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Executive Summary 

In 2017, record high water levels in Lake Ontario and the St. Lawrence River caused widespread impacts.  The 
high water levels have been attributed to the amount of precipitation received across the Lake Ontario and St. 
Lawrence River basins in early 2017 along with the timing of the winter melt and spring precipitations.  The Lake 
Ontario water level at the end of May 2017 exceeded the highest levels recorded since 1918.  Outflow from Lake 
Ontario is controlled by the International Lake Ontario – St. Lawrence Board at the international dam located on the 
St. Lawrence River at Cornwall, Ontario.  Outflow is controlled to ensure that levels in Lake Ontario are controlled 
within a planned range, that downstream locations are not damaged/impacted, and to maintain safe commercial 
marine operations.   
 
As a result of these high water levels in Lake Ontario, PortsToronto’s facilities and operations were affected, 
especially at the Billy Bishop Toronto City Airport (BBTCA) and the Outer Harbour Marina (OHM).  In order to 
evaluate risks to its infrastructure due to potential similar events in the future, PortsToronto engaged AECOM 
Canada Ltd. (AECOM) to undertake a climate change risk assessment of PortsToronto’s infrastructure assets using 
the Public Infrastructure Engineering Vulnerability Committee (PIEVC) Protocol.  The Vulnerability Committee was 
created in August 2005 to conduct an engineering assessment of the vulnerability of Canada's public infrastructure 
to the impacts of climate change. Between August 2005 and June 2012 the committee's activities were co-funded 
by Natural Resources Canada (NRCan) and Engineers Canada.  The Protocol developed by Vulnerability 
Committee is a five-step process that begins by defining the problem(s) being addressed and gathering data to 
support the completion of the risk assessment.  For this project, AECOM undertook an inventory of PortsToronto’s 
infrastructure assets, including at the BBTCA, the OHM, the Marine Terminal Property and the Ship Channel 
Bridge. 
 
During the third step of the PIEVC Protocol the intent is to identify the interactions between the infrastructure, the 
climate and any other factors that could lead to vulnerability.  Current and future climate parameter probabilities 
were readily available in the public realm and were supplemented by a limited specific set of climate parameters 
developed from the meteorological station located at BBTCA as applicable for assessment of BBTCA infrastructure.  
The definition of severity of impacts to PortsToronto infrastructure and operations was developed through 
workshops with staff from across PortsToronto’s business units.   
 
AECOM assessed the current and future risk to infrastructure where there were interactions between identified 
climatic parameters and components of the infrastructure.  Risk was determined by multiplying the climate parameter 
probability by the severity of impact.  Risk thresholds as defined by the Protocol were used to rate risks as either 
low, medium or high.  
 
The analysis identified 614 climate-infrastructure interactions from a total of 3,267 potential interactions (18.8%).   
Potential interactions are the total number of interactions of infrastructure components and climate parameters, of 
which the vast majority are screened out of the assessment (such as the Approach Spans of the Ship Channel 
Bridge and frost). Under current climate conditions: 
 

 609 interactions (99.2%) were low risk and were not considered further;  
 5 interactions (0.8%) were medium risk and include: 

a) Stormsewers and heavy rainfall at the Marine Terminal Property;  
b) Floating docks and High wind/downburst at the OHM; 
c) Pedestrian tunnel and heavy rainfall at Billy Bishop Toronto City Airport (BBTCA) Access; 
d) Pedestrian tunnel and heavy 5-day total rainfall at BBTCA Access; and 
e) Ferries and snow storm / blizzard at BBTCA Access 
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 0 interactions were high risk. 
 
Under future climate conditions: 
 

 603 interactions (98.2%) were low risk and were not considered further; 
 11 interactions (1.8%) were medium risk and include: 

a) Stormsewers and heavy rainfall at the Marine Terminal Property; 
b) Electricity supply and freezing rain at the Marine Terminal Property (low risk under current 

climate conditions); 
c) Floating docks and High wind/downburst at the OHM; 
d) Fuel system and hurricane / tropical storm at the OHM (low risk under current climate 

conditions); 
e) Pedestrian tunnel and hurricane / tropical storm at BBTCA Access (low risk under current 

climate conditions); 
f) Pedestrian tunnel and extreme heavy rainfall at BBTCA Access (low risk under current climate 

conditions); 
g) Pedestrian tunnel and heavy rainfall at BBTCA Access; 
h) Pedestrian tunnel and heavy 5-day total rainfall at BBTCA Access; 
i) Ferries and ice storm at BBTCA Access (low risk under current climate conditions); 
j) Ferries and snow storm / blizzard at BBTCA Access; and 
k) Eastern dockwalls and heavy rainfall at the BBTCA Airfield (low risk under current climate 

conditions) 

 0 interactions were high risk. 
 
AECOM undertook a supplemental literature review around lake level, ice, wind and waves and the potential impact 
on PortsToronto’s assets with respect to these climate parameters.  The review of research on lake levels in Lake 
Ontario indicated that most studies have projected a decrease in the annual average inflow (Net Basin Supply) and 
resulting water levels.  Furthermore, it is uncertain how the lake levels in the future will be influenced by the 
International Lake Ontario – St. Lawrence Board and their obligations under Plan 2014.   
 
Ice in Lake Ontario is anticipated to decrease in extent, cover, and thickness based on a review of available 
literature.  Significant downward trends have been found in historical wind data near Lake Ontario and climate 
projections show similar results, although one study indicates a slight increase in wind levels.  While there are no 
projections for future Lake Ontario wave characteristics in the literature, a decrease in wave amplitude is assumed 
due to decreasing wind.   
 
While there are sources of current climate information and future projections related to lake level, ice, wind, and 
waves that are relevant to PortsToronto’s asset and operations, they are not in a format that can be readily used in 
a risk assessment (i.e., the data are not available as probabilities of occurrence, which is required under the PIEVC 
Protocol).  As such a simple screening may be in order for assets that may be affected by extreme lake levels and 
wind, such as the dockwalls at the OHM and the BBTCA.  Such a field screening or desktop review by 
PortsToronto could include comparing the elevation of dockwalls to absolute minimum and maximum water levels 
within Plan 2014. 
 
Overall, based on the suitable climate projections and resulting parameters that can be used for the risk 
assessment the assets of PortsToronto are resilient to the current and projected climate that will be experienced in 
the Toronto Area.  In addition, PortsToronto is already undertaking actions in response to climate change and 
extreme weather to protect certain assets, such as the BBTCA.   
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Recommendations to improve the resiliency of PortsToronto’s assets include: 
 

Operational Actions 
 
 Entering into discussions with Nav Canada and Environment Canada about ensuring the full 

functionality or limitations of the meteorological station at Billy Bishop Toronto City Airport to collect 
local climate data. 

 Routinely inspecting existing stormsewers or catchbasins that may become blocked during summer 
storms due to debris and cleaning as required.  This recommendation applies in particular to the 
airport access turning radius.  

 Conducting routine maintenance and inspection of emergency generators due to the increasing 
potential for electrical supply interruptions associated with freezing rain and ice storms, in advance of 
the weather event or readiness drills. 

 Identifying, mapping, and if necessary enhancing major overland flow routes due to the continuing 
nature of high intensity, short duration localized summer storms.   

 A “no-regrets” solution for the floating docks by the addition of a “cap” to the mooring piles, thus 
increasing their height, at the Outer Harbour Marina. 

 Developing an asset management system relevant to the nature and scale of its assets and 
operations.   

 
Policies and Procedures 
 
 Documenting the management decisions PortsToronto makes in association with the weekly briefings 

from the International Lake Ontario - St. Lawrence River Board. 

 Engaging with the International Lake Ontario – St. Lawrence River Board to understand their 
approach to climate change adaptation.  

 Documenting its response to the high lake levels in 2017 as preparation for future similar events. 

 Developing policies and procedures for addressing climate change and extreme weather events 
based on actions taken during previous weather events (i.e., erection of jersey barriers to protect 
airfield from high lake level). 

 Reviewing health and safety policies and procedures to ensure that both PortsToronto and its staff 
consider climate change and extreme weather in its day to operations such as slips and falls 
associated with freezing rain and ice storms. 

 Ensuring PortsToronto`s existing operations response or procedures include such items as summer 
storms and freezing rain including preparation, and response during and response after storm 
events.  This could also include temporarily postponing nonessential services or duties associated 
with fuel systems. 

 
Further Studies 
 
 Undertaking additional climate analysis to determine the current and future impact on operations from 

fog and wind (once the meteorological station on the island is fully functional).   

 Examining the implications of an extended season for the St Lawrence Seaway on its operations and 
assets. 
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 Ongoing review of the emerging predictions around lake levels, wind and wave for Lake Ontario and 
the Great Lakes. 
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1. Introduction 

1.1 Overview 
The Toronto Port Authority (TPA), operating and referred to as PortsToronto, is a federal government business 
enterprise that owns and operates Billy Bishop Toronto City Airport, Marine Terminals 51 and 52 within the Port of 
Toronto, the Outer Harbour Marina and various properties along Toronto’s waterfront.  Responsible for the safety 
and efficiency of marine navigation in Toronto Harbour, PortsToronto also exercises regulatory control and 
performs public works services for the area, works with partner organizations to keep Toronto Harbour clean, 
issues permits to recreational boaters and manages the Leslie Street Spit site.  These various properties and 
associated assets have an estimated value in excess of $220 million (Consolidated Financial Statements of 
Toronto Port Authority, December 31, 2017).     
 
In 2014, the Intergovernmental Panel on Climate Change released its Fifth Assessment Report of the 
Intergovernmental Panel on Climate Change.  In the synthesis, the Report identified that “Anthropogenic 
greenhouse gas emissions have increased since the pre-industrial era, driven largely by economic and population 
growth, and are now higher than ever. This has led to atmospheric concentrations of carbon dioxide, methane and 
nitrous oxide that are unprecedented in at least the last 800,000 years. Their effects, together with those of other 
anthropogenic drivers, have been detected throughout the climate system and are extremely likely to have been the 
dominant cause of the observed warming since the mid-20th century.” (IPCC, 2014: Climate Change 2014: 
Synthesis Report).  As a result, change is occurring in the climate system and this change poses risks for both the 
human and natural systems.  
 
In 2017, record high water levels in Lake Ontario resulted in numerous impacts to the assets and operations of 
PortsToronto and acted as a part of a catalyst for this study.  A report issued by the International Lake Ontario - St. 
Lawrence River Board Observed Conditions and Regulated Outflows in 2017, attributes the record high lake levels 
primarily to the record precipitation from January to May 2017 in the Lake Ontario and St. Lawrence River basins.  
These record precipitation levels resulted in the increase of Lake Ontario’s water levels while also constraining the 
ability to discharge into St. Lawrence River without resulting in damage downstream or compromising the safety of 
commercial navigation.  These high lake levels had several impacts on the operations of PortsToronto, including to 
the Outer Harbour Marina due to the shutdown of recreational boating in Lake Ontario.  The high lake levels and 
wave action also resulted in areas of localized flooding at Billy Bishop Toronto City Airport (BBTCA), which required 
daily removal of debris from the lake.   
 
By the 2040s, it is anticipated that the climate in southwestern Ontario will experience average annual temperature 
increases of 4.4°C and less precipitation overall but a change to historical patterns including summer storms which 
are short duration, high intensity and very localized (City of Toronto Climate Driver Studies).  These changes may 
result in impacts to PortsToronto assets such as exceeding the loading capacity on air conditioning units, earlier 
degradation of pavements surfaces and exceeding the capacity of stormsewers.   
 
AECOM was retained by PortsToronto in 2018 to determine whether PortsToronto’s assets can cope with or absorb 
the impacts of the anticipated climate by completing a risk assessment.  AECOM used the Public Infrastructure 
Engineering Vulnerability Committee (PIEVC) Protocol to complete this assessment.  PIEVC was founded in 2005 
to conduct engineering assessments of the vulnerability of Canada’s public infrastructure to the impacts of climate 
change.  PIEVC, which is funded primarily by Natural Resources Canada (NRCan) and Engineers Canada, also 
provides guidance to Canada’s professional engineers and geoscientists to address the risks of a changing climate 
and public infrastructure.  PIEVC developed the risk assessment-based Engineering Protocol (PIEVC Protocol) to 



AECOM PortsToronto 
Climate Change and Extreme Weather Vulnerability Assessment of PortsToronto Assets 

 

RPT_2019-05-15_Vulnerability Assessment_Final.Docx 2  

systematically review historical and future climate to determine the response of assets based on their design, 
operations and maintenance.  The PIEVC Protocol was used to assess PortsToronto’s infrastructure due to the 
ability to draw upon the knowledge base of previous regional case studies and experts.  The application of the 
PIEVC Protocol allows for the identification of higher risk components, which will enable PortsToronto to make 
informed engineering judgements on adapting to the changing climate with adjustments to design, maintenance, or 
operation of their assets. 

1.2 Project Objectives 
The primary objective of this study was to conduct an engineering vulnerability assessment on PortsToronto’s 
infrastructure assets.  The resulting observations, conclusions and recommendations can then be used to 
effectively incorporate climate change adaptation in the design, maintenance and operation of its assets.  The 
engineering vulnerability assessment was based on Version PG-10.1, June 2016 of the PIEVC Engineering 
Protocol.   
 
There are five steps within the PIEVC Protocol as laid out in the process flow chart in Figure 1.  The PIEVC 
Protocol provides a process to identify relevant interactions between climate and infrastructure to assess 
vulnerability to climate change. 
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Figure 1:  PIEVC Flow Chart 
The following sections of this report provide detailed descriptions and results from the completion of the five steps 
of the PIEVC Protocol, as applied to the assets and subcomponents of PortsToronto.   

1.3 Project Scope 
As a result of high lake levels during 2017, recent localized, high intensity, short duration rainfall events, and a 
growing awareness of changing climate and the potential impact on its infrastructure through damage, repair and 
loss of revenue, PortsToronto decided to initiate this engineering vulnerability assessment. The study assessed all 
PortsToronto’s infrastructure assets, which are generally significant physical works with a long life cycle. These 
assets have been grouped as follows: 
 

 Ship Channel Bridge; 
 Information Technology; 
 Security Equipment; 
 Marine Terminal Property; 

 Outer Harbour Marina Complex; 
 Access to the Billy Bishop Toronto City Airport; and  
 Airfield of the Billy Bishop Toronto City Airport 

 
This study was undertaken at a high level for initial screening purposes and identification of assets requiring further 
evaluation.  During this engineering vulnerability assessment, a series of workshops were held with PortsToronto 
staff to build internal capacity for climate change adaptation.   
 
This engineering vulnerability assessment includes an evaluation of the vulnerabilities of the PortsToronto 
infrastructure assets to the current climate (existing conditions which are presented as “climate normals” or 30 year 
averages) and to future climate between 2041 and 2070, which includes the 2040s, 2050s and the 2060s, centred 
on the 2050s or more simply presented as 2050, consistent with the “climate normals”. 

1.4 Project Team 
The climate change engineering vulnerability assessment requires a wide range of engineering, construction, 
operation and maintenance skills and knowledge of the assets being assessed.  PortsToronto staff provided the 
primary technical and operations infrastructure knowledge supplemented by recent condition assessment type 
documents.  AECOM was responsible for identifying and assessing the likely responses of the infrastructure to the 
projected climate.  The work of AECOM was validated during a series of capacity building meetings with 
PortsToronto.  Team members were as follows.   
 

Name Title and Affiliation 
Bojan Drakul Manager – Infrastructure, Planning and Environment, PortsToronto 
Christopher Sawicki Vice President of Infrastructure, Planning and Environment, PortsToronto 
Eric Piitz Port Engineer, PortsToronto  
Mike Riehl Manager, Harbour Operations, PortsToronto 
Mike Dwyer Manager, Outer Harbour Marina, PortsToronto 
Michael Antle General Manager, Airport Operations, PortsToronto 
Mike Lamont Manager, Works and Environmental Services, PortsToronto 
Mike Karsseboom General Manager, Airport Security, Compliance & Planning, PortsToronto 
Michael MacWilliam Manager, Airport Groundside Operations, PortsToronto 
Alan Winter Technical Advisor/Airports, AECOM 
Derek Gray Vulnerability Assessment Lead, AECOM  
Marc Rose Project Manager, AECOM 
Ahmed Elhadidy Vulnerability Assessment Technical Support, AECOM 
Matthew Lee Vulnerability Assessment Technical Support, AECOM 
Milo Sturm Shoreplan Engineering Limited 
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AECOM was responsible for facilitating the engineering vulnerability assessment process and documenting it 
through this report.   

1.5 Report Layout 
Overall, the layout of this report follows the PIEVC Protocol and has been divided into the following sections:  
 

Section 2: .................. This section summarizes Step 1 of the PIEVC Protocol – Project Definition  

Section 3: .................. This section summarizes Step 2 of the PIEVC Protocol – Data Gathering and 
Sufficiency 

Section 4 ................... This section summarizes Step 3 of the PIEVC Protocol – Risk Assessment of the 
PortsToronto assets 

Section 5: .................. This section summarizes Step 4 of the PIEVC Protocol –. Engineering Analysis 

Sections 6 and 7: ...... These sections summarize Step 5 of the PIEVC Protocol and present the 
conclusions and recommendations of the overall study   

 
The appendices at the end of the report include detailed information about the engineering vulnerability 
assessment, climate analysis and projections, spreadsheets used to complete the risk assessment and engineering 
analysis.   
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2. Project Definition 

2.1 Overview 
The first step of the Protocol is to establish the boundary conditions for the engineering vulnerability assessment 
and provide a description of the infrastructure including: 
 

 Study location and area geography; 
 Jurisdictional considerations; 
 General description of infrastructure at PortsToronto including age, life cycle and capacity;  
 Study area climate; 
 Time frame used for analysis; 
 Identification of major documents and information sources. 

 
The first step of the protocol is depicted in Figure 2.  At the end of this step data sufficiency is assessed with the 
identification of proposed assumption and their rationale. 
 

 

Figure 2:  Step 1 of the PIEVC Protocol 

2.2 Study Location and Area Geography 
PortsToronto’s assets are located in and around the Toronto Waterfront along the shores of Lake Ontario and on 
the Toronto Islands (see Map 1 in Appendix A) in Southwestern Ontario.  The Outer Harbour Marina and Port of 
Toronto are within the Port Lands to the east end of the Toronto Waterfront, while Billy Bishop Toronto City Airport 
is located at the west end of Toronto’s Inner Harbour.   
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2.3 Jurisdictional Considerations 
Jurisdictional considerations applicable to the infrastructure are identified as a frame of reference for readers not 
familiar with the governance structure.  Toronto Port Authority (PortsToronto) is the successor to the Toronto 
Harbour Commissioners and was established in 1999 to operate the port, marina and airport as a federal 
government business enterprise under the Canada Marine Act.  PortsToronto continues to operate Billy Bishop 
Toronto City Airport under the terms of the 1983 Tripartite Agreement which it signed along with the City of Toronto 
and Transport Canada.  Jurisdictions that have direct control or influence on the infrastructure are as follows: 
 

 Federal Government – the bulk of the lands and water lots managed by PortsToronto are under the 
Canada Marine Act and as such subject to the following federal legislation: 

− Canada Marine Act and enacted regulations; 
− Toronto Port Authority Letters Patent issued by the federal Minister of Transport in addition to 

a series of specific policies and procedures; 
− Aeronautical Act and enacted regulations; 
− National Building Code and National Fire Code. 

 Provincial Government – the province does not have any jurisdiction over PortsToronto; however 
certain legislation and regulations apply to their assets, including the Ontario Highway Safety Act. 

 City of Toronto – The City of Toronto does not have any jurisdiction over PortsToronto; however, as 
a signatory to the Tripartite Agreement for Billy Bishop Toronto City Airport, PortsToronto adheres to 
the conditions of the agreement.  

 
PortsToronto engages and consults with all levels of government to determine what approvals are required for 
infrastructure projects early in the planning process to ensure approvals are received in advance of construction 
commencing.  
 
In addition, PortsToronto follows numerous other Aviation and Marine policies and procedures relevant to their 
operation.   

2.4 General Description of Infrastructure at PortsToronto 
For the purpose of this study, PortsToronto’s infrastructure has been loosely grouped into the Outer Harbour 
Marina, Marine Terminal Property and Billy Bishop Toronto City Airport.  PortsToronto also has a number of real-
estate holdings which were not considered as a part of this study. 
 
The Outer Harbour Marina is located in the Port Lands and has over 600 slips used for recreational boating (see 
Map 1-1 in Appendix A).  It is one of Canada’s largest freshwater marinas.  Also located in the Port Lands is the 
Marine Terminal Property (see Map 1-2 in Appendix A) which serves primarily as a bulk cargo destination servicing 
the Greater Toronto Area.   
 
Billy Bishop Toronto City Airport (see Map 1-3 in Appendix A) is primarily located on Toronto Island.  The 
Passenger Terminal at Billy Bishop Toronto City Airport is owned and operated by Nieuport Aviation Infrastructure 
Partners and is excluded from this assessment along with other tenant improvements and assets not owned by 
PortsToronto, such as aviation hangars.  
 
