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1. Introduction 
The City of Mississauga (i.e., “the City”) has over 480 parks within its boundaries, ranging from small 

neighbourhood green spaces to large, multi-hectare parks containing numerous recreational facilities 

capable of hosting events numbering in the thousands of attendees. To better understand the potential 

current and future vulnerabilities of Mississauga’s city parks to impacts from severe weather and climate 

change, a climate change risk assessment was conducted focusing on three Mississauga parks designated 

by the City for assessment in this project scope. These are the Streetsville Memorial, Jack Darling 

Memorial, and Saint Lawrence parks. 

This report provides a detailed description of the climate change and severe weather risk assessment 

conducted for these parks through application of the Public Infrastructure Engineering Vulnerability 

Committee (PIEVC) Protocol (i.e., “the Protocol”; Engineers Canada 2016). The Protocol is a five-step risk 

assessment framework, based on standard engineering risk assessment methods. It is intended to identify 

and prioritise the most important risks posed by climate change to public infrastructure, including the 

main components and sub-components of systems that comprise the public infrastructure asset. The 

Protocol has been applied over 50 times to assess climate change risks to critical infrastructure systems 

across Canada and several international project applications since its introduction in 2008. This report 

summarises the PIEVC Assessment steps and data applied in the Parks Assessment for the City of 

Mississauga. PIEVC Worksheets were completed for documentation of each PIEVC step and are provided 

in the Appendices of this report. 

1.1 Project Scope 

This report focuses on the PIEVC Parks Assessment portion of the overall City of Mississauga Climate 

Change Action Plan project. The PIEVC Parks Assessment is one of several climate change risk assessments 

which are either in progress or have recently been completed addressing City of Mississauga assets. Risk 

Sciences International (RSI) was responsible for leading the PIEVC Parks Assessment portion of the Climate 

Change Action Plan project scope. The results of this assessment will soon be combined with several other 

parallel assessments underway as part of the Climate Action Plan project to compare and prioritise risks 

in order to develop climate change adaptation response planning for the City as a whole. The PIEVC Parks 

Assessment considers all human-made and natural infrastructure within each of the three City-selected 

parks, as well as park users and municipal and regional staff. The assessment considers components within 

the three assessed parks which may be subject to climate- and severe weather-related impacts. 

The three parks being assessed are the following: 

1) Jack Darling Memorial Park, 

2) Streetsville Memorial Park, and 

3) Saint Lawrence Park. 

Figure 1-1 provides a map overview of the locations of each of the three parks within the City of 

Mississauga, while a more detailed description of the parks and their contents is provided in Section 2. 
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Figure 1-1: Map indicating the relative locations of each of the three parks being assessed within the City of 

Mississauga. 

The selection of the three parks was done prior to the Request for Proposal for the project through 

discussions between the City’s environmental division and parks and forestry divisions. Jack Darling and 

Streetsville Memorial Parks were chosen due to the presence of “representative infrastructure” and 

location criteria. “Representative infrastructure” refers to the variety of infrastructure, facilities, and other 

characteristics that are similar across parks in Mississauga, allowing many of the risk assessment findings 

to be potentially applicable to other parks in the City. This approach allowed for a large variety of different 

asset types, from recreational facilities to buildings to large naturalised areas, to be captured by the 

assessment. Location considerations required that both lake shoreline and landlocked parks be included 

in the assessment. Saint Lawrence Park was selected due to the severity of recent impacts from high lake 

levels and wave action in the spring of 2017, as well as its representation of smaller sized parks with 

hardened surfaces. As of this writing (April 2018), St. Lawrence Park’s lower promenade remains closed 

to the public, and repairs and upgrades to the damaged sections of the park are estimated to eventually 

cost approximately $2.5 million. 

All three parks are located in potentially vulnerable areas with respect to climate hazards, with both Jack 

Darling and Saint Lawrence parks having recently suffered significant damage due to record high water 

levels in Lake Ontario, and Streetsville Park being exposed to impacts due to its location directly along and 

within the Credit River Valley that is subject to regular spring flooding. The assessment process and 

documentation therefore yield a characterisation and overview of the potential risks for City park assets. 
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The PIEVC process also begins identifying options for responding to risks, while at the same time increasing 

climate resilience and overall sustainability of park assets well into the future. 

1.2 The PIEVC Protocol 

The PIEVC Protocol was developed between 2005 and 2012 and combines the systematic identification of 

important climate and severe weather hazards with the analysis of infrastructure system components to 

identify and prioritise risks, and to better understand how these risks may evolve over time with changes 

in climate. The five standard steps in the Protocol are illustrated in Figure 1-2 below. 

While PIEVC has been applied to multiple categories of public infrastructure, this study represents the 

first explicit application of the PIEVC Protocol to a city’s park assets in Canada, which in turn presents both 

challenges and opportunities for further expansion of the applications of the Protocol to new 

infrastructure asset categories. The PIEVC Protocol is most often applied to “hard” or grey infrastructure, 

human-made engineered structures, and systems such as buildings and treatment facilities, overhead 

systems for communication and electrical transmission and distribution, and underground and surface 

conveyance networks for drinking water, waste water, and sewage conveyance. Although green and 

natural infrastructure have been addressed in previous PIEVC studies, they often do not represent a 

significant portion of the existing infrastructure portfolio for the system being assessed. The treatment of 

natural components, such as trees and plant species, as explicit infrastructure components, with the same 

Figure 1-2: Flow chart describing risk assessment portion of the PIEVC Protocol, 

through steps 1 to 5 (modified from Engineers Canada, 2016). 
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importance as individual engineered components, is also a novel application of the Protocol, and is 

intended to recognise the benefits and services provided by such natural components. 

In addition, the assessment recognised that the City operates multiple, unique parks, ranging in size, site 

specific geographical characteristics, park specific assets and infrastructure, and intended use (e.g., 

community sports and other activities, festivals and other events). This diversity proved challenging in 

trying to characterise and address risks to valued assets, but ultimately allows for the findings from the 

three parks assessed here to be more widely applicable to other parks in within Mississauga. 

Modifications 

Note that Step 4 “Engineering Assessment”, is by definition an optional step within the PIEVC process, and 

has been defined to be out of scope for this assessment. Step 4 of the Protocol involves detailed 

engineering assessment of risks which generally lie within the “medium” range. While detailed 

assessment of these risks can be very informative, engineering assessment of multiple individual assets is 

costly and time consuming and can result in the initiation of detailed analysis and supplementary studies. 

Scoping of this project deemed that the optional Step 4 of PIEVC is not needed for the most obvious “high” 

risks identified in the assessment; i.e., high-risks are already flagged for immediate action and do not 

require more detailed engineering assessment. The prioritization and risk ranking developed by the steps 

1-3 and 5 are considered sufficient for the purposes of identifying and prioritising risks within this 

assessment. The project scope also excluded the execution of the “Triple Bottom Line” module, another 

optional decision-making module for PIEVC which considers economic, environmental and social factors 

to help select the most appropriate adaptation solutions following the risk assessment. A separate process 

will be conducted later to address the prioritization and selection of adaptation actions on a City-wide 

basis. 
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2. Assessed Infrastructure Descriptions 
The definition of park infrastructure and their key components was developed based on a series of site 

visits conducted on January 8 (Streetsville Park), January 9 (Saint Lawrence Park), and January 16 (Jack 

Darling Park), 2018. Tours were provided by City of Mississauga parks staff and were attended by one or 

more RSI staff for the purposes of understanding each park site, asset documentation, and discussion to 

confirm asset functions and conditions. These site visits were further bolstered by multiple rounds of key 

person interviews via email, phone conversations, and in-person meetings to refine the list of 

infrastructure components and confirm completeness. Infrastructure components for the parks were 

broken down into four main categories: 

• Hard (or “grey”) infrastructure, 

• Third party infrastructure, 

• Natural systems, and 

• People. 

These categories are described in detail below and are further defined by sub-categories. Hard 

infrastructure, for example, has been further defined as either “shared” infrastructure among all three 

parks, meaning all three parks contain some example of these same component types, or “park specific” 

hard infrastructure, addressing facilities and assets that only exist in an individual park. 

2.1 Park Boundaries 

Defining park boundaries was critical for two reasons. The first was to define which infrastructure 

components needed to be included in the analysis, including the identification of boundaries where park 

infrastructure may interact with or rely on adjacent infrastructure. The park boundaries were also 

important for the hazard probability analysis. For example, the size of the park “target area” proves critical 

in estimating the probability of occurrence for smaller scale severe weather events like thunderstorms 

and tornadoes. The second reason was to establish that the most representative values were available for 

statistical analysis, which needs to take into account the total surface area of each park to calculate the 

probability of interaction with climate events (described in Section 3). The park boundaries are provided 

for each of Jack Darling Park (Figure 2-1), Saint Lawrence Park (Figure 2-2) and Streetsville Park (Figure 

2-3), encompassing 11.2 hectares, 36.5 hectares and 1.9 hectares of surface area, respectively. 
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Figure 2-1: Map defining assessment boundaries of Jack Darling Park. 

