joints, which increases leaks during heavy rain 
events. 

Building envelope – 
 

 
Note on material 
selection:  
are likely to be made of 
fabric with a vertical lift 
system. 
 

Flash freeze 
Wind gusts 
Tornadoes 
Storm-related parameters 
Heavy snow, rain, and flash 
freeze 

• Structural damage or reduction in   
during significant wind gusts. 

• Flying debris from high wind events could damage 
 

• Flash freezing of water at  

• Freezing rain could create 
 

Building envelope – 
Exterior finishing 

Freeze-thaw cycles 
Wind gusts 
Storm-related parameters 

• Exterior finishing could be degraded or damaged by 
wind, precipitation, temperature extremes or freeze-
thaw cycles, depending on material selection. 

Mechanical/HVAC – 
Internal HVAC 
equipment 

Heatwaves • Extreme heat could penetrate the roof increasing 
demands on the hanger’s HVAC system. 

• High temperature extremes/heat waves create 
increased demand on the chillers and cooling 
system, the air handling and building automation 
systems. This may result in higher energy 
consumption. 

• Increased cooling demand, which may require 
additional distribution requirements in the buildings. 

• Increased humidity levels due to rain events may 
have an impact on the function of the air handling 
systems, building controls and automation systems. 

 
(concrete) 

Flash freeze • Increased O&M costs due to snow and ice clearing. 
• Localized flooding from ice damming reduces 

.  
drainage 

Flash freeze 
Freeze-thaw cycles 
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3.4 CLIMATE RISK PROFILE 

The purpose of the climate risk assessment is to identify climate and weather-related risks to the project 
both under the current climate and in the future. In the case of this assessment, ‘future’ here refers to the 
2080s (2071-2100) time period, which aligns with the design horizon of the proposed hanger building. 
The risk score is derived from two factors: severity (consequence) of impact and probability of 
occurrence. Breaking risk down into these two units allows for the estimation of risk in the future based on 
a projected change in the probability of occurrence of the climate hazard, while holding the severity score 
constant. 

A summary of the risks identified by the PIEVC CCVA for future climate (2080s) is presented in Table 10. 
Table 11 provides an overview of the how the risks to the infrastructure components change and the 
expected trend (increasing, decreasing, no change) for the climate events under current climate and 
future climate (2050s and 2080s). 

The following observations can be made from the overall risk summaries provided in Table 10 and 11. 

• Thunderstorm-related parameters had the broadest impact on the infrastructure components studied, 
impacting 15 of the 26 sub-components studied (58%). 

• High and extreme risks are associated with extreme heat events (extreme hot days and heat waves) 
and wind-related parameters impacting envelope components. 

• The highest risk rating in the risk assessment (Risk = 20) was associated with high winds  
Risk scores due to winds are expected to remain constant under future climate.  

• The  associated with tornadoes, thunderstorm parameters and heavy 
snow. Many of these climate events have an associated elevated wind component. 

• Extreme heat events are expected to increase in the 2050s and 2080s. 
• Electrical components and back-up power, the  storm water management system are 

generally at low risk to climate change and severe weather. 
• Overall, extreme cold produces low risks for most infrastructure. For example, extreme cold produced 

low risks to the envelope and HVAC system. 

The  to be at most risk are the , HVAC system, the roof, and 
the window seals. Impacts considered by the Project team during the assessment when determining the 
severity (consequence) of impact to the  include the following. 

• Structural damage or reduction in function of  high wind gusts. 
• Flying debris from high wind events could  
•  
• Freezing rain could  

 
• Extreme heat could penetrate the roof, increasing demands on  
• High temperature extremes/heat waves create increased demand on the chillers and cooling system, 

the air handling and building automation systems. This may result in higher energy consumption. 
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• Increased cooling demand may require additional distribution requirements in the buildings. 
• Increased humidity levels due to rain events may have an impact on the function of the air handling 

systems, building controls and automation systems. 
• The  under extreme wind conditions. 
• Hot temperatures deteriorate window sealants and joints, which increases risk of water penetration 

during heavy rain events. 

. 
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Table 10: Summary Table of Risk Scores (2080s) 

 