Although PortsToronto has been completing filling operations at the Leslie Street Spit/Tommy Thompson Park in 
conjunction with the Toronto and Region Conservation Authority (TRCA), this property is owned by the Province 
and is therefore not included in this assessment. 
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2.5 Study Area Climate 
Climate in the Toronto area is considered semi-continental with warm, humid summers and cold winters that are 
influenced significantly by Lake Ontario.  In the summer Lake Ontario can quite often provide a cooling effect but it 
may also be a contributing factor to humidity.  In the winter, Lake Ontario can contribute to increased snowfall. 
 
Figure 3 and Figure 4 provides the climate normals for the Environment Canada meteorological station at Billy 
Bishop Toronto City Airport and another station near the University of Toronto (downtown campus).  Depicted in the 
graphs are the “averages” of thirty years of data.  These climate normals (averages) are used to summarize or 
describe the general climate of an area and are calculated based on a thirty-year period when at least 15 years of 
data are available.  Insufficient data exist at the Billy Bishop Toronto City Airport to calculate the most recent set of 
climate normals for the 1981-2010 period. 
 

 
Figure 3:  Toronto Island Climate Normals 

 

 
Figure 4:  University of Toronto Climate Normals 
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2.6 Time Frame Used for Analysis 
Existing conditions are based primarily on climate data available from the period of 1971 to 2000, which were used 
in a recent climate change adaptation study completed at Toronto Pearson International Airport.  Climate 
projections for future conditions reflect a 30-year period from 2041 to 2070, or more simply expressed as the year 
2050.  These climate projections are also based on the study completed at Toronto Pearson, which incorporated 
climate data from other studies in the Toronto area.  More information on the climate data is included in section 3.3. 
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3. Data Gathering and Assessment of Data 
Sufficiency 

The PIEVC Protocol requires the assessment of data sufficiency at each step in the process, including during the 
data gathering stage (Step 2), as shown in Figure 5.  AECOM examined the adequacy of both infrastructure data 
and climate data during this stage of the process. 

3.1 Infrastructure Data 
PortsToronto was able to provide a large cache of infrastructure information from its records including several 
recent condition assessments for infrastructure including the Ship Channel Bridge and the dockwalls at the airport.  
As such there are no identified data gaps at this step of the study.   

3.2 Climate Data 
The overall intent of the climate analysis and projections for this study was to use readily available information to the 
fullest extent possible.  As mentioned in the previous section, this study relies heavily on the projections that were made 
publicly available through the Pearson Study on the PIEVC website in a format ready for use in a risk assessment.   
 
During the study, AECOM and PortsToronto agreed that climate data collected closer to PortsToronto’s assets 
would be beneficial in confirming local climate conditions, especially those that might affect assets on and adjacent 
to Lake Ontario.  Therefore, the data from the Pearson Study were supplemented with a smaller set of existing 
conditions and future projections developed specifically for this study using data from the meteorological station at 
Billy Bishop Toronto City Airport.  
 

 
Figure 5:   Step 2 – Data Gathering and Sufficiency Process Flowchart 
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3.3 PortsToronto Assets 
PortsToronto’s assets addressed in this study include the following:  
 

 Outer Harbour Marina 
 Marine Terminal Facility 
 Billy Bishop Toronto City Airport 

 
In addition, corporate-wide assets include information technology (IT) and security.  These assets and their 
corresponding components are described in the sections below. 
 
PortsToronto also owns a number of real estate holdings such as Pier 6 at 145 Queens Quay West and 5 Queens 
Quay West, which were not considered as a part of this study. 

Outer Harbour Marina 

The Outer Harbour Marina (OHM) is located at 475 Unwin Avenue.  Infrastructure on the site includes 650 boat 
slips and associated floating docks, an administration building, washrooms / showers facility, indoor winter storage 
facility for boats, a fuel dock, a transformer and parking facilities.  A map of the facility is shown in Map 1-1 of 
Appendix A.  Photographs of the infrastructure are included in Appendix B. 
 
For the assessment, the infrastructure on site was arranged into several components, as shown in Table 1. 
 

Table 1: Components associated with the Outer Harbour Marina 

Components Description 
Staff Personnel responsible for management, operation, and maintenance of the OHM  
Administration Policies or procedures that address emergency management 
Communications Telecommunications systems to connect the OHM to other PortsToronto facilities 
Administration Building  Permanently installed trailer containing administrative offices for the OHM 
Boardwalks  Wooden boardwalk providing access to the floating docks 
Dock Walls Concrete dock walls that are covered by the boardwalk 
Floating Docks Floating docks that connect to the boardwalk and are held in place by concrete pillars 
Electrical Connections Electrical connections provided at each slip  
Plumbing Connections Plumbing connections provided at each slip  
Boat Storage Buildings First structure is a reused hangar constructed with steel trusses and a canvas roof that 

provides storage for boats in the winter; PortsToronto plans to replace this temporary building 
within the next five years. 
Second structure is a new steel clad and insulated building constructed in 2015 

Fuel System Pad-mounted fuel pump adjacent to the boardwalk, associated piping and underground 
storage tanks 

Stormsewers City-owned servicing 
Sanitary System City-owned servicing 
Electricity Supply On-site 13,800 volt transformer that is nearing the end of its service life  
Watermains City-owned servicing  
Pavement Paved surfaces including driveway and parking lots  
Shoreline Shoreline that is not stabilized with dock walls 
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Marine Terminal Property 

The Marine Terminal Property is located at the eastern limit of Toronto’s harbour and includes land-based facilities 
and waterlots to accommodate marine traffic.  PortsToronto owns and operates the Marine Terminal facilities 
located at 8 Unwin Avenue in the Port Lands.  The property includes two warehouses, a Cruise Ship Terminal, and 
ancillary buildings.  The property also provides docking facilities along both sides of the Ship Channel.  It is 
accessible by Cherry Street and by a rail spur.  PortsToronto owns the Ship Channel Bridge, a bascule bridge that 
spans the Ship Channel along Cherry Street.  A map of these facilities is shown in Map 1-2 of Appendix A.  
Photographs of the infrastructure are included in Appendix B. 
 
For this task, we assessed the risks to the components at Marine Terminal Property (Table 2) and the Ship 
Channel Bridge (Table 3) separately.   
 

Table 2: Components Associated with Marine Terminal Property 

Components Description 
Staff Personnel responsible for management, operation, and maintenance of the Marine Terminal 

Property  
Administration Policies or procedures that address emergency management 
Communications Telecommunications systems to connect the property to other PortsToronto facilities 
Shore Power Electrical services for cargo ships docking along the Ship Channel 
Navigation Markers Buoys placed in the Inner and Outer Harbour to assist ships with navigation 
Warehouse 52  Large warehouse providing indoor storage for cargo with the surrounding grounds for cargo 

and bulk cargo storage 
Equipment Maintenance Centre Building for maintaining vehicles used to service port constructed approximately 40 years ago 
IMPT (Cruise Ship Terminal) Two-storey terminal building constructed within the last 10 years for cruise ships visiting 

Toronto; part of the facility is currently rented out as film production offices; building is 
supplied by a back-up generator 

Stormsewers Servicing for the complex 
Sanitary System Combination of IMPT serviced by the Waste Water Treatment Plant with remaining building 

on septic beds. PortsToronto will complete connection of all facilities on the property to the 
Waste Water Treatment Plant late this year 

Waste Water Treatment Plant Plant installed within the last 15 years to treat sewage from the IMPT.  Additional facilities to 
be connected to it later this year 

Natural Gas Supply Enbridge-owned servicing 
Electricity Supply Toronto Hydro-owned servicing 
Watermains Servicing for the complex 
Pavement Paved surfaces including driveway and parking lots  
Dock Walls Concrete dock walls running along the northern, western, and southern portion of the 

property 
Fuel System Fuel pumps, associated underground storage tanks and pumping. 
Rail Spur Rail spur that provide access to the Marine Terminal Property from the north and the east 
 

Table 3: Components associated with the Ship Channel Bridge 

Components Description 
Staff Personnel responsible for management, operation, and maintenance of the bridge  
Administration Policies or procedures that address emergency management 
Communications Telecommunications systems to connect the bridge to other PortsToronto facilities 
Approach Spans Roadway transition to the bridge (owned by City of Toronto) 
Guardrails on Approach Spans Original (100+ years old) guardrails that have been replaced in certain sections 
Mechanical Elements Original (100+ years old) mechanical elements for operating the bridge although some 

elements have been upgraded and improved over the years.  
Electrical Elements Original (100+ years old) electrical elements for operating the bridge although some 

elements have been upgraded and improved over the years. 
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Bascule Span Roadway 
Structural Pavement 

Pavement on the bridge 

Stormsewers City-owned servicing 
Electricity Supply Supply for the control centre for operating the bridge 

Billy Bishop Toronto City Airport – Access and Airfield  

PortsToronto owns and operates the Billy Bishop Toronto City Airport (BBTCA) located at 1 Island Airport.  
Ownership includes the landside and island side Passenger Transfer Facility (PTF), the under-lake pedestrian 
tunnel spanning the Western Channel, the airfield, and a number of ancillary buildings on the airside.  A map of 
these facilities is shown in Map 1-3 of Appendix A.  Photographs of the infrastructure are included in Appendix B. 
 
For this task, we assessed the risks to infrastructure providing access to the BBTCA (Table 4) and to the airfield 
infrastructure (Table 5) separately.    
 

Table 4: Components associated with BBTCA Access 

Components Description 
Staff Personnel responsible for management, operation, and maintenance of access to the airport  
Administration Policies or procedures that address emergency management 
Communications Telecommunications systems within the airport and connecting the airport to other 

PortsToronto facilities 
Landside PTF Landside building providing access to the ferry slip and the pedestrian tunnel 
Pedestrian Tunnel Newly constructed (2015) under-lake pedestrian tunnel connecting the mainland and island 

portions of the airport 
Island Side PTF Island side building providing interface to the terminal from the ferry slip and the pedestrian 

tunnel  
Ferries Two approximately 8-12 year old ferries that travel between the landside and airside slips 
Ferry Slips Slips on either side of the Western Channel and associated dock walls 
Sanitary System City-owned servicing 
Natural Gas Supply Enbridge-owned servicing 
Electricity Supply Toronto Hydro-owned servicing including PortsToronto substation on the mainland 
Watermains City-owned servicing 
Pavements Paved surfaces for the turning radius and parking on the mainland 
Dock Walls Dock walls on the south side of the Mainland Passenger Transfer Facility (PTF) and 

groundside ferry slip 
 
 

Table 5: Components associated with the BBTCA Airfield 

Components Description 
Staff Personnel responsible for management, operation, and maintenance of airfield  
Administration Policies or procedures that address emergency management 
Pavement Pavement structures on the airfield.  
Fuel System A small fuel system for fuelling of PortsToronto equipment used on the airfield, including 

pumps, above-ground storage tanks and associated piping  
Fire Loop Building containing booster pumps and backup diesel generator, which is nearing the end of 

its service life 
Markings Markings (typically painted) applied on the pavement surfaces to provide guidance and 

designate hazards to aircraft, vehicles and ground crew 
Airfield Lighting A system of lighting, Field Electric Centre and associated backup diesel generator primarily 

to provide guidance and designate hazards to aircraft. 
Glycol Pumping Station Pumping station for collecting and discharging spent glycol from aircraft de-icing operations  
Western Gap Dockwalls Dock walls on the south side of the Western Gap 
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Eastern Dockwalls Dock walls on the eastern edge of the airside 
Airfield Dockwalls Dock walls on either end of the airfield 
Shoreline Shoreline that is not stabilized with dock walls 
Stormsewers City-owned servicing 

Corporate Infrastructure 

PortsToronto owns IT and security infrastructure to support the functioning of its other assets at the Outer Harbour 
Marina, the Maine Terminal Facility, and the Airport.  Table 6 describes the components associated with 
PortsToronto’s IT infrastructure and Table 7 describes the components associated with security infrastructure. 
 

Table 6: Components associated with IT Infrastructure 

Components Description 
Staff Personnel responsible for management, operation, and maintenance of PortsToronto’s IT 

infrastructure  
Administration Policies or procedures that address emergency management 
Communications Telecommunications systems connecting the various server rooms to one another and to 

other PortsToronto facilities 
Utilities Electrical power from Toronto Hydro distribution network  
HVAC Heating and cooling to maintain a proper operating temperature for the servers and other IT 

infrastructure 
UPS Uninterrupted power supply that provides backup power to the servers and other IT 

infrastructure in the event of a power failure 
 
 

Table 7: Components associated with Security Infrastructure 

Components Description 

Staff Personnel responsible for management, operation, and maintenance of PortsToronto’s 
security infrastructure  

Administration Policies or procedures that address emergency management 
Communications Telecommunications systems connecting the various security networks to one another and 

to other PortsToronto facilities 
Utilities Electrical power from Toronto Hydro distribution network 
HVAC Heating and cooling to maintain a proper operating temperature for the security networks 
UPS Uninterrupted power supply that provides backup power to the security networks in the 

event of a power failure 

3.4 Climate Analysis 
Several sources of climate data were used to complete the vulnerability assessment, as described in the 
subsections below. 

Pearson Climate Data 

As mentioned in section 3.1.2, AECOM and PortsToronto agreed to use the climate data and projections included 
in the Pearson Study for this study for the following reasons: 
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1. The climate data and probabilities had already been used in the PIEVC Protocol assessment and 
already appropriately formatted. 

2. The climate data and probabilities were publicly available via the PIEVC website and readily 
available for use. 

3. The climate data and probabilities in the Pearson Study already assessed the recent regional 
studies, including: 

a. TRCA – Vulnerability Assessment to Climate Change for Flood Control Dams, 2009;   

b. Toronto’s Future Weather & Climate Drivers Study, 2011; 
c. Toronto’s Climate Change Vulnerability Assessment for Culverts, 2011; and  

d. Toronto Hydro-Electric System Public Infrastructure Engineering Vulnerability Assessment 
Study, 2012. 

 
As such the primary source of climate data and projections was the Pearson Study.  The parameters, their 
definitions and probabilities from the study are included in Figure 6. 
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Figure 6:   Climate Parameters Definitions and Probabilities 

Data from Billy Bishop Toronto City Airport 

After the risk assessment was completed utilizing the climate parameter probabilities from the Pearson Study, 
additional climate projections were completed by RWDI utilizing the data available from the meteorological station 
at Billy Bishop Toronto City Airport.  The selection of a smaller, relevant set of climate parameters was intended to 
confirm whether the results of the risk assessment completed using the climate parameter probabilities from the 
Pearson Study would change based on using data collected from the immediate study area.  The existing climate 
data and climate projections provided by RWDI were converted into the same threshold and climate definitions as 
those used for the Pearson Study based on the PIEVC Method A for probability.  The supplemental climate 
analysis and projections provided by RWDI are included in Appendix F and summarized in Figure 7. 
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Figure 7:  Supplemental Climate Parameters Definitions and Probabilities 
 
Overall, the current and future probabilities associated with the parameters examined by RWDI are the same or 
lower than the probabilities from the Pearson study, with the exception of current heavy 5-day total rainfall for which 
current probability is lower based on Pearson data (future probability is the same). 

Recent Extreme Weather Events 

Two notable meteorological events occurred during the study that influenced the assessment.  Late on Tuesday 
August 7, 2018 the downtown Toronto area was subjected to an intense rainfall that was reported as generating 
100 mm of rain over two hours, which translates to 1:100 year event from the Intensity-Duration-Frequency curves 
for the meteorological station at Billy Bishop Airport.  Significant flooding occurred throughout Toronto including 
numerous major intersections and impacting the TTC subway.  As typical of the summer storms being experienced 
in southwestern Ontario it was short duration, high intensity and fairly localized.  Localized flooding was 
experienced at the Passenger Transfer facility at Billy Bishop Toronto City Airport, and elsewhere in the city, as 
shown in Figure 8.  As this event occurred during the course of this study, an additional investigation occurred that 
may not have otherwise happened.   
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Figure 8:  Flooding on King Street West on August 7, 2018 (Source: The Canadian Press) 
 
On the afternoon of Friday, September 21, 2018, a series of tornadoes occurred in the Ottawa area causing 
significant localized destruction.   Tornadoes are an example of an extreme weather event that occurs in southern 
Ontario.  In Canada the predicted tornado occurrence for the study area is 1.5 tornadoes/10,000 km2/year; 
therefore, the September 2018 event is very rare. 

Assessment of Data Sufficiency 

The amount of infrastructure data gathered from PortsToronto was sufficient in this step and in relatively good 
quality and accuracy for the level of assessment needed for this study.  No data gaps were identified during this 
stage. 
 
The climate data and projections were discussed previously and deemed to be acceptable.  A sensitivity analysis 
was conducted following the risk assessment to determine if changes in the climate probabilities would have an 
impact in the overall risk profile.  This analysis is discussed further in Section 4.6. 

3.5 Additional Climate Information 
In 2017, record high water levels in Lake Ontario and the St. Lawrence River caused widespread impacts.  The 
high water levels have been attributed to the amount of precipitation received across the Lake Ontario and St. 
Lawrence River basins in early 2017 along with the timing of the winter melt and spring precipitations.  The Lake 
Ontario water level at the end of May 2017 exceeded the highest levels recorded since 1918.  Outflow from Lake 
Ontario is controlled by the International Lake Ontario – St. Lawrence Board at the international dam located on the 
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St. Lawrence River at Cornwall, Ontario.  Outflow is controlled to ensure that levels in Lake Ontario are controlled 
within a planned range, that downstream locations are not damaged/impacted, and to maintain safe commercial 
marine operations.  As a result of these high water levels in Lake Ontario, PortsToronto facilities were impacted 
accelerating PortsToronto’s desire to undertake this study on climate change and extreme weather. 

Literature Review of Lake Ontario Level, Ice, Wind and Waves 

Due to PortsToronto’s specific concern around lake level, ice, wind and waves and the impact on their assets, 
AECOM undertook a supplemental literature review and analysis with respect to these climate parameters (refer to 
Appendix D).  The review of research on lake levels in Lake Ontario indicated that most studies have projected a 
decrease in the annual average Net Basin Supply and resulting water levels.  However, there is significant 
discrepancy between studies.  For example, when the Upper Great Lakes are considered together with Lake 
Ontario water levels, the research suggests that Lake Ontario water levels will tend to increase during high flow 
periods and decrease during low flow periods.      
 
It is uncertain how the lake levels in the future will be influenced by the International Lake Ontario – St. Lawrence 
Board and their obligations under Plan 2014.  Plan 2014 is intended to return the Lake Ontario-St. Lawrence River 
System to a more natural hydrological regime while limiting impact on a myriad of various interests such as: coastal 
interests; recreational and commercial boating; flood protection; municipal water intakes; hydropower and attempting 
to enhance environmental conditions (https://ijc.org/sites/default/files/2018-08/Plan2014_CompendiumReport_1.pdf).  
PortsToronto receives weekly briefings from the International Lake Ontario – St. Lawrence River Board.  Contained 
within these briefings are summaries of weekly precipitation within the St. Lawrence River drainage basin, flows and 
various levels within the St. Lawrence River basin.  In addition, it provides three projections of Lake Ontario levels with 
wet, average or dry conditions projected out about four months. 
 
Ice in Lake Ontario is anticipated to decrease in extent, cover, and thickness based on a review of available 
literature.   
 
Significant downward trends have been found in historical wind data near Lake Ontario and climate projections 
show similar results, although one study indicates a slight increase in wind levels.  Furthermore, storm frequency 
and intensity are both expected to increase.  McDermid et al. (2015) note that extreme events are likely to have 
higher wind speeds.   
 
While there are no projections for future Lake Ontario wave characteristics in the literature, an overall decrease in 
wave amplitude is expected due to decreasing wind.  However, extreme events with higher wind speeds will likely 
result in larger waves. 

Data from Fisheries and Oceans Canada  

As a member of Aquatic Habitat Toronto (AHT), PortsToronto had access to climate parameter projections 
developed by the Department of Fisheries and Oceans, also a member of AHT.  These projections provided 
context about future trends on decreasing lake levels, wind speed, ice cover and ice thickness (refer to 
Appendix E).  The combination of ice forming later in the winter and melting earlier in the spring indicates the 
possibility of an extended shipping season on the Great Lakes and St. Lawrence Seaway in the future, which could 
benefit PortsToronto’s port operations.  Unfortunately, these climate projections were not in a format that was 
readily available for use in this risk assessment (i.e., the projections are not available as probabilities of occurrence, 
which is required under the PIEVC Protocol) and are therefore not reflected in the analysis.    
 
The Department of Fisheries and Oceans is currently undertaking a Small Craft Harbours Coastal Infrastructure 
Vulnerability Index Pilot Project (http://publications.gc.ca/collections/collection_2018/mpo-dfo/Fs97-6-3245-

https://ijc.org/sites/default/files/2018-08/Plan2014_CompendiumReport_1.pdf
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eng.pdf), which is examining Small Craft Harbours (SCHs) and their vulnerability to climate change via a Coastal 
Infrastructure Vulnerability Index (CIVI).  The CIVI considered factors related to Exposure (i.e., relative sea level 
change, maximum wind speed, maximum significant wave height, coastal materials and change in sea ice 
duration), Infrastructure (i.e., harbour condition, total replacement cost and degree of facility protection) and Socio-
economic conditions (i.e., average landed quantity per average number of vessels at harbour, average fishing 
income to average employment income and total population).  The Pilot Project currently only applies to Atlantic 
and Pacific SCHs.  Although three Ontario Harbours were originally included they were removed from the analysis 
due to a lack of data.  For this reason, data from this report were not used for this risk assessment.  A 
recommendation to investigate the feasibility of extending the tool to freshwater SCHs was included in the summary 
report for the Pilot Project.  
 