 

Figure 2-2: Map defining assessment boundaries of Saint Lawrence Park. 
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Figure 2-3: Map of assessment boundaries of Streetsville Park. 

2.2 Hard Infrastructure 

A detailed description of park infrastructure begins with the hard or “grey” infrastructure components. 

These have been further categorised into “common” and “park specific” groupings since the three parks 

all share common infrastructure components, but also components which are unique to each individual 

park. For example, although they differ in some characteristics, including age and condition of the asset, 

every park contains multiple light standards, park benches, picnic tables, walking paths, and parking lots, 

all of which are considered “common” hard infrastructure. Table 2-1 provides a detailed description of 

these components, while Figure 2-4 providing examples. 

Table 2-1: Common hard infrastructure components. 

Common Hard Infrastructure 

comfort stations park benches storage shed - concrete block 

electrical service boxes parking lot - asphalt storage shed - wood 

fleet vehicles 
parking lot - natural 

surface 
underground electrical wiring 

garbage & recycling bins picnic tables utility access covers 

grounds keeping and tree 

maintenance equipment - in 

storage sheds 

play structures - metal walking paths - asphalt 

lawn, manicured play structures - plastic walking paths - soil & gravel 

  light standards Signs 
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Figure 2-4: Examples of common infrastructure shared across parks, including comfort stations (top left; Jack 

Darling), park benches and walking paths (top right; Jack Darling), light standards (bottom left; Saint Lawrence) 

and playground equipment (bottom right; Streetsville). 

2.2.1 Streetsville Park Specific Hard Infrastructure 

The entire park sits at the base of the Credit River Valley, and therefore part of the definition of park 

boundaries (Figure 2-3 above) included a focus on assets and facilities characterised by this lower 

elevation. This immediately resulted in the exclusion of adjacent, higher elevation infrastructure 

components which were not considered part of Streetsville Park, most notably the Vic Johnston Arena. 

The additional park specific components which were included in the assessment are described in detail in 

Table 2-2. 

Streetsville is considered a destination park due to its size and available facilities. Although it was never 

designed or otherwise explicitly intended to act as a park hosting large public events, several annual 

events are regularly held within the park, particularly the Bread and Honey Festival and Lebanese Festival, 

the former attracting an estimated 50,000 or so attendees over its two-and-half-day duration. The park 

also hosts multiple local sports events due to the presence of baseball and soccer facilities. The use of the 

park to host large public events impacts its exposure to and risks from weather and climate hazard events 

The park also contains a comfort station, located on the site of a decommissioned waste water treatment 

facility, and an adjacent outdoor storage yard which acts as the main staging area during the warm season 

for the Streetsville Public Cemetery. The park also contains a large footbridge connecting the south bank 
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of the Credit River with the island at the center of the park (Figure 2-5). Armour stones were listed here 

as a separate infrastructure item in spite of their presence at the other two parks. This approach was 

taken to determine if there were any differences between impacts to protective armour stones associated 

with river valley versus lake shoreline locations. 

 

Figure 2-5: Streetsville foot bridge, seen from west bank of Credit River looking south. 

Table 2-2: Hard infrastructure specific to Streetsville Park. 

Streetsville Park - Specific Hard Infrastructure 

armour stones - river 

bank 
flood lights - baseball diamonds 

soccer field - south of 

Credit River 

baseball diamond - 

fencing, bleachers 

pedestrian bridge - steel box frame, wood 

deck, concrete abutments 
soccer fields – island 

batting cages picnic area - island soccer nets 

BBQs - iron, island 
power & telecom lines and poles crossing 

Credit River 
storage lot – open 

bocce courts propane tanks - near comfort station stormwater ponds, 

basins and outfalls dumpsters small footbridge - near baseball diamond 

Jack Darling Specific Hard Infrastructure 

Jack Darling Memorial Park is the largest of the three parks, covering more surface area than the other 

two parks combined, and noted as the fifth largest park in Mississauga by surface area. Like Streetsville 

Park, it is considered a “destination” park, attracting visitors from across the Greater Toronto Area and 

occasionally internationally. Park-specific infrastructure for Jack Darling Park is described in detail in Table 

2-3 below, with specific examples given in Figure 2-6. 

In terms of unique facilities, Jack Darling is the only park in Mississauga with designated (but unsupervised) 

beach wading areas, as well as a large splash pad which is kept operational until 11 PM in the evening on 
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particularly hot days during the summer. The park also features two large picnic areas adjacent to the 

beach wading areas, as well as a covered picnic area located at its far southwestern end, next to the 

Rattray Marsh. The park contains the largest leash-free dog park in Mississauga. Winter recreation 

attractions include a toboggan hill and year-round access to walking trails throughout the park and along 

the Lake Ontario shore. 

In terms of drainage infrastructure, the park is also unique in that a very large portion of the park is 

effectively a large green roof which overlays two underground water treatment facilities (described in 

more detail below). Two creeks are located along or directly adjacent to the park, including a covered 

catch basin for Turtle Creek at the park’s far western end, and Birchwood Creek, which runs along the 

eastern boundary of the park. The park also lies adjacent to a provincially significant wetland (Rattray 

Marsh Conservation Area) in an otherwise urbanized area. Although the Rattray Marsh Conservation Area 

is an environmentally sensitive wetland and represents the last remaining lakefront marsh between 

Toronto and Burlington, it lies outside of the scope of this study. 

Table 2-3: Hard infrastructure specific to Jack Darling Park. 

Jack Darling Park - Specific Hard Infrastructure 

artificial "AstroTurf" under play 

structures 
covered picnic area 

Turtle Creek catch-basin - near 

shoreline 
culverts 

beach areas leash free dog park 

splash pad road - asphalt 

tennis courts 
stormwater ponds, basins and 

outfalls 

flood lights - tennis courts picnic area - concrete slab 

toboggan hill armour stone - lake shore 

chain link fencing 
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Figure 2-6: Jack Darling toboggan hill (left) and beach wading areas (right) 

Saint Lawrence Specific Hard Infrastructure 

Saint Lawrence Park can be roughly separated into three areas. The Waterfront Trail portion, which 

consists of either concrete block or asphalt pathway acting as a portion of the Lake Ontario Waterfront 

Trail and includes the gazebo (Figure 2-6) and green areas adjacent to the Trail. The area with the lower 

walkway and lookout point bordering the shoreline and Lake Ontario is currently closed to the public due 

to storm and wave damage from 2013. Finally, there is also a street-level courtyard with paving stones 

and ornamental trees in planters, bounded by Saint Lawrence Street to the east and Port Street to the 

west. The detailed description of park specific hard infrastructure is given in Table 2-4. 

Table 2-4: Hard infrastructure specific to Saint Lawrence Park. 

Saint Lawrence Park - Specific Hard Infrastructure 

break wall - stacked armour stones, east end lower promenade - staircase 

electrical conduits - along shoreline lower promenade - walkway slabs 

gazebo - box steel construction, bolts and welds; 

sheet metal roofing; concrete pillars; slab 

foundation 

street-Level courtyard - brick & concrete slab 

pathway 

lower promenade - decorative and retention walls street-Level courtyard - Planters 

lower promenade - ladders street-Level courtyard - Utility room 

lower promenade - planters, concrete block upper promenade - staircase 

lower promenade - railing, concrete blocks upper promenade - Walking path, concrete 
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Figure 2-7: Saint Lawrence Park gazebo and shoreline armour stone, view from Waterfront Trail looking south-

east. 

2.3 Third-Party Infrastructure 

A critical consideration in assessing climate risks is the potential for secondary impacts due to damage to 

or loss of critical third-party infrastructure. The relevant third-party infrastructure considered in this 

assessment is listed in Table 2-5. For all three parks, this includes connections to electrical distribution 

and drinking and waste water services. Jack Darling in particular is located adjacent to many major third-

party infrastructure elements, including the drinking and waste water treatment plants located below the 

park, a natural gas pipeline, and a partially buried comfort station which is shared with the Region of Peel 

and is located at the northern end of the park. Access points for emergency response personnel and park 

staff were important considerations in understanding the impacts of weather and climate events on park 

users, particularly since plans include the installation of a new ambulance station at north end of the park. 

Table 2-5: Third-party infrastructure which may trigger secondary impacts to park assets. If assets are park specific, 

individual parks are identified as “JD” (Jack Darling Park) or “SL” (Saint Lawrence Park).  

