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1 Introduction 

1.1 Project Background 

The Public Infrastructure Engineering Vulnerability Committee (PIEVC) Engineering Protocol (the Protocol) is a 
structured, documented methodology for infrastructure vulnerability assessment and adaptation to a changing 
climate. It is based on standard risk assessment designed to assist owners and operators of public infrastructure 
evaluate the risks posed by a changing climate to their infrastructure. The Protocol, currently in version 10, also 
allows users to evaluate the risks posed by current climate to the infrastructure as part of the overall risk 
assessment. 

Electrical distribution infrastructure is a key asset in the delivery of electricity within Canada’s cities. Electrical 
service is key in virtually countless ways, and vital to a city’s socio-economic activities and environment, as well 
as the health, safety and well-being of its population. However, climate events, such as storms, wind, lightning 
and flooding, pose threats to the electrical systems and can cause disruptions to service. Furthermore, these 
threats are changing as a consequence of a changing climate. The need to understand the evolving nature of 
these threats, and to maintain robust and resilient electrical distribution systems, is clear.  

Key stakeholders in the City of Toronto such as the WeatherWise Partnership have recognized the importance of 
the electrical sector and its vulnerability to a changing climate, and targeted it in 2011 as a priority area for further 
investigation. As part of this endeavour, Engineers Canada engaged the Clean Air Partnership to work with 
Toronto Hydro-Electrical System Limited (THESL) in order to demonstrate the applicability of the Protocol on 
Toronto Hydro owned electrical distribution infrastructure in the City of Toronto. THESL is Canada’s largest 
municipal electrical distribution utility. It owns and operates the city’s electrical distribution infrastructure system 
which supplies power to over 700,000 residential, commercial and industrial customers.  

This application of the Protocol thus serves as an opportunity for THESL and other main stakeholders in the City 
of Toronto to better understand the threats posed by climate change on the electrical distribution system. This can 
lead to the identification of priority areas for further action and investment, thereby allowing THESL to better 
prioritize its response to climate related threats and continue to provide a safe, reliable supply of electricity to 
Canada’s largest city.     

1.2 Project Scope and Objective 

The Protocol is composed of five key steps:  

 Step 1 – Project Definition; 

 Step 2 – Data Gathering and Sufficiency;  

 Step 3 – Risk Assessment;  

 Step 4 – Engineering Analysis;  

 Step 5 – Recommendations and Conclusions.  
 
To accommodate the budget and short time available to conduct this study, the scope of this Protocol case study 
was purposefully limited to the completion of Steps 1 to 3 of the Protocol, and only evaluates risks posed by 
current climate. Similarly, activities such as data gathering and analysis were prioritized to focus only on the 
elements that were necessary to complete the risk assessment workshop, a key step in demonstrating the 
applicability of the Protocol on electrical systems. The activities undertaken comprise a project referred to in the 
following report as the pilot case study, and represents a subset of the efforts that would normally be required as 
part of a full Protocol case study. Similarly, this report has been identified as an interim report because it 
represents a subset of the documentation that would normally be required in a full Protocol case study. Additional 
work required to complete a full Protocol case study is presented at the end of this interim report.   
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Thus, the objective of this pilot case study is to evaluate the vulnerability of selected THESL distribution 
infrastructure to current climate, using the Protocol, Steps 1 to 3, to structure the evaluation. The infrastructure 
components selected by THESL for this project are seven feeder systems from three sub-stations: 
 

 Area A Station:  Three 27.6 kV feeders:  A-1, A-2 and A-3; 

 Area B Station:  Two 13.8 kV feeders: B-1; B-2; 

 Area C Station:  Two 13.8 kV feeders: C-1; C-2. 
 

The following elements, which are normally part of a full Protocol case study, were not completed as part of the 
pilot case study: 
 

 Site visit; 

 Collection and examination of condition assessments, maintenance records and practices, emergency 
planning procedures and practices; 

 Application of the  Protocol using changing climate data projections; 

 Steps 4 and 5 of the Protocol; 

 Completion of all Protocol worksheets: 1, 2, 4 and 5. 
 
Nonetheless, the pilot case study’s objective was still achieved in spite of these limitations, namely the lack of a 
site visit by AECOM or examination of infrastructure information as described above, due to the contributions, 
participation and expertise of Toronto Hydro staff throughout the pilot case study. 

1.3 Project Team 

For this pilot case study, the Clean Air Partnership acted as the contract administrator and client side project 
manager. CAP retained the services of AECOM Consulting to conduct the risk assessment on the identified 
THESL electrical distribution infrastructure. Risk Sciences International was retained to provide climate expertise 
and data on current climate. XTN Sustainable Life-cycle Asset Management Consulting was also retained as 
facilitator for the workshop that was held as part of this pilot case study.  

The members of the project team involved in the completion of this pilot case study are presented in the following 
table. 

Table 1.1 Project Team Members 

Organization Team Member  Role in Team 

Clean Air Partnership 

Eva Ligeti 

Kevin Behan 

Shazia Mirza 

Client Side Project Manager 

Funding Partner 

Engineers Canada David Lapp 
Funding Partner and National Vulnerability 
Assessment Coordinator 

Toronto Hydro-Electric System Limited 

Sheikh Nahyaan 

Joyce McLean 

Mary Byrne 

John Hecimovic 

Infrastructure Owner 

Toronto Environment Office David MacLeod Project Coordinator 

City of Burlington  Sam Sidawi Project Coordinator 
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AECOM Consulting 

Chee F. Chan 

Chris Harabaras 

James Jorgensen 

Consultant - Risk Analysis 

Risk Sciences International  Heather Auld Consultant - Climate Analysis 

XTN Sustainable Life-cycle Asset 
Management Consulting 

Brian Kyle  Consultant - Workshop Facilitator 
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2 Infrastructure  

The following chapter provides an overview of the infrastructure that is being assessed in this pilot case study. 
The characteristics, function and geographical context of each infrastructure component are described. 

Information about infrastructure components was obtained from the following documents: 

 Toronto Hydro Environmental Impact Risk Assessment Study, Mar. 21, 2012; 
 Toronto Hydro Distribution System Planning Guidelines, Nov. 28, 2007; 
 Distribution Construction Standards – various components (1999 and older); 
 Distribution Construction Standards – various components (2000 and newer); 
 Overview of Toronto Area Transmission Grid and Distribution Systems, May 2010; 
 Overview of Toronto Hydro Distribution Systems, May 2010; 
 B-1 (2009), B-2 (2010), C-1(2011), C-2 (2008) Feeder prints; 
 13.8 kV Network System Summer Switching Restrictions Report, April 2010. 
 
 

2.1 Feeder Systems 

Toronto is supplied electricity from its transmission service provider, Hydro One Networks Inc., at two voltages:  
230 kV in the areas around downtown Toronto and 115 kV in downtown Toronto.  The 230 kV is a newer, high 
capacity system that supplies customers as well as connects portions of the larger network, including generating 
stations, together. 

Power is delivered by two main 230 kV transmission paths to two transformer stations, Leaside and Manby, which 
step the voltage down from 230 kV to 115 kV for use in the downtown system.   The southernmost point of the 
115 kV system is connected to the Portlands Energy Centre, a 550 MW generating facility. 

Seven feeders and their components from the Area A, Area B and Area C transformer stations were selected by 
THESL for this study. They were chosen because they are representative of the different types of equipment and 
electrical configurations that are used by THESL. The feeders are:   

 Area A Station:  Three 27.6 kV feeders:  A-1, A-2 and A-3; 

 Area B Station:  Two 13.8 kV feeders: B-1; B-2; 

 Area C Station:  Two 13.8 kV feeders: C-1; C-2. 

For this study, feeders are assumed to operate normally.  Loading criteria on any given feeder is generally limited 
to 400 Amps. Under emergency conditions, a feeder can be loaded as high as 600A although it cannot be 
maintained for long time durations without causing undue wear or damage to equipment. Ideally, feeders are 
loaded to 200 – 250 Amps. This operating guideline allows for the entire feeder’s load to be transferred to a 
supporting feeder without causing failure of the latter if the former is taken off-line, either for maintenance or due 
to electrical fault problems

1
. 

 

2.1.1 Area A Station Feeders 

The three 27.6 kV feeders from the Area A Station selected for this study are A-1, A-2 and A-3. These feeders 
serve suburban neighbourhoods in the north end of the City of Toronto.  

                                                      
1
 The system is under ‘first contingency’ when a feeder is taken offline and its load is transferred to another feeder. As feeders are assumed to 

operate normally for the purposes of this study, first contingency condition is not part of the scope of this assessment.  
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The feeders are radial, open loop distribution systems with a mix of overhead and underground infrastructure. 
Feeders have open points (switches) between adjacent feeders that can supply power in the event of a fault on 
one feeder. Figure 2.1 presents a schematic of the three Area A feeders. 

Figure 2.1 Schematic of Area A Feeders A-1, A-2 and A-3 

 
Image source: Toronto Hydro-Electric System  

Feeder A-2 primarily serves a residential neighbourhood to the south of Area A Station. This feeder supplies 3315 
customers, including one key account (highest kW: 1256). This feeder is largely an overhead distribution system 
with a large proportion of equipment (~80%) mounted on poles.  
  
Feeder A-3 serves residential neighbourhoods and an industrial sector to the northwest of Area A Station. This 
feeder supplies 490 customers, including one key account (highest kW: 2161). Like feeder A-2, feeder A-3 is 
largely an overhead distribution system with a greater proportion of equipment (~70%) mounted on poles than at 
grade or underground.  
 
Feeder A-1 serves an industrial sector to the northwest of Area A Station. The main line of the feeder travels 
northwest of the Area A Station underground before transitioning approximately 3 km later to the overhead feeder 
system. This feeder supplies 1780 customers, including 3 key accounts who are industrial customers (highest kW: 
1452). This feeder is made up of a greater proportion of below-grade equipment (~60%) than at grade or 
overhead. 

2.1.2 Area B Station Feeders 

The two 13.8 kV feeders from the Area B Station selected for this pilot case study are B-1 and B-2. These feeders 
are located in an inner city neighbourhood approximately 5 km to the northwest of downtown Toronto (see figure 
2.2).  
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Figure 2.2 Schematic of Area B Feeders B-1 and B-2 

 
Image source: Toronto Hydro-Electric System  

Feeder B-1 is a dual radial underground system that supplies five customers. It includes no key accounts. As a 
dual radial system, all customers on this feeder have 100% redundancy in their power supply, as this feeder is 
backed up by feeder B-3 (not included in this pilot case study).  

Feeder B-2 is composed of two types of systems, an overhead (OH) open loop distribution system that is similar 
in character to the Area A feeders, as well as an underground residential distribution system (URD). It supplies 
2141 customers, which are generally inner city residential and commercial properties. There are no key accounts 
on this feeder.  

2.1.3 Area C Station Feeders 

The two 13.8 kV feeders from the Area C Station selected for this study are C-1 and C-2. These feeders run 
entirely underground and are located in downtown Toronto. They serve predominantly high-rise buildings (see 
figure 2.3).  

Feeder C-1 is an underground dual radial system. All transformers and switches on this feeder are customer 
owned and are not within the scope of this pilot case study. THESL is responsible for the cable chambers and 
underground cables that supply power to customer locations. This feeder supplies 12 customers, including one 
key account (highest kW: 5745).  
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Figure 2.3 Schematic of Area C Feeders C-1 and C-2 

 
Image source: Toronto Hydro-Electric System 

Feeder C-2 is an underground network secondary distribution system. A network secondary system affords a high 
degree of redundancy and reliability to customers. All equipment on this feeder is owned by THESL. The feeder 
supplies 5 customers, including 1 key account holder (highest kW: 1664).  

Table 2.1 presents several characteristics of each of the seven feeders, as well as loading, outage data and 
THESL performance indices. In terms of outage performance over the last decade and last year, the Area A 
Station feeder A-2 performs more poorly than A-3, which in turn performs more poorly than feeder A-1. This is 
highly correlated to the fact that the three feeders, A-2, A-3 and A-1 respectively, have successively more 
infrastructure below grade than at-grade or overhead. This same tendency can be observed between the two 
Area B feeders, as B-1 is entirely underground while B-2 has some overhead distribution. The three underground 
feeders, two from Area C and one from Area B perform similarly to one another in terms of outage performance. 