PortsToronto had previously commissioned the National Research Council through WSP Canada Inc. to conduct 
3D wave modelling on the breakwater protection proposed to protect the western edge of the airfield as a part of 
proposed runway extension project (the project has been cancelled since).  Under the study, various combinations 
of wave heights (between 1.1 and ~4.0 m), wind speeds (55 to 75 k/h) and wind directions (SW, W and E) were 
modelled on various sizes of armour stone.  As there are no wave measurements available in proximity to the 
project area, it is unclear how the modelled wave heights are reflective of current or future wave action.   
 

Use of Supplemental Data for the Risk Assessment 

There are a number of sources of current climate information and future projections that maybe relevant to 
PortsToronto’s asset and operations.  Similar to the data identified through the literature review, they are not in a 
format that can be readily used in a PIEVC risk assessment (i.e., the data are not available as probabilities of 
occurrence, which is required under the PIEVC Protocol).  This is the case with most of the climate parameters 
PortsToronto is most concerned with such as lake level, wind and ice.   
 
Most of PortsToronto’s assets are not expected to be affected on a regular basis by high lake levels, ice, wind, and 
wave action, with the exception of the dockwalls at the BBTCA, OHM, and the Port of Toronto, and the ferry slips at 
the BBTCA.  While the floating docks are not expected to be affected by changing lake levels based on the events 
of 2017, extremely high lake levels could cause the docks to come off their mooring piles.   
 
A series of screenings could be completed by PortsToronto in order to determine potential impacts to the dockwalls 
and ferry slips, such as: 
 

1. Comparing the absolute minimum and maximum water levels in Plan 2014 to; 
a. Elevation of dockwalls at the BBTCA; 
b. Operations of the airport ferry; and 
c. Outer Harbour Marina assets (floating docks and dockwalls) and operations. 

2. Comparing the National Research Council wave modelling to: 
a. Wind speeds and results from the meteorological station at the BBTCA; 
b. Wave heights and airfield elevations; and 
c. Wave forecasts from the GLCFS. 

3. Examining the records of local ice observations and the developmental tools of the GLCFS.  
 
The results of these screenings could be used to determine whether further investigations are appropriate and to 
provide guidance for policies and procedures for PortsToronto.  
 



AECOM PortsToronto 
Climate Change and Extreme Weather Vulnerability Assessment of PortsToronto Assets 

 

RPT_2019-05-15_Vulnerability Assessment_Final.Docx 20  

4. Risk Assessment 

4.1 Overview 
During the third step of the PIEVC Protocol the intent is to identify the interactions between the infrastructure, the 
climate and any other factors that could lead to vulnerability.  This step focuses on qualitative assessments as a 
means of prioritizing more detailed assessments to be completed in Step 4 of the PIEVC Protocol.   
 
The overall process for Step 3 of the PIEVC Protocol is depicted in Figure 9. 
 

 

Figure 9:  Step 3 Risk Assessment Process 

4.2 Defining Risk 
The PIEVC Engineering Protocol defines risk as “the possibility of injury or loss, or negative environmental impact 
created by a hazard”. Furthermore, “the significance of risk is a function of the probability of an unwanted incident 
and the severity of its consequence” (Engineers Canada, 2015).  To calculate risk, the probability of a negative 
event (in this case a climate event) is multiplied by the severity of the event in terms of its impact on infrastructure 
and other assets, as follows: 
 

Risk = Probability x Severity 
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A climate event that has a high probability of occurring (i.e., rainfall) but has limited impact on infrastructure will be 
a low risk event.  Similarly, a climate event that has a low probability of occurring (i.e., hurricane) but has a large 
impact on infrastructure will also be a low risk event.   
 
The remainder of this section describes how risks to PortsToronto assets were identified and assessed. 

4.3 Risk Assessment Methodology 
The Protocol lists three questions for assessing risk, which are as follows: 
 

Hazard Identification: ......... What can happen? 

Probability: .......................... How likely it is to happen? 
Severity: ............................... If it does happen, what are the consequences? 

 
AECOM’s team relied on available climate data and professional judgement to answer the first two questions.  
Answering the third question required input from PortsToronto staff, which the AECOM team obtained through the 
first of three capacity-building workshops.   
 
More information regarding the process for answering the three questions listed above is provided below. 

Identifying hazards / interactions 

The Protocol defines hazards as “interactions between identified climatic events and components of the infrastructure”.  
The identification of hazards relied primarily on the information that is completed in Step 2 of the Protocol.  The climate 
analysis identified the climatic events that could occur within the time frame being considered for the study, and the 
review identified components of the infrastructure that may be vulnerable to those climatic events.  Combining those two 
data sets allowed for interactions between the events and the assets to be identified.   
 
For each potential interaction, a series of criteria were reviewed to determine whether an interaction exists.  These 
criteria are: 
 

 Structural Design – Does the climate event affect the integrity of the asset components resulting in 
fracture, fatigue, deformation, etc.? 

 Functionality – Does the climatic event affect the ability of the asset component to meet its intended 
function? 

 Serviceability – Does the climatic event affect the operating lifespan of the infrastructure component? 

 Operations, Maintenance – Does the climatic event affect PortsToronto’s ability to operate and 
maintain the infrastructure component? 

 Emergency Response – Does the climatic event affect PortsToronto’s ability to respond to 
emergencies?  

 Insurance Considerations – Could the climatic event result in insurance claims associated with the 
infrastructure component? 

 Policy Considerations – Could the climatic event result in a change in PortsToronto’s policies 
associated with the infrastructure component?   

 Social Effects – Could the climatic event result in a social effect such as irregular operations causing 
additional noise complaints?  
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A “yes” response to any of the criteria listed above resulted in an interaction being identified.  In total, the 
assessment of PortsToronto’s assets resulted in 3,321 potential interactions, as shown in Figure 10.   
 

 

Figure 10:  Total Potential Interactions for the Different Assets Included in the Study  

Determining Probability 

As discussed previously, historical data were used where available to calculate the probability of a climatic event 
occurring, both currently and in the future.  Future probabilities were also based on downscaling of global climate 
models.  The climate change analysis and projections drew primarily upon the research conducted for the Toronto 
Pearson Infrastructure Vulnerability Assessment and was comparable to the climate projections included in City of 
Toronto’s Future Weather and Climate Drivers Study. 
 
The PIEVC Protocol scores probability from 0 to 7, where 0 means that a climatic event is unlikely and 7 means 
that it is certain or highly probable.  Table 8 lists the climate parameters and their probability of occurring currently 
and in the future.  Where the probability for any parameter changes between current and future, the higher 
probability number is bolded.   
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Table 8: Probability of Climate Parameters 

Category Climate Parameter Parameter Definition 
Pearson 

Probabilities 
Current Future 

Te
m

pe
ra

tu
re

 

High Temperature Day(s) with a max. temp exceeding 35°C 4 5 
Low Temperature Day(s) with a min. temp below -30°C 3 2 
Heat Wave Three or more consecutive days >32°C 4 5 

Cold Wave Three or more consecutive days with min temp.  
<-20°C and max temp. <-10°C 3 2 

Diurnal Temperature 
Variability 

Daily temp. variation of more than 25°C 3 2 

Freeze/Thaw 85 or more freeze-thaw cycles within one year 4 2 
Frost 175 or more frost days within one year 4 3 
Heavy Fog 15 or more hours with visibility <0 km within one year 4 4 

W
in

d High Wind/ Downburst 8 or more days with max. winds of >=63 km/hr in one year 4 4 

Tornado Vortex extending upward from the earth’s surface at least as far as 
cloud base (occurring near site) 1 1 

Pr
ec

ip
ita

tio
n 

Extreme Heavy 
Rainfall 

Days with rainfall > 125 mm 1 2 

Heavy Rainfall Days with rainfall > 50 mm 4 5 
Rain (Frequency) 23 or more days of >10 mm of rain within one year 4 5 
Heavy 5 day total 
Rainfall 

A five day period receiving > 100 mm of rainfall 2 3 

Winter Rain/Rain-on-
Snow 

Greater than 25 mm of rain falling during January, February and March 4 4 

Freezing Rain 9 or more days with freezing rain in one year 4 6 
Ice Storm Severe Freezing Rain events 2 3 
Snow Storm/ Blizzard 8 or more days with blowing snow in one year 4 4 
Heavy Snowfall Days with snowfall >10 cm 6 6 
Snow Accumulation 5 or more consecutive days with a snow depth of >30 cm 6 5 
Hailstorm Days with precipitation falling as ice particles (dia. > 5 mm) 5 5 
Acid Rain Precipitation with pH of <4 2 2 
Wet Days 112 or more days with measurable rainfall >0.2 mm in one year 4 5 

O
th

er
 Lightning 0.125 lightning strikes on the airport property within one year 3 3 

Hurricane / Tropical 
Storms 

Cyclones of a tropical origin with sustained surface wind speeds 
>63 km/hr 1 2 

Drought/Dry Periods 10 consecutive days with <0.2 mm of precipitation 5 6 
Dust Storm Visibility <1 km for more than an hour 2 2 

Establishing PortsToronto Severity Tolerance Thresholds 

Like probability, the PIEVC Protocol rates severity based on a scale from 0 to 7, where 0 is no effect and 7 is a 
catastrophic effect on an asset. Unlike probability, severity ratings were developed using input from PortsToronto 
staff.  During two half-day workshops, PortsToronto staff representing the Marine Terminal Property, Outer Harbour 
Marina, and the Billy Bishop Airport, developed severity ratings for their respective assets.   
 
To develop those severity ratings, staff was asked about the level of interruption that the organization was willing to 
accept for each asset in terms of: 
 

 Repair/replacement costs;   
 Decreased service levels; and  
 Loss of revenue. 

 
Appendix C contains the severity ratings for all PortsToronto’s assets considered in this study. 
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Ranking the Risks 

As described in Section 3.2, calculating risk involves multiplying probability by severity.  While the severity ratings 
described above remain constant, the probability associated with climatic events may change as shown in 
Section 4.3.2.  Therefore, a change in risk is dependent upon the probability of current and future climatic events.   
 
For this reason, any climatic events that are not expected to change in probability from the present to the future 
were dropped from the assessment summary in this report; however those parameters were still included in the 
overall vulnerability assessment as shown in the risk assessment tables in Appendix C.  In addition, these events 
are already being accommodated for in PortsToronto’s existing operation and design and maintenance of assets.  
These events are: 
 

 Heavy Fog 
 High Wind / Downburst 
 Tornado 
 Winter Rain / Rain-on-Snow 
 Snow Storm / Blizzard 

 Heavy Snowfall 
 Hailstorm 
 Acid Rain 
 Lightning 
 Dust Storm 

 
Those climatic events were also removed from the list of interactions.  The risk ranking for each remaining 
interaction was then calculated by multiplying severity by probability.  As severity and probability are each assigned 
a score between 0 and 7, the risk ranking is a value between 0 and 49 (refer to Figure 11 below).  This risk ranking 
step was calculated for both current and future probability in order to determine current and future risk, and to 
establish how risk changed. 
 
As per the PIEVC Protocol, values below 12 are considered low risk and are not considered further.  Values 
between 13 and 36 are considered medium risk and may be considered for further analysis as part of Step 4 
(Engineering Analysis).  Such analysis is recommended in situations where the risk level is close to the threshold or 
when it is identified by the organization undertaking the risk assessment as an interaction of concern.  Values 
between 42 and 49 are considered high risk and mitigation measures should be developed as part of the 
assessment.  For this risk assessment there were no interactions with a high risk. 
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Figure 11: Risk Ranking 

4.4 Assessment of Data Sufficiency 
As Step 3 of the PIEVC Protocol is more qualitative in nature, the data available for assessment use was sufficient, 
particularly where non-numerical, engineering judgement-based screening was applied.  

4.5 Summary of Findings 
The risk associated for the interactions between the different asset components and climate parameters were 
calculated for all the assets. Figure 12 and Figure 13 show the number of interactions and their risk level under 
current and future climate probabilities respectively.    
 
Under current climate conditions and original climate parameter probabilities (based on Pearson study 
Probabilities), there were 614 interactions from a total of 3,267 potential interactions (18.8%).  Interactions occur 
when a specific piece of infrastructure may be impacted by a climate parameter.  Out of those interactions: 
 

 609 interactions (99.2%) were low risk (i.e., Calculated Risk < 13);  

 5 interactions (0.8%) were medium risk (i.e., Calculated Risk between 13 and 36) and include: 
a) Stormsewers and heavy rainfall at the Marine Terminal Property;  
b) Floating docks and High wind/downburst at the Marine Terminal Property; 
c) Pedestrian tunnel and heavy rainfall at Billy Bishop Toronto City Airport (BBTCA) Access; 
d) Pedestrian tunnel and heavy 5-day total rainfall at BBTCA Access; and 
e) Ferries and snow storm / blizzard at BBTCA Access. 

 0 interactions were high risk (i.e., Calculated Risk > 36). 
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Under future climate conditions there were 614 interactions from a total of 3,267 potential interactions (18.8%). Out 
of those interactions: 
 

 603 interactions (98.2%) were low risk;  

 11 interactions (1.8%) were medium risk and include:  
a) Stormsewers and heavy rainfall at the Marine Terminal Property; 
b) Electricity supply and freezing rain at the Marine Terminal Property (low risk under current 

climate conditions); 
c) Floating docks and High wind/downburst at the Marine Terminal Property;  
d) Fuel system and hurricane / tropical storm at the OHM (low risk under current climate 

conditions); 
e) Pedestrian tunnel and hurricane / tropical storm at BBTCA Access (low risk under current 

climate conditions); 
f) Pedestrian tunnel and extreme heavy rainfall at BBTCA Access (low risk under current climate 

conditions); 
g) Pedestrian tunnel and heavy rainfall at BBTCA Access; 
h) Pedestrian tunnel and heavy 5-day total rainfall at BBTCA Access; 
i) Ferries and ice storm at BBTCA Access (low risk under current climate conditions); 
j) Ferries and snow storm / blizzard at BBTCA Access; and 
k) Eastern dockwalls and heavy rainfall at the BBTCA Airfield (low risk under current climate 

conditions) 

 0 interactions were high risk.  
 
Climate change increased the vulnerability of some asset components and caused the calculated risk to increase 
from the low risk category into the medium risk category.  A detailed review of the significant interactions is 
provided in the next section. 
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Figure 12: Current Interactions for the Different Assets 
 

 

Figure 13: Future Interactions for the Different Assets 
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Detailed Review of Interactions 

4.5.1.1 Ship Channel Bridge 

The calculated risks for the different asset components are shown in Table 9. The table includes only the climate 
parameters with increased probability in the future that have at least one asset interaction (if no interaction the risk 
is zero regardless of climate parameter probability increase). All the interactions for the Ship Channel Bridge were 
low risk. The highest calculated risk was 12, which was associated with both hurricanes and freezing rain. 
Hurricanes may affect the bridge mechanical elements by preventing the bridge from being operated or even 
causing some damage to certain components due to the associated strong wind. Also, hurricanes may affect the 
power supply to the bridge and some of its electrical elements, causing the bridge to malfunction for some time. 
Freezing rain also may affect the operation and maintenance activities of the bridge and cause some mechanical 
elements to malfunction. 
 
Table 9: Calculated Risks for the Ship Channel Asset Components under Current and Future 

Climate Conditions 

 

4.5.1.2 Marine Terminal Property 

The calculated risks for the different asset components are shown in Table 10. The table includes only the climate 
parameters with increased probability in the future with at least one asset interaction. Under current climate 
conditions, there was one medium risk interaction, and this increased to two medium risk interactions under future 
climate conditions.  
 
The most critical asset component impact was the stormsewers due to the effect of heavy rainfall. The current risk 
was sixteen (16), which increased to twenty (20) in the future. Heavy rainfall may negatively impact stormsewers 
and exceed its capacity. The other medium risk interaction was between freezing rain and the electricity supply  the 
property. Under current climate conditions, this is a low risk interaction; however, due to the increased probability of 
freezing rain in the future, this became a medium risk. Freezing rain may affect the power supply and cause short 
term power outages. While ice storms may also affect the power supply, they have a lower probability of 
occurrence than freezing rain and are therefore a low risk interaction.  

Asset Components C F C F C F C F C F C F C F C F C F C F C F

Staff 4 5 4 5 0 0 3 2 0 0 2 4 0 0 8 12 6 9 6 5 4 8

Administration 0 0 4 5 3 2 0 0 0 0 1 2 0 0 8 12 6 9 0 0 4 8

Communications 0 0 4 5 0 0 0 0 0 0 0 0 0 0 8 12 6 9 0 0 3 6

Approach Spans 4 5 4 5 0 0 0 0 4 2 0 0 0 0 8 12 6 9 0 0 3 6

Guardrails on Approach Spans 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 6

Mechanical Elements 8 10 8 10 0 0 0 0 0 0 0 0 0 0 8 12 6 9 0 0 6 12

Electrical Elements 4 5 8 10 0 0 0 0 0 0 0 0 0 0 0 0 6 9 0 0 6 12

Bascule Span Roadway Structural Pavement 0 0 4 5 0 0 0 0 4 2 0 0 0 0 0 0 0 0 0 0 2 4

Stormsewers 0 0 0 0 0 0 0 0 0 0 1 2 2 3 0 0 0 0 0 0 0 0

Electricity Supply 0 0 4 5 0 0 0 0 0 0 0 0 0 0 0 0 6 9 0 0 6 12
Notes:
● C: Current Risk
● F: Future Risk
● Risk Criteria: Low Risk (Risk ≤ 13) & Medium Risk (13 < Risk ≤ 36) & High Risk (Risk >36)
●  The table includes only climate parameters with an increase in climate probability and at least one significant Interaction
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Table 10: Calculated Risks for the Marine Terminal Property Components under Current and 

Future Climate Conditions 

 

4.5.1.3 Outer Harbour Marina 

The calculated risks for the different asset components of the Outer Harbour Marina are shown in Table 11. The 
table includes only the climate parameters with increased probability in the future with at least one asset interaction. 
Under current climate conditions, the interaction between floating docks and high wind / downburst was considered 
as a medium risk, as high winds can potentially dislodge or damage the floating docks.  However, as the risk under 
future climate conditions does not change, this interaction was not considered further. 
 
Under future climate conditions, the interaction of hurricanes and the fuel system was considered as a medium risk.  
Hurricanes may damage the fuel systems (i.e., fuel tanks) and lead to a fuel spill, which was identified by 
PortsToronto staff as a catastrophic failure scenario.  Other notable interactions include the interaction of 
hurricanes with the floating docks and the boat storage building roof as hurricanes may cause some structural 
damage to both assets. Regardless, the two interactions were still considered as low risk due to the low probability 
of hurricane occurrence. 
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Table 11: Calculated Risks for the Outer Harbour Marina Components under Current and Future 
Climate Conditions 

 
 

4.5.1.4 Billy Bishop Toronto City Airport Access 

The calculated risks for the different asset components are shown in Table 12.  The table includes only the climate 
parameters with increased probability in the future with at least one asset interaction. Under current climate 
conditions, there were three medium risk interactions, which increased to six medium risk interactions in the future. 
Airport access was the most affected asset by climate change as indicated by the number of future medium risk 
interactions. 
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Table 12: Calculated Risks for the Billy Bishop Toronto City Airport Access under Current 
and Future Climate Conditions 

 
 
Under current climate conditions, the most critical interaction was between the pedestrian tunnel and heavy rainfall. 
The calculated risk was 28, which increased to 35 under the future climate condition which is very close to the 
threshold of the high-risk category. Heavy rain can lead to surface runoff flow at the passenger pickup/ drop off 
area, and potentially cause flooding of the pedestrian tunnel entrance, which was identified by the PortsToronto 
staff as a catastrophic failure scenario.  In August 2018, there was a thunderstorm, which lead to significant surface 
runoff flow, as shown in Figure 14.  With more heavy rainfall events expected in the future, flooding of the 
pedestrian tunnel was examined in further detail, as described in Section 5 (Engineering Analysis).  
 

 

Figure 14: Snapshot from the Security Cameras in the Passenger Pickup/ 
Drop off Area in August 2018 During a major Rainfall Event 
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There is also an interaction of heavy 5-day total rainfall and extreme heavy rainfall with the pedestrian tunnel, but 
the calculated risk is lower than heavy rainfall due to the lower probability of these climate parameters occurring.  
Both interactions were considered as medium risk under future climate conditions. The interaction between 
hurricanes and the pedestrian tunnel was also found to be a medium risk interaction under future climate 
conditions. Hurricanes and associated rainfall may cause some damage to the tunnel due to surface water flooding 
at the PTF, which can lead to tunnel entrance flooding and inaccessibility.   
 
The ferry service was the second asset component with medium risk interactions associated with ice storms and 
snow storms / blizzards.  Ice storms can affect the ferry service as it may increase fall/slip hazard for the operations 
staff and the public. Ice storms can also lead to power outages which will affect the ferry service. These effects may 
lead to the shutdown of the ferry service for a short period of time (i.e., less than 2 days) which was identified by the 
PortsToronto staff as a serious failure scenario. The snow storm / blizzard climate parameter, which was a medium 
risk under both current and future conditions, has similar effects as the ice storm but a higher probability of 
occurrence.  