Important Third-Party Infrastructure 

buried comfort station - connected to 

Peel Region water treatment [JD] 
natural gas pipe line [JD] 

communication networks (cell and 

landline) 
Port Credit Harbour Marina and break wall [SL] 

drinking water treatment plant [JD] 
treatment plant vents - HVAC, stacks, etc.; large green 

covers [JD] 

electrical distribution connections waste water pipe network 

evacuation/fire routes/first-responder 

access waste water treatment plant [JD] 

fresh water supply network 
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2.1 Natural Systems 

As discussed in Section 1, this study represents a novel application of the PIEVC assessment tool, 

particularly due to its emphasis on natural systems as key infrastructure assets. Treating natural system 

components as infrastructure assets is in fact a critical distinction, one which will be emphasised 

throughout this report. For example, consider how wind and ice damage to trees could be addressed 

within a risk assessment. A PIEVC assessment focusing on grey infrastructure would be concerned with 

the impacts of trees on engineered components, considering the risks posed by secondary damage trees 

may cause to overhead systems or buildings. In the case of this parks assessment, the trees themselves 

are considered infrastructure components, and risk rankings are based on severe weather and climate 

related impacts directly to trees. 

Both Jack Darling and Streetsville contain designated natural areas which are part of the City’s Natural 

Heritage System (NHS). Designated natural areas cover roughly 9% of the total surface area of the city and 

are surveyed every 4 years to study and inventory the contents and overall state of “remnant” natural 

areas within the City (City of Mississauga, 2018). Guidance for management of the City’s NHS include the 

Natural Heritage and Urban Forest Strategy (NH&UFS; City of Mississauga, 2014a) and the Urban Forest 

Management Plan (UFMP; City of Mississauga, 2014b). This PIEVC assessment emphasises two of the 

guiding principles of the UFMP, to “Integrate climate change considerations in natural heritage and urban 

forest planning” and to “Recognise natural systems and the urban forest as critical components of the 

City’s infrastructure” (City of Mississauga, 2014b). 

The applied definition of natural systems for the three assessed parks was greatly refined through 

discussions with Parks and Forestry staff and other stakeholders during the assessment workshop (see 

Section 4). The natural asset inventory used in the assessment is described in detail in Table 2-6 below. 

The Credit River (Streetsville Park), Lake Ontario shoreline (Saint Lawrence and Jack Darling Parks) and 

individual creeks are defined as important infrastructure components. The Jack Darling Prairie is another 

unique natural component, which was defined separately here and resulted in slightly different responses 

to climate impacts than other similar components (i.e., separate and in contrast to the general “native 

plant species” component). Trees were also defined as either ornamental (i.e., “standalone”) trees versus 

trees in larger stands, since there may be important differences in their sensitivity depending on their 

immediate surroundings.1 Trees located near the Lake Ontario shoreline, for example (Figure 2-7), may 

be more “wind hardened” and suffer less damage than the same tree types in different locations. 

  

                                                           
1 For example, the literature on wind sensitivity of trees shows important differences between ornamental or 

“standalone” and stands of trees. Ornamental trees tend to have “co-dominant” trunks and are much wider but also 

more wind hardened than trees in stands, whereas trees in forest stands may be more wind sensitivity and will have 

a single trunk. 



REPORT:  PIEVC Assessment of Three City Parks 

4 July 2018  18 

Table 2-6: List of natural systems considered as important assets across the three parks. As in Table 5, assets 

specific to individual parks are indicated by the abbreviations “JD” for Jack Darling, “SL” for Saint Lawrence, and 

“SV” for Streetsville Parks. 

Natural Systems  

Credit River [SV] native species - plants 

Turtle & Birchwood Creeks [JD] riparian habitat [SV & JD] 

Jack Darling Prairie - tall grass prairie [JD] trees - stands 

Lake Ontario shoreline [JD & SL] trees - ornamental 

 

An examination of invasive animal and plant species with potential impacts on Mississauga’s city parks is 

beyond the scope of the PIEVC study. However, the City of Mississauga has developed a draft Invasive 

Species Management Plan and Implementation Strategy (ISMP &IS) that is currently under review. The 

ISMP&IS guides activity to strategically manage the presence and future emergence of invasive species 

and associated risks.2 

2.2 People – City and Regional Staff and Park Users 

The emphasis on impacts to people using, maintaining, or otherwise operating within the parks is also a 

significant difference and expansion from most other PIEVC assessments conducted across Canada, 

particularly the investigation of potential differences in risk associated with different staff or user groups.  

Table 2-7 describes the distinctions which were applied here, further dividing the “people” categories into 

either municipal/regional staff or park users. Distinctions were made, for example, between City of 

Mississauga forestry and parks staff, and Region of Peel staff, including emergency response. For users, 

distinctions were made between regular park visitors and people specifically using facilities which may 

expose or shelter them from particular hazards, e.g., beach users may be exposed to more ultra-violet(UV) 

ray and temperature related impacts in the summer, while event organizers, though only present in the 

park for a small number of days during the spring and summer months, are extremely sensitive to anything 

causing closures or putting large groups of event attendees/participants at risk. 

                                                           
2 Invasive species that may cause future concern include – Gypsy moth (oak and maple), Asian longhorned Beetle, 

canker worm, fall webworm, two-lined chestnut borer, bronze birch borer, pine shoot beetle, forest tent caterpillar; 

hemlock wolly adelgid, white pine weevil, oak skeletonizer, willow leaf beetle, elm leaf beetle, Asian gypsy moth. 
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Figure 2-8: Black willows along the Waterfront Trail, Jack Darling Park. 

 

Table 2-7: List of people using, maintaining or otherwise servicing the parks. Note that beach users are only 

relevant to Jack Darling Park. 

Municipal and Regional Staff Park Users 

Emergency Management/First 

Responders (Peel) 
beach users [JD] 

Forestry event organizers 

Park Staff 
intermittent (short 

duration) 

Region of Peel Staff long-term (several hours) 

Security marine users 
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3. Limitations to the Infrastructure Assessment 
The limitations to the assessment include both high-level and project specific concerns for the 

infrastructure and asset categories described above. Fundamentally, by requiring that infrastructure and 

assets be explicitly defined as individual components, there is a risk of excluding other components which 

may be relevant to climate related risks. This concern was mitigated through iterative review and 

consultation of the list of components with City staff, stakeholders and other experts, but the potential 

remains that one or more components may have not been considered. 

Other potential limitations may be associated with the novel application of the Protocol to park assets in 

contrast to a sole focus on “built infrastructure”. Given the much greater emphasis on risks to natural 

systems and people when compared to most other PIEVC assessments, the results of this PIEVC 

assessment go beyond the traditional (built) infrastructure assets results found in typical PIEVC results. 

The novel application of the Protocol is both a challenge and an opportunity to expand the tool but needs 

careful consideration of potential limitations. 

Finally, the scope of the project, specifically the scope’s defined exclusion of the optional PIEVC Step 4 of 

the assessment, does not allow for a full, quantified characterisation of a select few of risks identified in 

this study. These are generally raised for additional analysis and further study in the conclusions and 

recommendations portion of the assessment. A small number of risks which could have been addressed 

through the optional PIEVC Step 4 (Engineering Analysis) have been highlighted which may justify areas 

of additional detailed analysis for future work. 
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4. Climate Data and Analyses 

4.1 Identification of Climate Parameters and Thresholds 

RSI climate specialists used climate and weather observations from a variety of sources in Mississauga and 

surrounding areas to develop historical climate and climate change projections tailored to specific 

parameters considered relevant to the Mississauga Parks evaluated in this study. This consisted of three 

main tasks: 

1. Identification of the climate parameters that may impact the assets contained within each of the 

three parks, both individually and as a group. 

2. Identification of thresholds at which climate parameters cause particular impacts/issues with the 

assets contained within each of the three parks. 

3. Estimates of the probability of historical and future climate parameter threshold exceedances for 

two future climate periods; the 2030s and the 2050s.  

The procedures used to perform this analysis, and the associated analytical results, are detailed in the 

following subsections. The climate parameters and thresholds established for analysis in this study were 

assembled and analysed prior to the March 5 Workshop in the City of Mississauga by the project team 

through collaborative work and were then refined in discussion with the input of workshop participants. 

Climate parameters and thresholds were identified through a combination of: 

• Climatic design values in engineering codes and standards; 

• Practitioner experience (especially in managing past impacts and risks); 

• Case studies in the published and “grey” literature3; 

• Forensic investigation of past events; and 

• Initial interviews with Mississauga Parks employees. 