Table 2.1 Feeder Loading and Performance Characteristics 

Feeder A-2 A-3 A-1 B-1 B-2 C-1 C-2 

Number of customers on 
Feeder 

3315 490 1780 5 2141 12 5 
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# of Key Accounts 1 1 3 0 0 1 1 

Average Feeder Loading 2011 
12.3 MVA 
258 Amps 

9.1 MVA 
190 Amps 

8.6 MVA 
180 Amps 

4.6 MVA 
194 Amps 

4.4 MVA 
183 Amps 

1.92 MVA 
81 Amps 

3.4 MVA 
144 Amps 

Number of outages 2001 – Feb 
2012 

147 71 37 6 51 5 2 

FESI
1
 - # Outages in last 12 

months (up to Feb 2012) 
12 8 2 3 4 0 1 

Worst Performing Feeder 
Ranking

2
 

15 24 183 566 56 N/A 653 

2011 SAIFI - Average number 
of customer power 
interruptions

3
 

0.031643 0.0083 0.004338 0.000029 0.015217 0 0.0000056 

2011 SAIDI - Average duration 
of customer power 
interruptions

4
 

0.704792 1.048305 0.060144 0.002436 0.64296 0 0.000382 

1 FESI – Feeders Experiencing Sustained Interruptions. 
2 Based on customers impacted and duration of outages over last 24 months. Rank 1 is worst out of approximately 700 feeders that have a 

ranking. 
3 SAIFI – System Average Interruption Frequency Index. 
4 SAIDI – System Average Interruption Duration Index. 
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2.2 Components 

A brief description of infrastructure components is provided in the following section. A detailed breakdown of 
these components can be found in appendix A. 

2.2.1 Primary Conductors 

Primary conductors (wires) are used to transmit electricity through the system. Overhead wires suspended 
between poles employ bare aluminum stranded conductors, or aluminum stranded conductors with a steel 
reinforced centre cable. Underground conductors in this study are aluminum stranded conductors sheathed with a 
crosslinked polyethylene (XLPE) insulator. In Area C feeders, older paper-insulated lead-covered copper cables 
(PILC) are also used (see figure 2.4).  Primary conductors in this study all carry high voltage, and underground 
conductors are fed through polyvinyl chloride (PVC) ducts that are encased in concrete. 

Figure 2.4 Underground Cables 

Underground XLPE power cables 

 

Underground PILC power cables 

 
Image source: www.otds.co.uk 

 
 
 
Underground cables encased in a concrete duct bank 
entering a vault 

Image source: Toronto Hydro-Electric System 
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2.2.2 Switches 

Switches provide control over the routing and distribution of electricity across feeder systems. They allow THESL 
staff to isolate sections of the electrical distribution system for maintenance or repairs of electrical faults. There 
are a variety of electrical switch types in place in the feeders under study (figure 2.5). However, the various switch 
types were not considered as part of this study, as they were not indicative of their sensitivity to climate events. 
Rather, switches were categorized only according to their location on the feeder, and their construction 
orientation. For the purposes of this study, the following switch categorizations are used: 

 Overhead (pole mounted) main feeder switches – switches located along the primary powerline, or backbone, 
of the overhead Area A and Area B feeders. 

 Overhead (pole mounted) lateral line switches – switches located on branches connected to the main line of 
overhead Area A and Area B feeders. Lateral lines generally feed a group of customers; 

 Overhead (pole mounted) customer switches – switches on powerlines that only feed a single customer; 

 Pad mounted switches – switches located at grade in a metal enclosure on a concrete footing; 

 Underground switches – switches located below grade in vaults. 
 

 Figure 2.5 Switches 

Scada Mate Pole mounted switch 
 

Pole mounted switches 

 
SF6 Pad mounted switch Mini-rupter switches located below-

grade 
Image source: Toronto Hydro-Electric System  
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2.2.3 Transformers 

Transformers are used in electrical systems to convert voltages and facilitate the distribution of energy. In a 
distribution system, transformers step voltages down from the distribution voltage (27.6 or 13.8 kV) to the lower 
voltages that used by customers (120 – 600V). Transformers, like switches, can be located above grade on poles, 
at grade in metal enclosures on concrete pads, or in buildings, as well as below grade in vaults (see figure 2.6). 
Transformers are filled with either mineral or vegetable oil for cooling. Below grade transformers are submersible, 
as they are sealed in water tight metal enclosures.  

Figure 2.6 Transformers 

 
3 phase pole mounted transformers 

 
Pad mounted transformer 

 
Submersible transformer 

 
3 Phase submersible transformer 

Image source: Toronto Hydro-Electric System  
 

2.2.4 Network Units 

Network units are made up of a transformer, network protector and switch (see figure 2.7). These units are used 
only in downtown feeders in secondary network distribution systems. The role of the network protector is 
essentially to act as a low voltage circuit breaker that can automatically cut the electrical connection if power from 
feeder fails or is taken offline for service. In this study, network units, like below-grade transformers, are located in 
vaults and are submersible. 
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Figure 2.7 Network Unit 

 

Transformer 

 

Switch 

 

Network Protector 

Image source: Toronto Hydro-Electric System 

2.2.5 Vaults 

Equipment below grade are located in vaults, underground concrete box structures that are accessible through a 
ladder well (see figure 2.8).  Small vault chambers, for example with only one transformer, are generally covered 
by metal lids. Larger vaults, such as those found in inner city or downtown locations, are covered by concrete 
slabs. 95% of THESL vaults are naturally ventilated, with grills in the vault ceiling open to the street level. Where 
grills cannot be located directly in the ceiling due to at-grade infrastructure, air ducts are used to allow air 
circulation.  

Vaults have sumps and drains connected to the storm water or combined storm water and sewer network. 
Backflow valves are present on drains to prevent drainage backflow from entering the vaults. Sump pumps are 
also present in some vaults. THESL staff have indicated that drains do become clogged with debris when not 
regularly maintained.  

Figure 2.8 Vaults 

 

 
Vault under a sidewalk in downtown 

Ventillation grills 

Ladder well access 
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View up to ladder well access 

 
Drain and sump 

Image source: Toronto Hydro-Electric System  

2.2.6 Poles 

Poles are used to suspend primary conductors above ground and may also carry transformers and switches (see 
figure 2.9). Poles are either made from cedar wood tree trunks, concrete or steel, though the majority of poles in 
this study are made of wood (>99%). In this study, poles are only found in the three Area A feeders and part of 
the Area B B-2 feeder, and range in height from 30 to 60 ft. Generally, poles of lower height carry less equipment 
(transformers, switches) than poles of greater height. Conductor cable tension between poles provides some 
lateral support to poles, while poles at the end of a linear segment or at a street corner may be guyed with steel 
cables for additional support. 

Figure 2.9 Poles 

 Wood poles 
 

Concrete poles 
Image source: Toronto Hydro-Electric System  
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2.3 Time Horizon 

This pilot case study deals with current climate only. The infrastructure design life by component is presented in 
the table below. 

Table 2.2 Useful Design Life 

Component  Useful Design 
Life* 

Comments  

Overhead conductor 63 
 

Poles 45 All types 

Underground TRXLPE conductor 50 
 

Underground PILC conductor 75 Downtown Area C Station only 

Overhead switch 40 – 45 
 

Pad mount switch (PMH) 30 
 

Underground switch 40 
 

Overhead, pad mount, underground  
transformer 

33 – 35 
 

Underground network unit 20 Switch, transformer, network protector 

Vault 35 
 

Network vault 60 
Downtown Area C Station only. Network vault ceilings 
are replaced once every 30 years. 

Cable Chamber 65 
 

*values based on THESL Kinetrics useful life modelling system for asset planning and management 
 

Generally, the design life of electrical equipment is in the range of 30 – 40 years. An analysis of the installation 
date of components in this case study reveal that most were installed in the 1980s and 90s (see table 2.3 below). 
A detailed breakdown of equipment by date of installation is also presented in appendix A. Based on the design 
life for equipment and their date of installation, the majority of equipment will be approaching the limits of their 
design lives by the 2020s. 
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Table 2.3 Date of Installation for Assets within Feeders Under Study 

 Approximate % of assets by period of installation 

Station / Feeder 60s  80s / 90s  After 2000  

Area A  
   

A-2  
 O  o  

A-3  O  O o  

A-1  O  o  o  

Area B  
   

B-1  o  O  o  

B-2  o  O  o  

Area C  
   

C-1  
 O   

C-2  o  O   

O  ≥ 80% of equipment   O ~ 50% of all equipment  o < 20% of all equipment 

2.4 Jurisdictional Considerations 

Some of the jurisdictions, laws, regulations, guidelines and administrative processes, external to Toronto Hydro, 
that are applicable to the THESL distribution infrastructure are as follows: 

Jurisdictions that have direct control/influence on the infrastructure: 

 The City of Toronto 

 Ontario Energy Board 

 Electrical Safety Authority 
 
Laws and bylaws that are relevant to the infrastructure: 

Federal 

 Transportation of Dangerous Goods Act; 
Provincial 

 Electricity Act, 1998; 

 Ontario Energy Board Act, 1998; 

 Green Energy and Green Economy Act; 

 Environmental Protection Act; 

 Technical Standards and Safety Act; 

 Fire Protection and Prevention Act; 

 Dangerous Goods Transportation Act; 

 Ontario Occupational Health and Safety Act; 
Local 

 City of Toronto Municipal by-laws; 
 
Regulations that are relevant to the infrastructure: 

 OEB Transmission System Code; 

 OEB Distribution System Code; 
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 OEB Standard Supply Service Code; 

 Ontario Regulation 22/04 Electrical Distribution Safety 

 Ontario Electrical Safety Code; 

 Electric Utility Safety Rules; 
 
Industry Standards relevant to the design, operation and maintenance of the infrastructure: 

 CSA C22.3 No. 1 and 7National Building Code; 

 Ontario Building Code; 

 Canadian Electrical Code, Part 1; 

 O.Reg. 213/91 Construction Projects; 

 Harmonized Electric Utility Safety Association Rulebook; 

 
 

2.5 Other Potential Changes that May Affect Infrastructure 

Planned load transfers, generally for maintenance purposes, will increase loads temporarily on the feeder 
systems. Increased summertime temperatures will increase load demand for air conditioning. Urban development 
and the addition of new customers are the largest contributors to increased loads over time. Planned service 
upgrades may provide new load capacity. 

2.6 Data Sufficiency 

Given the available study time and budget, data gathering activities during this project were targeted at obtaining 
information essential to conducting the workshop. The following points illustrate some areas where more data can 
be gathered towards the completion of a full PIEVC case study assessment: 

 No site visit was conducted as part of the assessment; 

 Complete information gaps in inventory of elements, such as the quantity, location and/or characteristics of 
certain components. They are: 

o All Area A feeders (switches, vaults and cable chambers); 
o Area B feeder B-2 (switches, vaults and cable chambers); 
o Area C feeder C-1 (switches). 

 Toronto Hydro derived aggregate infrastructure component condition ratings (health indices) were available 
for only a small proportion of the infrastructure components under study. A fuller examination of information 
on condition assessments can be undertaken;  

 Maintenance records and information on maintenance practices were not collected. This information would be 
useful to determine whether maintenance has increased or decreased the capacity or useful life of the 
infrastructure; 

 Information on emergency plans, procedures and practices were not collected or analysed; 
  



AECOM  Toronto Hydro-Electric System PIEVC Pilot Case Study  

 

Interim Report, rev. 3 – July 2012 17  

3 Climate Analysis  

The climate analysis used in this pilot case study was carried out by Risk Sciences International. A summary of 
that analysis is presented in the following chapter while the full text is presented in appendix B. 

 

This pilot case study is concerned with the impacts of current climate on electrical distribution infrastructure. A 
variety of climate information sources were used to complete the climate analysis. These include: 

 The National Building Code of Canada, Appendix C, Climate Information (2010) and CSA/CEA overhead 
systems standard; 

 Environment Canada’s Climate Normals; National Climate Archive online access, including CDCD and IDF 
values, etc.;  

 Environment Canada (and partners) Hazards Portal and web site (www.hazards.ca – no longer available); 

 Environment Canada (and partners) Climate Change Scenarios website (www.ontario.cccsn.ca) – only a 
national version now available; 

 Environment Canada’s Rainfall Intensity - Duration – Frequency (IDF) curves and publications on regional 
IDF values for southern Ontario; 

 Peer-reviewed journal articles on downscaling methodologies for an ensemble of climate change models (>10 
international journal articles on projections of ice storm, wind gust, temperature, heat-air quality-mortality risks 
for the Toronto region); 

 Expert climate judgement. 

3.1 Climate Parameters and Thresholds 

24 climate events were identified in collaboration with THESL for inclusion in this study based on a list of climate 
events known to affect southwestern Ontario. Thresholds beyond which climate-infrastructure interactions could 
cause negative impacts were identified for all 24 climate events. Thresholds for temperature (high and low 
extremes) and wind were specifically known for electrical distribution infrastructure. Some of these were drawn 
from thresholds for related electrical infrastructure systems such as building code design winds, Canadian 
Standard Association C22.3 No. 1 “Overhead Systems” and Canadian Electrical Code, Part 1  overhead systems 
design temperatures. For all other climate events, thresholds were drawn from a previous PIEVC case study, the 
Toronto and Region Conservation Authority Flood Control Dam Water Resources Infrastructure Assessment 
(TRCA study). The list of climate events and thresholds used in this pilot case study are presented in the table 
below. 