4.5.1.5 Billy Bishop Toronto City Airport Airfield and Pavement 

The calculated risks for the different asset components of the Airports airfield and pavements are shown in Table 
13. The table includes only the climate parameters with increased probability in the future with at least one asset 
interaction. Under current climate conditions, there was only one medium risk interaction, which increased to three 
medium risk interactions in the future. The interaction of snow storms / blizzards and pavement was an interaction 
under both current and future climate conditions. The storms will require snow blowing and the use of de-icing 
chemicals which may degrade the pavement layers over time and cause some structural damage. Needed repair 
activities might lead to the loss of a runway for up to one day.  
 

Table 13: Calculated Risks for the Billy Bishop Toronto City Airport Airfield and Pavement 
under Current and Future Climate Conditions 

 

Asset Components C F C F C F C F C F C F C F C F C F C F C F

Staff 4 5 8 10 8 8 0 0 0 0 0 0 8 12 6 9 0 0 0 0 3 6

Administration 4 5 8 10 8 8 0 0 0 0 0 0 8 12 6 9 0 0 0 0 3 6

Pavement 8 10 8 10 0 0 2 4 8 10 0 0 8 12 8 12 8 8 0 0 5 10

Markings 0 0 0 0 0 0 0 0 0 0 0 0 8 12 2 3 4 4 0 0 0 0

Airfield Lighting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

Glycol Pumping Station 0 0 0 0 0 0 1 2 4 5 0 0 0 0 0 0 0 0 0 0 0 0

Western Gap Dockwalls 0 0 0 0 0 0 2 4 8 10 4 6 0 0 0 0 0 0 6 5 3 6

Eastern Dockwalls 0 0 0 0 0 0 3 6 12 15 6 9 0 0 0 0 0 0 12 10 4 8

Airfield Dockwalls 0 0 0 0 0 0 2 4 8 10 4 6 0 0 0 0 0 0 12 10 4 8
Shoreline 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Stormsewers 0 0 0 0 0 0 2 4 0 0 4 6 4 6 2 3 0 0 0 0 0 0
Fuel System 0 0 0 0 0 0 0 0 0 0 0 0 4 6 2 3 0 0 0 0 2 4
Fire Loop - Emergency Generator 0 0 0 0 0 0 0 0 0 0 0 0 4 6 4 6 0 0 0 0 2 4
Fire Loop - Fire Pump 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Fire Loop - Fire Mains 0 0 0 0 0 0 0 0 0 0 0 0 4 6 2 3 0 0 0 0 0 0
Fire Loop - Generator Building 0 0 0 0 0 0 1 2 0 0 0 0 0 0 0 0 0 0 0 0 3 6
Notes:
● C: Current Risk
● F: Future Risk
● Risk Criteria: Low Risk (Risk ≤ 13) & Medium Risk (13 < Risk ≤ 36) & High Risk (Risk >36)
●  The table includes only climate parameters with an increase in climate probability and at least one significant Interaction
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The second affected asset is the eastern dockwalls, which are in poor condition and may experience further 
structural damage as a result of serious rain events such as heavy rainfall (considered as a moderate effect).  Loss 
of the eastern dockwalls could render parts of the airfield inoperable resulting in operational restrictions and 
closures.   

4.5.1.6 IT Infrastructure 

The calculated risks for the different asset components are shown in Table 14. The table includes only the climate 
parameters with increased probability in the future and at least one asset interaction.  All the observed interactions 
were considered as low risk under current and future climate conditions. The most significant interaction was the 
interaction between IT staff and freezing rain. Freezing rain can affect outdoor staff activities due to the higher risk 
of slips / falls. 
 

Table 14: Calculated Risks for the IT Infrastructure under Current 
and Future Climate Conditions 

 
 

4.5.1.7 Security Equipment 

The calculated risks for the different asset components are shown in Table 15. The table includes only climate 
parameters with increased probability in the future and at least one asset interaction. All the observed interactions 
were considered as low risk under current and future climate conditions. The most significant interaction was the 
interaction between the security staff and freezing rain. Freezing rain can affect outdoor staff activities due to the 
higher risk of slips / falls. 
 

Asset Components C F C F C F C F C F

Staff 4 5 4 5 8 12 6 9 3 6

Administration 4 5 4 5 4 6 2 3 2 4

Communications 4 5 4 5 0 0 0 0 3 6

Utilities 4 5 4 5 0 0 0 0 3 6

HVAC 4 5 4 5 0 0 0 0 2 4

UPS 0 0 0 0 0 0 0 0 0 0
Notes:
● C: Current Risk
● F: Future Risk
● Risk Criteria: Low Risk (Risk ≤ 13) & Medium Risk (13 < Risk ≤ 36) & High Risk (Risk >36)
●  The table includes only climate parameters with an increase in climate probability and at least one significant 
Interaction
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Table 15: Calculated Risks for the Security Equipment under 
Current and Future Climate Conditions 

 

4.6 Sensitivity Analysis 
A limited sensitivity analysis was completed on the risk assessment work to determine if any changes to the climate 
parameter projections used in the Pearson Study would result in a significant change in the overall results and the 
risk to PortsToronto. 
 
The sensitivity analysis was completed by increasing the climate parameter projections probability score by one 
(i.e., probability score increased from 4 to 5) and reviewing and tabulating the results.  Overall, there was no 
significant change in the overall results and the risk to PortsToronto as there were no additional interactions 
identified.  A handful of existing future low risk interactions moved through the threshold and became a medium risk 
interaction in the future most notably around freezing rain. 
 
Considering the recent tornado events in the Ottawa area the Tornado climate parameter projections probability 
score was increased from its current and future probability of “1” through to “4”.  The probability of “1” is listed as 
“improbable/highly unlikely” with a calculated number of occurrences per year in the range of >0 to 0.05.  The future 
Tornado climate parameter projection probability was increased from “1” through “4” with the following results: 
 

Future Tornado 
Probability Definition Calculated Number of 

Occurrences per Year (range 
Future Low 

Risk 
Future 

Medium Risk 
Future High 

Risk 
1 improbable/highly unlikely >0 to 0.05 553 12 0 
2 Remote 0.05 to 0.10 552 13 0 
3 Occasional 0.10 to 0.25 544 21 0 
4 moderate/possible 0.25 to 0.75 532 33 0 

 
As with the other sensitivity analysis there was no significant change in the overall results and the risk to 
PortsToronto.   Similar to above, any changes to risk were a result of an interaction moving from a low risk to 
medium risk as it passed through the threshold.    

Asset Components C F C F C F C F C F

Staff 4 5 4 5 8 12 6 9 3 6

Administration 4 5 4 5 4 6 2 3 2 4

Communications 0 0 0 0 0 0 0 0 3 6

Utilities 4 5 4 5 0 0 0 0 3 6

HVAC 0 0 0 0 0 0 0 0 2 4

UPS 0 0 0 0 0 0 0 0 0 0
Notes:
● C: Current Risk
● F: Future Risk
● Risk Criteria: Low Risk (Risk ≤ 13) & Medium Risk (13 < Risk ≤ 36) & High Risk (Risk >36)
●  The table includes only climate parameters with an increase in climate probability and at least one significant 
Interaction
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4.7 RWDI Climate Projections 
RWDI, AECOM’s subconsultant for this study, assembled historical climate data from the meteorological station at 
BBTCA to develop current climate trends and future projections for nine climate parameters.  While Pearson data is 
based on its weather station and is more comprehensive and already formatted for this type of study, this additional 
analysis for nine parameters was completed based on the weather station data closer to PortsToronto’s assets to 
provide an additional level of data confidence.   As noted in RWDI’s report there are a number of data gaps around 
fog from the meteorological station at BBTCA.  RWDI’s full report is included in Appendix F; the resulting 
conversion to probabilities via PIEVC Method A is included in Table 16.  As mentioned in Section 3.3.2, the current 
and future probabilities associated with the parameters examined by RWDI are the same or lower than the 
probabilities from the Pearson study, with the exception of current heavy 5-day total rainfall. 
 

Table 16: Probability of Climate Parameters 

Climate Parameter Parameter Definition 
RWDI Probabilities 

Current Future 
High Temperature Day(s) with a max. temp exceeding 35°C 3 4 
Heavy Fog 15 or more hours with visibility <0 km within one year 3 3 
High Wind/ Downburst 8 or more days with max. winds of >=63 km/hr in one year 1 1 

Tornado Vortex extending upward from the earth’s surface at least as 
far as cloud base (occurring near site) 1 1 

Extreme Heavy Rainfall Days with rainfall > 125 mm 1 1 
Heavy Rainfall Days with rainfall > 50 mm 5 5 
Heavy 5 day total Rainfall A five day period receiving > 100 mm of rainfall 3 3 
Freezing Rain 9 or more days with freezing rain in one year 1 1 
Ice Storm Severe Freezing Rain events 1 1 

 
Under current and future climate conditions and revised climate parameter probabilities (RWDI Probabilities), there 
were 357 interactions from a total of 1,098 potential interactions (32.5%).  Actual interactions occur when a specific 
piece of infrastructure may be impacted by a climate parameter.  Out of those interactions in both current and 
future: 
 

 353 interactions (98.9%) were low risk (i.e., Calculated Risk < 13);  

 4 interactions (1.1%) were medium risk (i.e., Calculated Risk between 13 and 36) and include: 

a) Stormsewers and heavy rainfall at the Marine Terminal Property 
b) Pedestrian tunnel and heavy rainfall at BBTCA Access 
c) Pedestrian tunnel and heavy 5-day total rainfall at BBTCA Access 
d) Eastern dockwalls and heavy rainfall at the BBTCA Airfield 

 0 were high risk (i.e., Calculated Risk > 36). 
 
There was no change in the risk levels of the interactions when comparing the current to future climate probabilities 
produced by RWDI to the larger set of climate parameter probabilities.  Therefore, the findings described in Section 
4.5 apply to the RWDI probabilities. 
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5. Engineering Analysis  

5.1 Overview 
The fourth step of the PIEVC Protocol is to assess the impact of the projected climate change loads on the 
infrastructure and its capacity as outlined in Figure 15. 
 

 

Figure 15: Step 4 – Engineering Analysis Process 

5.2 Engineering Analysis 
As identified in the previous section, the most critical interaction was between the pedestrian tunnel and heavy 
rainfall. The calculated current risk is 28, which increased to 35 under the future climate condition, very close to the 
threshold of the high-risk category.  In August 2018, there was a thunderstorm which lead to significant surface 
runoff flow, as shown in Figure 13.  With more heavy rainfall events expected in the future, assessment of flooding 
of the pedestrian tunnel was examined in further detail. 
 
The remaining medium interactions identified in the previous sections were not carried through to the Engineering 
Analysis phase as their risk ratings were at the bottom range of the medium risk category and are therefore of 
limited concern. 
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Summary of Findings 

AECOM’s Senior Water Resources Engineer investigated the flooding and completed further analysis which is 
included in Appendix G.  The analysis included defining the catchment areas and sewers servicing the area, a 
review of the rainfall event, and development of potential mitigation measures.  The passenger drop-off area is 
drained by a double catchbasin which drains via a 375 mm vitrified clay sewer (which is believed to have been 
constructed in 1930 and is owned by the City of Toronto) to the north along Eireann Quay.   
 
Data from the meteorological station at Billy Bishop Airport reviewed for the storm event of August 7, 2018 
indicated that the thunderstorm lasted for a period of approximately 2 hours and included 72 mm of rainfall.  Based 
on the IDF Curve (the Intensity-Duration-Frequency curve represents the probability that a given average rainfall 
intensity will occur) for the station, this amount of rainfall represents a return period of approximately once every 
100 years.   
 
The contributing causes to the flooding are: no overland flow outlet at the passenger drop off area; a storm sewer 
profile which makes the passenger drop off area the first affected area if the pipe surcharges; and a large volume of 
rainfall over a short period of time, which exceeded either the catchbasin inlet capacity or the 375 mm storm sewer 
capacity.  From the analysis it is apparent the sewer servicing the passenger drop off area has insufficient capacity 
for storms larger than a 2-year design flow.  Potential mitigations measures to alleviate the flooding range from 
flood proofing adjacent buildings with raised sills or grading barriers to increasing the size of the stormsewer in 
Eireann Quay or creation of an overland flow route to the ferry access. 
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6. Recommendations 

6.1 Overview 
The objective of the fifth and final step of the PIEVC Protocol is to present limitations and recommendations on the 
observations and findings of the infrastructure vulnerability assessment completed in the previous four steps as 
outlined in Figure 16.  
 

 

Figure 16: Step 5 – Recommendations Process 
 
Relevant limitations on the observation of findings of the study are those associated with the following: 
 

 Major assumptions; 
 Available infrastructure information and sources; 
 Available climate change information and sources; and 
 Uncertainty and related concepts. 

 
Specific recommendations resulting from Steps 1 to 4 of the PIEVC Protocol address the following: 
 

 Infrastructure components that are found to be vulnerable to climate change and extreme weather 
(those with medium risk interactions); 
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 Initial recommendations of remedial engineering actions or management actions; 

 Infrastructure components that have adaptive capacity and require no further action at this time 
(those with only low risk interactions); 

 Data gaps that require additional studies or analysis; 

 Interactions that have been screened and prioritized, but not yet evaluated and may require further 
action; 

 Any other conclusions, trends, insights, and limitations; and 

 Prioritized recommendations, where possible. 

6.2 Limitations 

Major Assumptions 

6.2.1.1 Infrastructure 

The engineering assessment included both the existing climate conditions and changes due to the future climate, 
where the future was defined as the 30-year period of 2041 to 2070 or “the 2050s” or simply 2050.   Assessment 
beyond this horizon was not conducted as this likely surpasses the useful life of the infrastructure without 
undertaking significant reconstruction and rehabilitation, except for the pedestrian tunnel. 

6.2.1.2 Climate 

The climate data parameters and probabilities relied on previous studies completed in the Toronto area, in 
particular the study completed for Toronto Pearson International Airport.  Due to the reliance on these previous 
studies, a sensitivity analysis was conducted to determine if changes in the climate probabilities would result in a 
change in risk of the interactions.  A limited supplemental climate parameters and probabilities were also created 
using the data available from the meteorological station at Billy Bishop Toronto Centre Airport.  The data set from 
this meterological station was incomplete for the climate parameter of fog. 

6.2.1.3 Data Sources 

The study did not identify any limitations due to the data sources associated with the infrastructure or climate 
analysis.  The information received regarding PortsToronto infrastructure was sufficient to complete this 
engineering assessment. 
 
A comprehensive list of references is included in section 8. 

6.3 Recommendations 
AECOM recommends that PortsToronto consider undertaking the following actions as a result of the study: 
 

Operational Actions 
 
 Entering into discussions with Nav Canada and Environment Canada about ensuring the full 

functionality of the meteorological station at Billy Bishop Toronto City Airport to collect a complete 
suite of local climate data (as this meteorological station has only been collecting a limited set of data 
for nearly two decades). 
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 Routinely inspecting existing stormsewers or catchbasins that may become blocked during summer 
storms due to debris and cleaning as required.  This recommendation applies in particular to the 
airport access turning radius.  

 Conducting routine maintenance and inspection of emergency generators due to the increasing 
potential for electrical supply interruptions associated with freezing rain and ice storms, in advance of 
the weather event or readiness drills. 

  Identifying, mapping, and if necessary enhancing major overland flow routes due to the continuing 
nature of high intensity, short duration localized summer storms.   

 Implementing a “no-regrets” solution for the floating docks by the addition of a “cap” to the mooring 
piles, thus increasing their height, at the OHM. 

 Developing an asset management system relevant to the nature and scale of its assets and 
operations.   

 
Policies and Procedures 
 
 Documenting the management decisions PortsToronto makes in association with the weekly briefings 

from the International Lake Ontario - St. Lawrence River Board. 

 Engaging with the International Lake Ontario – St. Lawrence River Board to understand their 
approach to climate change adaptation.  

 Documenting its response to the high lake levels in 2017 as preparation for future similar events. 

 Developing policies and procedures for addressing climate change and extreme weather events 
based on actions taken during previous weather events (i.e., erection of jersey barriers to protect 
airfield from high lake level). 

 Reviewing health and safety policies and procedures to ensure that both PortsToronto and its staff 
consider climate change and extreme weather in its day to operations such as slips and falls 
associated with freezing rain and ice storms. 

 Ensuring PortsToronto`s existing operations response or procedures include such items as summer 
storms and freezing rain including preparation, and response during and response after storm 
events.  This could also include temporarily postponing nonessential services or duties associated 
with fuel systems. 

 
Further Studies 
 
 Undertaking additional climate analysis to determine the current and future impact on operations from 

fog and wind (once the meteorological station on the island is fully functional).   

 Examining the implications of an extended season for the St Lawrence Seaway on its operations and 
assets. 

 Ongoing review of the emerging predictions around lake levels, wind and wave for Lake Ontario and 
the Great Lakes. 
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7. Conclusion 

The subject of this vulnerability assessment was the risk to PortsToronto’s infrastructure from climate change and 
extreme weather, currently and in the future. During this assessment PortsToronto infrastructure was grouped into 
groups of assets and then further broken down into components.  In addition to physical infrastructure, personnel 
and administrative elements as well as communications were also considered. 
 
Having utilized the PIEVC Protocol to assess PortsToronto’s infrastructure, the project team determined that in 
general the infrastructure has the capacity to withstand the current and future climate (2050s).  It should be noted 
that the most critical climate trend being witnessed in the Toronto area are the summer precipitation events which 
are high intensity, short duration and localized.  Following the recommendations identified in this report will help 
PortsToronto to ensure that its assets can withstand the future climate.   
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Photographs from the Outer Harbour Marina 
 
 
 

 

Figure 17: Boardwalk and Administration Building 
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Figure 18: Floating Docks with Electrical and Plumbing Connections 
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Figure 19: Transformer 
 
 

 

Figure 20: Fuel Pump 
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Photographs from the Marine Terminal Property 
 
 
 

 

Figure 21: Cruise Ship Terminal 
 
 

 

Figure 22: Sanitary Treatment Plant 
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Figure 23: Dockwall at the Port 
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Photographs from the Ship Channel Bridge 
 
 
 

 

Figure 24: Ship Channel Bridge 
 
 

 

Figure 25: Ship Channel Bridge Control Centre 
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Photographs from BBTCA Access 
 
 

 

Figure 26: Island Side Ferry Slip 
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Figure 27: Landside PTF at Eireann Quay 
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Photographs from the BBTCA Airfield 
 

 

Figure 28: Backup Diesel Generator for Fire Loop 
 
 

 

Figure 29:  Eastern Dockwall 
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Figure 30: Western Gap Dockwall with Airfield Dockwall in the Distance 
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Appendix D 

In the beginning of 2017, wet and warm weather in the Great Lakes basins as well as several freeze-thaw cycles caused above-

normal water levels in Lake Ontario. In fact, May and April 2017 total inflows to Lake Ontario rank as the 2nd and 4th highest 

since 1900 and the high water event of 2017 is the most severe to occur since 1918. This extraordinary event brings attention to 

the changing nature of the climate and highlights the importance of understanding what is to come. 

 

To evaluate potential effects of climate change, climate scenarios are often produced. This state-of-the art approach uses an 

ensemble of simulations that regroups climate projections generated using different climate models. Although climate models 

offer a physical representation of the atmosphere and its interaction with the surface, they still have their own biases due to the 

appropriateness of surface representation, initial conditions and model configuration. To decrease the effects of these biases, 

different post-treatment approaches are applied to climate models outputs. However, producing climate scenarios has a large 

computational cost due to the large volume of data that needs to be treated. 

 

Modelling future climate of the Great Lakes area presents additional challenges due to the presence of these large water bodies. 

In fact, the Great Lakes are known to temperate diurnal and annual temperature cycles, to affect cloud cover, as well as 

seasonal amounts of precipitation (Scott et al.,1996). Therefore, a realistic representation of water and energy exchanges 

between these lakes and the atmosphere is crucial in projecting future climate in this region. However, in most Global Climate 

Models (GCMs), the Great Lakes are not even represented – water grid points are treated as if they were land. For example, In 

CMIP5 ensemble, only 8 models represent at least one of the Great Lakes. When water grid points exist, lake surface 

temperatures (LST) are often taken as averages of Pacific and Atlantic Ocean temperature. A few Global Climate Models and 

Regional Climate Models (RCM) use lake or ocean models to represent the Great Lakes. 

 

Another way to understand the effects of climate change is to look for trends in historical data. Even if the past cannot be 

considered as representative of the future, historical data often provide important insight about how the climate has changed 

until today. 

 

This section will look at impacts of climate change on Great Lakes, with an emphasis on Lake Ontario. The analysis will be 

based on available literature and will focus on water levels, ice, winds and wave action. 