Where possible, the project team used climate parameters and thresholds that were consistent across 

the range of assets in the three parks for clarity and consistency. In some cases, multiple thresholds were 

developed for the same parameter, either because multiple thresholds held some significance for one or 

more of the assets across the parks, or because the threshold was different for each asset. Additionally, 

some thresholds are only applicable to individual parks and not across all three (i.e., Lake Ontario water 

level thresholds only apply to Jack Darling Park and St. Lawrence Park, and not Streetsville Memorial Park).  

In some cases, thresholds were adjusted after the workshop based on the experience and knowledge of 

workshop participants familiar with the assets and their response to changing conditions. A more detailed 

discussion of each parameter and thresholds is included in Section 4.4. 

  

                                                           
3 This is included to indicate any research available outside of peer-reviewed scientific journals, including previous 

vulnerability assessments and conference proceedings.  
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Table 4-1: Climate Parameters and Inclusion Justification. 

There are twelve key parameters evaluated within this study, which are listed in   

Climate Parameter Reason for Inclusion 

High Winds (gusts) 
Debris; Structural damage to buildings and above ground 

infrastructure; Damage to green infrastructure 

Tornadoes 
High impact, low probability events; potential for severe impacts 

to assets 

Lightning Electrical system damage; Green infrastructure damage 

Water Levels 
Flooding events; Damage to hard infrastructure; damage to green 

infrastructure 

Precipitation (Snow, Rain, Hail, 

Freezing Rain) 

Impacts to service and site access; Washouts and flooding (coastal 

and riverine); Damage to equipment and vehicles; Occupational 

health and safety, public safety, electrical system impacts 

UV Exposure 
Weathering of hard infrastructure; Occupational health and 

safety; Public safety 

Freeze-Thaw Cycles Weathering of hard infrastructure 

Extreme Temperatures 
Occupational health and safety; Public safety; Stress on hardened 

and natural infrastructure 

Flooding 
Washouts and erosion; Degradation of parks equipment; 

Occupational health and safety; Public safety 

Drought 
Ecological damage to green infrastructure; Parks operations 

impacts 

Air Quality and Smog 
Parks operations impacts; Occupational health and safety; Public 

safety 

Pest and Disease  
Ecological damage to green infrastructure; Occupational health 

and safety; Public safety 
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Table 4-1, along with a brief synopsis detailing the primary reasons for inclusion within the study. The 

twelve key parameters were used to develop 26 key thresholds related to the various assets within the 

three parks.  

4.2 Climate Data Sources 

4.2.1 Baseline Climate Probabilities: Historical Values 

The baseline climate probability refers to the probability of exceeding a defined climate parameter 

threshold under current and historical conditions. Climate data sources for this study included the most 

recent Environment Canada issued “Climate Normals” for the official averaging period of 1981-2010. In 

most cases, climatological analyses were completed using data from the Environment Canada climate 

data archive, specifically utilizing the climate station at Toronto Pearson International Airport. This station 

was selected for multiple reasons, including the long-term uninterrupted set of climate observations, 

availability of hourly and daily data, and the general representativeness of the station for the City of 

Mississauga. Unless otherwise noted, historical probabilities are based on the most recent 30-year climate 

“normal” period (1981 – 2010). Calculated annual probabilities are then expressed in terms of number of 

events per year and, where appropriate, per total park surface area. 

When required, separate datasets were consulted to address some localized, high impact events, i.e., 

those parameters which are difficult to observe using standard meteorological instrumentation and 

methods. For these more complex or rare events, such as lightning strikes and tornadoes, estimating 

probabilities employs both quantitative analyses and expert meteorological judgement. Lightning and 

tornado databases consulted and used in this assessment include the Canadian lightning detection 

networks (Shepard et al., 2013) and the national tornado database (Cheng et al., 2013). Additionally, data 

sets provided by the City of Mississauga (e.g. snow water equivalent [SWE] data) were used to identify 

potential events related to thresholds as determined by the project team. 

4.2.2 Incorporating Climate Change: Future Projections 

Climate change projections of temperature and precipitation for this project were derived from an 

ensemble of 40 global climate models (GCMs) from the most recent International Panel on Climate Change 

(IPCC) 5th assessment report (AR5), published in 2013. Projected values were generated using the “Delta 

Method” (IPCC-TGICA, 2007), which consists of applying the average projected difference (the “delta”) for 

a given climate parameter to the historical average or baseline value. Projections were derived for two 

30-year periods, centered on the 2030s (2021 – 2050) and 2050s (2041 – 2070). 

Two future projection scenarios or assumptions, termed Representative Concentration Pathways (RCPs), 

are used in this study to analyze a range of potential future changes to the current climate of Mississauga. 

These RCPs assume differing amounts of greenhouse gas emission reductions in future. There is the 

“business as usual” RCP scenario (RCP 8.5), and the mid-century GHG mitigation (reduction) scenario (RCP 

4.5). RCP 8.5 is the emissions scenario upon which, globally, we are currently tracking. For the period of 

study considered in this assessment (i.e., present day to the 2050s), the early period (2030s) RCP 4.5 and 

RCP 8.5 temperature change scenarios are similar, while the largest differences between the two future 

projections scenarios shows in the later of the two projection periods, 2050s (Figure 4-1). 
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Figure 4-1: RCP Ranges and Projected Global Temperature Change by 2100 

Where possible, climate projections were provided; however, there remain specific events for which 

confident projections of future conditions are not available. This is particularly evident for localised, short 

duration events, extremes, and/or complex (synergistic) events. In cases where the projections of these 

events are not available, future climate conditions for Mississauga were either derived from specialised 

studies available in the published literature (e.g. Cheng et al., 2012, 2014), or were based on professional 

judgement by the climate team. When uncertainty regarding future conditions was considered too great 

to provide any definitive statements, projections were listed as unknown. 

4.3 Probability Calculations and Scoring 

4.3.1 Scoring for Risk Ranking 

As statistical information for both historical and projected event frequencies was available for most of the 

climate parameters identified in the study, the more quantitative PIEVC Protocol Method B (Table 4-2) 

was used to develop the probability scores for each parameter. The probabilities for each climate 

parameter are converted from numerical probabilities into PIEVC score categories, where possible. The 

PIEVC Protocol makes use of standardized climate probability scores ranging from 0 to 7, employed in 

parallel with the 0 to 7 impact scoring scale used for severity assessment. A score of 0 refers to a climate 

event that likely will not occur, while a score of 7 refers to an event that is “highly probable” to occur over 

the service life of the structure (i.e., a probability approaching 100%).  
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Table 4-2: Probability Scoring Method Options for PIEVC Vulnerability Assessment Scoring 

 

 Score 

 

Probability 

Method A Method B 

0 
Negligible 

Not Applicable 

< 0.1 % 

< 1 in 1,000 

1 
Highly Unlikely 

Improbable 

1 % 

1 in 100 

2 Remotely Possible 
5 % 

1 in 20 

3 
Possible 

Occasional 

10 % 

1 in 10 

4 
Somewhat Likely 

Normal 

20 % 

1 in 5 

5 
Likely 

Frequent 

40 % 

1 in 2.5 

6 
Probable 

Very Frequent 

70 % 

1 in 1.4 

7 
Highly Probable 

Approaching Certainty 

> 99 % 

> 1 in 1.01 

 

As in some previous PIEVC assessments (e.g. Durham Harmony Creek Water Pollution Control Plant, 

AECOM & RSI, 2017), the calculation of annual event frequency and future study period probabilities and 

their changes was performed to assist with operational and maintenance decision-making. Study period 

probability calculations indicate the probability of an event occurring within any of the three parks in the 

study period between baseline and the 2030s, and baseline and the 2050s.  
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4.4 Results and Conclusions 

 

Analyses and scoring of important climate parameters are provided below in Table 4-3 for RCP 8.5, with RCP 4.5 analyses and scoring provided in 

the Appendix to this report. Included in the table are the relevant thresholds for each climate parameter, historical and projected annual frequency 

and probabilities, study period probabilities, and corresponding PIEVC scores for the 30-year study period for the 2030s and 2050s, respectively. 

Annual averages for each parameter are provided in terms of events per year (yr-1). Probability values (%) are calculated based on the probability 

of an event directly impacting the parks over a 30-year period. The total surface area encompassed by the three parks, equal to 0.50 km2, is 

considered. The PIEVC scores are the eventual probability scores, ranked from 0 to 7, which are used to calculate risk values and will appear in the 

risk matrix summarizing results for the assessment. 