Asset 
Infrastructure 

Element
Sub-Components 

Ex
tr

em
e 

Ho
t D

ay
s

O
cc

ur
re

nc
e 

of
 H

ea
t 

W
av

es

Ex
tr

em
e 

Co
ld

Fl
as

h 
Fr

ee
ze

Fr
ee

-T
ha

w
 C

yc
le

s

W
in

te
r R

ai
n

Sh
or

t D
ur

at
io

n 
- 

Hi
gh

 In
te

ns
ity

 R
ai

n

Lo
ng

 D
ur

at
io

n 
ra

in

He
av

y 
Sn

ow
fa

ll

W
in

d 
Gu

st
s

To
rn

ad
oe

s

Th
un

de
rs

to
rm

 
Re

la
te

d 
Pa

ra
m

et
er

s

He
av

y 
Sn

ow
 

Fo
llo

w
ed

 B
y 

W
in

te
r 

Ra
in

 a
nd

 F
la

sh
 

Fr
ee

ze

Roof 15 15 4 4 4 2 1 15 8 9 6
Roof-top vents and drains 8 4 4 9 6
Exposed concrete at base 4
Windows 10 4 8 6 6
Window seals 15 15 4 4 6 6
Hangar Doors 6 8 2 20 10 12 10
Exterior Finishing 10 10 6 9

Interior Materials Walk-off mats
Superstructure Foundation (piles under slab)

Roof-top components 4 2 1 5 4 6 4
Internal HVAC equipment 5 15 4 4
Transformers 5 5 6
Generators
Propane Tanks
Pad-mounted switchgear 5 5 6
Electrical services 6
Underground Vaults 4 4
Electrical manholes 4 4
Surface (concrete) 8 10 2 2 1 3 2
Ground Drainage 8 5 2 2 3 2
Lighting 6 3
Paint 1
Discharge to Creek 1
Belowground Storage 2 3
Oil-grit separators 2 2 3
Waterproofing System

Storm Water 
Management 
System

Storm Water 
Management 
System

CLIMATE HAZARDS

 

Envelope

Mechanical/HVAC

Electrical/Back-up 
Power

RISK SCORES - FUTURE CLIMATE (2080s)
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4.2 RECOMMENDATIONS AND ADAPTATION MEASURES 

Climate adaptation strategies are actions that can be implemented by the project design team, site 
personnel, site operations and maintenance teams, or other contributing persons with the goal to mitigate 
or reduce risks associated with climate change. The adaptation strategies developed by the project Team 
are presented in Table 12 and discussed further in the following sections. 

4.2.1 Policy-related Adaptation Recommendations 

Recommended policy-related adaptation measures, which involve the review and implementation of 
standard practices, operating and maintenance and other policies, include the following. 

• Regularly inspect building integrity for signs of wear and maintain current maintenance requirements. 
• Regularly inspect  and monitor any changes to their integrity or 

maintenance requirements. 
• Regularly inspect the building, roof, and grounds form damage to infrastructure components, drain 

blockages, etc. each spring and fall and after severe wind and rain events. Inspecting drainage routes 
for accumulated debris and providing maintenance as needed will reduce the risk of localized flooding 
and drainage issues. 

• Review and update practices and protocols related to emergency response and management during 
significant weather events such as extreme heat, extreme wind, freezing rain, heavy rain, and heavy 
snowfall, to accommodate for increasing severity and frequency of extreme weather events. 

4.2.2 Design-related Adaptation Recommendations 

The following measures are presented for consideration during detailed design of the . 

• Review winds loads of concern with the  
 wind gust intensities for the region. 

•  to confirm 
risk levels under high wind events.  

•  
 

• Consider the projected increase in atmospheric temperature on the facility roof when sizing the roof’s 
insulation needs to mitigate excessive heat transfer in the future climate. 

• Consider a light-coloured roof membrane to reduce solar heating the impact of solar heating and heat 
transfer through the roof. 

• Ensure local and relevant building codes and design best practices are followed with respect to roof 
and roof tie construction to ensure the proper design and construction of the roof. 

• Consult the manufacturer of the window and sealant for material with specifications that are 
appropriate to projected future conditions. 

• Exterior finishes that are dependent on seals for weather-proofing should be avoided where possible. 
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• Ensure sizing of HVAC equipment is completed to accommodate for near-term changes to the 
climate (i.e., climate change within the design life of the system) to cover the extreme heat demand.  

• Consider designing a mechanical room large enough to accommodate the requirement for additional 
cooling equipment associated with an increasing temperature caused by climate change. 

• Consider conducting a wind study on the structure and lands to assess the wind risk and the need for 
mitigation such as wind deflectors or dampers. 

• Consider the inclusion of a  
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4.3 LIMITATIONS 

This climate risk assessment was completed using the best information available to the assessment team 
at the time of the study. The assessment represents the climate risks associated with current climate 
(1981-2010) and future climate of 2050s (2041-2070) and 2080s (2071-2100) for the  

. The climate data and trends (current and future projections) used in this 
study were obtained through various sources. Cross-verification between climate information sources was 
conducted where possible to identify potential discrepancies between the data sources used. 

The analysis and recommendations of this climate change risk assessment are based on the information 
available within the time frame and scope of this assessment and, on the authors' experience in climate 
change risk assessments. The climate risk methodology is consistent with the Institute for Catastrophic 
Loss Reduction (ICLR) (formerly Engineers Canada’s) PIEVC Protocol, the Climate Lens General 
Guidance v.1.1. (Infrastructure Canada 2018), ISO 31000 Risk Management and ISO 
14090/14091/14092 Adaption to Climate Change Standards.  