1. Water Levels and NBS 

A widely used methodology to project future water levels of the Great Lake consists of using Net Basin Supply (NBS) as an input 

to a routing model. Component NBS can be evaluated as: 

 

𝑁𝐵𝑆 =  𝑃𝐿𝐴𝐾𝐸 − 𝐸𝐿𝐴𝐾𝐸 + 𝑅𝐿𝐴𝑁𝐷 

Where:  PLAKE Precipitation falling into the lake 

ELAKE Lake evaporation 

RLAND Runoff from land in the basin  

 

To model NBS components, almost every study of Great Lakes water level projection have use some version of the Great Lakes 

Environmental Research Laboratory (GLERL) suite of models. In this suite of models, PLAKE, ELAKE and RLand are evaluated using 

conceptual models that are driven with GCM data. However, this suite of models has been known to overestimate lake 

evaporation and underestimate runoff when simulating future climate conditions (Lofgren et al., 2011; Lofgren and Rouhana, 

2016; MacKay, 2012; Notaro et al., 2015). This leads to underestimated values of future NBS, hence overestimation of water 

level decrease in future climate. For additional details, refer to Notaro et al. (2015).  

 

For this study, a statistical analysis of monthly water levels has been conducted. Results indicate a significant upward trend in 

monthly water levels from January to August. An even stronger trend is seen in annual maximum water level. No trend was 

detected in annual minimum water level. These results are in line with the study from Lenters (2001). The results of these 

analyses and of available literature are presented in Table 1-1. 
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Table 1-1: Historical and Projected Changes in Lake Ontario Net Basin Supply and Water Levels 

From Historical Data 

Time Period Value Reference 

• 1918-2017 

• Data: Monthly mean water 

levels from Coordinated  

Network 

(http://www.tides.gc.ca/C&A/n

etwork_means-eng.html) 

Statistically significant upward trend in water levels: 

• Annual mean: +0.0225 m/decade 

• Annual maximum: +0.037 m/decade 

• January to August: between +0.022 m/decade and 

+0.033 m/decade 

Statistical analysis 

conducted for this study 

From Climate Projection 

Experimental Setup Climate Change Projections Reference 

• 1 General Circulation Model 

• Emission scenario: 2x CO2 

Changes in annual lake levels: 

• -0.85 m 

Marchand et al (1988) 

• Models: 3 General Circulation 

Models 

• Emission scenario: 2x CO2 

and transient 

• Time scale: Annual 

Changes in annual mean NBS: 

• 2x CO2 scenario: -43% (GISS model), -29% (GFDL model),-

11% (OSU model) 

• Transient scenario: -0.075 m/ decade (GISS model) 

Croley et al. (1990) 

Used GLERL suite 

• Models: 3 General Circulation 

Models 

• Emission scenario: 2x CO2 

and transient 

• Time scale: Annual 

Changes in lake level: 

Transient scenario: -0.093m/decade 

Hartmann (1990) 

Used GLERL suite 

• 2 General Circulation Models 

• Emission scenario: Transient 

CO2 and aerosols 

• Base Period: 1961-1990 

• Time scale: Annual Mean 

Changes in Lake Ontario annual mean water levels: 

• 2020-2040: - 0.35 m (CGCM1 model) & + 0.02m (HadCM2 

model) 

• 2040-2060: - 0.53 m (CGCM1 model) & + 0.04m (HadCM2 

model) 

• 2080-2100: - 0.99 m  (CGCM1 model) & + 0.01m (HadCM2 

model) 

Lofgren (2002) 

Used GLERL suite 

• 2 General Circulation Models 

• Emission scenario: A1 and 

B1 

• Base period: 1950-1999 

Changes in annual net basin supply, depending on scenario: 

• Annual: between +1% and – 14% 

Croley (2003) 

Used GLERL suite 

• 2 General Circulation Models 

• Emission scenario: A1 and 

B1 

• Base Period: 1961-1990 

• Future period: 2050s 

Change in Lake Ontario water levels, depending on scenario: 

• Annual: between +0.02 m to -0.37 m 

• Winter: between +0.07 m to -0.26 m 

• Spring: between -0.07 m to -0.42  m 

• Summer: between -0.05 m to -0.49  m 

• Autumn: between 0 m to -0.06 m  

Mortsch et al. (2006) 

Used GLERL suite data 

• 23 General Circulation 

Models 

• Emission scenario: A2  

• Base period: 1970-1999 

• Time scale: Annual mean 

Median changes in lake Ontario annual water levels : 

• 2020-2034: < – 0.2m 

• 2050-2064: < – 0.3m 

• 2080-2094: < – 0.5m 

Although 25th and 75th percentile values show a decrease of 

water levels at these time scales, some models still project an 

increase of water levels. 

Angel et al. (2010). 

Used GLERL suite 

 

 

• Model: 2 GCMs 

• Emission scenario: A2 

• Base Period:  1981-2000 

• Timescale: Annual mean 

Changes in Lake Ontario annual mean NBS: 

• 2081-2100:- 51% (GFDL EA) 

• 2081-2100:- 46% (CGCM3 EA) 

• Note: these two models predicted decrease of monthly NBS 

throughout the year 

Lofgren et al. (2011) 

Used GLERL suite 

 

• 1 Regional Climate model 

driven with 2 different GCMs 

• Emission scenario: RCP 8.5 

• Base period: 1980-1999 

• Time scale: Monthly means 

Statistically significant changes in  Lake Ontario monthly water 

levels: 

• 2040-2059: -0.1 m (MIROC5 driven) & - 0.05 m (CNRM 

driven) in April 

• 2080-2099: -0.2 m (MIROC5 driven) & -0.09 m (CNRM driven) 

in April 

Notaro et al. (2015) 

NBS calculated from 

RCM outputs 
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As can be seen from Table 1-1, there is a large discrepancy in Lake Ontario projected NBS and water levels. Although most 

studies have projected a decrease of annual average Net Basin Supply and water levels, these values should be taken with 

caution due to the limitations specified above. 

Since the Upper Great Lakes counts for approximately 85% of Lake Ontario total inflow, changes in their water supply will also 

affect Lake Ontario. Using Regional Climate Model outputs rather than using GLERL’s suite of models, Music et al. (2015) used 

an ensemble of 14 simulations to evaluate changes in Lake Michigan-Huron monthly NBS. Results show a decrease in 

minimum NBS in this basin. Their results for Lake Michigan-Huron basin indicate that a 10-year NBS minimum is likely to appear 

every 2 year by 2050.  No clear signal was found for maximum NBS. Mackay et al. (2012) found an amplification of NBS annual 

cycle for Lake Michigan-Huron, Superior and Erie basins. This changing water supply in the Upper Great Lakes suggests that 

Lake Ontario water supply will tend to increase during high flow periods and to decrease during low-flow periods. The same 

result is expected for Lake Ontario water levels – more severe flood and minimum flow may be seen in the future. In fact, the 

amplitude of Lake Ontario seasonal water level cycle has increased by 23% over the 1860-1999 period (Lenters et al, 2001). 

2. Ice

There is an agreement in observed trends and climate projections. Available literature all point toward a decrease of ice cover 

period, ice thickness, and ice cover (Lofgren et al., 2002; Croley, 2003; Trumpicas, 2009; Fung et al., 2017; Notaro et al. 2015; 

Mason, 2016). Detailed results for Lake Ontario are presented in Table 2-1. 

Table 2-1: Historical and Projected Changes in Lake Ontario Ice Characteristics 

From Historical Data 

Time period Value Reference 

• 1973-2002

• Data: Daily lake-averaged

ice cover

Increase in ice free season (10 day/decade) Assel et al. (2005) 

• 1973-2010

• Data: Canadian Ice Service

data (CIS) and NOAA

National Ice Center (NIC)

data

Significant negative trend in annual mean ice cover (-2.3% yr-1). 

Over the 38-yr period, this results in a total decrease of annual lake 

ice coverage of 88%. 

Wang et al. (2012) 

From Climate Projection 

Experimental setup Value Reference 

• 2 GCMs

• Emission scenario: A1 and

B1

• Base period: 1950-1999

Changes in annual ice cover, depending on scenario: 

• Ice cover is eliminated compared to base case.

Note that in their base case; ice cover was largely underestimated,

compared to ice cover observations.

Croley (2003) 

• Model: Canadian Global

Climate Model Version 2

(CGCM2)

• Emission scenarios: A2, B2

• Base period: 1971-2000

Longer summer stratification period: 

A2 emission scenario 

• 2011-2040 : +17 days (A2 scenario) & +19 days (B2 scenario)

• 2041-2070: +44 days (A2 scenario) & +36 days (B2 scenario)

• 2070-2100: +77 days (A2 scenario) & +55 days (B2 scenario)

Trumpicas et al. 

(2009) 

• Models: 4GCM data used

to drive lake model

• Emission scenarios: A2

• Base period: 1971-2000

• Future period: 2041-2070

• Ice break-up date : 1 day earlier

• Ice freeze-up date : 10 days later

• Ice cover duration: 11 days shorter

• Maximum Ice-Thickness : decrease of 5 cm

• Open water duration:  increases of 11 days

Fung et al (2017) 

3. Wind and Wave

Significant downward trends have been found in historical wind data near Lake Ontario. Climate projections show similar results 

except for the study of Croley (2003). To the best of our knowledge, no projections of Lake Ontario wave characteristics have 

been found in the literature. However, one could expect a decrease in wave amplitude due to decreasing wind speed.  No 
projections are available with regards to short duration wind speed (i.e., projections other than seasonal and annual speeds).
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Table 3-1: Historical and Projected Changes in Lake Ontario Winds 

From Historical Data 

Time Period Value Reference 

• Period: 1970-2009

• Data: 8 weather station

spatially averaged

Statistically significant downward trend in lake wide average seasonal 

wind speed 

• Winter: -0.33 m s-1 decade-1 (from ~12.5m/s to 11.6m/s).

• Spring: -0.26 m s-1 decade-1

• Summer: -0.24 m s-1 decade-1 (from ~8.8m/s to 7.5m/s).

• Autumn: -0.20 m s-1 decade-1

Statistically significant downward trend in lake wide average annual

wind speed

• Annual: -0.26 m s-1 decade-1

Huang et al (2012) 

From Climate Projection 

Experimental setup Value Reference 

• WRF model driven with

GCM data

• Base period: 2000-2009

• Future period: 2040-2049

Wind in Toronto Area 

• Unchanged average wind speeds

• No change in wind direction

Extreme winds in Toronto Area

• Maximum hourly wind speed -44km/hr

• Maximum wind gust speed : - 55 km/hr

SENES Consultants 

(2011) 

• 5 RCM with variable lateral

boundary conditions (8

simulations intotal)

• Emission Scenario: A2

• Base period: 1979-200

• Future period:2041-2062

Most simulations point toward a decrease in wind speed near Lake 

Ontario. This is true for average winds, 50th percentile, 90th percentile, 

20-yr return period and 50-yr return period winds

Pryor (2012) 

• 2 GMCs

• Base Period:1950-1999

Annual increase of wind speed: 

• Scenario #1 is CGCM2A: + 4%

• Scenario #2 is CGCM2B: +4%

• Scenario #3 is HADCM3A: -2%

• Scenario #4 is HADCM3B: 0%

Croley (2003) 
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Summary of Climate Change Trends and Projections Great Lakes Basin

Part 1: 50-Year (based on change estimates over 50-70 yrs; e.g. 1971-2000 to 2041-2070, or 1986-2005 to 1946-2065).
Risk Factors (Variables). Past Trend (Half-century to 

Century scale, or longest 

available if less)

Projected Change (uncertain, 

sign, order of magnitude, range) 

Past Trend (Half-century to 

Century scale, or longest 

available if less) 

Projected Change (uncertain, 

sign, order of magnitude, range) 

Past Trend (Half-century to 

Century scale, or longest 

available if less) 

Projected Change (uncertain, 

sign, order of magnitude, range) 

Past Trend (Half-century to 

Century scale, or longest 

available if less)

Projected Change (uncertain, 

sign, order of magnitude, range)

Air Temperature For 1901-1987 on an annual basis 

3C higher in Northwestern portion. 

50 year trend: From 1948-1999 

annual average 2.93C (Croley and 

Lewis, 2006). 

CGCM1 Annual air temp change 

+2.9C for 2050s, and +5.4 for 

2090s (Lofgren et al., 2002). 

Projected annual average in the 

2050s compared with 1961-1990 

is ~3.1C increase (Environment 

Canada, CCCSN, 2009).

For 1901-1987 on an annual basis 

1C higher. 50 year trend: From 

1948-1999 annual average 7.41C 

(Croley and Lewis, 2006).

CGCM1 Annual air temp change 

+3.0C for 2050s, and +5.4 for 

2090s (Lofgren et al., 2002). 

Projected annual average in the 

2050s compared with 1961-1990 

is ~3C increase (Environment 

Canada, CCCSN, 2009).

For 1901-1987 on an annual basis 

1C higher. 50 year trend: From 

1948-1999 annual average 9.19C 

(Croley and Lewis, 2006).

CGCM1 Annual air temp change 

+3.4C for 2050s, and +5.9 for 

2090s (Lofgren et al., 2002). 

Projected annual average in the 

2050s compared with 1961-1990 

is ~2.9C increase (Environment 

Canada, CCCSN, 2009).

For 1901-1987 on an annual basis 

3 C higher in Northwestern 

portion. 50 year trend: From 1948-

1999 annual average 6.49C 

(Croley and Lewis, 2006).

CGCM1 Annual air temp change 

+3.2C for 2050s, and +5.6C for 

2090s (Lofgren et al., 2002). 

Projected annual average in the 

2050s compared with 1961-1990 

is ~3C increase (Environment 

Canada, CCCSN, 2009).

Precipitation Annual precipitation 82cm 1951-

1988 (Croley 2006); Annual 

precipitation at Sault ste. Marie 

indicate change of 10mm/yr, 

48mm winter total precipitation 

and 18mm summer total 

precipitation for 1962-2008. 

Summer average 3.5C from 1906-

2006 (Austin and Colman, 2007). 

CGCM1 Annual precip ratios 

(projected/base). 1.05 for 2050s, 

and 1.14 for 2090s (Lofgren et al., 

2002). 

Annual precipitation 93cm 1951-

1988 (Croley 2006). 

CGCM1 Annual precip ratios 

(projected/base). 1.0 for 2050s, 

and 1.07 for 2090s (Lofgren et al., 

2002). Projected annual average 

in the 2050s compared with 1961-

1990 is ~6.4 % increase 

(Environment Canada, CCCSN, 

2009).

Annual precipitation 81cm 1951-

1988 (Croley 2006). 

CGCM1 Annual precip ratios 

(projected/base) 0.98 for 2050s, 

and 1.05 for 2090s (Lofgren et al., 

2002). Projected annual average 

in the 2050s compared with 1961-

1990 is ~5.3 % increase 

(Environment Canada, CCCSN, 

2009).

annual precipitation 87cm 1951-

1988 (Croley 2006). 

CGCM1 Annual precip ratios 

(projected/base) 1.04 for 2050s, 

and 1.14 for 2090s (Lofgren et al., 

2002). Projected annual average 

in the 2050s compared with 1961-

1990 is ~5.5 % increase 

(Environment Canada, CCCSN, 

2009).

Ice Cover (Duration, 

Thickness).

(Shimoda 2011). Increase in ice 

free season 13 d/10yr (1973-

2002); 141-150 days ; 80-85 cm 

(1971-2000). (fung et al); 

Decreasing extent of ice cover 

from 1973-2010 by 79% or 

2.0%/year (Wang et al, 2012).

Delta Duration: 8-9 days less; 

Delta Thickness: 4 - 5 cm less 

(4GCMs A2 scenario). (Fung 

2012); the extent of ice cover to 

decrease through 21Century. 

Average Feb ice cover projected 

to be 2-11% by 2090 (Lake 

Superior Binational Program).

 Increase in ice free season 10 

d/10yr (1973-2002)(Shimoda 

2011); 101-110 days ; 55-60 cm 

(1971-2000). (Fung et al., 2012).

Delta Duration: 10-11 days less; 

Delta Thickness: 5 - 6 cm less 

(4GCMs A2 scenario). (Fung et 

al., 2012).

Increase in ice free season 5.9 

d/10yr (1973-2002)(Shimoda 

2011); 91-100 days ; 50-55 cm 

(1971-2000). (Fung et al., 2012).

Delta Duration: 14-15 days less; 

Delta Thickness: 6-7 cm less 

(4GCMs A2 scneario). (Fung et 

al., 2012).

Increase in ice free season 1.3 

d/10yr for Huron, 8.5 for Michigan 

(1973-2002)(Shimoda 2011); 101-

110 days ; 55-60 cm (1971-2000). 

(Fung et al., 2012).

Delta Duration: 10-11 days less; 

Delta Thickness: 4-5 cm less 

(4GCMs A2 scneario). (Fung et 

al., 2012).

Ice Freeze Up dates / 

delta Days (Ice ON).

Between date 341-345  (Fung et 

al., 2012).

For 2040- 2070 for ice freeze up 

date ranged from 7-8 days later  

(Fung et al., 2012). 

Between date 361-365 (Fung et 

al., 2012).

For 2040-2070 for ice freeze up 

date ranged from 9-10 days later  

(Fung et al., 2012).

Between date 366-370  (Fung et 

al., 2012).

For 2040- 2070 for ice freeze up 

date ranged from 9-10 days later  

(Fung et al., 2012). 

Between date 366-370 (Fung et 

al., 2012).

For 2040- 2070 for ice freeze up 

date ranged from 9-10 days later  

(Fung et al., 2012). 
Ice Break Up dates / delta 

days (Ice OFF).

Between date 121-125  (Fung et 

al., 2012).

By 2041-2070 under A2 the break 

up date is 1-2 days earlier  (Fung 

et al., 2012). 

Between date 111-115.  (Fung et 

al., 2012).

By 2041-2070 under A2 the break 

up date 1 is  day earlier  (Fung et 

al., 2012). 

Between date 106-110  (Fung et 

al., 2012).

By 2041-2070 under A2 the break 

up date is 1 day earlier  (Fung et 

al., 2012).

Between date 106-110  (Fung et 

al., 2012).

By 2041-2070 under A2 the freeze 

up date is 1 day earlier  (Fung et 

al., 2012). 
Ice-Free or Open Water 

Duration

221-230 days (1971-2000)(Fung et 

al., 2012).

8-9 days longer (2041-2070) 4 

GCMs - A2 Scenario (Fung et al., 

2012).

241-250 days (1971-2000) (Fung 

et al., 2012).

10-11 days longer (2041-2070) 4 

GCMs - A2 Scenario  (Fung et al., 

2012).

261-270 days (1971-2000) (Fung 

et al., 2012).

16-17 days longer (2041-2070) 4 

GCMs - A2 Scenario  (Fung et al., 

2012).

241-250 days (1971-2000) (Fung 

et al., 2012).

10-11 days longer (2041-2070). 4 

GCMs - A2 Scenario  (Fung et al., 

2012).
Surface Temperature (Avg 

surface T, timing).

Surface Temp +0.01C/year near 

shore 1906-1992,0.11C/yr 

(epilimnion) (Shimoda 2011). 1979-

2006; 22.5-24.5 @ Day 205 (1971-

2000; Fung et al, 2012). Onset of 

spring 3-5 days during 1954-2007 

(Stine et al., 2009); Surface 

temperatures have increased by 

1.21C/decade since 1985 (Desai 

et al., 2009). 

Average change from norm 

CGCM2 A2 (Trumpickas et al., 

2009): 2041-2070: +3.9 annual, -

12.4C Spring, +16.6C in Fall;  

2071-2100: +6.7 annually; 4 

GCMs A2 Delta Peak temp 2041-

2070 +1.31-1.4, peak day 1-2 

days earlier (Fung et al, 2012); 

Water temperature annual 

average increase by 5-7C (Lake 

Superior Binational Program). 

NARCAPP change from base 

(1970-1999). for future 2040-2069 

2.4C spring, 2.65C summer, 

2.25C fall, 2.87C winter. 

Huang et al., 2012 + 1.26+_0.32 

over 1970-2009; 24.5-26.5 @ Day 

211 (1971-2000)(Fung et al., 

2012).

Average change from norm 

CGCM2 A2 (Trumpickas et al., 

2009). 2041-2070: +2.5C annual, -

12.2C Spring, +7 Fall;  2071-2100: 

+4.8 annual.  IPCC A2: 2011-

2040: +1.2, 2041-2070: +2.2,  

2071-2100: +4.3; Delta Peak temp 

2041-2070 +1.41-1.5, Delta day of 

peak temperature 1 day earlier 

(Fung et al., 2012). NARCAPP 

change from base (1970-1999). 

For future 2040-2069 2.5C spring, 

2.83C summer, 2.49C fall, 3.01C 

winter.  

0.01C/yr nearshore 1981-1992; 

26.5-28.5 @ Day 212 (1971-

2000); (Fung et al., 2012).

Average change from norm 

CGCM2 A2 (Trumpickas et al., 

2009): 2041-2070: +1.5 annual, -

20.8C Spring, +14.8C Fall.  2071-

2100: +3.3C annual; IPCC A2:  

2011-2040: +1.1, 2041-2070: +1.6,  

2071-2100: +3.7; 4 GCMs A2 

Delta Peak temp 2041-2070 +1.21-

1.3, peak day 1 day earlier (Fung 

et al., 2012). NARCAPP change 

from base (1970-1999). for future 

2040-2069 2.26C spring, 3.07C 

summer, 2.72C fall, 3.15C winter.  

0.086C/yr epilimnion for Huron, 

0.065C/year lake Michigan  1979-

2006; 24.5-26.5 @ Day 211 (1971-

2000; Fung et al.,  2012).