Table 4-3: Climate Parameters List: Probabilities and Scores 

Climate 

Parameters 
Threshold(s) 

Historical 

  

(1981-

2010) 

  

  

2030s 2050s PIEVC Probability Scores 

RCP 8.5 RCP 8.5 Historical 

2030s 

  

(RCP 8.5) 

2050s 

  

(RCP 8.5) 

High Winds 

90 km/h gust 
2.0 yr-1 

100% 

 2.3 yr-1 

100% 

2.5 yr-1 

100% 
7 7 7 

120 km/h gust 
0.05 yr-1 

~80% 

~0.05 yr-1 

~80%  

> 0.06 yr-1 

> 85% 
6 6 6 

Tornado - EF1+  

(est. 135 km/h+) 

3 in 50 

years 

0.3% 

No change 

0.3% 

No change 

0.3% 
1 1 1 

Lightning 
Any strikes near 

infrastructure 

~0.8 yr-1 

> 99% 

 ~0.92 yr-1 

> 99% 

> 1.0 yr-1 

100% 
7 7 7 

Storm Surge/Wave 

Action/High Water 

0.05 yr-1 

~77% 

Unknown, 

Further 

Unknown, 

Further 
 6  Unknown Unknown  
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April 30th, 2017 Case 

Study 

75.38 m + 0.3m 

Study 

Needed 

Study 

Needed 

Precipitation - Rain 

40 mm w/in 24hr 

(winter) 

0.03 yr-1 

~60% 

0.06 yr-1 

~86% 

~0.11 yr-1 

~97% 
6 6 6 

50 mm w/in 1h (summer) 
0.013 yr-1 

~30% 

~0.5 yr-1 

~78%  

>0.07 yr-1 

~90% 
5  6 6 

Precipitation - Hail Hail - 4.5 cm 

2-3 in 50 

years 

0.2 to 0.3% 

No change 

0.2 to 0.3% 

No change 

0.2 to 0.3% 
1 1 1 

Precipitation - Snow 

15 cm snow in 1 day 
0.46 yr-1 

100% 

No change 

100% 

No change 

100% 
7 7 7 

9+ days w/ 5+ cm of 

snow 

0.27 yr-1 

> 99% 

No Change 

> 99% 

No Change 

> 99% 
7 7 7 

Precipitation - Ice 15 mm ice accretion 
0.06 yr-1 

85% 

 0.08 yr-1 

~91% 

0.09 yr-1 

> 95% 
6 6 6 

UV exposure  UV Index ≥ 10 
0.27 yr-1 

> 99% 

No Change 

> 99% 

0.56 yr-1 

100% 
7 7 7 

Freeze-Thaw 
Cycles yr-1 divided by 30  

+3 °C to -3 °C 

0.62 yr-1 

100% 

0.58 yr-1 

100% 

0.48 yr-1 

100% 
7 7 7 

Temperature – Cold 

Warmer Winters 

Daily Winter T > RCP 8.5 

2050s T (-1 °C) 

30.2 yr-1 

100% 

40.6 yr-1 

100% 

47.5 yr-1 

100% 
7 7 7 

Flash Freeze  

T decrease of 2°C per 

hour, starting above 0°C, 

ending below 

5.8 yr-1 

100% 

Unknown, 

likely 

steady 

Unknown, 

poss. 

increase 

7 7*  7*  

Probability of "Hard" (-

4°C) frost on Dec 4 

0.5 yr-1 

100% 

0.37 yr-1 

100% 

0.23 yr-1 

100% 
7 7 7 
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Frost Depth ≥ 1.2 m 
0.17 yr-1 

> 99% 

 ~0.13 yr-1 

> 99% 

<0.1 yr-1 

> 99% 
7 7 6-7 

Tmin ≤ -30°C 
0.03 yr-1 

60% 

0.03 yr-1 

60% 

0.03 yr-1 

60% 
6 6 6 

Windchill ≤ -30 °C for 2+ 

hours 

2.73 yr-1 

100% 

No Change 

100% 

No Change 

100% 
7 7 7 

Temperature - Heat 

5+ Heat Waves   

Tmax 31 > °C, Tmin > 20°C 

for 2+ days 

0.02 yr-1 

45% 

0.68 yr-1 

100%  

1.15 yr-1 

100% 
5  7 7 

Flooding – Riverine 
100 year/Regulatory 

Flood 

0.01 yr-1 

26% 

~0.04 yr-1 

~66%  

~0.05 yr-1 

< 80% 
4  5 6 

Flooding – Shoreline 

2017 High Water - 75.98 

m  

June 4, 2017 

0.01 yr-1 

26% 

 ~0.004 yr-1 

~12% 

<0.001 yr-1 

< 3% 
4  3 1-24 

Drought 
Total Moisture Index ≤ 

550 mm 

0.07 yr-1 

< 90% 

~0.12 yr-1 

~97%  

>0.15 yr-1 

> 99% 
6  6 7 

Air-quality/Smog ≥45 AQ Advisory Days 
0.05 yr-1 

< 80% 

~0.06 yr-1 

~86%  

>0.07 yr-1 

> 90% 
6  6 7 

Pests and Disease 

EAB kill temperature 

≤ -30 °C 

0.97 yr-1 

100% 

0.98 yr-1 

100%  

>0.99 yr-1 

100% 
7 7 7 

Deer Ticks and Lyme 

Disease 

Winter days > -11 °C 

0.97 yr-1 

100% 

 0.98 yr-1 

100% 

>0.99 yr-1 

100% 
7 7 7 

                                                           
4 Reduction in the likelihood of shoreline flooding comes from the overall expected level of the Great Lakes to decline by mid-century by approximately 0.5m 

(Hayhoe et al. 2010). 
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Temperature 

Temperature-based thresholds evaluated in this study consider extreme high and low temperature values, 

along with parameters like flash-freeze events, warmer winters, and extreme windchill events. Given 

current climate trends, it is not unexpected to see overall warming of winters and increases in the number 

of heat wave events and high temperature extremes. For example, summers with 5 or more heat warning 

events/days in the Mississauga region are currently rare (0.02 yr-1), but will increase to an annual 

occurrence by the middle of the century.  

While winter temperatures overall will continue to rise throughout the study period, the occurrence of 

extreme cold events (T ≤ -30°C) and windchill events is not expected to vanish entirely. The recent Polar 

Vortex winters of 2012-13, 2013-14, and 2017-18 also failed to trigger the extreme cold temperature 

thresholds, and only two years within the historical baseline (1981 and 1994) triggered the minimum 

temperature threshold for extreme cold. However, windchill events remain frequent, with an average of 

2.7 events per year of windchill temperatures ≤ -30°C for at least two hours. Given that one cannot fully 

rule out the possibility of extreme cold thresholds being exceeded in a given year due to natural climate 

variability, the future annual probability of these events is held constant rather than decreased. 

Rainfall 

Two thresholds for rainfall events were selected for this study, one related to winter rainfall and one 

related to summer rainfall. Both thresholds were derived from the official ECCC warning criteria for winter 

rainfall (40mm in 1 day) and summer, convective based rainfall (25mm in 1 hour). As parks infrastructure 

is highly varied and contains both hard and green infrastructure, staff, and members of the public, criteria 

that are widely used within the region to indicate situations that could produce failures of any portion of 

the parks infrastructure across all three locations are employed here. 

Future projections of precipitation extremes are an area of considerable research, though results are 

highly dependent on the underlying datasets, quality of historical data, choices for future projections, and 

method for downscaling of extremes to a particular location. These factors lead to a wide range in the 

spread of potential results for a given location, based on the methods chosen for future projection or 

downscaling of results. One of the methods that has performed well for future precipitation projection is 

the application of the Clausius-Clapeyron (CC) relationship between atmospheric temperature and the 

atmosphere’s capacity to hold moisture. (Trenberth, 1999; Allen and Ingram, 2002; Westra et al., 2014; 

Wang et al., 2017). Using this relation, studies indicate that extreme rainfall intensity is likely to increase 

at a rate equal to or possibly greater than approximately 7% per degree Celsius of climate warming. In 

Ontario, it is reasonable to expect an increase of precipitation rates at the CC relation value under 

stratiform or non-thunderstorm type precipitation events (e.g. winter rainfall), and potentially higher 

rates (up to ~10% per degree Celsius of climate warming) under the convective rainfall regimes (e.g. 

summer thunderstorm extremes). 

For winter rainfall, while specific studies of projected future estimates of intensity and rainfall totals is not 

available for individual events, it is likely to expect increases in events (i.e.  an increase to the current 

event frequency of winter rainfall threshold exceedances due to overall warmer winters at the CC rate). 
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Literature also indicates a likely increase in the number of rain-on-snow events in January by the 2050s 

(Jeong and Sushama, 2017).  

Similarly, for summer rainfall, though projections for events exceeding the study threshold were not 

available, general trends of increasing rainfall are expected to be expressed in higher rainfall rates for 

individual events. Thunderstorm rainfall has been shown to be particularly sensitive to increases in air 

temperature and atmospheric moisture, increasing at a rate proportional to the CC rate. Accordingly, low 

to moderate increases in rainfall amounts are expected with individual events, while very large increases 

in rainfall rates may occur with the most extreme storms. 