Table 3.1 Climate Events and Thresholds for Pilot Case Study 

 Climate event Threshold Threshold Data Source 

 Temperature   

1 High Temperature Average annual # days with T≥ 30°C CSA 

2 Low Temperature Average annual # days < -20°C CSA 

3 Heat Wave 3 or more days with Tmax ≥ 30°C Professional judgment 

4 Extreme Humidity # Days with Humidex ≥ 40°C Professional judgment 

5 Severe Heat Wave 3 or more days with Humidex ≥ 40°C Professional judgment 

6 Cold Wave 3 or more days with Tmin ≤20° Professional judgment 
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 Climate event Threshold Threshold Data Source 

7 Temperature Variability Daily T ranges ≥ 25°C TRCA study 

8 Freeze-thaw cycle 
Annual Probability of at least 70 freeze-thaw cycles 
(Tmax>0 and Tmin<0):   

TRCA study 

9 Fog ~15 hours/year (average) with visibility <= 0 km TRCA study 

10 Frost Could not be determined n/a 

 Wind   

11 High wind/downburst Gusts > 70 km/h (~21days / year at Airport) Professional judgment 

12 High wind/downburst Gusts > 90 km/h (~2 days / year at Airport) CSA C22.3 No. 1 

13 Tornadoes 
Tornado vortex extending from surface to cloud base 
(near infrastructure)  

TRCA study 

 Precipitation   

14 Heavy Rain Daily Rainfall > 50 mm/day TRCA study 

15 Heavy 5 day total rainfall 5 days of cumulative rain > 70 mm of rain TRCA study 

16 Ice Storm 
Average annual probability of at least 25 mm of freezing 
rain per event 

TRCA study 

17 Freezing Rain 
Average annual probability of freezing rain events lasting 
6h or more (i.e. typically more than 10 mm of freezing 
rain)  

TRCA study 

18 Blowing snow/Blizzard Average # of days / year with blowing snow (7.8 / y) TRCA study 

19 Heavy Snowfall Snowfall > 10cm (2-3days/y)  TRCA study 

20 Snow accumulation  
Snow on ground with depths ≥ 30 cm and persisting for 5 

or more days (0.17 events/y)  
TRCA study 

21 Hail Average # of hail days (~1.1/y) TRCA study 

 Other   

22 Severe thunderstorms Average # of Thunderstorm Days (~2.8/y) TRCA study 

23 Lightning 
Average # Days/Year with cloud - ground lightning 
strikes (~25)  

TRCA study 

24 Drought/Dry periods 
At least one month at Ontario low water response level II 
(i.e. with mandatory water conservation )  

Professional judgment 

3.2 Standardized Probability Scoring 

The Protocol version 10 methodology for assessing the probability of a climate event exceeding (or triggering) a 
given threshold is measured on a standardized probability scoring scale of 0 – 7. A score of 0 indicates that a 
climate-infrastructure threshold will likely not be triggered, while a score of 7 indicates that the threshold will 
certainly be triggered within the service life of the infrastructure.  

To convert the probability of a climate event triggering a threshold into the 0 – 7 scale, two methods are 
suggested by the Protocol, method A and method B. For this pilot case study, method B, the quantitative 
approach was selected. The quantitative approach is based upon determining the annualized probability of a 
climate event triggering the threshold. This is based on an examination of historical data from the last 10 to 50 
years. Once the annualized probability is determined, it can be converted into the 0-7 scale according to method 
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B as shown in table 3.2. A detailed explanation of this procedure for each of the 24 climate events is presented in 
appendix B. Standardized probability scores are shown in appendix B and on the risk matrices of appendix D. 

Table 3.2 Protocol Probability Scoring Scale 

Score  
Probability 

PIEVC Method A 

Probability 

PIEVC Method B 

0 
Negligible 

Not Applicable 

< 0.1 %, 

< 1 in 1,000 

1 
Highly Unlikely 

Improbable 

1% 

1 in 100 

2 
Remotely Possible 5% 

1 in 20 

3 
Possible 

Occasional 

10% 

1 in 10 

4 
Somewhat Likely 

Normal 

20% 

1 in 5 

5 
Likely 

Frequent 

40% 

1 in 2.5 

6 
Probable 

Often 

70% 

1 in 1.4 

7 
Highly Probable 

Approaching Certainty 

> 99% 

>1 in 1.01 

3.3 Data Sufficiency 

The climate data used in this study came from a variety of current and historically based data sources. It can be 
used to determine standardized probability scores with a high degree of confidence given that the analysis was 
focused on current climate.  
 
Due to study time constraints, specific electrical distribution infrastructure thresholds for some climate events 
could not be determined. To make up for this shortcoming, many of the thresholds used in this study were 
adapted from a previous PIEVC TRCA Study. The latter study was chosen because its infrastructure is located 
adjacent to the Area A feeders under study. It was found that many of the climate events used in the TRCA study 
were applicable to electrical distribution systems. However, some of the thresholds that were used in the TRCA 
study, and hence this pilot case study, likely require further fine-tuning to have greater relevance to the power 
distribution sector. Therefore, it is recommended that future study should involve an analysis of operations and 
maintenance information, as well as a detailed/forensic review of available outage data to identify thresholds 
which were more specific to THESL electrical distribution infrastructure. 
 
The impact of potential cumulative or synergistic effects was not adequately evaluated in this pilot case study. 
Climate events like high wind, freezing rain and/or lightning often occur in tandem. However, it was difficult to 
generalize about the frequency or magnitude of individual climate parameters within cumulative events. As an 
example, thunderstorms, an event involving high wind and lighting strikes, was identified. It was difficult to 
generalize about the magnitude and frequency of high wind and lighting strikes for thunderstorm events due to 
significant variations that exist between one thunderstorm to the next. This in turn made it difficult to quantify 
thresholds for thunderstorm events that would trigger an infrastructure response. Further work to assess the 
impacts of potential cumulative or synergistic effects is recommended within the context of a full PIEVC case 
study.
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4 Risk Assessment 

In Step 3 of the Protocol, a risk assessment based around a risk assessment workshop is conducted. The various 
tasks and results of the risk assessment are documented in the following chapter.  

4.1 Preparation for the Risk Assessment Workshop 

4.1.1 Risk Assessment Methodology 

The Protocol methodology for identifying risks involves multiplying the standardized probability score of a climate 
event-infrastructure interaction with a severity score for that interaction. The determination of the standardized 
probability score was described in the previous chapter and in appendix B. The severity score is measured on a 
scale of 0 – 7; the Protocol version 10 provides two methods for determining the severity score, method D and E. 
For this pilot case study, method E was selected. As this pilot case study represents the first time the Protocol has 
been applied to electrical distribution infrastructure, examples of impacts across the 7 point scoring scale were 
determined in collaboration with THESL. The severity scoring scale and electrical distribution system specific 
examples of impacts are shown in the table below. 

Table 4.1 Protocol Severity Scoring Scale with Electrical Distribution Examples 

Score  
Severity of Consequences / Description  

PIEVC Method E 

Electrical Distribution System Specific 
Examples  

0 Negligible or Not Applicable  Negligible  

1 Very Low - Some Measurable Change  Arrestor failure  

2 Low - Slight Loss of Serviceability  Overheating transformer  

3 Moderate Loss of Serviceability  One distribution transformer out  

4 Major Loss of Serviceability - Some Loss of Capacity  Broken spring  in underground switchgear  

5 Loss of Capacity - Some Loss of Function  Flooded vault that cannot be pumped  

6 Major  - Loss of Function  Leaning pole / Downed lines  

7 Extreme – Loss of Asset  Downed pole, line and transformers  

Next, the reference set of risk tolerance thresholds was reviewed with THESL. The thresholds for risk used in this 
project follow those set out by the Protocol, as shown in the table below. 

Table 4.2 Reference Risk Tolerance Thresholds 

Risk Score Threshold Response 

< 12 Low Risk No action necessary 

12 – 36 Medium Risk Action may be required; Engineering analysis may be required* 

> 36 High Risk Action required 

*Step 4 Engineering analysis is out of scope in this study 
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4.1.2 Relevant Infrastructure Performance Responses 

For each of the infrastructure components, the most likely responses to climate events as well as impacts arising 
from climate event-infrastructure interactions were identified. Infrastructure performance responses served as the 
basis on which to judge the severity of a climate event-infrastructure interaction. The following infrastructure 
responses were used in this pilot case study: 

 Structural design - Structural integrity, cracking, deformation, foundation anchoring ,etc. 

 Functionality - Effective load capacity, efficiency, etc. 

 Serviceability - Ability to conduct maintenance or refurbishment, etc. 

 Operations, maintenance and materials performance - Occupational safety, worksite access, operations and 
maintenance practices (frequency and type), etc. 

 Emergency Response - Planning, access, response time 

 Insurance Considerations (TH perspective) - claimable for repair, cause 3
rd

 party payment, affect insurance 
rates 

 Policy and Procedure Considerations - Planning, public sector, operations, maintenance policies and 
procedures, etc. 

 Health and Safety - Injury, death, health and safety of THESL employees, the public, etc. 

 Social Effects - Use and enjoyment, access, commerce, damage to community assets (buildings), public 
perception, etc. 

 Environmental Effects - Release or harm to natural systems (air, water, ground, flora, fauna) 

The infrastructure performance responses were validated during the workshop. The results are presented in the 
completed risk matrices presented in appendix D. 

This study acknowledges that there are consequences to public health and safety, as well as social effects, from 
electrical equipment damage and failure. However, the extent or severity associated with those consequences 
was not examined in this case study because they were out of the study’s scope and budget. Information was not 
collected on the presence of key public facilities (hospitals, community centres, schools, water pumps, drainage, 
etc), their backup power capabilities, or the redundancies provided by other THESL feeders not considered in this 
study. This study also did not explore the risks to vulnerable populations from weather such as heat waves

2
, or 

the importance and role that the electrical distribution system plays in mitigating these risks. Thus, study 
participants were asked to exclude consideration of the wider societal impacts of equipment damage or failure 
when assessing severity. The performance response measures listed above were examined from THESL’ 
perspective in terms of consequences on their assets, planning, operations and maintenance practices. 

4.1.3 Yes/No Weather – Infrastructure Interaction Screening 

A yes/no screening analysis was done in order to determine whether a given climate event would interact with a 
given infrastructure component. Where no interaction occurred, no severity or risk score was calculated.  The 
yes/no screening analysis was done as part of workshop activities. The results of the yes/no screening analysis 
are presented in the completed risk matrix presented in appendix D. 

4.2 Risk Assessment Workshop 

A full day risk assessment workshop was held on May 11
th
, 2012 in THESL offices in Toronto. A total of 25 

participants from a variety of organizations and disciplines were involved in the workshop. The organizations and 
experience present at the workshop are listed in the following table.  

                                                      
2
 Populations vulnerable to heat include the elderly, infants and young children, people with pre-existing medical conditions or living alone.  
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Table 4.3 Organizations and Experience Present at the Workshop 

Organization Expertise 

Toronto Hydro-Electric Systems Standards and Policy Planning 
System Reliability Planning 
Strategic Affairs 
Stations 
Network Planning 
Construction 
Control Centre 
Dispatch 

Hydro One Electrical Transmission 

Engineers Canada Protocol Specialist 

AECOM Electrical Engineering, Risk Assessment 

Risk Sciences International Climate Sciences 

Xtn Sustainable Lifecycle Asset Management Facilitation and asset management 

Clean Air Partnership Project Management  

City of Burlington Infrastructure asset management 

Natural Resources Canada Natural Resources Planning 

Canadian Standards Association Built Environment and Structures 

Toronto Environment Office Environmental Specialist 

Toronto Water Water Utilities and Resources 

Utilities Kingston Utilities Engineering 

Participants were split into four groups. Two groups were assigned one of the two Area A station feeders, A-1 and 
A-2. One group was assigned to complete the assessment for both Area B station feeders, and the last group was 
assigned to complete the assessment of the two Area C station feeders. Area A station feeder A-3 was not 
evaluated during the workshop as there were not enough participants or time to assess the feeder. However, due 
to the similarities between feeder A-3 and the other two Area A feeders, the results for the latter two should 
adequately represent results for A-3. 

During the morning, participants were provided with an overview of the Protocol, current climate, THESL 
infrastructure under study and instructions for the workshop exercise. Workshop breakout sessions began late 
morning on validating infrastructure performance responses, completing the yes/no screening analysis, and the 
assignment of severity scores to weather-infrastructure interactions. The breakout sessions continued into the 
afternoon until all tables had completed their assigned feeders. Participants recorded their work on 11x17 risk 
assessment matrices that were provided. The results of this analysis are presented in the risk matrices in 
appendix D.  