Annual change from norm CGCM2 

A2 (Trumpickas et al., 2009): 2041-

2070: +2.2 annual, -19.8 Spring, 

+16.8 Fall, 2071-2100: +3.9 

annual. IPCC A2:  2011-2040: 

+1.4, 2041-2070: +2.4,  2071-

2100: +4.3; 4 GCMs A2 Delta 

Peak temp 2041-2070 +1.21-1.3, 

peak day 1 day earlier  (Fung et 

al., 2012). NARCAPP change from 

base (1970-1999). for future 2040-

2069 2.22C spring, 3.01C 

summer, 2.63C fall, 3.11C winter.  

Lake Superior Lake Ontario Lake Erie Lake Huron
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Lake Superior Lake Ontario Lake Erie Lake Huron

Lake Levels Is -2.56cm per 100 yr Feb-March,     

+2.4cm per 100yr Nov-Dec

Range from CGCM, ECHAM5, 

ARPEGE -0.22- 0.14 (Seglenieks); 

0.1-0.2m beginning the mid 2100s 

(Lake Superior Binational 

Program). CGM/GLERL model 

shows -.23m for 2050 and -0.41m 

for 2080 using A2 scenario (Angel 

and Kunkel, 2010). For 2081-2100 

-0.19m (Lofgren et al., 2011).

Is +2.96cm/100 yr Jan-Feb, 

+3.91cm/100yr March-April,  -

.12cm/100yr May-June, +5.86/100 

yr Nov-Dec.

Fay and Fan CGCM2 A21, 2050s 

(meters): -0.22 annual, -0.17 

winter, -0.19 spring. CGM/GLERL 

model shows -.39m for 2080 using 

A2 scenario (Angel and Kunkel, 

2010). 

Is +4.72cm/100 yr Jan-Feb, 

+4.77cm/100yr Feb-March,  -

4.48cm/100yr April-May, -

2.59cm/100 yr May-June, 

+2.99/100 yr Dec-Jan.

CGCM2 A21, 2050s (meters): -

0.81 annual, -0.81 winter, -0.77 

spring; Range from CGCM, 

ECHAM5, ARPEGE -0.39- 0.15 

(Seglenieks); CGM/GLERL model 

shows -.32m for 2080 using A2 

scenario (Angel and Kunkel, 

2010).  For 2081-2100 -0.3m 

(Lofgren et al., 2011).

Is -1.37cm/100 yr Jan-Feb, -

2.4cm/100yr Feb-March,  

+2.3cm/100yr March-April, 

+2.69/100year Nov-Dec.

CGCM2 A21, 2050s (meters): -

0.98 annual, -1.00 winter, -0.94 

spring; Range from CGCM, 

ECHAM5, ARPEGE -0.22- 0.2 

(Seglenieks); CGM/GLERL model 

shows -.41m for 2080 using A2 

scenario (Angel and Kunkel, 

2010).  For 2081-2100 -0.44m for 

Michigan-Huron (Lofgren et al., 

2011).
Runoff More runoff during the winter, 

reduction in spring melt peak, not 

much change in summer/fall. 5-

30mm difference in march; 

Average runoff for 1948-2008 is 

616.4mm/year (Lofgren and 

Hunter, 2011). Annual runoff for 

the period 1951-1988 is 62cm, 

equivalent depth over the lake 

area (Croley, 2006).

Average change from norm 

CGCM2 A2 (Trumpickas et al., 

2009): 2041-2070: +3.9 annual, -

12.4C Spring, +16.6C in Fall;  

2071-2100: +6.7 annually; 4 

GCMs A2 Delta Peak temp 2041-

2070 +1.31-1.4, peak day 1-2 

days earlier (Fung et al, 2012); 

Water temperature a

CCC GCM2 -12%, Annual runoff 

for the period 1951-1988 is 

169cm, equivalent depth over the 

lake area (Croley, 2006).

Runoff over land annual of total 

differences is 25.5mm under 

CGCM, 2.5 ECHAM, 8.2 ARPEGE 

(Seglenieks).CCCma using 

CGCM2 and HADCM3 A2 and B2, 

Winter 150-190mm/month, spring 

150-300mm/month, summer 50-

150mm/month, fall 50-

100mm/month (Croley, 2003); 

CGCM1 annual runoff change -

15% for 2050s, and -24 for 2090s 

(Lofgren et al., 2002). 

Average runoff for 1948-2008 is 

655.1mm/year (Lofgren and 

Hunter, 2011). Annual runoff for 

the period 1951-1988 is 80cm, 

equivalent depth over the lake 

area (Croley, 2006).

CCC GCM2 -34%,  Decrease in 

runoff in the range of 20 to-40mm 

change from present AR4 

(Seglenieks); Runoff over land 

annual of total differences is 

30.4mm under CGCM, -0.4 

ECHAM, 15.9 ARPEGE 

(Seglenieks). CGCM1 annual 

runoff change -28% for 2050s, and 

-37 for 2090s (Lofgren et al., 

2002). 

Average runoff for 1948-2008 is 

721.1mm/year (Lofgren and 

Hunter, 2011). Annual runoff for 

the period 1951-1988 is 84cm, 

equivalent depth over the lake 

area (Croley, 2006).

CCC GCM2 -54%; Decrease in 

runoff in the range of 20 to-40mm 

change from present AR4 

(Seglenieks); Runoff over land 

annual of total differences is 

25.5mm under CGCM, 2.5 

ECHAM, 8.2 ARPEGE 

(Seglenieks). CGCM1 annual 

runoff change -10% for 2050s, and 

-16 for 2090s (Lofgren et al., 

2002). 

Net Basin Supply/ 

Streamflow

1981-2000: net basin supply 

1916m3/s (Lofgren et al., 2011); 

Average netbasin supply for 1948-

2008 is 799.2 mm/year (Lofgren 

and Hunter, 2011). 

Net basin supply simulated from 

GFDL CM2 for 2081-2100 is ~400-

475 cubic meters per second in 

Spring, and ~0-(-50). cubic meters 

per second in fall; 1658m3/s (-

13%). (Lofgren et al., 2011).

1981-2000: net basin supply 

1154m3/s (Lofgren et al., 2011).

CCCma using CGCM2 and 

HADCM3 A2 and B2 for 2030s 

range, Winter ~10-100mm/month, 

spring ~200-280mm/month, 

summer ~230-250mm/month, fall 

~150-85mm/month (Croley, 2003). 

Net basin supply simulated from 

GFDL CM2 for 2081-2100 is 125-

175 cubic meters per second in 

Spring, and -50-(-75). cubic 

meters per second in fall (Lofgren 

et al., 2011).

1981-2000: net basin supply 

629m3/s (Lofgren et al., 2011); 

Average Net Basin Supply for 

1948-2008 is 812.6mm/year 

(Lofgren and Hunter, 2011).

Net basin supply simulated from 

GFDL CM2 for 2081-2100 is ~175-

225 cubic meters per second in 

Spring, and ~-100-(-150). cubic 

meters per second in fall ; 

483m3/s  annual (-23% from 

base). (Lofgren et al., 2011).

1981-2000: net basin supply 

3578m3/s for Michigan-Huron 

(Lofgren et al., 2011); Average Net 

Basin Supply for 1948-2008 is 

721.1 mm/year (Lofgren and 

Hunter, 2011).

Net basin supply simulated from 

GFDL CM2 for 2081-2100 is peak 

is ~780-820 cubic meters per 

second in Spring, and~ -100-(-

200). cubic meters per second in 

fall; 3300m3/s annual (-8% from 

base). for Michigan-Huron 

(Lofgren et al., 2011).

Evaporation 605.6mm/yr Average Evaporation 

1948-2008 (Lofgren and Hunter, 

2011 ); 0-10 mean change in 

evaporation for 1948-99. Annual 

average for the period 1951-1988 

is 56cm, equivalent depth over the 

lake area (Croley, 2006). Annual 

evaporation increased 1.3cm/year 

over 1979-2006 (Bennington et al., 

2010).

CGCM1 annual change in 

Evaporation is +24% for 2050s, 

and +39% for 2090s (Lofgren et 

al., 2002). Evaporation over land 

not expected to change. Annual of 

total differences of land 

evaporation is 53.0mm under 

CGCM, 46.6 ECHAM, 39.2 

ARPEGE (Seglenieks). Annual 

Average evapotranspiration 2081-

2100 is 2156m3/s (+26% from 

base)(Lofgren et al., 2011).

1981-2000 annual average 

evapotranspiration 1062 cubic 

meters per second (Lofgren et al., 

2011). Annual average for the 

period 1951-1988 is 67cm, 

equivalent depth over the lake 

area (Croley, 2006).

CCCma using CGCM2 and 

HADCM3 A2 and B2 for 2030s, 

Winter ~70-130mm/month, spring 

~2-30mm/month, summer ~2-

30mm/month, fall ~60-

75mm/month (Croley, 2003); 

CGCM1 annual evaporation 

change +20% for 2050s, and 

+31% for 2090s (Lofgren et al., 

2002); Annual Average 

evapotranspiration 2081-2100 is 

1356m3/s (+28% from base). 

(Lofgren et al., 2011). 

925.5mm/yr Average Evaporation 

1948-2008 (Lofgren and Hunter, 

2011). Annual average for the 

period 1951-1988 is 90cm, 

equivalent depth over the lake 

area (Croley, 2006).

Annual of total differences of land 

evaporation is 30.4 mm under 

CGCM, -0.4 ECHAM, 15.9 

ARPEGE (Seglenieks); CGCM1 

annual evaporation change +20% 

for 2050s, and +29 for 2090s 

(Lofgren et al., 2002); Annual 

Average evapotranspiration 2081-

2100 is 1108m3/s (+24% from 

base). (Lofgren et al., 2011).

655.1mm/yr Average Evaporation 

1948-2008 (Lofgren and Hunter, 

2011). Annual average for the 

period 1951-1988 is 63cm, 

equivalent depth over the lake 

area (Croley, 2006).

Annual of total differences of land 

evaporation is 52.3 mm under 

CGCM, 46.6 ECHAM, 39.2 

ARPEGE (Seglenieks);  CGCM1 

annual evaporation change +22% 

for 2050s, and +33% for 2090s 

(Lofgren et al., 2002); Annual 

Average evapotranspiration 2081-

2100 is 4806m3/s (+23% from 

base). for Michigan-Huron 

(Lofgren et al., 2011). 

Stream Flow/River 

Discharge

1981-2000: 1607m3/s (Lofgren et 

al., 2011).

2081-2100 using CGCM3 

scenario: 1564m3/s (-3% from 

base 1981-2000). (Lofgren et al., 

2011).

1981-2000: 1047m3/s (Lofgren et 

al., 2011).

2081-2100 using CGCM3 

scenario: 970m3/s (-7% from base 

1981-2000) (Lofgren et al., 2011).

1981-2000: 673m3/s (Lofgren et 

al., 2011).

2081-2100 using CGCM3 

scenario: 620m3/s (-8% from base 

1981-2000) (Lofgren et al., 2011).

1981-2000: 2637m3/s (Lofgren et 

al., 2011).

2081-2100 using CGCM3 

scenario: 2525m3/s (-4% from 

base 1981-2000) (Lofgren et al., 

2011).
Circulation Patterns 1966-1967 average current 

speeds are minimum 0.2cm/s, 

maximum 7.1cm/s and mean 

2.2cm/s in summer (Beletsky et 

al., 1999).

Surface current speeds increasing 

by 4±1.3mm/s/decade (Desai et 

al., 2009). Annual average surface 

current speeds increased from  

4.1cm/s (mean 1979-1983) to 

5.2cm/s (mean 2002-2006) 

(Bennington et al., 2010).

Average current speeds are 

minimum 0.1cm/s, maximum 

2.5cm/s and mean 1.0cm/s in 

summer,  minimum 0.4cm/s, 

maximum 9.5cm/s, and mean 

2.8cm/s in Winter and minimum 

0.4cm/s, maximum 3.3cm/s and 

mean 1.5cm/s Annual  (Beletsky 

et al., 1999).

1980 average current speeds are 

minimum 0.1cm/s, maximum 

4.4cm/s and mean 1.4cm/s in 

summer,  minimum 0.3cm/s, 

maximum 3.7cm/s, and mean 

1.6cm/s in Winter and minimum 

0.1cm/s, maximum 2.9cm/s and 

mean 1.3cm/s Annual  (Beletsky 

et al., 1999).

1965-1966 average current 

speeds are minimum 0.4cm/s, 

maximum 4.6cm/s and mean 

2.4cm/s in summer,  minimum 

0.2cm/s, maximum 7.9cm/s, and 

mean 2.6cm/s in Winter (Beletsky 

et al., 1999).

APP-E-GL_T&P .xlsx 2 of 5



Lake Superior Lake Ontario Lake Erie Lake Huron

Wind Increasing wind speed from 1985-

2008 by 12%, or 0.52m/s/decade 

(Desai et al, 2009); Increasing 

windspeed from 1979-2006 by 

0.05m/s per year (Austin and 

Colman, 2007).

Wind is slightly increasing for the 

period of 40 years. WSS CRCM4 

CGCM3 AMNO 2041-2070 is 1-

5m2/s2. NARCAPP wind u change 

from base (1970-1999). for future 

2040-2069 (m/s): -0.8 spring, 0.04 

summer, 0.09 fall, 0.01 winter.  

NARCAPP wind v change from 

base (m/s): 0.13 spring, 0.0 

summer, 0.05 fall, 0.1 winter.  

Regional averaged winter mean 

has decreased by 10% (from 

~12.5m/s to 11.6m/s). and 

summer mean has decreased by 

36% (from ~8.8m/s to 7.5m/s). 

between 1970-2009 per decade 

(Huang et al., 2012).

Wind is decreasing in lower Great 

Lakes. For period of 40 years wind 

will decrease from 8.5m/s to 

7.5m/s. WSS CRCM AMNO 2041-

2070 is 1-5m2/s2. NARCAPP wind 

u change from base (1970-1999). 

for future 2040-2069 (m/s): 0.1 

spring, -0.13 summer, 0.05 fall, 

0.15 winter.  NARCAPP wind v 

change from base (m/s): -0.08 

spring, 0.04 summer, 0.09 fall, 

0.01 winter.  

On Average across the basin, 

Wind speed is decreasing by 

0.022 during the period 1955-2005 

(Wan et al., 2010).

WSS CRCM AMNO 2041-2070 is 

1-5m2/s2. NARCAPP wind u 

change from base (1970-1999). for 

future 2040-2069 (m/s): 0.12 

spring, -0.10 summer, 0 fall, 0.17 

winter.  NARCAPP wind v change 

from base (m/s): 0 spring, 0.15 

summer, 0.01 fall, -0.11 winter. 

On Average across the basin, 

Wind speed is decreasing by 

0.022 during the period 1955-2005 

(Wan et al., 2010).

WSS CRCM AMNO 2041-2070 is 

1-5m2/s2. NARCAPP wind u 

change from base (1970-1999). for 

future 2040-2069 (m/s): 0.11 

spring, -0.13 summer, 0.04 fall, 

0.16 winter.  NARCAPP wind v 

change from base (m/s): 0.03 

spring, 0.11 summer, 0.01 fall, -

0.09 winter.

Phosphorus Spring Lake Total Phosphorus 

1983-2008 2-4.8ug/L (EPA), 

Spring Average 1970-2008 is 

3ug/L, Total Phosphorus water 

quality 5ug/L , no change over 

trend (Environment Canada).

Spring Lake Total Phosphorus 

1983-2008 4-10ug/L (EPA), Spring 

Average 1970-2008 is 2.7ug/L, 

Total Phosphorus water quality 

5ug/L, decreasing trend 

(Environment Canada).

Spring Lake Total Phosphorus 

1983-2008 3-6.5ug/L (EPA), 

Spring Average 1970-2008 is 58 

ug/L in the Western Basin, 

22.2ug/L in the Central Basin and 

9.4 in the Eastern Basin, Total 

Phosphorus water quality 15ug/L 

in the Western Basin and 10ug/L 

in the Central and Eastern Basin, 

decreasing over trend except in 

Central Basin (Environment 

Canada).

Spring Lake Total Phosphorus 

1983-2008 2-5ug/L (EPA), Spring 

Average 1970-2008 is 2.7ug/L, 

Total average Phosphorus water 

quality 10ug/L , declining over 

trend (Environment Canada).

NO2+NO3 Spring Average range for 1983-

2008 is 0.32-0.37mg/L (EPA).

Spring Average range for 1983-

2008 is 0.35-0.45mg/L (EPA).

Spring Average range for 1983-

2008 is 0.28-0.36mg/L (EPA).

Spring Average range for 1983-

2008 is 0.12-0.37mg/L (EPA).

Chloride Spring Average is 1983-2008 is 

1mg/L (EPA).

Spring Average range for 1983-

2008 is 21-25mg/L (EPA).

Spring Average range for 1983-

2008 is 14-17mg/L (EPA).

Spring Average range for 1983-

2008 is 5-7mg/L (EPA).

Chlorophyll-a Spring Average range for 1983-

2008 is 0-1ug/L (EPA). Declining 

lake-wide (Desai et al., 2009).

Spring Average range for 1983-

2008 is 1-3.5ug/L (EPA).

Spring Average range for 1983-

2008 is 1-18ug/L (EPA).

Spring Average range for 1983-

2008 is 0.2-2ug/L (EPA).

Dissolved Oxygen 1970-2001; 2.5-4.5mg/L; longterm 

trend is decreasing, not at 

optimum rate (EPA).

Stratification duration increasing 

leading to persistent 

   anoxia in some lakes (Lake Erie 

central basin); DOC in the 

epilimnion to worsten by 1mg/L. A 

4C increase in epilminion 

temperature produces 0.6mg/L 

decrease in DOC. Losses of 1-

2mg/L typical under most 

scenarios (Blumburg and Di Toro,  

1990).
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Part 2: Decadal (taken to refer to changes expected during the next 1-2 decades).

Variable Past Trend (over past 1-3 

decades).

Projected Change Past Trend (over past 1-3 

decades).

Projected Change 

Air Temperature

The maximal lake averaged 

warming rate of 2-m air 

temperature for the period 1970-

2009 is 0.52±0.21C in winter per 

decade (Huang, Rao, and Zhang, 

2012). Air temperature has 

increased by 1.05C/decade since 

1985.  

Projected annual average in the 

2050s compared with 1961-1990 

is ~3.1C (Environment Canada, 

CCCSN, 2009). Annual average 

depth-average temperatures 

increased from 5.2C (mean 1979-

2003) to 5.5C (mean 2002-2006) 

(Bennington et al., 2010).

During the past 40 yrs the annual 

mean air temperature increased 

by 1.43C. 

 CGCM3 A2 2011-2040, Tmax 

29.9C, Tmean 26.57C, Tmin 

19.4C; Change in Mean Annual Air 

Temperature for the 2020-2040 

relative to the 1961-1990 base 

period is 2.1C under CGCM1 

(Lofgren et al., 2002). Projected 

annual average in the 2050s 

compared with 1961-1990 is ~3C 

(Environment Canada, CCCSN, 

2009).

 CGCM3 A2 2011-2040, Tmax 

29.9C, Tmean 26.57C, Tmin 

19.4C; Change in Mean Annual Air 

Temperature for the 2020-2040 

relative to the 1961-1990 base 

period is 2.5C under CGCM1 

(Lofgren et al., 2002). Projected 

annual average in the 2050s 

compared with 1961-1990 is 2.9C 

(Environment Canada, CCCSN, 

2009).

 CGCM3 A2 2011-2040, Tmax 

29.9C, Tmean 26.57C, Tmin 

19.4C; Change in Mean Annual Air 

Temperature for the 2020-2040 

relative to the 1961-1990 base 

period is 2.5C under CGCM1 

(Lofgren et al., 2002).Projected 

annual average in the 2050s 

compared with 1961-1990 is ~3C 

(Environment Canada, CCCSN, 

2009).

Precipitation

Mean annual precipitation 1.5-

2.0mm/day, mean summer 

precipitation rate 2.51-3.00 for 

1971-2000  (Fung et al., 2012).

Precipitation Ratios 

(Simulations/Observed for the 

2020-2040 relative to the 1961 to 

1990 base period). is 1.04 under 

CGCM1 (Lofgren et al., 2002).

Mean annual precipitation 2.01-

3.0mm/day mean summer 

precipitation rate 2.51-3.00 1971-

2000 (Fung et al., 2012). 

Precipitation Ratios 

(Simulations/Observed for the 

2020-2040 relative to the 1961 to 

1990 base period). is 1.01 under 

CGCM1 (Lofgren et al., 2002).

Mean annual precipitation 2.51-

3.0mm/day 1971-2000, mean 

summer precipitation rate 2.51-

3.00 (Fung et al., 2012).

Precipitation Ratios 

(Simulations/Observed for the 

2020-2040 relative to the 1961 to 

1990 base period). is 0.97 under 

CGCM1 (Lofgren et al., 2002).

Mean annual precipitation 2.51-

3.0mm/day 1971-2000, mean 

summer precipitation rate 2.51-

3.00 (Fung).

Precipitation Ratios 

(Simulations/Observed for the 

2020-2040 relative to the 1961 to 

1990 base period). is 1.02 under 

CGCM1 (Lofgren et al., 2002).

Net Basin Supply

NBS for 1962-1990 is 67.5mm 

(MacKay and Seglenieks, 2010).