Snowfall 

Two thresholds for snowfall were selected for this study to reflect two different impactful scenarios. The 

first reflects a single day moderate to heavy snowfall (15+ cm). The second reflects an accumulated stress 

on snow clearing budgets and workers, considering nine or more days of snowfalls with 5+ cm, and 

benchmarked by the 1998-99 winter season, which was considered a significant year for snow-related 

maintenance in the December to early February period. While the historical data trends and the climate 

change model projections for the future indicate that the length of the snowfall season will continue to 

decrease in the Mississauga region, other evidence indicates that risks from the bigger winter snowstorms 

and winter snowfall accumulations will still require management. Ongoing trends indicate that warming 

temperatures have resulted in reduced snowfall amounts annually and particularly, during the autumn 

shoulder months of October and November and during the spring shoulder months of March and April. 

Peak winter months show differing trends, where the winter months of January and February, snowfall 

accumulation trends indicate either small increases or steady amounts. 

Although mean temperatures have been rising over the past decades, the winter temperatures for many 

days have remained cold enough to support snowfall. While it may seem counter-intuitive to expect 

increasing or steady trends in the frequency of severe snowstorms during warming winters, it is consistent 

with meteorological principles to expect that warmer winter air can hold more precipitation and that the 

precipitation will be in the form of snowfall or freezing rain when winter temperatures remain below zero. 

Studies in the United States are increasingly indicating that severe snowstorms can occur during otherwise 

warm winters as the short time scales with which snowstorms typically occur only require that a brief 

period of anomalously cold temperatures and the right combination of moisture and dynamics to produce 

them (Lawrimore et al, 2014; Melillo et al, 2014). Therefore, it is likely that snowfall events for each 

threshold will occur with similar frequency to the historical baseline despite a warming climate. 

Freezing Rain 

Results from selected, recent peer reviewed, published, statistical downscaling studies and weather map 

typing techniques of ice storms and freezing rain (Cheng et al., 2011) were used to estimate future trends 

of thresholds related to freezing rain accumulations. These studies used a subset of the IPCC AR4 models 

as the basis for downscaled projections. While this set of models is from the previous iteration of the suite 

of GCMs, there are no more recent studies from the AR5 models. Within the published literature, future 

projections of freezing rain events consistently indicated an increased risk of long duration freezing rain 
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events for southern Ontario (in the range roughly of a 40 percent increase in frequency by the 2050s, 

although the frequencies of longer duration ice storms will be less near the lakeshores). 

Wind 

As with the findings for freezing rain, the analysis of future extreme wind gusts was tied to the analysis of 

statistical downscaling of a subset of IPCC AR4 models, with estimates of changes in event frequency for 

southern Canada provided by published literature (Cheng et al., 2014). Unfortunately, the declining and 

variable quality of wind monitoring stations in Ontario and Canada pose considerable challenges for the 

analyses of historical wind extremes.  Direct measurements of historical wind gusts of 120 km/h or greater 

do not have a large enough sample size and the limitations of the climate change models restrict the 

ability to downscale and project future extreme wind trends. The study by Cheng et al (2014), for example, 

indicated the potential for higher frequencies of wind gust extremes over a threshold of 90 km/h. Overall, 

within the downscaling studies, a pattern exists of increased frequencies of events exceeding higher 

thresholds for various variable (e.g. freezing rain, wind gusts, extreme rainfall). As wind gusts are found 

to be increasing in frequency for other relevant thresholds within downscaling studies (Cheng et al., 2014), 

it is considered likely that a similar increase in can be applied for the highest event threshold of 120 km/h. 

Localised Extreme Events  

Additional data sources were consulted to analyse the historical occurrence of localised extreme events 

such as hail, tornadoes, and lightning. These localised extreme event probabilities consider (are 

normalised by) the total surface area of the three parks and are counted as an occurrence when striking 

within the vicinity of any of the three parks in the assessment. Tornado analyses were based on the 

National Tornado Database (Cheng et al., 2013), trained volunteer observers who provide reports to 

Environment Canada on hail size during severe thunderstorm events, or media reports of hail events in 

Mississauga. Lightning data were based on ten-year frequencies in the Mississauga region recorded by 

the Canadian Lightning Detection Network (Shepard et al., 2013). 

TornadoesF1+ tornadoes. 

Table 4-4 provides historical occurrences of tornadoes with at least EF1 intensity within the Mississauga 

region. Historical data on tornado occurrence in Canada are insufficient to develop any conclusions regard 

potential trends in tornado activity in the Mississauga region. However, recent studies and literature in 

the United States indicate no discernable changes in total frequency of tornadoes, but a decreasing trend 

in the total number of days experiencing tornadic activity (Brooks et al., 2014). Due to these findings, 

future probabilities are held constant for the frequency of (E)F1+ tornadoes. 

Table 4-4: Historical tornado occurrences in the Mississauga region 

Date Location and Track Length Intensity 

August 30, 1970 Brampton & Mississauga, Track Length: 9.85 km F2 

August 14, 1977 Mississauga, Track length: 3.67 km  F1 

July 6, 1985 Mississauga, Track length: 1.40 km F1 
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Hail 

Observational data sources for historical hail analysis included the 1979 to 2004 Severe Weather Storm 

Spotter Reports Database as well as supplemental references by Newark and Elms (1976) and Schneider 

and Sills (2000). These occurrences are shown in Table 4-5. Only one confirmed golf ball or larger sized 

hail occurrence occurred in the immediate Mississauga region (June 15, 1991), with other events occurring 

close in vicinity to the region. In general, regional differences were found across the extended GTA, with 

more frequent larger hail occurrences found in the northern portion of the GTA with respect to 

Mississauga and the Lake Ontario lakeshore. Recent analyses of hail occurrence suggest a potentially slight 

increase in the occurrence of large hail in the GTA, though uncertainty in future projections of hail 

occurrence led to keeping the frequency of occurrence steady for the length of the study. 

Table 4-5: Historical occurrences of golf ball or larger (4.5 cm) hail in Mississauga region 

Date Location 

August 27, 1976 Rexdale (Etobicoke), tennis to baseball hail  

August 8, 1983 Large hail, up to “baseball” across GTA 

June 15, 1991 45 mm diameter hail, Mississauga 

May 19, 1998 “Golf ball” hail reported in Oakville 

 

Lightning 

The density of lightning flashes in the Mississauga region ranges anywhere from 1.5 to 1.7 strikes per 

square kilometre per year for the three parks under consideration. During the March 5th workshop, it was 

noted that participants were interested in the frequency of strikes specifically hitting any person at any of 

the three parks. This distinction led to a recalculation of the initial baseline values. Future projections of 

thunderstorm activity over Southern Canada indicate the likelihood of increases in the overall number of 

storms in a given year due to warming climate, and thus, an expectation of increases in lightning strikes 

within the parks boundaries in the future. A study from the U.S. (Romps, 2014) indicated that lightning 

activity could be expected to increase by about 12 percent per degree Celsius of warming, with about a 

50 percent rise over the 21st century. As expected, the length of the higher frequency lightning season 

should increase with the warming.  

The probability calculations for lightning interacting with people was done using a much smaller surface 

area than the entire park. Even during heavy crowding, the surface area which represents a potential 

direct threat of injury or death for park users may be relatively small. Observations indicate that the 

distance from which a lightning strike can injure or kill a person via ground current is roughly 10-20 meters 

(U.S. Army Training and Doctrine Command, 2002), meaning the total area which could be impacted by a 

strike is roughly 0.0013 square kilometres in size. For the purposes of this assessment, we used a much 
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smaller “target” area of 0.025 square kilometers, or roughly 5% of the total park surface area, to represent 

an area in which lightning strikes would be hazardous to park users on a typical day during the warm 

season. However, even using a surface area of only 0.025 square kilometers, the probability of a strike 

over a 30-year period remains higher than 70%, or a “6” on the probability scale. 

High Water, Shoreline Flooding, and Riverine Flooding 

Historical water level data was obtained from the ECCC water level archives for the Toronto station, 

available at temporal resolutions ranging from 3-minute to hourly. The Toronto station is the nearest 

water level recording station to the Mississauga waterfront, and can be used to represent the conditions 

of the area in general. The 3-minute resolution data were used to evaluate wave and storm surge activity 

during the April 30, 2017 severe storm event that impacted both St. Lawrence Park and Jack Darling Park 

on the Lake Ontario Shoreline. Hourly resolution data was used to calculate the percentiles of the water 

levels for the Toronto station for the period of January 1, 1976 to December 31, 2017.  