4.3 Assessment Results 

4.3.1 General 

As described in the Protocol, thresholds represent limits beyond which a climate event can have an adverse 
impact on the infrastructure. Thresholds were established for all 24 of the climate events of interest. However, 
only the thresholds for temperature (high and low extremes) as well as wind were known specifically for this 
THESL electrical distribution infrastructure case study. For the majority of climate events, threshold data was 
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adapted from a previous PIEVC case study, the TRCA Water Resource Dam infrastructure system. For this 
reason, the results of this risk analysis should be considered preliminary. For the majority of climate events, there 
is some uncertainty as to whether climate events that exceed the thresholds used in this analysis actually cause 
damage to electrical infrastructure. It is recommended that future study include a detailed forensic analysis of 
outage event data as well as examination of maintenance and operations records in order to refine thresholds for 
electrical distribution infrastructure. 

This analysis attempted to determine whether differences in risk existed between feeders with the same type of 
infrastructure (e.g. between overhead feeder systems). In terms of severity, this component level risk analysis 
revealed no significant differences in severity scores between similar types of feeders; the impact of a climate 
event on an overhead conductor, transformer or switch is no different between an Area A feeder as compared to 
a Area B feeder

3
.    

Since many of the infrastructure components were repeated across the different feeders, a range of severity 
scores were often attributed by different tables to the same infrastructure components. For example, overhead 
conductors received severity scores ranging from 2 to 4 for high heat (>30°C). These differences cannot be 
attributed to the differences between overhead feeders or components; for example, no significant differences in 
the characteristics of overhead conductors, poles or distribution systems could be determined between Area A 
feeders A-1 and A-2 that would suggest that this variation in severity was feeder specific. As participants brought 
different types of experiences and expertise to the workshop, discussions about problems and severities likely 
differed between groups. This is the most likely reason for variations in severity scoring for a given component 
across different feeders. Nonetheless, while some severity scores were adjusted by AECOM following a review of 
workshop materials and comments, different severity scores for a given component were not entirely reconciled 
between different feeders. This was done in order to maintain the diversity of opinions that were expressed in the 
workshop.  

While it may be uncertain whether the numerical differences between two closely scoring risk values represent an 
actual difference in risk, the Protocol contains a procedure to handle such variations. It does so through the 
application of a coarser – low, medium and high – risk categorization scheme (see Table 4.2) to group weather-
infrastructure interaction risks. By doing so, the small variations in risk scores are de-emphasized and focus is 
placed on the overall pattern of risk, thereby making it easier for practitioners and decision-makers to identify the 
most important risks and set priorities.  Therefore, the low, medium, high risk categories are reported instead of 
numerical risks scores in the following sections. 

In THESL staff experience, overhead infrastructure is more vulnerable to climate events than underground 
infrastructure due to the increased likelihood of climate event-infrastructure interactions. The pattern of risks 
revealed in this case study supports this experience, with the majority of above ground equipment being affected 
by wind, freezing rain, lightning and other storm events. Below grade infrastructure was found to be vulnerable to 
some types of climate events as well, with risks arising primarily from heat, rain and snowfall. In general, the 
pattern of risk indicates that all high risks and higher-medium risks tended to affect feeders with overhead 
infrastructure, while lower-medium risks and low risks were mostly associated with underground feeder 
infrastructure. The following section presents specific climate event-infrastructure interactions by risk category, 
while Table 4.4 at the end of the chapter provides a summary overview of these risks. 

4.3.2 Low Risk 

Assessment of climate event-infrastructure interactions resulting in risk scores below 12 are considered low risk. 
Generally, no further action is required. A summary of low risk interactions are presented below.  

 

                                                      
3
 Differences in risk scores could have arisen from differences in the probability score for a climate event for a downtown location as compared 

to a suburban location. However, location specific climate data was not always available for all climate events under consideration, and thus 
the same climate event probability scores were used across all feeder systems. 
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High Temperature, Heat Waves, Extreme Humidity, and Severe Heat Wave 

 Increases in CO2 and temperature are known to cause the accelerated deterioration of concrete through 
carbonization. Compounded with increased freeze-thaw cycles and de-icing salt application, concrete 
structures such as vaults, cable chambers and equipment pads, may deteriorate more quickly. However, 
knowledge of concrete carbonization is still in its infancy. Furthermore it was suggested that increased rates 
of deterioration are only perceptible when examining infrastructure lifespan over decades. This, high heat 
events are only a concern when considering the overall design life of structures, and is considered a low risk;  

Low temperature and cold wave 

 Low temperatures cause overhead conductor materials to contract, increasing cable tension in overhead 
conductors. Underground XLPE cables may become brittle and experience reduced life if installed in cold 
temperatures; 

 Vegetable oils used in some newer transformers may not circulate adequately in cold temperatures, causing 
transformers to overheat;  

Freeze-thaw cycles 

 Freeze thaw events can cause cracking and deterioration of underground vaults and cable chambers over 
time; 

Temperature variability 

  Temperature variability may cause underground cables to fail. However, temperature variability generally 
presents a low risk; 

Fog 

 Fog events are linked with issues of visibility and access to overhead equipment. Equipment may be more 
difficult to locate in heavy fog; 

Frost 

 Most groups did not judge frost to be an issue as equipment design standards include consideration for frost. 
However, one group did cite that moisture in the air can freeze within above ground equipment, leading to 
failure of insulation and electrical faults. Frost generally presents a negligible or low risk; 

Blowing snow, heavy snowfall and snow accumulation 

 Snowfall events are linked with issues of visibility and access. Equipment may be difficult to find under 
blizzard conditions, and snow banks and snow accumulation that is pushed aside by snow clearing equipment 
may bury pad mounted switches and transformers. Time to access equipment is lengthened; 

 Snowfall events often lead to the application of road and sidewalk de-icing salts. De-icing salts present a long 
term corrosion risk to at grade and underground electrical equipment and structures (see special case below, 
section 4.3.6); 

 Snow may block ventilation grills of underground vault; 
 

Heavy Rain and Heavy 5 day total rainfall 

 Rainfall generally causes no issues for above ground equipment, but may cause faults in underground cables, 
where sheathing has been damaged, or at cable splice points (joints); 

 Vaults and cable chambers may be flooded if rainfall cannot be drained quickly enough, if drains, sumps or 
backwater valves are clogged with debris, or if sump pumps are not functioning well. This is an issue in terms 
of access to below grade equipment, but the impacts on the vault or cable chamber itself are minimal; 
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Hail 

 Hail interacts with overhead equipment, but was considered to be of negligible or low risk; 

 

Lightning strikes on equipment 

 Lightning strikes impact all above ground equipment. Direct lighting strikes on pad mounted switches and 
transformers presented a low risk, as grounding protection can safely dissipate the energy; 

Drought periods 

 Drought periods may result in loss of soil moisture content. Soil moisture is required for conductivity, which is 
in turn required for all equipment to be adequately grounded. Loss of soil moisture may cause subsidence, 
which in turn may weaken support for equipment and foundations. However, workshop participants generally 
considered drought to pose a negligible or low risk, and did not report any issues with soil subsidence. 

4.3.3 Medium Risk 

Medium risks arising from infrastructure-weather interactions are those whose risk score falls between 12 and 36. 
The following list summarizes interactions at medium risk. Further analysis and action may be required. 

High Temperature, Heat Waves, Extreme Humidity, and Severe Heat Wave 

 Increases load demand for air conditioning. The additional loads increase heat generated by transformers 
which can lead to shut downs and outages;  

 Underground vaults and cable chambers can be uncomfortable for work crews, and collective bargaining 
agreements restrict worker access when temperatures are too high; 

 Overhead cables can be derated, reducing some capacity; 

High wind/downburst at 70 km/h and 90 km/h 

 Wind can cause trees or tree limbs to fall onto overhead equipment, potentially damaging or bringing down 
pole-mounted equipment (switches, transformers). Higher wind speeds have the potential to cause greater 
damage due to increased forces on trees and equipment; 

Heavy Rain and Heavy 5 day total rainfall 

 Rainfall is a risk to below-grade switches as they are not submersible;  

 Vault rooms may be flooded if rainfall cannot be drained quickly enough, if drains, sumps or backwater valves 
are clogged with debris, or if sump pumps are not functioning well. Access to below grade equipment 
becomes an issue as equipment cannot be accessed or maintained until water is drained; 

 There is an ongoing risk of failure of other city infrastructure due to heavy rainfall, such as culverts washing 
out, that may lead to damage or failure of electrical distribution equipment. This concern was mentioned in the 
workshop but was not quantified as part of this study; 

Freezing Rain and Ice Storms 

 Freezing rain and ice storms leads to ice build up on trees and electrical equipment. Ice buildup does not 
affect the functionality of electrical equipment until the point where the weight of ice causes conductors or 
poles to break. Ice buildup on tree limbs can also cause them to break and fall onto overhead equipment in 
turn potentially damaging or bringing down overhead conductors, pole mounted equipment, or poles 
themselves; 
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 Freezing rain and ice storms can freeze vault and cable chamber access covers. Additional tools and time are 
then required to gain access to underground equipment; 

 The risk scores due to freezing rain and ice storms did not vary by pole height or material; 
  

Lightning strikes on equipment 

 Lightning strikes impact all overhead equipment, and lightning arrestors usually divert energy safely to 
ground. However, severe, direct lighting strikes can exceed the capacity of protection equipment, and cause 
switches and poles to fail. Equipment must be replaced; 

4.3.4 High Risk 

High risks arising from infrastructure-weather interactions are those whose risk score is above 36. The following 
high risk interactions were identified: 

High wind/downburst at 70 km/h and 90 km/h 

 Poles are categorized under high risk for high wind and downbursts as compared with overhead switches and 
transformers (medium risk) as they bear the brunt of wind forces on the overhead system. Wind on 
conductors and overhead equipment increase forces on poles. High wind speeds can thus cause poles to 
snap, bringing down conductors and overhead equipment with them. While poles are designed to withstand 
winds up to 90 km/h winds, THESL staff experience suggests that poles have leaned or failed when wind was 
between 70 – 90 km/h. 

 Poles greater than 50 ft are of greater risk as they generally carry more overhead equipment. The loss of 
poles of higher than 50 ft is of greater severity than poles of lower height.  

 Wind can cause trees or tree limbs to fall onto overhead conductors and bringing them down. Higher wind 
speeds have the potential to cause greater damage due to increased forces on trees and tree limbs; 

Lightning strikes on equipment 

 Lightning strikes impact all overhead equipment, and lightning arrestors usually divert energy safely to 
ground. However, severe, direct lighting strikes on transformers can exceed the capacity of protection 
equipment and cause transformers to fail. Transformers must be replaced; 

4.3.5 Special Cases – High Severity, Low Probability Events 

Tornadoes represent a high severity, low probability event. While the resultant risk category for tornadoes is low, 
tornadoes were judged to have catastrophic consequences on all above ground infrastructure. Underground 
infrastructure is not affected by tornadoes. However, underground infrastructure may become inaccessible during 
a tornado event. A review of emergency procedures and practices should be done in order to ascertain whether 
further action is required for this special case. 

4.3.6 Special Cases - Low Severity, High Probability Events 

High probability, low severity events climate event-infrastructure interactions generally have implications for 
operations and maintenance. Their occurrence on a regular basis presents a weathering hazard that may lead to 
decreases in the performance, durability and resilience of electrical infrastructure over time. However, as 
discussed in section 4.3.1 above, the majority of weather thresholds used in this study actually come from another 
PIEVC Protocol case study on water resource infrastructure.  There is uncertainty as to whether any negative 
impacts on electrical distribution infrastructure are actually triggered by climate events at these thresholds.  