The availability of weather data to define the intensity thresholds of the selected climate hazards, as well 
as their occurrence in current climate are based on data from the Environment and Climate Change 
Canada (ECCC) weather stations. It is recognized that extreme weather events are often very localized, 
so it is possible that the weather station did not measure some of these events. This uncertainty is 
considered by the climate resilience assessment methodology during the analysis, including the 
knowledge of the team members in the analysis of asset vulnerabilities or infrastructure elements. 

Future climate projections used in this study are based on the Fifth Coupled Model Intercomparison 
Project (CMIP5) climate projections data. There are nearly 40 GCMs that have contributed to CMIP5, 
which forms the basis of the latest publications from the Intergovernmental Panel on Climate Change 
(IPCC). The Pacific Climate Impacts Consortium (PCIC) uses a subset of 24 of these models to produce 
reliable, high-resolution downscaled climate projections localized to specific areas of interest in Canada 
(Cannon et al., 2015).  In this assessment, the climate projections from a selection of 24 models from the 
CMIP5 for RCP 8.5 emission scenario were used for .  

Future climate risk analysis is based on the assumption the vulnerability of infrastructure elements is the 
same as in today's climate, i.e. the infrastructure is maintained in the same physical condition as at the 
time of the study, and that maintenance and operation policies and processes will not change in the 
future. 
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1.0 INTRODUCTION 

1.1 DESCRIPTION OF CLIMATE PROFILES  

Climate is usually defined as the "average weather," or more rigorously, as the statistical description in 
terms of the mean and variability of meteorological variables such as temperature, precipitation and wind 
over a period of time. Climate profiles are important tools that describe what climate trends have been 
occurring in recent history (i.e., over the last 30 years or longer), and also describe future climate 
conditions to help inform the planners, stakeholders, and decision makers to manage the climate change 
risks and plan for appropriate adaptation measures. Climate profiles rely on the historical climate record 
(usually in the form of meteorological data measured at weather stations) to describe climate from recent 
history, and on climate projections (developed by global climate models or GCMs). The historical climate 
profile puts future climate projections into context: the performance of the infrastructure from the past can 
be compared to both historical and future climate to better understand what (if any) adaptation measures 
should be implemented to ensure better performance in the future. 

When developing a profile of the historic climate of an area, the most valuable data is typically 
temperature, precipitation, and wind. Meteorological data from the last 30 years is preferred to help give a 
representative estimate of the climate of recent history at a given location – though longer periods are of 
even greater benefit in that they add even more to the story of an area’s historical climate. Environment 
and Climate Change Canada (ECCC) provides the largest database of observational historical climate 
data in Canada. In addition to assembled climate data from weather stations, gridded data products are 
available and provide additional climate data resources. These gridded data products include the 
NRCANmet gridded dataset, produced by Natural Resources Canada (NRCan), which provides daily 
maximum and minimum temperature and total precipitation data on a ~10 km grid resolution over Canada 
for the 1950-2013 time period (Hopkinson et al., 2011; McKenney et al., 2011). Although observational 
data from a weather station is preferable, gridded datasets such as NRCANmet are well accepted and 
researched. While not a directly measured data set, NRCANmet is a peer-reviewed, gridded interpolation 
of the daily weather conditions and historical climate of any land-based location in Canada.  As such, the 
NRCANmet datasets are well accepted and can provide reasonable approximations for locations when 
historic data is not inadequate for climate assessment.  

Climate projections are descriptions of the future climate, and are most often collected from GCMs 
developed by many organizations across the world. These GCMs are complex, in that they all rely on 
many different assumptions about how they work (i.e., they focus more on different physical phenomena 
to estimate future climate, whether it be greenhouse gas (GHG) concentrations in the atmosphere or 
absorption of solar radiation by the ocean) and also on what will happen in the future. Since different 
GCMs focus more than others on different physical phenomena, there is a noticeable difference in the 
future climate that is predicted. Therefore, it is not recommended to rely only on one or two of these 
GCMs to estimate future climate. Instead, an average of several GCMs tends to give a more reliable 
estimate of future climate. There are nearly 40 GCMs that have contributed to the Fifth Coupled Model 
Intercomparison Project (CMIP5), which forms the basis of the latest publications from the 
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Intergovernmental Panel on Climate Change (IPCC). The Pacific Climate Impacts Consortium (PCIC) has 
taken a subset of 24 of these models to produce reliable, high-resolution downscaled climate projections 
localized to specific areas of interest in Canada (Cannon et al., 2015). 