Shoreline flooding events of the magnitude observed in April of 2017 are relatively rare in the historical 

record, with only two events exceeding the 75.38m April threshold in the 42-year period of record. The 

overall high-water mark for 2017 (75.98m) achieved in June has only occurred one time in the 42 years 

and falls far outside of the historical normal water levels (Figure 4-2). Projections of future Great Lakes 

water levels have been closely studied and are an area of continuous research. Estimates of future water 

levels for Lake Ontario show a likely -0.5m change in mean lake levels by the 2050s using earlier climate 

change models (Hayhoe et al., 2010), making the extreme high-water levels of 2017 likely to be a rare 

event in the future.  

Figure 4-2: Historical water levels for Lake Ontario (1976 - 2017), with key high-water events highlighted. 

Future projections for riverine flooding show opposing directions to that of shoreline flooding, where 

increases in overall rainfall intensity are likely to drive more frequent flooding events for parks that are 

along riverine locations, such as Streetsville Memorial, or receiving riverine flows. Projected riverine 
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flooding event frequencies were derived from Cheng et al. (2012) and watersheds adjacent to those in 

Mississauga. 

Frost and Freeze-Thaw 

The polar vortex refers to the band of fast-moving frigid air that encircles the Arctic, normally traps it 

there and is most pronounced during winter. Multiple studies have shown that the polar vortex is 

weakening over time and, although still uncertain, have linked changes in the polar vortex over eastern 

North America to declining sea ice in the Arctic (and perhaps increased Eurasian snow cover). While 

counter-intuitive, a weakening polar vortex becomes more unstable and meandering, allowing the jet 

stream and cold air outbreaks to surge from the Arctic southward toward the mid-latitudes – much like a 

meandering stream. When the vortex is strong, cold winter air is more contained in the Arctic and the 

mid-latitude winters tend to be milder. 

As the Arctic warms, it is shifting the polar vortex to Europe in late winter, with the potential for more 

bursts of frigid cold to drive southward over most of continental North America during some winters and 

early springs (Zhang et al., 2016; Overland, 2016). While monthly global temperatures continue to set new 

records due to the warming climate, large regions of North America and Europe have also seen extreme 

cold periods during some winters because of a slumping polar vortex. While climate change will likely 

increase periods of extreme weather in winter, it is likely that not every winter will be affected by the 

polar vortex in the same manner.  

The depth of subterranean frost penetration is reliant on the accumulation of cold days and below-

freezing temperatures during the winter months and is an important parameter for underground 

infrastructure and green infrastructure within the parks. For snow cleared and bare surface conditions, 

such as paved and/or gravelled surfaces, frost depth penetration is calculated using an accumulated 

freezing degree value and a power relation as outlined by the National Building Code of Canada 

Supplement (NRC, 2010). Freezing index values required for a 1.2m depth of frost penetration were 

calculated, and the frequency of winter freezing index values were estimated from accumulated winter 

temperatures. Figure 4-3 shows that the overall trend of frost penetration depth has been decreasing 

since the mid-twentieth century. However, recent polar vortex winters have led to the threshold being 

exceeded and, as such, likely is expected to occur occasionally in the future (Mitchell et al., 2012). 
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Figure 4-3: Estimated Frost Penetration Depth, including 1.2m Threshold 

Ultraviolet Exposure 

To assess historical ultraviolet (UV) exposure, a threshold was determined to best represent rare 

conditions for extremely high UV index at the Toronto station. UV exposure can lead to premature 

deterioration of parks assets (particularly plastic and/or rubber-based infrastructure) and have a negative 

impact on parks staff and public health and safety. A very high UV, or UV Index of 10 threshold was applied 

to the data, giving a historical rate of occurrence of 0.27 yr-1. Modeling studies of future UV-B radiation 

show an increase of up to 5% under RCP 8.5 in the eastern part of North America, leading to a likely 

increase in the overall occurrence of threshold exceedances and therefore increased risks for sun 

exposure for parks employees and staff (Watanabe et al., 2011).  

Air Quality and Smog 

Air quality alerts and smog alerts directly impact parks operations through reduced use of power tools 

(e.g. lawnmowers, trimmers, generators, tractors) and can also have hazardous impacts on health and 

safety of both parks staff and the public. Historical air quality alert days were obtained from the Ontario 

Ministry of Environment and Climate Change (MOECC) for the Mississauga region, with data only available 

from 2000 – 2014.  Future projections of air quality were used from downscaled GCM scenarios from the 

IPCC AR4 model suite, with expected increases in the number of air quality alert days under climate 

change due to increases in future air pollution under a warming climate (Cheng et al., 2007). 

Pests and Disease 

Unique to this PIEVC study of three Mississauga parks is the element of green infrastructure and ecological 

concerns with respect to park health. Two organisms were selected to act as indicator species for further 

study within the PIEVC framework; Emerald Ash Borer (EAB) and Deer Ticks (Lyme Disease vector). These 

were selected due to the more widespread familiarity of the two species with respect to well publicised 

impacts, as well as the availability of research linking these pests to climate thresholds. 
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EAB is known for decimating ash tree populations within Canada, while Deer Ticks are well known for their 

spread of Lyme disease through parts of the US and Canada. EAB is sensitive to cold winter temperatures, 

where extreme cold temperatures below -30°C have the capability of killing off a portion of the population 

(NRCan, 2018). Therefore, winter temperatures above this threshold are of concern, as they lead to 

increased survivability for the pest. Unfortunately, current climate and future climate projections indicate 

that increased survivability for the pest is likely due to increases in overall winter temperatures, and a 

similar or slightly reduced occurrence of periods of extreme cold that can lead to EAB die-off.  Again, while 

EAB is already being managed by the City through the Integrated Pest Management (IPM) program, it was 

chosen as an indicator species for tree pests in general. 

Similarly, one of the temperature thresholds for deer tick larvae survivability is related to a critical 

minimum temperature of -11°C (Eisen et al., 2016). For Mississauga, a decreasing trend in the number of 

days below -11°C is seen historically, and decreases continue further in future projections of climate. 

Therefore, it is likely that survivability for deer ticks will increase in the study period, as cold winter nights 

decrease into the future. While generally not considered an invasive species, warming climate conditions 

suggest further increases in exposure and risk with fewer instances of winter kill. 
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5. Vulnerability Assessment 

5.1 Methodology 

The next step of the Protocol describes the vulnerability assessment portion of the work, resulting in the 

development of the overall PIEVC risk matrix. The 26 climate parameters described in detail in Section 3 

form the top row of the PIEVC risk matrix, while the infrastructure components (96 in total) described in 

Section 2 form the far-left column. The intersection of each row and column therefore represents the 

potential interaction of each infrastructure component with each climate parameter considered in the 

assessment, for a total of 2,496 potential climate-infrastructure interactions. 

Only the interactions that will potentially result in significant impacts were carried forward in the analysis. 

Because most of these anticipated interactions may be screened out in the assessment as not valid (i.e., 

the individual climate hazard will not interact with the individual infrastructure component), the number 

of interactions is first reduced by execution of the “Yes/No” analysis as a first pass of potential 

climate/infrastructure interactions. PIEVC’s “Yes/No Analysis” provides a mechanism to screen out 

insignificant climate/infrastructure interactions, allowing for consideration of only more significant 

anticipated impacts to infrastructure from climate events. This resulted in the identification of 582 

climate-infrastructure interactions which were determined to result in anticipated impacts, or just over 

23% of all possible interactions. 

Following the “Yes/No Analysis” is severity scoring for each impact consequence, which, like the climate 

event probability scoring, is also based on a 0 to 7 scale. The severity scoring scale is described in detail 

below in Table 5-1. The severity scale assigns a value to the consequence of impacts should a more 

extreme climate event occur (i.e. resulting from the interaction of a specific infrastructure component 

with a specific climate or severe weather events). These severity scores are then combined with the 

climate event probability score to develop an overall risk value for each relevant interaction using the 

following standard risk formula: 

���� = ����	�
� × 	�������
� 

The resulting risk values are then used to rank the overall risk posed by that interaction, using the 

following ranges: 

• High – 42 or more, 

• Medium – 12 to 36, and 

• Low – 0-10. 

Generally, the medium and low risk interactions are discarded and only the high-risk interactions are 

considered for immediate action. However, PIEVC assessments often also consider “Special Cases”, 

interactions with a risk score of “7”. These represent either high-impact, low-probability events (e.g. 

tornadoes) or low-impact, chronic events (e.g. freeze-thaw cycling above a threshold frequency). Special 

cases represented a total of 74 climate-infrastructure interactions, or ~13% of all relevant interactions. 