Thus, given the patterns of risk that emerge from the above analysis, and the aforementioned caveat on 
thresholds, this report identifies blowing snow and heavy snowfall as two high probability, low severity events that 
may warrant further study in terms of long term weathering due to de-icing salt application. A review of operations 



AECOM  Toronto Hydro-Electric System PIEVC Pilot Case Study  

 

Interim Report, rev. 3 – July 2012 27  

and maintenance procedures, and equipment condition assessments with respect to snowfall events should be 
done in order to ascertain whether further action is required for this special case.  
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Table 4.4 Summary Current Weather Related Risks to Electrical Distribution Infrastructure 

Events Feeders Impacted Components 
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Low risk      

High Temp, Heat Wave, Extreme 
Humidity, Severe Heat Wave 

   
All concrete structures – vaults, cable 
chambers, equipment pads, poles 

Low temperature, cold wave     
Overhead and underground conductors 
Transformers filled with vegetable oils 

Freeze-thaw cycle     Vaults and cable chambers 

Temperature variability     Underground conductors 

Fog     Overhead and at grade equipment 

Frost     Above ground conductors and equipment 

Blowing snow, heavy snowfall,  
snow accumulation 

    
Overhead and at-grade equipment 
Vaults and cable chambers 

Heavy Rainfall, Heavy 5 Day Total Rainfall     
Underground conductors 
Vaults and cable chambers 

Lightning strikes on equipment     Pad mounted switches and transformers 

Drought     Grounding of all equipment 

Medium Risk      

High Temp, Heat Wave, Extreme 
Humidity, Severe Heat Wave 

    
Transformers 
Vaults and cable chambers 

High Temp, Heat Wave, Extreme 
Humidity, Severe Heat Wave 

    Overhead conductors 

High wind/downburst     Pole mounted switches and transformers 

Heavy Rain, Heavy 5 Day Total Rainfall     Below-grade switches 

Freezing Rain, Ice Storms     
Overhead conductors  
Pole mounted switches and transformers 

Freezing Rain, Ice Storms     Vault and cable chambers 

Lightning strikes on equipment     
Overhead switches and poles 
Overhead conductors 

High Risk      

High wind/downburst     
Poles 
Overhead conductors 

Lightning strikes on equipment     Overhead transformers 

Special Cases      

Tornadoes     
Above ground equipment and poles 
Overhead conductors 

Blowing snow, heavy snowfall     At grade and underground infrastructure 

dot indicates where an event affects feeder components 
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5 Preliminary Conclusions 

5.1 Findings and Limitations 

This infrastructure vulnerability assessment pilot case study was successful in demonstrating the applicability and 
utility of the PIEVC Protocol on electrical distribution infrastructure. The results obtained from this assessment 
reflect and confirm the experiences of workshop participants and provide a useful first screening of the patterns of 
risk that affect overhead and underground electrical distribution infrastructure. However, the scope of this pilot 
case study is a subset of the work required to complete a full Protocol case study, and there remain areas that 
warrant further exploration. The results of this pilot case study, as well as areas of further work are summarized in 
this chapter. 

This pilot case study examined the risks of 24 separate climate events on seven feeder systems. In general, the 
patterns of risk show that overhead infrastructure is more vulnerable to climate events than underground 
infrastructure, though the latter are not immune to weather impacts. Climate events resulting in the highest risks 
are high winds and lightning strikes on equipment, and affect above ground distribution equipment. These risks 
are especially important in feeders such as Area A, A-1, A-2 and A-3, where the majority of infrastructure is 
located above ground. Under the medium risk category, freezing rain, heavy rainfall, and high heat (including heat 
waves, and high humidity events) were the principal climate events affecting both above ground and underground 
equipment. Tornadoes represented a low probability-high severity risk to all above ground infrastructure. Snowfall 
events constitute high probability-low severity risks to at grade and underground infrastructure, and constitute a 
long term weathering issue due to the application of de-icing salts. 

Area A feeder A-3 was not examined in the workshop due to time and personnel constraints. However, the risk 
pattern of feeder A-3 can be assumed to be similar to the other two Area A feeders given the proximity and 
similarities of the infrastructure components which make up all three feeders. 

It was difficult for workshop participants to quantify the impacts of severe thunderstorms on electrical equipment 
as impacts are largely due to the intensity of wind and lightning events. These latter two events were evaluated 
independently during the workshop. Thunderstorms represent a compound event, for which the thresholds for 
wind and lightning were not sufficiently defined as to allow workshop participants to adequately evaluate severity. 

The climate data used in this exercise can be used with a high degree of confidence as the analysis was focused 
on current climate. In turn, the derived standardized probability scores, which represent the probability of 
exceeding a threshold, can be judged accurate with a high degree of confidence. What is less understood is 
whether, and to what extent, thresholds actual trigger negative impacts and damage to electrical infrastructure. 
This is due to the fact that the majority of electrical distribution infrastructure specific thresholds were adapted 
from a previous PIEVC case study; despite the availability of outage data, the short timeline for this study did not 
allow for more electrical distribution infrastructure specific thresholds to be determined. Thus, to strengthen this 
exercise, it is necessary to develop a better understanding of the thresholds which trigger damage in electrical 
infrastructure. This does not however negate the quality of the assessment. The quality, method and results of the 
severity evaluation remain valid, and the refinement of thresholds should only change probability scores.  

Risks at the feeder system level were not explicitly explored in this analysis. This analysis considered the 
electrical distribution system at the level of the components within each feeder. However, the feeder systems 
examined in this case study all had one or more adjacent supporting feeders. These supporting feeders provide 
varying levels of power supply redundancy to customers depending on the electrical configuration of the 
interconnected systems. The ability and constraints of adjacent supporting feeders to provide power in the event 
of a fault on one feeder, and thus mitigate the severity of weather related impacts, warrants further analysis. 
Under such circumstances, the wear and strain on support feeders can also be explored. This would provide a 
better understanding of climate-related risks at a feeder system level.  
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For example, area wide climate events with the ability to knock out entire sections of feeders, such as high winds, 
freezing rain and tornadoes, constitute risks which warrant further exploration at a feeder system level. Another 
example where a feeder level analysis would be useful is for high heat related events. This pilot case study 
revealed that high ambient temperatures and/or humidity do not physically affect electrical equipment. However, 
increased air-conditioning use during these events results in higher load demands on feeders. During the summer 
time months, the shutdown of inner city and downtown feeders for maintenance purposes are restricted due to 
heat related load demands that would be transferred to adjacent supporting feeders. Any additional weather 
related stresses, such as heavy rainfall causing flooding in underground vaults, would thus impact an 
operationally restricted situation, potentially worsening system level vulnerabilities. Heat related impacts on 
feeders, and the ability and response of adjacent support feeders to provide power, are areas that warrant further 
analysis.  

This study did not explicitly explore the public health and safety risks arising from damage or failure of THESL 
equipment and impacts to key public facilities or vulnerable populations. For example, electricity is vital to the 
operations of key facilities such as hospitals, emergency dispatch facilities and telecommunications. Air-
conditioning, and thus electricity, plays an important role in mitigating the impacts of heat on vulnerable 
populations such as the elderly, young children, infants and individuals with pre-existing medical conditions. While 
the potential impacts of outages to these facilities and groups were acknowledged during the workshop, 
participants were asked not to consider these wider public health and safety impacts when evaluating risks 
because the information necessary to do so was not obtained within the confines of this study; an investigation of 
the relationship between critical facilities, vulnerable populations, electrical equipment and resultant risks is a 
complex task. However, it remains an important area of work and requires further consideration in terms of how it 
may be handled through a Protocol-type or similar study.  

The infrastructure components under evaluation were limited to physical pieces of infrastructure, while other 
crucial infrastructure support components were not considered.  These include personnel, telecommunications, 
supplies and records. For example, threats such as West Nile and Lyme disease from insect vectors are expected 
to intensify due to warming temperatures and milder winters. These threats to worker health and safety were not 
investigated. Weather impacts on communications equipment, as well as the ability to obtain replacement parts 
and supplies may affect THESL’s response times to outages. Finally, no analysis of maintenance records, 
operations, procedures or emergency response plans was completed as part of this study. An analysis of these 
elements was not essential to conducting the workshop, nor would it likely change the overall patterns of risk 
revealed through this pilot case study. However, assessing weather impacts on these support components could 
help to refine the understanding of climate event-infrastructure responses and severities, and thus provide a more 
nuanced portrait of the patterns of risk. 

Finally, climate change is expected to alter the intensity and frequency all climate events, with the exception of 
cold temperatures, for the worse. In light of the vulnerabilities revealed in this pilot case study, it can be 
hypothesized that climate change will only increase the vulnerabilities of electrical distribution equipment. The 
current study provides an excellent baseline on which to evaluate how risks change with a changing climate. 

5.2 Additional Work 

This pilot case study and interim report present a subset of the efforts and documentation normally required to 
complete a full Protocol case study. The following elements could be part of further work on completing a full 
Protocol case study: 

 Complete inventory of infrastructure components, particularly on switches, vaults and cable chambers. 
Consider including infrastructure support  components, such as personnel, telecommunications, supplies and 
records; 

 Collect and analyse information on condition assessments; 

 Collect and examine maintenance records and information on maintenance practices; 

 Collect and analyse information on emergency planning procedures and practices; 
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 Determine electrical distribution infrastructure specific climate thresholds through analysis of maintenance 
practices and detailed/forensic review of outage data. This is especially pertinent for cumulative events, such 
as thunderstorms; 

 Identify and define potential cumulative or synergistic events more clearly; 

 Conduct portions of Steps 1 to 3 as relevant to a climate change risk assessment; 

 Devise feeder system level analysis to account for feeder system redundancies, reactions, and consequences 
in terms of severity and risk ratings. Consider revising infrastructure feeders and components under study to 
facilitate feeder system level analysis; 

 Complete Steps 4, Engineering Analysis on identified medium risk infrastructure components; 

 Complete Step 5, Recommendations for addressing vulnerability of infrastructure components falling into 
medium and high risk categories; 

 Complete all Protocol worksheets. 



 

 

Appendix A 
Detailed Breakdown of 
Infrastructure Components 
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Breakdown of Infrastructure Components for Risk Assessment Matrix, Health and Date of Installation 
 

Infrastructure 
Component 

Subcomponent Quantity Health Index (HI) 
Date of 

Installation 

Area A Station 
27.6 kV 
feeders 

   

Feeder A-2     

Primary Conductors Overhead  30394.3 m  n/a 113.6 m in 1983 
18515.2 m in 1998 
11765.5 m after 
2000 

 Underground  6458.3 m n/a 195 m in 1983 
5659.6 m in 1998 
603.7 m after 2000 

Switches  
(202 units) 

Overhead Approx. 136 
units 

4 with HI above 90% 
132 n/a  
 

3 built in 1983, 80 
built in ’98, and 52 
built after 2005 

 At grade or 
underground 

Approx. 66 n/a 7 in 1983, 42 in 
1998, and 17 after 
2010 

Transformers  
(314 units) 

Pole  260 units n/a 129 built in 1998, 
131 built after 
2000 

 Pad  21 units 18 in 80%+ 
3 n/a 

19 in ’98, 2 after 
2000 

 Submersible  33 units 9 in 80%+ 
7 in 60-80% 
2 below 60%, 15 n/a 

32 in 1998, 1 in 
2007 

Civil Structures Vault n/a n/a n/a 

 Cable Chambers n/a n/a n/a 

Poles (1117 units) Steel Wood Concrete 110 in 80%+ 
190 in 60 – 80% 
27 less than 60% 
790 n/a 

4 in 83,  
632 in 1998, 
481 after 2005 

 30 < 40 ft  1 154 3 

 40 < 50 ft  888 4 

 50 to 55 ft  35  

 Unknown height  32  

Feeder A-3     

Primary Conductors  Overhead  15272.7m n/a 4334.5 m in 1963 
9516.3 m in 1983 
1382.4 m in 1998 
39.5 after 2000 

 Underground 6395.8m n/a 2583 m in 1963 
2248.9 m in 1983 
473.3 m in 1998 
299.8 m after 2000 

Switches 
(114 units) 

Overhead Approx 90 n/a 43 in 1963 
34 in 1983  
13 after 1998 

 At grade or 
underground 

Approx 24 n/a 5 in 63, 
9 in 83, 
10 after 2004 

Transformers 
(150 units) 

Pole  103 units n/a 4 in 63,  
84 in 83,  
15 after ‘98 

 Pad  19 units 10 in 80%+ 7 in 63 



 

Interim Report – Appendix A A2  

Infrastructure 
Component 

Subcomponent Quantity Health Index (HI) 
Date of 

Installation 

9 n/a 8 in 83  
4 after 98 

 Submersible  28 units 11 in 80%+ 
14 in 60 – 80% 
3 n/a 

17 in 63  
9 in 83 
2 after 2008 

Civil Structures Vault n/a n/a n/a 

 Cable Chambers n/a n/a n/a 

Poles (427 units) Steel Wood Concrete 106 in 80%+ 
113 in 60-80% 
112 below 60% 
96 n/a 

98 in 63 
273 in 83  
56 after 98 

 30 < 40 ft 2 223  

 40 < 50 ft  144 1 

 50 to 60 ft  51  

 Unknown height  6  

Feeder A-1     

Primary Conductors  Overhead  4803.4 m n/a 3897.4 m in 1963 
906 m after 2000 

 Underground  7676.3 m n/a 6226.8 m in 1963 
776.6 m in 1983 
388.9 m in 1998 
284 m after 2000 

Switches 
(119 units) 

Overhead Approx 84 83 n/a  
1 with 75% HI 

69 built in 1963, 15 
built after 2000 

 At grade Approx 35 n/a 25 in 63, 10 in 
2010 

Transformers  
(78 units) 