In addition to the physics of the 
GCMs, global progress towards 
meeting GHG emissions targets is 
also a large source of uncertainty in 
future climate projections. There are 
four Representative Concentration 
Pathways (RCP)1 scenarios adopted 
by the Intergovernmental Panel on 
Climate Change (IPCC) that are 
based on various future greenhouse 
gas concentration scenarios. This 
climate profile will focus on the 
“business as usual” greenhouse gas 
concentrations scenario, RCP 8.5. 
Current global GHG concentrations 
are closer to following the RCP 8.5 
pathway, despite global 
agreements/targets for GHG 
emissions reductions. 

1.2 CLIMATE PROFILE FOR   

A climate profile was required for the  and surrounding region to 
assess the climate risks a   

 (Figure 1) required a review of available historical observed weather data and climate projection 
data for the region. When developing a profile of the historic climate of an area, the most valuable data is 
typically temperature, precipitation, and wind data collected from nearby weather stations.  There are only 
two Environment and Climate Change Canada (ECCC) weather stations nearby the project site  

 These weather stations are shown in Table 
1 and Figure 1.  

 
 
1 RCP: Representative Concentration Pathways – a greenhouse gas concentration (not emissions) trajectories 
adopted by the Intergovernmental Panel on Climate Change (IPCC) for its fifth Assessment Report (AR5) in 2014. 
 

The IPCC is the international body for assessing the science 
related to climate change. The IPCC was set up in 1988 by 
the World Meteorological Organization (WMO) and United 
Nations Environment Programme (UNEP) to provide 
policymakers with regular assessments of the scientific basis 
of climate change, its impacts and future risks, and options for 
adaptation and mitigation. 
 
IPCC assessments provide a scientific basis for governments 
at all levels to develop climate related policies, and they 
underlie negotiations at the UN Climate Conference – the 
United Nations Framework Convention on Climate Change 
(UNFCCC). The assessments are policy-relevant but not 
policy-prescriptive: they may present projections of future 
climate change based on different scenarios and the risks that 
climate change poses and discuss the implications of 
response options, but they do not tell policymakers what 
actions to take. 
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recent trends correlate with the projections in the near future. The 2050s (2041 to 2070) and 2080s (2071 
to 2100) time horizons are presented as longer-term climate projections, which will highlight the variation 
between the various future GHG scenarios presented to help inform the stakeholders and decision-
makers of the climate risks to the infrastructure in the region. The projected climate values represent the 
projected average over a 30-year time period in the future.  

 

Figure 2 Daily Mean Temperature from NRCANmet and Weather Station in 
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Figure 3 Total Annual Precipitation from NRCANmet and  Weather Station in 
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10.0 WIND 

The  has hourly and daily wind data available during the 1954-
2020 and 1955- 2020 time period, respectively. The recorded hourly wind data show 11.1% calm data 
and the recorded daily wind gusts data show approximately 54.8% data with wind gusts of <31 km/h. The 
available wind data is used to generate wind roses for the climate profile of  Wind roses 
show the distribution of wind direction (direct from which the wind is blowing) observed at a particular 
location over a time period. The length of each line represents the frequency of the wind from that 
direction and, therefore, wind roses provide information on the prevailing wind direction(s) at a given 
location.  Figure 13 displays hourly mean wind speed and direction observed from 1954-2020 at the  

while Figure 14 displays the daily maximum wind gust speed and 
direction observed from 1955-2020. 

 

Figure 13 Hourly mean wind speed and direction from 1954-2020 observed at  
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Figure 14 Daily maximum wind gust speed and direction from 1955-2020 observed at  
 

The projected climate changes with respect to wind are not as well understood as variables such as 
temperature. The analyses of 57 years (1953–2009) historical record of wind gusts at 104 weather 
stations across Canada show that for every 1°C increase in the daily temperature anomaly, the speed of 
daily wind gust events (≥50 km/h) increases by more than 0.2 km/h over most regions in Canada (Cheng, 
2014). The percentage increases in annual mean frequency of future daily wind gust events of ≥90 km/h 
from the current condition could be 40%–50% in future climate for the project area (Cheng et al., 2014). 

11.0 TORNADO 

Historical data on tornado occurrence in Canada are insufficient to develop any conclusions regard 
potential trends in tornado activity in  Tornados were evaluated for the number of 
historical F1+ and EF1+ occurring per year. A historical baseline was established using the Canadian 
Tornado Database (1981-2009; Cheng et al., 2013), and media sources (for more recent events). Due to 
the complex nature of tornadoes and other thunderstorm related hazards, understanding the effects of 
climate change on their behaviour is challenging. Only relatively recently have detailed studies of climate 
change effects on tornado activity been able to begin to provide effects of climate change over the North 
American continent. The study suggests an increase in the frequency of occurrence of tornado activity 
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