NBS for 2021-2050 is 68.3mm. A 

0.4 increase from 1990 (MacKay 

and Seglenieks, 2010).

NBS for 1962-1990 is 82.7mm 

(MacKay and Seglenieks, 2010).

NBS for 2021-2050 is 74.9mm. A 

7.8 decrease from 1990 (MacKay 

and Seglenieks, 2010).

NBS for 1962-1990 is 74.8mm 

(MacKay and Seglenieks, 2010).

NBS for 2021-2050 is 73.2mm. A 

1.6 decrease from 1990 (MacKay 

and Seglenieks, 2010).

Ice Cover

Lake ice annual mean ice cover 

Lake Superior-2%/year for 1973-

2010 (Wang et al 2012). Annual 

average ice cover decreased over 

winter by 886km2/yr over 1979-

2006) (Bennington et al., 2010).

Lake ice annual mean ice cover 

for Lake Ontario -2.3% for 1973-

2010 (Wang et al 2012). 

From the late 1990s to the early 

2000s, lake cover was much less 

than normal (Sellinger et al., 

2008).

Lake ice annual mean ice cover 

for Lake Erie -1.3% for 1973-2010 

(Wang et al 2012). 

Lake ice annual mean ice cover 

for Lake Huron -1.64%/year for 

1973-2010 (Wang et al., 2012). 

Ice Onset
Date (week). of ice onset for 1973-

2010 is 46 (Wang et al 2012). 

Date (week). of ice onset for 1973-

2010 is 48 (Wang et al 2012). 

Date (week). of ice onset for 1973-

2010 is 48 (Wang et al 2012). 

Date (week). of ice onset for 1973-

2010 is 47 (Wang et al 2012). 

Ice maximum/peak
Date (week). of peak for 1973-

2010 is 9 (Wang et al 2012). 

Date (week). of peak for 1973-

2010 is 6 (Wang et al 2012). 

Date (week). of peak for 1973-

2010 is 6 (Wang et al 2012). 

Date (week). of peak for 1973-

2010 is 6 (Wang et al 2012). 

Ice Break up and ice offset

Date (week). of breakup is 10 and 

ice offset is 21 for 1973-2010 

(Wang et al 2012). 

Date (week). of breakup is 7 and 

ice offset is 19 for 1973-2010 

(Wang et al 2012). 

Date (week). of breakup is 7 and 

ice offset is 19 for 1973-2010 

(Wang et al 2012). 

Date (week). of breakup is 10 and 

ice offset is 20 for 1973-2010 

(Wang et al 2012). 

Surface Temperature

(Wang et al 2012). ~0.4C/decade 

over the lower lakes, ~0.6-

0.7C/decade over the upper Great 

Lakes for 1973-2010; The 

maximum lake averaged warming 

rate of surface temperature for the 

period 1970-2009 is 0.43±0.17C in 

summer per decade (Huang, Rao, 

and Zhang, 2012). 

Average Change from Norms for 

2011-2040 using CGCM2 A2  

+2.0C annually, -10C in Spring 

and +15C in Fall (Trumpickas et 

al., 2009). Annual average surface 

temperatures increased from 7.4C 

(mean 1979-2003) to 8.1C (mean 

2002-2006) (Bennington et al., 

2010).

Mean lake surface temperature 

over 1970-2009 increased by 

1.26C (Huang, Rao, and Zhang, 

2012).  

Average Change from Norms for 

2011-2040 using CGCM2 A2  

+1.4C annually, -10C in Spring 

and +6.9C in Fall (Trumpickas et 

al., 2009).

Mean lake surface temperature 

over 1970-2009 is 0.13C/decade 

in winter 0.13C/decade in spring, 

0.43C/decade in summer, 

0.38C/decade in fall and 

0.32C/decade annually lake wide 

averaged (Huang, Rao, and 

Zhang, 2012).  

Average Change from Norms for 

2011-2040 using CGCM2 A2  

+0.9C annually, -11C in Spring 

and +6.5C in Fall (Trumpickas et 

al., 2009).

Mean lake surface temperature 

over 1970-2009 is 0.13C/decade 

in winter 0.13C/decade in spring, 

0.43C/decade in summer, 

0.38C/decade in fall and 

0.32C/decade annually lake wide 

averaged (Huang, Rao, and 

Zhang, 2012).  

Average Change from Norms for 

2011-2040 using CGCM2 A2  

+1.3C annually, -8.1C in Spring 

and +8.1C in Fall (Trumpickas et 

al., 2009).

Lake Levels

Average lake level 1981-2000 

183.41 meters (Lofgren et al., 

2011). Observed 1962-1990 

186.5m (MacKay and Seglenieks, 

2010).

Change in Mean Annual Lake 

Level for the 2020-2040 

(diffference from base period 1961-

1990). is -0.22m under CGCM1 

(Lofgren et al., 2002); 

CGM/GLERL model shows -.12m 

or more for 2020-2034 using A2 

scenario (Angel and Kunkel, 

2010).  For 2021-2050 is 

183.43mm. A 0.03 decrease from 

1990 (MacKay and Seglenieks, 

2010).

Change in Mean Annual Lake 

Level for the 2020-2040 

(diffference from base period 1961-

1990). is -0.35m under CGCM1 

(Lofgren et al., 2002); 

CGM/GLERL model shows -.26m 

to -0.33m or more for 2020-2034 

using A2 scenario (Angel and 

Kunkel, 2010). 

Average lake level 1981-2000 

174.36 meters (Lofgren et al., 

2011). For 2021-2050 is 

174.35mm. A 0.06 decrease from 

1990 (MacKay and Seglenieks, 

2010).

Change in Mean Annual Lake 

Level for the 2020-2040 

(diffference from base period 1961-

1990). is -0.60m under CGCM1 

(Lofgren et al., 2002); 

CGM/GLERL model shows -.26m 

to -0.33m or more for 2020-2034 

using A2 scenario (Angel and 

Kunkel, 2010). 

Average lake level 1981-2000 

176.62 meters for Michigan-Huron 

(Lofgren et al., 2011).

Change in Mean Annual Lake 

Level for the 2020-2040 

(diffference from base period 1961-

1990). is -0.72m for Michigan-

Huron under CGCM1 (Lofgren et 

al., 2002); CGM/GLERL model 

shows -.26m to -0.33m or more for 

2020-2034 using A2 scenario 

(Angel and Kunkel, 2010). For 

2021-2050 is 176.6mm. A 0.05 

decrease from 1990 (MacKay and 

Seglenieks, 2010).
Runoff Average runoff 1962-1990 is  

412.5mm over land (MacKay and 

Seglenieks, 2010).

Change in Mean Annual Runoff for 

the 2020-2040 period is -5% under 

CGCM1 (Lofgren et al., 2002).

Change in Mean Annual Runoff for 

the 2020-2040 period is -10% 

under CGCM1 (Lofgren et al., 

2002).

Average runoff 1962-1990 is  

356.1mm over land (MacKay and 

Seglenieks, 2010).

Change in Mean Annual Runoff for 

the 2020-2040 period is -23% 

under CGCM1 (Lofgren et al., 

2002).

Average runoff 1962-1990 is  

343.4mm over land (MacKay and 

Seglenieks, 2010).

Change in Mean Annual Runoff for 

the 2020-2040 period is -7% in 

Lake Erie, and -12 in Lake 

Michigan under CGCM1 (Lofgren 

et al., 2002).
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Lake Superior Lake Ontario Lake Erie Lake Huron

Lake Evaporation For 1961-1990 Lake Evaporation 

584.0mm over lake, Land 

evaporation 408.6mm (MacKay 

and Seglenieks, 2010).

Change in Mean Lake Evaporation 

for the 2020-2040 period is +17% 

under CGCM1 (Lofgren et al., 

2002).

From the late 1990s to the early 

2000s, lake evaporation was much 

higher than normal leading to a 1-

1.3m drop depending on which 

lake (Sellinger et al., 2008).

Change in Mean Lake Evaporation 

for the 2020-2040 period is +12% 

under CGCM1  (Lofgren et al., 

2002).

For 1961-1990 Lake Evaporation 

896.5mm over lake, Land 

evaporation 563.7mm (MacKay 

and Seglenieks, 2010).

Change in Mean Lake Evaporation 

for the 2020-2040 period is +12% 

under CGCM1 (Lofgren et al., 

2002).

For 1961-1990 Lake Evaporation 

630.10mm over lake, Land 

evaporation 511.1mm (MacKay 

and Seglenieks, 2010).

Change in Mean Lake Evaporation 

for the 2020-2040 period is +13% 

for Lake Huron and +15% for Lake 

Michigan under CGCM1 (Lofgren 

et al., 2002).

Ice Cover (Duration). Average ice duration for the base 

period 1951-1995 is 111 days for 

the West Basin, 108 days for the 

East Basin, 115 days for Whitefish 

Bay (Lofgren et al., 2002).  

Average ice duration for 2020-

2040 period is 83 days for the 

West Basin, 80 days for the East 

Basin, 91 days for Whitefish Bay 

based on CGCM1 (Lofgren et al., 

2002).  

Maximum ice coverage over all the 

Great Lakes was 95% in 1979 and 

only 11% in 2002 (Wang et al., 

2012).

Average ice duration for the base 

period 1951-1995 is 91 days for 

the West Basin, 77 days for the 

Central Basin, and 92 days for the 

East Basin (Lofgren et al., 2002). 

Average ice duration for 2020-

2040 period is 44 days for the 

West Basin, 41 days for the 

Central Basin, and 51 days for the 

East Basin based on CGCM1 

(Lofgren et al., 2002). 

Maximum ice coverage over all the 

Great Lakes was 95% in 1979 and 

only 11% in 2002 (Wang et al., 

2012).

Ice-Free or Open Water 

Duration

Percent of ice-free winters for the 

base period 1951-1995 is 0 for the 

West Basin, 0 for the East Basin, 

0 for Whitefish Bay (Lofgren et al., 

2002).  

Percent of ice-free winters for 

2020-2040 period is 2 for the West 

Basin, 4 for the East Basin, 0 for 

Whitefish Bay based on CGCM1 

(Lofgren et al., 2002).  

Percent of ice-free winters for the 

base period 1951-1995 is 2 for the 

West Basin, 2 for the Center 

Basin, and 2 for the East Basin 

based on CGCM1 (Lofgren et al., 

2002).  

Percent of ice-free winters for 

2020-2040 period is 33 for the 

West Basin, 63 for the Center 

Basin, and 63 for the East Basin 

based on CGCM1 (Lofgren et al., 

2002).  
Windspeed The averaged wind speed for the 

period 1970-2009 decreased by 

the order of -0.33m/s per decade 

over winter, 26m/s per decade 

over spring 0.2m/s per decade, 

0.24m/s over summer, and 

0.20m/s per decade over fall. 

(Huang, Rao, and Zhang, 2012). 

Annual average windspeeds 

increased from 4.9m/s (mean 

1979-1983) to 5.5m/s (mean 2002-

2006) (Bennington et al., 2010).

The averaged wind speed for the 

period 1970-2009 decreased by 

the order of -0.33m/s per decade 

over winter, 24m/s per decade 

over spring 0.2m/s per decade, 

0.24m/s over summer, and 

0.20m/s per decade over fall. 

(Desai et al., 2009).

The averaged wind speed for the 

period 1970-2009 decreased by 

the order of -0.33m/s per decade 

over winter, 26m/s per decade 

over spring 0.2m/s per decade, 

0.24m/s over summer, and 

0.20m/s per decade over fall. 

(Huang, Rao, and Zhang, 2012). 

The averaged wind speed for the 

period 1970-2009 decreased by 

the order of -0.33m/s per decade 

over winter, 26m/s per decade 

over spring 0.2m/s per decade, 

0.24m/s over summer, and 

0.20m/s per decade over fall. 

(Huang, Rao, and Zhang, 2012). 

APP-E-GL_T&P .xlsx 5 of 5



 

 

Appendix F 
Supplemental Climate  
Projections from RWDI 
 



600 Southgate Drive Tel: +1.519.823.1311 
Guelph ON Canada Fax: +1.519.823.1316 
N1G 4P6  

This document is intended for the sole use of the party to whom it is addressed and may contain information that is privileged 
and/or confidential. If you have received this in error, please notify us immediately.  Accessible document formats provided upon 
request.  ® RWDI name and logo are registered trademarks in Canada and the United States of America.  

  
rwdi.com 

MEMORANDUM 

DATE: 2019-05-16 RWDI Reference No: 1902051 

TO: Marc Rose, MES EMAIL: Marc.Rose@aecom.com 

FROM: Mike Gibbons, M.E.Sc. 

Mike Lepage 

Alain Carrière 

EMAIL: mike.gibbons@rwdi.com 

EMAIL: mike.lepage@rwdi.com 

EMAIL: alain.carriere@rwdi.com 

RE: Climate Projections for PortsToronto Vulnerability Assessment  

PortsToronto Vulnerability Assessment 

Toronto, ON 

 

Dear Marc, 

RWDI has completed climate projections for the PortsToronto Vulnerability Assessment, as per our 

proposal of January 28, 2019.  These are discussed in the following memo.  Please feel free to contact 

us if you have any questions. 

Yours truly, 

RWDI 

 

Alain Carrière 

Senior Project Manager 

 

AJC/klm 
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BACKGROUND 

AECOM is preparing an infrastructure vulnerability assessment on behalf of PortsToronto. 

PortsToronto expressed an interest in having climate projections that are specific to the Toronto 

Waterfront area.  Potential approaches to this question include high-resolution dynamical downscaling 

of regional climate model projections; statistical downscaling of regional climate model projections; 

and extrapolation of historical trends observed at a waterfront weather station.     RWDI proposed a 

simplified approach consisting of the following:  

 

• Literature search for any published high-resolution projections of any of the climate 

parameters of interest, from which we can extract information for the Toronto waterfront;  

• Analysis of historical trends in observed meteorological data for Billy Bishop Toronto City 

Airport (BBTCA) and simple extrapolation of those trends into the future (typically linear 

extrapolation).  

 

The above approach represented a practical method of obtaining reasonably realistic projections.  The 

meteorological parameters of interest for this analysis are as follows:  

 

• Days with maximum temperature above 35C  

• Potential for 15 or more hours of 0 visibility within one year (fog)  

• Potential for 8 or more days of max wind above 63 km/h in one year  

• Tornado occurring near the site  

• Days with rainfall above 125mm  

• Days with rainfall above 50mm  

• 5-day rainfall above 100mm  

• Freezing rain: 9 or more days/year (>0.2mm)  

• Freezing rain: events greater than 25mm (ice storm)  

CLIMATE DATA 

Source of Climate Data  

To perform the linear extrapolation of historical trends, a long term, consistent source of 

meteorological and climate data is required.  Relative to the PortsToronto properties, the most 

relevant station with suitable data is from BBTCA. As the PortsToronto properties are all located within 

close proximity to Lake Ontario and BBTCA, using data from BBTCA ensures that any local climate 

impacts are sufficiently captured, particularly when compared to using data from Toronto Pearson 

International Airport.  Hourly and daily meteorological data for BBTCA were obtained for the period of 
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1953 to 2018, for a dataset that is 66 years in length. Parameters utilized in the study include the 

recorded mean hourly wind speeds, visibility and fog flags, as well as daily temperature and 

precipitation, and precipitation flags. Not all parameters cover the entire period of record. Where 

relevant measured data for a parameter of interest did not exist at all in the historical record for 

BBTCA, literature was reviewed to see if any surrogate information could be obtained from published 

studies and other reference technical documents. 

HISTORICAL TRENDS AND FUTURE 
PROJECTIONS 

Temperature 

Daily temperature records from 1953 to 2015 were analyzed to determine the potential for days with 

maximum temperatures above 35°C. The dataset has a high level of completeness, with daily 

maximum temperatures for over 90% of each year available.   

There are 14 occurrences in the dataset where daily temperature maximums exceed 35°C, for an 

average of 0.22 days per year (or 2.2 days per decade).  There are not enough occurrences of daily 

maximum temperatures exceeding 35°C to perform a trend analysis.  Therefore, additional 

temperature thresholds were investigated. The number of days with maximum temperatures above 

25°C, 30°C, 33°C and 35°C each show gradual increase in the number of days over the years. There 

were 2544 days with temperatures above 25°C within the 63-year period analyzed. This was 

considered a sufficiently large data set for a trend analysis; whereas, the numbers of days above 30°C 

(275 day) and 33°C (51 days) were much smaller, and were considered insufficient.  A linear fit to 

decadal averages of the number of days per year above 25°C showed a 3 day per decade increase.  

Decadal averages of the number of days per year above 25°C are shown in Figure 1, along with the 

linear regression fit to these values.  The ratio between the number of days above 35°C and the 

number of days above 25°C (14 / 2544 = 0.0061) has been applied to the linear regression line to 

predict the future trends of days with temperatures above 35°C.  This is also shown in Figure 1, as the 

number of exceedances per decade.  On average, 3.1 days with maximum temperatures above 35°C 

per decade are expected by the 2020 decade (2020-2029), increasing to 4.3 days per decade by the 

2090 decade (2090 to 2099).  Linear interpolation can be used to determine values at intermediate 

decades. 

 



Marc Rose, Senior Environmental Planner  
AECOM  
RWDI#1902051  
May 16, 2019  

Page 4  

 

Visibility (Fog) 

Hourly records from 1957 to 2018 were used to analyze the potential for 15 or more hours of zero 

visibility due to fog. The data obtained were filtered to only include hours where the recorded visibility 

equals zero with a fog flag present. The data prior to 1991 are approximately 60% complete for each 

year. The fog flags are missing from the records starting in 1992, but then resume in 2011 until 2018, 

where the data are complete. Hourly measurements of visibility are available for the full period of 

record (1957 to 2018).  As some of the zero visibility events are due to factors other than fog, such as 

snow squalls, the period where no fog flags were available (1992 to 2010) are excluded from the 

analysis. 

This results in two periods of record, 1957 to 1991 and 2011 to 2018.  There are significantly more days 

with fog and zero visibility in the earlier period, with an average of 10 days of fog in the 1957 to 1991 

period and 2 days of fog in the 2011 to 2018 period.  While it is difficult to definitively attribute the 

difference between the two periods, a likely significant contributing factor is the switch from human 

generated weather reports to automated weather reports, which would have occurred between the 

early and more recent periods. The average number of hours of fog per year by decade are shown in 

Figure 2. 
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Figure 1 – Days per year with daily maximum temperatures above 25°C (observed and projected, left), 

days per decade with daily maximum temperatures above 35°C (projected, right) 
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There were 5 years within the historical record that had 15 hours or more of fog with zero visibility.  

These all occurred during the 1957 to 1991 period.  This represents a 14% chance that 15 hours of fog 

would be exceed on an annual basis.  Due to the aforementioned changes from manual to automated 

observations at BBTCA between the 1950-1990 and 2010 time periods, which led to the stark 

difference between the early and more recent data in terms of number of hours of fog with zero 

visibility, it is recommended that the average annual percentage (e.g. 14%) be assumed to be valid 

under future climate scenarios. 

Wind 

Hourly wind data measured from 1957 to 2017 was used to determine the frequency of 8 or more 

days where the daily maximum hourly mean wind speed exceeds 63 km/h. A quality review of the high 

wind speeds in the dataset was conducted to ensure that all high wind speeds included in the records 

are true wind events. Any erroneous data discovered were corrected and/or removed from the 

datasets to not skew the subsequent analysis. The maximum daily wind speed was determined, then 

filtered to include only days with wind speeds over 63 km/h.  

As shown in Figure 3, there is a slight downward trend in the number of days with maximum hourly 

mean wind speeds exceeding 63 km/h.  On average, there are 2.5 days per year where the daily 

maximum hourly mean wind speed is above 63 km/h.  An exceedance of 8 days per year occurred 

once in the 61-year period of record, for an annual probability of 1.6%.  Due to the slightly downward 

trend, it is recommended that the current climate values be used under future climate scenarios.  
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Tornados 

There are no reported occurrences of Tornados recorded within the historical record at Billy Bishop 

Toronto City Airport.  Therefore, relevant technical publications have been reviewed to gain an 

understanding of the probabilities of Tornados within the study area, as well as any information on 

future climate scenarios. 

Cheng et al (2013) present probabilities of tornado occurrence across Canada based on historical 

observations, projected on to a 25 km by 25 km grid.  These observations are also corrected for 

potential underreporting, based on population density.  Based on the current and historic population 

density of Southern Ontario and Toronto, no adjustments due to population density were required. 

Cheng et al (2013; in Figure 6 from that report) shows that the predicted tornado occurrence per 10000 

km2 per year for the study area is 1.5 tornados.  Therefore, 1.5 tornados are expected per year within a 

100 km by 100 km bounding box of the project location.  It follows that within a 1 km by 1 km 

bounding box, 1.5 x 10-4 tornados are expected per year.  Banik et al. (2007) also present the rate and 

strength of tornado occurrence across Southern Ontario.  In this study, the rate of Tornado occurrence 

at the study area is similar – 1.0 x 10-4 tornados per km2. 