Pole  15 units n/a 14 in ’63, 1 in ‘79 

 Pad  29 units 25 with 80%+ 
3 n/a 

27 in 63, 2 after 
2005 

 Submersible  34 units 15 with 80%+ 
16 in 60-80% 
1 at 58%,  
2 n/a 

All built in 63 

Civil Structures Vault n/a n/a n/a 

 Cable Chambers n/a n/a n/a 

Poles (113 units) Steel Wood Concrete 12 in 80%+ 
20 in 60-80% 
31 below 60% 
50 n/a 

90 in 63, 
23 after 2007  30 < 40 ft   40 14 

 40 < 50 ft  20  

 50 to 60 ft  39  

Area B Station 13.8 kV feeders    

Feeder B-1     

Primary Conductors Underground 4214.4 m  655.9 m in 1963 
2278.8 m in 1990’s 
1279.4 m in 2000’s 

Switches  
(15 units) 

Underground 15 units n/a 3 in 63, 
8 in 93, 
4 in 2003  

Transformers  
(13 units) 

Submersible only  13 units 7 in 80%+ 
2 in 60 – 80% 
4 n/a 

3 in 63 
6 in ’93 
4 in ‘2003 

Civil Structures Vault n/a n/a n/a 

 Cable Chambers n/a n/a n/a 

Feeder B-2     

Primary Conductors  Overhead  8666.8 m  65.9 m in 1951 
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Infrastructure 
Component 

Subcomponent Quantity Health Index (HI) 
Date of 

Installation 

303.8 m in 1963 
2715.3 m in 1988 
4782 m in 1990’s 
799.8 m in 2000’s 

 Underground  11203.6 m  734.3 in 1980’s 
10395.9 m in 
1990’s 
73.4 m after 2000 

Switches (90 units) Overhead Breakdown n/a,  
likely 
proportional to tx 

n/a 1 in 63, 19 in 88, 
66 in 93 – 95, 4 
after 2000 

 At grade 

 Underground 

Transformers (103 units) Pole  79 units n/a 9 in 63 
25 in 88 
45 in 93 

 Pad  8 units 7 in 80%+ 
1 in 60-80% 

1 in 63 
7 in 93 

 Submersible  16 units 1 in 80%+ 
15 n/a 

14 in ‘88 to ‘93 
2 after 2010 

Poles (362 units) Steel 
 

Wood 
 

Concrete 
 

58 in 60-80% 
304 n/a 

16 in 63,  
314 before 2000, 
48 after 2000 Unknown height n/a n/a n/a 

Civil Structures Vault n/a n/a n/a 

 Cable Chambers n/a n/a n/a 

Area C Station 13.8 kV feeder    

Feeder C-1     

Primary Conductors  Underground  2809.6 m n/a 2416.8 m in 1986 
392.8 m after 2000 

Switches (3 units) At grade Likely all 
underground 

n/a 1 in 90 
2 in 2003  Underground 

Transformers  All transformers 
are client owned 

  

Civil Structures  Cable Chamber 43 units n/a 42 in 1986, 1 in 
2008 

 Vault 6 units n/a 5 in 86-90, 1 in 
2003 

Feeder C-2     

Primary Conductors  Underground 5358.7 m  912.6 m in 1963 
2017.2 m in 1986 
813 m in 1990’s 
1615.9 m after 
2000 

Switches (19 units) Underground 19 units n/a All in 1985 

Network Units  
(17 units) 

Submersible  17 units 12 in 80%+ 
2 in 60 – 80% 
3 n/a 

3 in ’63, 
13 others before 
2000, 1 in 2010 

Civil Structures  
(96 units) 

Cable Chamber 69 units n/a 14 in 63, 45 in 86, 
8 after 1993 

 Vault 18 units 10 in 80%+ 
4 in 60 – 80% 
4 n/a 

4 in 63, 14 in 86-
93 
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Breakdown of Infrastructure Components – Electrical Types  
 

Infrastructure Component      Type    Quantity 

Area A Station 27.6 kV feeders 

Feeder A-2   

Primary Conductors  Overhead 1-Phase Conductor 20005.5 m 

  Overhead 3 Phase Conductor 10388.8 m 

 Underground 1-Phase Conductor 994.3 m 

 Underground 3-Phase Conductor 5464 m 

Switches  Fused 125 units 

  Live Line Opener 1 End 1 unit 

 Load Break 9 units 

 Load Break Gang Operated 53 units 

 Non-Load Break 14 units 

Transformers Pad: 1-3 Phase Delta Delta 1 unit 

  Pad: 1-3 Phase Wye Wye 20 units 

 Pole: 1-1 Phase 241 units 

 Pole: 2-1 Phase Parallel 2 units 

 Pole: 3-1 Phase Delta 1 unit 

 Pole: 3-1 Phase Wye 16 units 

 Submersible: 1-1 Phase 8 units 

 Submersible: 1-3 Phase Delta Wye 3 units 

 Submersible: 3-1 Phase Wye 22 units 

Poles See table above 1117 units 

Feeder A-3   

Primary Conductors  Overhead 1-Phase Conductor 7985.1 m 

 Overhead 3 Phase Conductor 7287.6 m 

 Underground 1-Phase Conductor 790.8 m 

 Underground 3-Phase Conductor 5605 m 

Switches  Fused 61 units 

  Live Line Opener 1 End 3 units 

 Load Break 9 units 

 Load Break Gang Operated 36 units 

 Non-Load Break 5 units 

Transformers Pad: 1-3 Phase Delta Wye 3 units 

  Pad: 1-3 Phase Wye Delta 1 unit 

 Pad: 1-3 Phase Wye Wye 15 units 

 Pole: 1-1 Phase 95 units 

 Pole: 3-1 Phase Wye 8 units 

 Submersible: 1-1 Phase 4 units 

 Submersible: 1-3 Phase Delta Wye 3 units 

 Submersible: 3-1 Phase Wye 21 units 

Poles See table above 427 units 

Feeder A-1   

Primary Conductors  Overhead 1-Phase Conductor 9.7 m 

  Overhead 3 Phase Conductor 4793.7 m 

 Underground 3-Phase Conductor 7676.3 m 

Switches  Fused 73 units 

  Live Line Opener 1 End 1 unit 

 Load Break 10 units 
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Infrastructure Component      Type    Quantity 

 Load Break Gang Operated 29 units 

 Non-Load Break 6 units 

Transformers Pad: 1-3 Phase Delta Wye 2 units 

  Pad: 1-3 Phase Wye Wye 27 units 

 Pole: 1-1 Phase 9 units 

 Pole: 3-1 Phase Delta 2 units 

 Pole: 3-1 Phase Wye 4 units 

 Submersible: 3-1 Phase Wye 34 units 

Poles See table above 113 units 

Area B Station 13.8 kV feeders  

Feeder B-1   

Primary Conductors  Underground 3-Phase Conductor 4214.4 m 

Switches  Load Break Gang Operated 6 units 

  Non-Load Break 9 units 

Transformers Submersible: 1-3 Phase Delta Wye 12 units 

  Submersible: 3-1 Phase Delta 1 unit 

Feeder B-2   

Primary Conductors  Overhead 1-Phase Conductor 4398.3 m 

  Overhead 3 Phase Conductor 4268.5 m 

 Underground 1-Phase Conductor 7000.3 m 

 Underground 3-Phase Conductor 4203.3 m 

Switches  Fused 23 units 

 Load Break 17 units 

 Load Break Gang Operated 30 units 

 Non-Load Break 20 units 

Transformers Pad: 1-3 Phase Delta Delta 4 units 

 Pad: 1-3 Phase Wye Wye 4 units 

 Pole: 1-1 Phase 69 units 

 Pole: 3-1 Phase Wye 10 units 

 Submersible: 1-1 Phase 10 units 

 Submersible: 1-3 Phase Delta Wye 1 units 

 Submersible: 1-3 Phase Wye Wye 2 units 

 Submersible: 3-1 Phase Delta 1 units 

 Submersible: 3-1 Phase Wye 2 units 

Poles See table above 362 units 

Area C Station 13.8 kV feeders  

Feeder C-1   

Primary Conductors  Underground 3-Phase Conductor 2809.6 m 

Switches  Load Break Gang Operated 3 units 

Civil Structures Cable Chamber 43 units 

 Vault 6 units 

Feeder C-2   

Primary Conductors  Underground 3-Phase Conductor 5358.7 m 

Switches  Load Break Gang Operated 4 units 

 Non-Load Break 15 units 

Transformers Submersible: 1-3 Phase Delta Wye 17 units 

Civil Structures Cable Chamber 69 units 

 Vault 18 units 
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Current Weather and Climate Hazards for Toronto Hydro’s Electrical Distribution 

System 

for Toronto Hydro-Electric System Public Infrastructure Engineering Vulnerability Assessment (PIEVC) Pilot Case Study 

 

Risk Sciences International 

 

Introduction 
 
An examination of Toronto Hydro’s 2011 power outages for the sections of the network under consideration highlighted a 

pattern in the major weather-related of threat to the system. The following events were most frequently associated with power 

outages and emergencies: 

 strong winds generally gusting above 70 km/hr; 

 lightning; 

 winter storms with mixed precipitation types, freezing rain events; 

 heavy rainfalls and flooding; and,  

 severe heat waves.  

 These weather hazards are consistent with the weather-related hazards identified in a Canadian Standards Association 

(CSA 2010a, 2010b) studies of transmission systems sensitivities and needs for climate and weather information. The 

CSA study identified the following weather-related information priorities for above ground transmission line systems: 

Combined Ice and Wind events (i.e. ice accretion loadings); 

 Wet snow; 

 Severe Wind Events; 

 Temperatures -  Variability and Extremes; 

 Lightning strikes; and, 

 (Flooding) – for electrical distribution systems. 

A number of utilities in the CSA study reported that distribution and transmission systems had been increasingly hard-hit by 

extreme wind events, with convective or thunderstorm downbursts being the most commonly-cited concern. They also 

reported that combined wind and ice accretion events were the single most significant weather-climate gap needed for the 

updating of line design standards. Many respondents suggested that lightning has become increasingly problematic over 

recent years and expressed interest in better understanding trends in the frequency and distribution of lightning strikes for 

surge protection. Most respondents to the CSA study also identified either variability or extremes in temperature as 

important. Climates, like those of Toronto, that can bring cold snaps in the winter and excessive heat and humidity in the 

summer were identified as posing particularly difficult challenges.  

 

Utility operators from across Canada emphasized the importance of having spatially and temporally comprehensive and 

consistently high quality climate/weather data sets and analyses and suggested “bolstering the baseline” information as a first 

step to climate change adaptation in order to:  

 assist in the updating of climatic design values already included in key codes and standards;  

 allow for the development of climate hazards information that still need to be expressly incorporated into key codes and 

standards. These hazards could become more problematic as the result of climate change.  

Toronto Hydro Thresholds 
 
The Engineers Canada PIEVC Protocol typically requires guidance on critical thresholds of significance or risk to the 

infrastructure system under consideration. Due to time constraints, many of the thresholds identified for this study of current 

risks were adapted from an earlier PIEVC case study on the Toronto and Region Conservation Authority Flood Control Dam 

Water Resources Infrastructure Assessment (TRCA Study). While the weather sensitivities of dams may be quite different 

than those for electrical distribution systems, many of the climate variables were found to also be applicable to the electrical 

distribution system. However, the climate thresholds and their frequencies that were used in this study may require further 

fine-tuning to have greater relevance to the power distribution sector. Where related infrastructure breaking point thresholds 
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were known (e.g. building code design winds, CSA/CEA overhead systems design temperatures), their thresholds were used 

in for this study.   

 

The climate thresholds of interest to Toronto Hydro are shown in Table 1 and are derived in part from the earlier Toronto 

dams study.  

Toronto Hydro climate thresholds of interest for the PIEVC vulnerability study. 

 
Category Category derived parameters Thresholds for Toronto Hydro Threshold Data Source 

1 

T
em

p
er

a
tu

re
 

High Temperature Average annual # days with T≥ 30°C CEC, Part 1 

2 Low Temperature Average annual # days < -20°C CSA C22.3 No. 1 

3 Heat Wave 3 or more days with Tmax ≥ 30°C Professional judgment 

4 Extreme Humidity # Days with Humidex ≥ 40°C Professional judgment 

5 Severe Heat Wave 3 or more days with Humidex ≥ 40°C Professional judgment 

6 Cold Wave 3 or more days with Tmin ≤20° Professional judgment 

7 Temperature Variability Daily T ranges ≥ 25°C TRCA study 

8 Freeze-thaw cycle 
Annual Probability of at least 70 freeze-

thaw cycles (Tmax>0 and Tmin<0):   
TRCA study 

9 Fog 
~15 hours/year (average) with visibility <= 

0 km 
TRCA study 

10 Frost Undetermined 
 

11 

W
in

d
 

High wind/downburst 
Gusts > 70 km/h (~21days / year at 

Airport) 
Professional judgment 

12 High wind/downburst 
Gusts > 90 km/h (~2 days / year at 

Airport) 
CSA C22.3 No. 1 

13 Tornadoes 
Tornado vortex extending from surface to 

cloud base (near infrastructure)  
TRCA study 

14 

P
re

ci
p

it
a

ti
o

n
 

Heavy Rain Daily Rainfall > 50 mm/day TRCA study 

15 Heavy 5 day total rainfall 5 days of cumulative rain > 70 mm of rain TRCA study 

16 Ice Storm 
Average annual probability of at least 25 

mm of freezing rain per event 
TRCA study 

17 Freezing Rain 

Average annual probability of freezing 

rain events lasting 6h or more (i.e. 

typically more than 10 mm of freezing 

rain)  

TRCA study 

18 Blowing snow/Blizzard 
Average # of days / year with blowing 

snow (7.8 / y) 
TRCA study 

19 Heavy Snowfall Snowfall > 10cm (2-3days/y)  TRCA study 

20 Snow accumulation  

Snow on ground with depths ≥ 30 cm and 

persisting for 5 or more days (0.17 

events/y)  

TRCA study 

21 Hail Average # of hail days (~1.1/y) TRCA study 

22 

O
th

er
 

Severe thunderstorms Average # of Thunderstorm Days (~2.8/y) TRCA study 

23 Lightning 
Average # Days/Year with cloud - ground 

lightning strikes (~25)  
TRCA study 

24 Drought/Dry periods 

At least one month at Ontario low water 

response level II (i.e. with mandatory 

water conservation )  

Professional judgment 
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Climate Data and Analyses 
 
A variety of climate information sources were used in completing the climate hazards study for the Toronto Hydro-Electrical 

Distribution pilot case study. These include: 

 

 The National Building Code of Canada, Appendix C, Climate Information (2010) and CSA 22.3 No. 1 – “Overhead 

Systems” standard; 

 Environment Canada’s Climate Normals; National Climate Archive online access, including CDCD and IDF values, etc.; 

 Environment Canada (and partners) Hazards Portal and web site (www.hazards.ca – no longer available); 

 Environment Canada (and partners) Climate Change Scenarios website (www.ontario.cccsn.ca) – only a national 

version now available; 

 Environment Canada’s Rainfall Intensity - Duration – Frequency (IDF) curves and publications on regional IDF values 

for southern Ontario; 

 Peer-reviewed journal articles on downscaling methodologies for an ensemble of climate change models (>10 

international journal articles on projections of ice storm, wind gust, temperature, heat-air quality-mortality risks for the 

Toronto region); 

 Expert climate judgment. 

Climate Information for the PIEVC Protocol 
 
Climate hazards can be associated with two types of events, analogous to “shock” and “stress” events: (1) rare, extreme and 

rapid/sudden-onset hazards or “shock events” and (2) slow onset “creeping” or recurring threats or “stress events”. The 

threats or shock events are factored into codes, standards  and practices through use of extreme value or return period climate 

probabilities. The  recurring climate events, on the other hand, occur several times annually and have implications for 

operations and maintenance. Failure to deal with these recurring climate hazards (e.g. weathering processes) can lead to lost 

resilience, reduced durability and a decrease in the ability of the system to withstand the extreme events.  

 

Standardized Probability Scores 
 
The PIEVC Protocol makes use of standardized climate probability scores ranging from 0 to 7, with a score of 0 referring to a 

climate event that likely will not occur while a score of 7 refers to an event that likely will occur over the service life of the 

structure. For this study, the PIEVC Version 10 Beta Protocol Method B or quantitative approach was used to convert annual 

probabilities into standardized values.  

http://www.hazards.ca/
http://www.ontario.cccsn.ca/
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PIEVC Version 10 Beta Probability Scores based on Methods A and B.  

 

Extreme Winds 
 
High winds and their short duration gusts predominantly affect overhead power lines. The impacts of winds on power lines 

can be greatly exacerbated by trees and debris being blown onto the lines. Not surprising, the impact of trees and winds on 

lines is  affected by the season, maintenance work carried out on the trees, types of trees (deciduous, coniferous), leaf state of 

the deciduous trees, length of the growing season and whether the ground is saturated at the time of the high winds. Future 

projections of wind gusts in the Toronto area under climate change indicates that high winds above thresholds of 70, 80 and 

90 km/hr may increase in future.   

 

The CSA study (2009) sought input  from the electrical distribution and transmission sectors on critical thesholds for the 

impacts of windstorms and other atmospheric hazards on electrical distribution and transmission infrastructure. The study 

found that damage to and failure of power distribution and transmission structures and lines starts to occur at certain wind 

speed thresholds: 

 

 Trees impact power distribution when wind speeds reach or exceed 50-70 km/h; 

 High-voltage power lines will be impacted when wind speeds reach or exceed 80-100 km/h. 

The PIEVC study calculated the frequencies of winds reaching or exceeding 70 and 90 km/hr from recent wind speed and 

gust data for Toronto Pearson International Airport. Wind gusts are measured and the data quality controlled only at a limited 

number of weather stations in Canada. These wind monitoring stations must meet standard conditions for wind anemometer 

siting in an open grass-covered area and measured at 10m above ground). Most hourly wind measurements are taken at 

synoptic weather stations (e.g. airports) and analyses of winds is only valid if the station operated a 24 hour monitoring and 

recording program. Toronto Pearson Airport was considered the most representative wind monitoring station.   While the 

Toronto Island Airport measures winds, the local wind conditions on Toronto Island are most representative of a Lake 

Ontario near shore site. 
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Wind Storms Historical Annual 
Probability 

Standardized Annual 
Probability Score (0-7) 

NBCC 10 and 50 year return period 
SUSTAINED WIND pressures 

0.34 & 0.44 kPa  

(82 & 94 kph) 

3     &     1  

(10 yr) & (50 yr) 

Average # days with gusts ≥ 70 kph 21 7 

Average # days with gusts ≥ 90 kph 2 7 
 

Windstorms vary in terms of their spatial extent, duration of the extreme winds and the weather processes that generate them. 

Intense large-scale (synoptic scale) storms or cyclones can produce damaging winds over large areas, with the highest wind 

speeds usually associated with low pressure systems that are deepening or intensifying rapidly. Other damaging winds can 

result from severe thunderstorms that are typically associated with very thunderstorm downbursts, or can be more extensive 

in spatial coverage along organized squall lines producing what are known as straight-line winds. The storms usually pass 

through any one location very quickly, with the damaging winds lasting only 20 to 30 minutes. Organized thunderstorms and 

clusters or lines of thunderstorms can have longer lifespans with damaging winds lasting for several hours.  

 

Lightning 
 
At the time of this study, specific information on critical thresholds of lightning activity for power distribution system 

failures were not known. The climatological frequency of cloud-to-ground lightning strikes was provided, based on recently 

updated information. It is likely that lightning activity could occur more often in future due to an increase in days with 

stronger convection. 

 

Lightning flashes are detected by the Canadian Lightning Detection Network (CLDN), which was established in 1998 as 

part of the North American Lightning Detection Network. The majority of flashes that are detected are cloud to ground (CG) 

with a small fraction of cloud to cloud (CC) lightning flashes. Some of the highest lightning flash densities in Canada occur 

in southwestern and south-central Ontario. 

 

Thunderstorm and Lightning 
Probabilities 

Historical Annual 
Probability 

Standardized annual 
probability score (0-7) 

Average # thunderstorm days (Toronto 
Pearson A) 

28 7 

Average # days with hail  1.1 6 

Average # days with lightning cloud-
ground strikes 

~25 (excludes CN Tower 
strikes) 

7 

Average annual flash density 
(flashes/km

2
/year) 

~1.7 7 

 

Tornado Risks 
 
The most devastating tornadoes to have affected Ontario have been located in a narrow corridor from southwestern Ontario 

near Lake St Clair, northeastward to Stratford, Shelburne and then to Barrie (King et al., 2003; Newark, 1983, 1984) and 

avoiding the Toronto area. This corridor is often referred to as Ontario and Canada's 'tornado alley'.  
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Confirmed and Probable Tornadoes by Fujita Scale (1918 - 2009) 

 
Source: Environment Canada, 2011c. Internal. Data provided courtesy of David Sills, Severe Weather Scientist, Environment Canada. 

 

Information on tornado occurrences in a recently updated Ontario tornado database (Environment Canada, 2011a) are based 

on reports from a variety of sources, including volunteer severe weather observers and an investigation of newspaper 

archives. The occurrence of tornadoes is verified through several types of evidence, including damage surveys, videos, 

photographs, and eyewitness accounts. Additional reports of tornadic wind damage from newspapers or through first-hand 

accounts are sometimes also used to help determine tornado occurrence (Sills, 2002). 

 

TORNADO RISKS HISTORICAL STANDARDIZED ANNUAL 
PROBABILITY (0-7) 

Estimated tornado density for a 
point in downtown Toronto 
(probabilities higher for linear 
distances). Note that probabilities 
would be higher for power lines 
and linear distances. 

0.00002km
-2

 yr
-1 

 

(2X10
-5

) 

0 

Estimated tornado density for 
point locations just outside of 
Toronto (suburbs). Note that 
probabilities would be higher for 
power lines.  

> 0.0001 km
-2

 yr
-1 

 

(1X10
-4

) 

0 

2010 NBCC – requirement for 
implementation of building 
tornado prone measures 

IN national tornado prone 
region  

N/A 

 

The 2010 issue of the National Building Code of Canada (NBCC) contains life-proofing structural measures that are required 

in “tornado-prone” regions of Canada. Toronto lies within this “tornado-prone” region identified in the figure below and 

taken from the 2010 NBCC.   
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Tornado-prone regions of Canada by Fujita (F) Scale 

 
Source: NBC, 2011. Users Guide - National Building Code of Canada (NBC) Structural Commentaries (Part 4 of Division B); issued by the Canadian 

Commission on Building and Fire Codes, National Research Council of Canada, Ottawa, Ontario. Tornado prone map and commentary contributed by 
Environment Canada (Adaptation and Impacts Research, Cloud Physics and Severe Weather Research; Science and Technology Branch), Toronto, Ontario. 

 

Winter Storms with freezing rain, wet snow and ice-wind events 
 
Many winter-time power distribution failures are caused by a combination of freezing rain under light wind conditions or wet 

snow with stronger winds causing ice or frozen precipitation to accrete on the lines. The climate information used to identify 

probabilities for the freezing rain hazard were taken from a recent peer-reviewed study of longer-lasting freezing rain storms 

in the Toronto area and from a study of estimated extreme annual freezing rain amounts for Woodbridge that was undertaken 

following Ice Storm ’98.  

 

Within Canada, freezing precipitation is defined as freezing rain or drizzle, which falls in liquid form and then freezes upon 

contact with the ground or a cold object near the ground, forming a coating of ice. The greatest ice accumulations and 

impacts generally result from freezing rain events. Typically, the occurrence of freezing rain or freezing drizzle is reported at 

the main synoptic weather stations having 24 hour weather observation programs. The amounts of freezing rain have to be 

estimated from total daily or 6 hour precipitation amounts while ice buildup amounts typically are estimated from ice 

accretion models that consider the shape of the object or sometimes from observations.  

 

The amount of ice accumulation is normally directly related to the amount of freezing precipitation. Usually, shorter duration 

events (i.e. 1-2 hours) will have lower ice accumulation amounts than those of longer duration (i.e. 6-12 hours or longer). The 

most severe freezing rain events are labeled as 'ice storms” and ice storms of any duration and magnitude can have serious 

impacts on human safety, critical infrastructure and community emergencies. As the duration of the freezing rain increases, 

trees, electricity distribution and communications infrastructure can collapse under the weight of the accumulated ice.  

 

Damage and outages in the power distribution system are often caused by broken or weakened and sagged tree limbs. Under 

the weight of accumulating ice, tree branches can fall or sag into overhead electrical distribution lines. Accumulations of ice 

can increase the branch weight of trees by 30 times or greater. Small branches and weak tree limbs break with ice 

accumulations between ~6-12 mm, while ~12-25 mm accumulations can cause larger branches to break. If high storm winds 

are combined with the ice loading, the damage to trees and infrastructure will increase. Without the presence of trees, power 

outages during ice storms occur at relatively higher ice loads. 
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An Environment Canada review of severe ice storms that have affected Southern Ontario and the eastern United States over 

the past century suggests that the risks of major power outages lasting several days in Southern Ontario tends to increase for 

freezing rain amounts reaching or exceeding approximately 30 mm. Historical evidence indicates that the potential for long 

power outages and community disasters becomes likely when freezing rain totals exceed approximately 40 mm in these 

regions.  

 

It is expected that climate change will initially increase risks for freezing rain storms. As winter temperatures warm initially, 

mixed phase precipitation (e.g. wet snow, freezing precipitation) becomes more frequent and winter precipitation amounts as 

well as number of days with precipitation increase,  while mixed phase precipitation becomes more frequent, the frequency 

and intensity of freezing precipitation events may increase. Recent peer-reviewed studies indicate the potential for longer 

duration freezing rain storms to increase in the core winter months in the Toronto area under climate change.  