There lacks a consensus regarding the impact of a changing climate on the frequency or severity of 

tornados.  Kunkel et al (2013) present a state of knowledge regarding the monitoring and 

understanding of trends in extreme storms, which includes Tornados.  They note that the relative 

infrequent nature of tornados as well as changes in detection and verification methods make it difficult 

to detect or derive the cause of changes in frequency or severity.   Figure 8 in Kunkel et al (2013) 

indicates that changes in tornados, as well as thunderstorm winds, have a low level of knowledge 

relating to the detection of multidecadal changes. 
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Until the impact of a changing climate on the frequency or severity of tornados is better understood, it 

is recommended that the rate of tornado occurrence from Cheng et al (2013) be applied to the current 

project. 

Days with Rainfall above 50 mm and 125 mm 

The daily rainfall records were obtained for the period of 1957 to 2018.  These were used to determine 

days with rainfall exceeding the 50 mm and 125 mm daily thresholds. 

The annual maximum daily rainfall is shown in Figure 4.  The average annual maximum daily rainfall is 

45 mm. 

 
Figure 4 - Maximum Daily Rainfall by Year 

Days with rainfall exceeding 50 mm occurred 24 times in the 62-year period of record, indicating that, 

on average, this occurs 0.39 days per year.  As can be seen in Figure 4, at no point within the 62-year 

period of record did the daily rainfall exceed 125 mm.    Information on future trends in the occurrence 

rates of 50mm and 125mm daily rainfalls was obtained from an analysis competed by the Ontario 

Ministry of Transportation in collaboration with the University of Waterloo 

(http://www.eng.uwaterloo.ca/~dprincz/mto_site/database_status.shtml).   The analysis consisted of 

spatial interpolation of historical rainfall Intensity-Duration-Frequency curves for recording stations 

throughout Ontario and adjacent jurisdictions, resulting in a gridded set of IDF curves for the province.   

The analysis included a linear trend analysis, such that existing IDF curves were projected into the 

future.  Based on these MTO data, the estimated present-day (2018) recurrence rate at BBTCA for a 

daily rainfall of 50mm is 0.7 days/year (i.e., a return period between 1 and 2 years).  For a daily rainfall 

of 125mm, it is approximately 0.01 days/year (i.e., 100-year return period).  For future years, the 

estimated recurrence rates are higher.  The estimated recurrence rate for a daily rainfall of 125mm is 

approximately 0.013 days/year (approximately the 75-year return period) by the year 2050, and 0.02 

days/year (approximately the 50-year return period) by 2100.   
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The future recurrence rate for a daily rainfall of 50mm is projected to be greater than the historical 

average of 0.39 days/year.  For a more precise estimate of it, we used the MTO IDF curve data to 

determine the number of days/year. These are summarized in Table 1. 

 

Table 1 – Trends in 2-year Daily Rainfall at BBTCA 

Year Return Period of 50 mm rainfall 

(years) 

Days per year with rainfall 

above 50 mm 

2010 (MTO Base year) 1.4 0.7 

2018 1.3 0.8 

2030 1.2 0.85 

2050 1.0 1.0 

2100 0.7 1.4 

 

 

As indicated in Table 1, by 2030, 2050 and 2100 it is projected that a daily rainfall of 50 mm will be 

exceeded approximately 0.85, 1.0 and 1.4 times per year, respectively. 

5-Day Rainfall above 100 mm 

The 5-day annual maximum rainfall is shown in Figure 5.  The average 5-day annual maximum rainfall 

is 66 mm. 

 

 
Figure 5 - 5-Day Rainfall annual maximums 
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In the available data, a 5-day rainfall of 100 mm was exceeded 6 times, or 0.1 times per year.  

Assuming increases of 5%, 10% and 15% by 2030, 2050 and 2100, 5-day rainfalls are expected 0.15, 

0.18 and 0.25 times per year, respectively. 

Freezing Rain 

The number of days with freezing rain flags and freezing rain amounts greater than 0.2 mm were 

obtained for BBTCA, for the period of 1958 – 2018 and plotted in Figure 6.  The average number of 

days with freezing rain per year is 2.2.  The threshold value of 9 days per year never occurred. There is 

a slightly downward trend in the number of days with freezing rain. 

 
Figure 6 - Day with freezing rain by year 

The annual maximum freezing rain event amounts are shown in Figure 7.  An ice thickness of 25 mm 

was exceeded twice in the 61-year period of record (1991 and 2003), or 0.03 times per year.  To 

determine the freezing rain event ice thicknesses, the following approach was adopted.  Daily and 

hourly precipitation amounts and flags, as well as hourly temperatures, wind speeds and directions 

were obtained from BBTCA between 1958 and 2018.  Using this data, the Simple Ice Accretion model 

by Jones (1996) was applied.  Ice was considered to accrete if either of the following conditions were 

met: 

• Coincidence of a non-zero hourly precipitation amount with a freezing rain flag; or, 

• Coincidence of a non-zero hourly rainfall amount with a temperature of less than or equal to 

0°C. 

Icing events continue until the temperature rises above 0°C, at which point the ice thickness is reset to 

0 mm. 
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Figure 7 - Annual maximum freezing rain event thickness 

 

There is a slightly positive trend in the annual maximum freezing rain event thickness. 

 

Cheng et al (2011) investigated the impact of a changing climate on freezing rain across Canada.  They 

determined that for Southern Ontario (which is referred to as Region I in the paper), the occurrence 

frequency of future freezing rain events is projected to be similar to the average historical data, within 

±5%.  However, in terms of severe freezing rain events (which they defined as events last longer than 6 

hours), they found an increase of 35% by 2081-2100 over their 1958-2008 baseline. 

The historical data and the paper by Cheng et al (2011) suggest that there will be little change in terms 

of the number of days with freezing rain in future climate scenarios, however, they both also suggest 

that the amount of freezing rain that occurs within these events will increase.  Therefore, it is 

recommended the increase quoted by Cheng et al (2011, an increase in freezing rain events lasting 

longer than 6 hours of 35% by 2081-2100) be applied to the historical rate of events greater than 25 

mm.  It is then predicted that by 2081-2010, there will be 0.04 freezing rain events per year with an 

accretion of 25 mm. 

SUMMARY 

This report presents historical climate analysis and future climate projections for 9 key parameters 

needed by AECOM to complete a vulnerability assessment following the PIEVC protocol for 

PortsToronto.  The key findings are summarized in Table 2. 
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Table 2 - Summary of Findings 

Parameter Current Climate Future Climate 

Days with temperature 

above 35°C 

2.2 days per decade 3.1 days per decade (2020-2029) 

4.3 days per decade (2090-2099) 

Potential for 15+ hours of 

zero visibility due to fog 

14% of years have 15+ hours of 

zero visibility due to fog 

Maintain current climate 

Potential for 8 or more days 

of max wind above 63 km/h 

in one year 

2.5 days per year with max 

wind speed above 63 km/h 

1/61 years with 8+ days per 

year with max wind speed 

above 63 km/h 

Maintain current climate 

Tornado occurring near the 

site 

1.5 x 10-4 tornados per year 

per 1 km2 

Maintain current climate 

Days with rainfall above 

125mm 

0.01 days per year 0.01 days per year (2030) 

 0.013 days per year (2050) 

0.02 days per year (2100) 

Days with rainfall above 

50mm 

0.8 days per year 0.85 days per year (2030) 

 1.0 days per year (2050) 

1.4 days per year (2100) 

• 5-day rainfall above 100mm 

 

0.1 times per year 0.15 times per year (2030) 

0.18 times per year (2050) 

0.25 times per year (2100) 

Freezing rain: 9 or more 

days/year (>0.2mm) 

 

2.2 days per year Maintain current climate 

Freezing rain: events greater 

than 25mm (ice storm) 

0.03 times per year 0.04 times per year by 2081-2100 
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To:
Bojan Drakul, Manager – Infrastructure,
Planning and Environment

PortsToronto
60 Harbour Street
Toronto, Ontario

Canada, M5J 1B7

CC:
Marc Rose

AECOM Canada Ltd.
105 Commerce Valley Drive West
7th Floor
Markham, ON  L3T 7W3
Canada

T: 905.886.7022
F: 905.886.9494
aecom.com

Project name:
PEEPF

Project ref:

From:
Brian Richert

Date:
March 6, 2019

 

Memorandum
Subject: Billy Bishop Airport - Entrance Flooding Assessment

Objective

On August 8, 2018, severe rain storms caused temporary surface ponding to occur on the entrance road to Billy Bishop 
Airport in Toronto.  The water depths made access to the airport difficult. AECOM has been retained to assess the cause of 
the ponding, assess the relative frequency it is likely to occur, and provide a high level assessment of feasible mitigation.

Description of Storm Catchment

AECOM initially delineated the drainage area to the airport drop area based on local surveyed spot elevations.  The survey 
data shows that Eireann Quay generally slopes southward from Queens Quay toward the lake.  The passenger drop off area 
is a low lying area with no overland outlet. The initial assessment of the catchment is shown below.

Figure:  Catchment Area to Passenger Drop Off Area, Based on Surveyed Spot Elevations
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The survey data was useful in identifying both the trapped low area at the passenger drop off, as well as the local drainage

catchment to Eireann Quay. However, it was not clear whether overland drainage on Queens Quay would spill southward into

Eireann Quay and contribute to potential flooding of the passenger drop off.  To assess this, AECOM used City contour data

to identify if additional drainage would spill into Eireann Quay during large events.  A review of the contours and local

overland drainage patterns is shown below.

The assessment shows that drainage to Eireann Quay is limited to:

· A 1.2 ha local catchment area on Eireann Quay south of Queens Quay; and

· A 1.2 ha catchment in Little Norway Park, west of Eireann Quay, in which stormwater will initially pond in 3 local

depressions then spill to Eireann Quay.

Figure:  Catchment Area to Passenger Drop Off Area, Based on City Contour Data
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Local Storm Sewers

There is a 375 mm City of Toronto STM sewer along Eireann Quay, which flows north i.e., away from the harbour and

opposite to the surface grade.  The sewer increases in size, becoming 600 mm when it discharges to a 825 mm STM sewer

on Lakeshore Blvd, which flows east to the twin 1800 mm trunk STM sewer discharging to Toronto Harbour. The location of

the STM sewer is shown below, along with a profile. The sewer on Eireann Quay is a vitrified clay pipe constructed in 1930.

Figure:  Local Storm Sewer

Eireann Quay Bathurst St Lakeshore Blvd
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Rainfall Event and Flooding

There is a rain gauge located at Billy Bishop Airport, referenced as Environment Canada gauge 6158359 Toronto City

Centre. AECOM contacted Environment Canada, who advised that short term data (i.e. hourly or less) is not available at the

gauge. Information from Environment Canada’s website indicates that 72 mm of rain fell on that date at the gauge.  Hourly

climate summaries indicate that thunderstorms occurred across 2 hours near midnight of August 7, 2018, although a portion

of this rainfall occurred earlier in the day (4:00 AM). According to the IDF curve at the station, 72 mm of rainfall over either 2

hours or 4 hours has a return frequency of approximately once every 100 years.
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Assessment of Flooding

The contributing causes to the flooding are:

· No overland flow outlet at the passenger drop off area; and

· A storm sewer profile which makes the passenger drop off area the first affected area if the pipe surcharges; and

· A large volume of rainfall over a short period of time, which exceeded either the CB inlet capacity or the 375/450 mm

STM sewer capacity

Lake Ontario water levels in August 2018 were approximately 75.1 m, and did not contribute to the flooding.

A HGL analysis shows that the Eireann Quay 375/450/525 mm STM sewers will surcharge to the ground level at the

upstream end of the system (i.e. at the passenger drop off area) when the flow in the STM sewer reaches 210 L/s.

AECOM performed a modified rational method assessment for the STM catchment area to Eireann Quay (catchments A and

B, total 2.4 ha).  The assessment indicated that

· There is approximately 650 m3 of surface storage available in the park which would be required to be filled before any

surface runoff spilled from the park area to Eireann Quay.  With a catchment area of 1.2 ha, this corresponds to 54 mm

of rainfall. Assuming a runoff coefficient of 0.6 in the park area during a large event, this would require 90 mm of rainfall

to occur prior to any runoff spilling from the park to Eireann Quay.  It is assumed therefore that this runoff forms a

negligible portion of the runoff to the sag location at the passenger drop off area.

· For the local 1.2 ha catchment draining to Eireann Quay, for an outflow rate of 210 L/s, the following surface ponding

volumes would occur:

· The above assessment assumes that the STM sewers on Eireann Quay are the restriction to stormwater flow leaving

the low lying area at the ponding area at the passenger drop off area. AECOM confirmed that the restriction is not the

catchbasin inlet capacity at the sag location instead. A twin inlet horizontal grate CB with 0.3 m of ponding has an inlet

capacity of 405 L/s, according to inlet capture tables in the City of Toronto Basement Flooding Model Studies

Guidelines.

Return Period Ponding Volume

(years) (m3)

2 0

5 15

10 48

25 83

100 170
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An assessment of the site contours shows the following storage at different depths of ponding above the CBs at the
passenger drop off area.

ponding

elevation ponding depth ponding area

average

area

Incremental

Volume Total volume

Return

Period

(m) (m) (m2) (m2) (m3) (m3) (years)

76.44 0 0 0

30 2

76.5 0.06 60 2

155 15

76.6 0.16 250 17 5 years

650 65

76.7 0.26 1050 82 25 years

1425 142

76.8 0.36 1800 225 > 100 years

2450 245

76.9 0.46 3100 470

spill

Depth of ponding

0.06 m

0.16 m

0.26 m

0.36 m

0.46 m
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The assessment shows that at a 100-year return interval, the depth of ponding will be approximately 0.36 m, ponding to an
elevation of approximately 76.8 m.  The extent of ponding shown for this elevation is generally consistent with what was
observed on August 8, 2018.  The 100-year return interval is also generally consistent with evidence for the volume and
duration of rainfall plotted on City IDF curves.

The assessment indicates that it would take twice as much surface flooding volume as experienced by the 100-year storm to
raise the ponding from 76.8 m to 76.9 m.  At 76.9 m, the ponding would still be a heavy nuisance factor for a few hours, but
would not quite overflow into any of the adjacent buildings.

Potential Mitigation

The assessment indicates that ponding is caused by insufficient capacity in the STM sewers on Eireann Quay for flows larger
than the 2 year design flow.  Larger flows will surcharge to the surface at the low ground elevation in the sewer profile, which
is at the upstream end at the passenger drop off area.  Since there is no major system outlet at that location, stormwater will
pond on the surface until capacity is available in the storm sewer system.

Mitigation strategies could include:

· Flood proofing adjacent buildings with raised sills in doorways, or grading barriers

· Increasing the size of the 375 mm STM to a 450 mm pipe, reducing surface flooding volume by increasing the outflow

rate

· Diverting some of the overland drainage to constructed surface storage areas upstream of the sag location

· Increasing the size of the 375 mm STM pipe to an oversized pipe, controlling the 100-year flow to the existing 2-year

flow rate in the downstream pipe.

· Improving the ‘spill’ near the passenger tunnel by lowering curb and asphalt grades, and providing a more defined

overland spill route that does not threaten the passenger tunnel during large events.

The latter option is illustrated further, in 2 views below.  It could consist of (a) dropping the curb on the east side of the paving

stones; (b) removing the paving stones, regrading the surface lower over the spill route, and replacing the paving stones; and 
(c) if required, lowering/regrading the gutter along the curb, westward.  The design of this potential solution, and the

requirement to regrade a portion of the gutter, would need to be further assessed with detailed surveying in the area and

along the existing curb line.

a b c

a
b

c
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Recommendations

The primary alternatives related to construction are:

· Lowering the curb and regrading the paving stones, creating a lower ‘spill’ route in front of the passenger tunnel. Costs

to construct a curb cut and lower the paving stone grades are likely less than $20,000.

· Replacement of ex 375 mm STM with 450 mm STM, 69 m, generally 2 m deep, with full restoration.  Based on the City

of Toronto cost estimating tool developed for the basement flooding program, unit rates are $820/m, for a total

estimated cost of $60,000; additional costs for mobilization for a small project may increase costs upwards to $100,000.

· Constructing overland storage upstream of the sag location.  A feasible alternative would be implementing a low impact

development (LID) feature for stormwater either within a constructed median on Eireann Quay, or in open space

adjacent to the road. Any stormwater volume that can be retained by the LID practice would remove the equivalent

volume of stormwater from the ponding location during a major storm event.  There is upwards of 200 m
3
 of surface

ponding for a 100-year storm event; a reasonable mitigation design would be to retain at least 50 m3
 of stormwater in

the LID feature.

An example of the kind of LID measure that could be implemented is a Silva Cell design, with a cost of about $700 per

m3 of soil excavated/installed, plus additional costs for trees and restoration. To get 50m
3
 of useful retention volume,

the excavation may need to be twice as large; this implies a cost of $70,000 for the Silva Cells. Restoration costs could

raise the total construction cost to in the order of $100,000.

The CVC LID guidelines also quote estimated bioretention costs of up to $100,000 per hectare of drainage area.

AECOM concludes that lowering the curb/paving stones in front of the passenger tunnel is the preferred solution, pending
confirmation of effectiveness and feasibility with a functional design that closely looks at existing grades in the gutter along
the spill route.

If this option is not feasible, either of the other two options (storm sewer replacement or bioretention/Silva Cell) are feasible
options to reduce the likelihood of surface flooding in the drop off area, and both have comparable expected construction
costs of approximately $100,000.  Storm sewer replacement would require coordination with the City of Toronto; bioretention 
would require either a new constructed median, or curbside construction that may require additional lands.
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Modified Rational Method for Stormwater Management

Rational Method Detention Volume Calculation

Project: Billy Bishop Airport f looding

IDF Curves f rom:  City of Toronto

2-yr 5-yr 10-yr 25-yr 100-yr

a 21.8 32 38.7 45.2 59.7

b 0.000 0.000 0.000 0.000 0.000

c -0.78 -0.79 -0.8 -0.8 -0.8

Pre development Area (ha) = 1.20

Post development Area (ha) = 1.20

Runoff coef ficients : Pre = 0.70

Post = 0.70

Storm Return Frequency (years) = 100

Outflow  Controlled to (cms) = 0.210

Time of Concentration (hrs)  Pre = 0.25

Time of Concentration (hrs)  Post = 0.25

Maximum Detention Volumes Calculated (ha-m)

2-yr 5-yr 10-yr 25-yr 100-yr

0.0006 0.0035 0.0066 0.0144

Time (hrs) Rainfall Intensity (mm/hr) R.M. Peak Flow s for Different Storm Durations

Pre Development (cms)

2-yr 5-yr 10-yr 25-yr 100-yr 2-yr 5-yr 10-yr 25-yr 100-yr

0.0833333 151.43 227.88 282.52 329.98 435.83 0.35 0.53 0.66 0.77 1.02

0.1666667 88.19 131.79 162.27 223.48 250.32 0.21 0.31 0.38 0.52 0.585

0.25 64.28 95.67 117.32 137.02 180.98 0.150 0.22 0.27 0.32 0.42

0.3333333 51.36 76.22 93.20 108.85 143.77 0.12 0.18 0.22 0.25 0.34

0.4166667 43.15 63.90 77.96 91.06 120.27 0.10 0.15 0.18 0.21 0.28

0.5 37.43 55.33 67.38 78.70 103.94 0.09 0.13 0.16 0.18 0.24

0.5833333 33.19 48.99 59.56 69.57 91.88 0.08 0.11 0.14 0.16 0.21

0.6666667 29.91 44.08 53.53 62.52 82.57 0.07 0.10 0.12 0.15 0.19

0.75 27.28 40.17 48.71 56.90 75.15 0.06 0.09 0.11 0.13 0.18

0.8333333 25.13 36.96 44.78 52.30 69.07 0.06 0.09 0.10 0.12 0.16

0.9166667 23.33 34.28 41.49 48.46 64.00 0.05 0.08 0.10 0.11 0.15

1 21.80 32.00 38.70 45.20 59.70 0.05 0.07 0.09 0.11 0.14

Time (hrs) R.M. Peak Flow s for Different Storm Durations Detention Volumes for Dif ferent Storm Durations

Post Development (cms) (cu.m.)

2-yr 5-yr 10-yr 25-yr 100-yr 2-yr 5-yr 10-yr 25-yr 100-yr

0.0833333 0.35 0.53 0.66 0.77 1.02 0 0 0 0 0

0.1666667 0.2059 0.3078 0.3789 0.5219 0.5845 0 0 0 0 0

0.25 0.15 0.22 0.27 0.32 0.42 (16) 6 35 66 144

0.3333333 0.12 0.18 0.22 0.25 0.34 (37) (21) 6 37 115

0.4166667 0.10 0.15 0.18 0.21 0.28 (61) (53) (27) 3 82

0.5 0.09 0.13 0.16 0.18 0.24 (88) (86) (63) (34) 46

0.5833333 0.08 0.11 0.14 0.16 0.21 (117) (122) (101) (72) 8

0.6666667 0.07 0.10 0.12 0.15 0.19 (147) (159) (140) (112) (33)

0.75 0.06 0.09 0.11 0.13 0.18 (178) (197) (180) (153) (75)

0.8333333 0.06 0.09 0.10 0.12 0.16 (210) (236) (221) (196) (118)

0.9166667 0.05 0.08 0.10 0.11 0.15 (243) (275) (263) (239) (162)

1 0.05 0.07 0.09 0.11 0.14 (277) (316) (306) (283) (206)

Eireann Quay
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