 

Freezing rain and ice storm 
probabilities 

Historical Annual Probability Standardized annual 
probability score (0-7) 

Average # Days with freezing 
rain/drizzle 

8.8 7 
 

Average # Days with freezing 
rain lasting at least 4 hours 

1.4 6 

Average # Days with freezing 
rain lasting at least 6 hours 

0.65 5 

Estimated annual multi-day 
probability of severe ice storms 
with ≥ 25 mm of accumulated ice 
(approaching design amounts) 

0.06 2 

 
The hourly weather data for Toronto Pearson Airport was analyzed to determine the average number of days/year with at 

least one observation of freezing rain or freezing drizzle (averages 8.8 days/year). The hourly data was also analyzed to 

obtain the frequencies of freezing rain events lasting at least 4 hours and at least 6 hours for the period of record. Typically, 

light freezing drizzle events accumulate ice on the ground at rates of 0.1-0.3mm/hr while moderate freezing drizzle 

accumulates ice on the ground at an estimated 0.3mm/hr). Freezing rain events bring much greater ice accumulations, with 

typical freezing rain rates of around 1.5-2mm/hr for light freezing rain and up to 5 mm/hr for moderate freezing rain. A 

freezing rain storm lasting 4 hours could be expected to bring 6-8mm of freezing precipitation accumulations and as much as 

15mm, causing small tree limbs to start breaking and impacting power cables. Storms lasting 6 hours or more can bring 9-

12mm of ice on the ground for light freezing rain precipitation and amounts up to 25mm, resulting in sufficient ice accretion 

to break large tree branches or impact power lines. Freezing rain amounts of 25 mm or more are approaching ice design 

criteria for overhead cables/lines (although freezing rain amounts and ice accretion amounts are not the same).  

 

The probability of freezing rain amounts exceeding 25 mm was estimated roughly using daily climate data for the 

Woodbridge weather station located just north of the Toronto boundaries. The results from this rough approximation 

approach indicate that the most severe ice storms with 25 mm or more of freezing rain have occurred 3 times in 50 years or 

have an annual probability of ~0.06. The Woodbridge station was chosen since the greatest risks for severe ice storms within 

the Toronto area lie in locations away from Lake Ontario and the downtown core where freezing rain events tend to be longer 

lasting (i.e. slower to change to rain).  The estimated annual maximum freezing rain amounts were derived using conservative 

assumptions (i.e methodology assumed that freezing rain resulted on days when rain was measured but temperatures 

remained below zero). The results of this rough estimation approach were confirmed by a 1960 observation of more than 41 

mm of freezing rain at Woodbridge.    
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Estimated 6 day Duration Annual Maximum Freezing Precipitation for Woodbridge Weather Station 

 
 

Flooding 
 
Heavy rainfall and in-situ flooding conditions can have impacts for underground components of the system. As a minimum, 

flooding events can hamper access to underground facilities and delay restoration efforts when underground quarters have to 

be safety pumped. Peer-reviewed studies indicate that the extreme rainfall conditions may increase in future under climate 

change.  

 

Ontario's most expensive weather disaster ever, in excess of $500 Million in damages, was the result of organized severe 

thunderstorms tracking from Kitchener, across and north of Toronto to Oshawa on August 19, 2005.  At its worst, the 

thunderstorm system spawned two F2 tornadoes west of Toronto but  brought torrential rains, quarter- to golf-ball size hail, 

strong winds and flash flooding to Toronto. At its height, 1,400 lightning strikes per minute were reported and rainfall 

accumulations broke several national rainfall records for the 10, 15 and 30 minute rainfall durations as well as the 2 hour 

national rainfall record based on Environment Canada’s rainfall intensity-duration-frequency network of stations. This 

amount compares to 53 mm in one hour from Hurricane Hazel in 1954.  

 

PRECIPITATION ELEMENTS HISTORICAL STANDARDIZED 
PROBABILITY - ANNUAL 

Average # Days with Rainfall > 

50mm 

0.53 (City) & 0.47 (Airport) 5 

Annual Prob of ≥ 70mm in 5-Day 

period 

0.2 (City) 4 

Annual Prob of ≥ 100mm rainfall 

accumulation in a 5-Day period  

(i.e. # 5-day events/30 years) 

0.03 (City) & 0.07 (Airport) 2 

10 year return period of 15 minute 

rainfall – NBCC 

~ 25mm (both) 3 

50 year return period 24 hour 

rainfall – NBCC 

102 mm (Airport) & 

87 mm (City) 

1 

Average # days with snowfall ≥ 

10cm 

3.1 (City) & 2 (Airport) 7 

Average # days with snow depths ≥ 

30cm 

2.2 (City) & 1.3 (Airport) 6 

Average # days with snow depths ≥ 

30cm and persisting for 5 or more 

days 

0.17 (City) 3 

Average # days with Blowing Snow 7.8 (Airport) 7 
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Drought 
 
The severe droughts in Ontario over the past 15 years, coupled with the risk of an increase in severity and frequency of 

drought under climate change and growing demands on water resources led the province to develop the Ontario Low Water 

Response (OLWR) Plan in 1999-2000. The Plan was further revised in 2003 and is intended to ensure that provincial and 

local authorities could be advised of and prepared to take action in the event of low water conditions in watersheds.  

 

Three water level conditions and action points, Levels I, II and III, are defined using specific precipitation and streamflow 

indicators. The Level II response framework conditions call for Conservation and Restrictions on Non-Essential Use of water 

at the municipal and regional government scales.  

 

Based on daily rainfall measurements for the warm season from May-September for the Toronto City station, equivalent 

Ontario Low Water Response  Level II low water response criteria lasting at least one month have occurred 18 times in 60 

years for a probability of 0.3 while Level III conditions lasting at least one month are quite rare, occurring only twice in the 

60 year period. For the Toronto Pearson Airport station, Level II criteria have been reached the same number of times while 

the Level III conditions have reached thresholds more often ( 4 occurrences in 60 years). There is no compelling reason for 

drought conditions to be more frequent near the airport location than the city centre.  

 

DROUGHT (Toronto City) HISTORICAL STANDARDIZED 
PROBABILITY - ANNUAL 

Frequency of at least one month in 

the warm season (May-Sept) 

meeting Ontario Low Water 

Response Level II (precipitation) 

criteria (1946-2005) 

0.3 4 

Frequency of at least one month in 

the warm season (May-Sept) 

meeting Ontario Low Water 

Response Level III (precipitation) 

criteria (1946-2005) 

0.033 

 

1 

 

 

Extreme Heat and Cold  
 
In Toronto, where the increased use of summertime air conditioning can push summer peak loads close to the limit, extreme 

and prolonged periods of high temperatures and high Humidex values can pose a threat to the demands on equipment and the 

grid. Building space cooling, lighting and other facility uses tend to be the largest loads in Toronto’s commercial sector while 

space cooling, appliances and home electronics dominate demand in the residential sector. The space cooling electrical 

demand tends to be on-peak. Space cooling demand is significantly driven by “hot” temperatures and particularly by cooling 

degree days or accumulated warm temperatures and higher humidities.   

 

As the Table below indicates, the extreme maximum and minimum temperatures as well as cooling and heating degree days 

vary considerably from the relatively warmer downtown core to the outer boundaries of the Toronto Hydro service area. 

Where the data allows, frequencies for the City (downtown) and Toronto Pearson Airport are provided as representative of 

downtown and city border conditions. In addition, the Table also provides NBCC design values of critical importance for the 

design and operation of buildings in Toronto. Not surprisingly, these building thresholds of 31°C and -20°C match the 

temperature thresholds provided by Toronto Hydro.  The Table also provides frequencies for the more severe heat waves and 

characterizes these using frequencies above high Humidex thresholds.   
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TEMPERATURE ELEMENT 
(Toronto area) 

HISTORICAL - ANNUAL STANDARDIZED 
PROBABILITY 

Average annual # days ≥ 30°C 12.6 (City) & 9.5 (Airport) 7 

Average annual # days ≤ -20°C 1.4 (City) & 5.2 (Airport) 6 

2.5 percentile July Drybulb Hot 
temperature – NBCC 

31°C 1 

2.5 percentile January Drybulb 
Cold temperature – NBCC 

-20°C 1 

Heat Wave – 3 or more days with 
maximum temperatures ≥ 30°C 

1.0 (City) & 0.6 (Airport) 6 

Cold Wave – 3 or more days with 
minimum temperatures ≤ -20°C  

0.17 (Airport)  3 

Variability – Daily temperature 
ranges ≥ 25 degrees C 

0.17 (Airport) 3 

Extreme Humidex 50.3 (Airport in 1955) & ~49 (City 
in 2011) 

0 

Severe Heat Wave: annual 
frequency of 3 or more days with 
Humidex ≥ 40 

0.3 (Airport) 4 

Extreme Heat Wave: Average 
Annual # Days with Humidex ≥ 
45 

0.13 (Airport) 3 

Average annual Cooling Degree 
Days 

359 (City) & 252 (Airport) 7 

Average Annual Number of 
incremental heat mortalities 

~ 120 5 (expected to increase in future) 

 

The City of Toronto, like many other municipalities in Ontario, has a Heat-Health Alert System in place to warn its 

population of potentially dangerous hot temperature related conditions and advises vulnerable populations to seek cooler 

buildings and cooling centres for relief. The Toronto Heat-Health Alert system uses weather map typing or a 

synoptic/airmass classification approaches together with epidemiological evidence to forecast risks for increased heat-related 

mortality. These same conditions can be associated with peak electrical demands. 

 

Recently updated climate Normals information indicates that significant warming has taken place in the past few decades in 

the Toronto region and needs to be considered in planning and operations. The updated (but unofficial) climate temperature 

Normals or average annual temperatures for Toronto Pearson Airport confirm that the mean annual temperatures for the 

historical 30-year Normals periods have increased as shown in the Table below. These increasing trends will likely continue 

into the unforeseeable future. Projections from an ensemble of climate change models indicates that cooling degree days for 

Toronto’s downtown core could double by the 2050s, highlighting trends for electricity building cooling demand.  

 

Toronto Pearson Airport’s 30-year climate Normals for various historical reference periods - The results 
indicate significant warming since 1961. 

Normals Period (30 years) for 

Toronto Pearson Airport 

Average 

Annual 

Temperature 

Average No. Days 

with mean 

temperatures 

above 0°C 
1961-1990 7.3°C 212 

1971-2000 7.7°C 219 

1981-2010 8.8°C 228 

 
Trends for extreme cold temperatures and cold waves are decreasing in Toronto, with days with minimum temperatures 

below -20°C becoming less common each decade.   
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Weathering 
 
As well as extreme weather events, the cumulative effects of day-to-day weathering processes can lead to premature 

deterioration of the electrical grid. These processes include freeze-thaw cycles, use of salt (due to freeze-thaw cycles and 

snowfall events), UV radiation, fog and deposit of salt on overhead assets, and the impacts of higher temperatures and 

humidities on deterioration of assets. Many of these processes have the potential to increase through to the 2050s, as 

indicated in the Table below. 

  
WEATHERING & PREMATURE 
DETERIORATION  

HISTORICAL (usually 
1971-2000) 

STANDARDIZED 
PROBABILITY – ANNUAL 

Average annual freeze-thaw cycles 

(Tmin≤0°C and Tmax≥0°C) 

55 (City) & 87 (Airport) 7 

Annual Probability of at least 70 freeze-

thaw cycles (as per Toronto dam study) 

0.1 for City but probable in 

North  

3 (City) and 6 (Airport) 

Average annual # hours with fog 

visibilities ~ ZERO 

15 hours/year 7 

Cement carbonization & deterioration 

(due to increasing CO2 and temperatures) 

Likely increasing over the 

long-term 

N/A 

Other weathering processes – humidities, 

temperatures, UV, some pollutants, rain 

wetting days 

All increasing or expected to 

increase into the future 

N/A 

 

Climate Change Risks 
 
With the exception of cold temperatures, climate change is expected to exacerbate almost all of the current weather and 

climate risks. For example, high temperatures and cooling degree day values are all expected to increase in frequency and 

intensity, leading to potentially more frequent reductions in line capacity, increases in transformer loading and increased line 

sag. As winter temperatures increase and more moisture becomes available for winter storms, the potential may increase for 

more icing from more frequent and intense freezing rain and wet snow storms. Summer convective activity and intense 

rainfall events are also at risk of increasing under climate change, along with day-to-day weathering and carbonization 

impacts on assets.  All of these impacts will require reactive and proactive adaptation risk management actions in the form of 

changes to codes and standards, increased structural resilience, greater redundancy of assets, increased asset management and 

changed maintenance, operations and engineering practices.  
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