Furthermore, what are occasionally referred to as “high-medium” risk scores are also considered when 

interactions reach scores of “35” or “36”. These lie on the boundary of the high-risk threshold and could 

become high-risk interactions with a single digit increase in either the severity or probability score. 
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5.2 Severity Scoring 

The severity or consequences of infrastructure-climate interactions was scored based on PIEVC’s “Method 

D” (Engineers Canada, 2016), one of two methods available within the Protocol, described below in Table 

5-1. It was chosen because the definitions of each severity score are more descriptive and likely more 

consistent when compared to the other severity scoring method (Method C) provided in the Protocol.  

Table 5-1: Severity scoring method D. 

Score Severity of Consequence and Effects 

0 
Negligible 

Not Applicable 

1 
Very Low 

Some Measurable Change 

2 
Low 

Slight Loss of Serviceability 

3 Moderate Loss of Serviceability 

4 
Major Loss of Serviceability 

Some Loss of Capacity 

5 
Loss of Capacity 

Some Loss of Function 

6 
Major 

Loss of Function 

7 
Extreme 

Loss of Asset 

 

We emphasise that these are considered conditional impacts because the severity score is based on the 

effects of the climate-asset interaction, assuming it has occurred. The probability of such an interaction 

has already been taken into account by the probability score, therefore the severity is entirely based on 

what kinds of effects would be expected for such an interaction. Expressed differently, this means that 

the risk calculated by the Protocol assumes that the asset has been fully exposed to the hazard, since we 

are looking at the severity of the impacts given that the interaction has happened. 

To ensure that all of the relevant interactions could be scored and verified at the workshop, a first pass 

“Yes/No” analysis and severity scoring exercise was conducted by RSI staff prior to the stakeholder 

workshop to assign preliminary severity scores to each of the relevant interactions. These first pass values 

were then reviewed, vetted, and adjusted as needed by workshop attendees to develop the final risk 

values used in this assessment, many of which were altered due to feedback from workshop attendees 

with site-specific knowledge of the park elements considered. Many of these changes are discussed in 

detail for specific risks described in Section 5. 
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5.3 Stakeholder Workshop and Results 

A full-day workshop was held on March 5, 2018, at the Living Arts Center in Mississauga’s downtown core. 

The workshop was attended by City of Mississauga staff from the Parks and Forestry division, as well as 

the Environmental Division, along with Region of Peel staff. Representatives from a small number of user 

groups, including large event organizers who host festivals at the parks, were also invited but were unable 

to attend. The workshop began with presentations describing the scope of the PIEVC assessment and how 

its results would be integrated into Mississauga’s overall Climate Change Plan. The Protocol methodology 

was then described, along with the nature and purpose of the workshop and inputs requested of the 

attendees. Through a series of exercises, attendees then reviewed and discussed the infrastructure 

components list, climate parameters list and finally vetted the risk matrix itself. This concluded with an 

exercise to identify ways of responding to many of the high and medium risks identified by the newly 

vetted risk matrices, a discussion which formed the basis for many of the adaptation recommendations 

described in Section 6. 

The overall results of the workshop included a significant refinement of the infrastructure definitions for 

the natural systems and people categories, as well as the modification of several severity scores, including 

significant increases in severity scores for impacts to many natural systems components. The resulting risk 

rankings are described in Section 5, while the adaptation response measures corresponding to these risks 

are provided in Section 6. 
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6. Summary of Identified Risks 
Risk scoring and evaluation was done specifically for the future period of the 2050s. However, climate 

data and associated probability scores are available in tables in Section 3 and Appendix A. 

6.1 Statement of Overall Infrastructure Resiliency 

The park infrastructure assessed was found to be generally resilient, but with a significant sub-set of risks 

which indicate potential vulnerability if future changes in climate are more significant than anticipated. 

Many risks which were identified fall into the medium- and low-risk categories, as often occurs in PIEVC 

assessments. The risks posed by these medium- and low-risk interactions are generally considered within 

the usual operating conditions of the parks. 

However, as noted, the assessment revealed a significant number of “high-medium” risks; i.e., climate-

infrastructure interactions resulting in risk scores of either “35” or “36”. These are risks at the upper 

boundary of the medium risk category, meaning that a single digit increase in either their severity or 

probability score would result in an upgrade to the high-risk category. The remaining listings describe the 

specific infrastructure component-climate parameter interactions and provide additional details 

regarding the basis for associated severity and risk scores, including the specific impacts or effects which 

formed the basis of these assigned values. 

6.2 High-risks going forward 

The assessment identified a total of 12 high-risk interactions. These have been grouped into four general 

categories that mainly involve risks to people due to high winds, lightning strikes on sensitive equipment, 

or the impacts of pests and disease on trees. None of these are unexpected, since impacts from a number 

of these interactions have already been experienced at these park sites, but the assessment clearly 

indicated that they will likely remain key, high priority risks well into the middle of this century. 

i. Forestry Staff - Gusts to 90 and 120 km/ h 

Workshop participants clearly indicated that Forestry staff were subject to specific dangers due to high 

winds and ice storm events, since Forestry staff in particular are required to go on-site to assess any 

damage to trees resulting from high winds and ice storms, including situations in which the storm event is 

ongoing.5 In contrast to other maintenance staff who may wait to respond until storm conditions abate, 

Forestry staff are often activated to respond to tree damage before the storm conditions dissipate, 

presenting potential for higher risk for Forestry staff who are activated to respond during storm events.  

ii. All visitor categories - Gusts to 120 km/h 

Weather events which are capable to generating extreme wind gusts of this magnitude (i.e., “hurricane 

force” gusts) are usually associated with rapid onset, short duration severe thunderstorms, especially 

during the warm season when deciduous trees are in leaf.6 This means that, unless park visitors are closely 

                                                           
5 On May 4, 2018, two forestry maintenance contractors in Halton Region were killed during a severe wind storm, 

both struck by the tree they were dispatched to assess and repair. One died immediately (Patton, 2018), while the 

second died several hours later in hospital (CityNews, 2018). 
6 The highest wind gust on record at Toronto Pearson International Airport is 135 km/h, recorded on July 13, 1964.  
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monitoring severe weather watches and warnings issued by Environment and Climate Change Canada 

(ECCC), they will most likely be caught off-guard and could be fully exposed to these events. 

iii. All visitor categories – lightning strikes 

As discussed in Section 3, even with a significantly reduced “target” area which better represents the 

probability of a strike to an individual, the probability of at least one occurrence of lightning striking a park 

user over the next 30 years is quite high. Lightning kills roughly 10% of lightning strike victims, and severely 

injures many more. Furthermore, the vast majority of lightning victims are impacted through either 

ground currents in the vicinity of a strike, or through so-called “side splash” when the lightning channel 

leaps from taller objects to nearby individuals. 

iv. Tennis court and baseball diamond floodlights, batting cages - lightning strikes 

These infrastructure elements were highlighted as particularly sensitive to direct lightning strikes, with 

the expectation that floodlights would be blown out and require replacement, and batting cages and 

connected equipment would also require significant repairs or replacement if suffering a direct strike. 

i. Natural Heritage and Urban Forest – pests, disease, and invasive plants 

Mississauga’s urban forests have already been severely impacted by pests and disease, particularly the 

massive loss of ash trees due to the Emerald Ash Borer (EAB). It is therefore expected that continued 

impacts from pests, disease, and invasive species are considered an ongoing threat to the City’s trees 

and natural areas that will remain through the rest of the century and require careful monitoring for 

invasive species (less likely for range extensions). Another concern is that trees weakened by pests and 

disease become much more susceptible to atmospheric hazards, particularly high winds and ice storms. 

6.3 High-medium risks – Areas of Potential Vulnerability 

The “high-medium” category is defined by risks which scored with values on the boundary of the high-risk 

category or climate-infrastructure interactions with overall risk scores of “35” or “36”. A single digit 

increase in either their respective probability or severity scores would increase them to a high-risk value, 

and therefore these risks need to be monitored closely and assessed again in future.  

i. Tree canopy/stand - 120 km/h gusts 

In very general terms, winds of 115-120 km/h are capable of causing up to 20% of trees in stands to snap 

or become uprooted (ECCC 2016). There was significant concern regarding this interaction from workshop 

participants, specifically for Jack Darling and Streetsville Parks, since they are considered “destination” 

parks where tree stands are considered particularly important features that draw visitors to the parks as 

a retreat from the hard infrastructure features that dominate urban settings outside of public parks. 

ii. Port Credit Harbour Marina and break wall (3rd party infrastructure) - 120 km/gusts 

This interaction is an excellent example of how the presence of adjacent, third-party infrastructure can 

interact with climate events to generate or exacerbate impacts to parks infrastructure. Workshop 

participants were concerned that the break wall for the marina could help direct wave action back into 
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the park at Saint Lawrence, one of the many factors which may have contributed to damage in a recent 

storm event (April 30, 2017). However, it is worth noting that this risk is highly dependent on wind 

direction since the break wall would be expected to protect Saint Lawrence Park from the south and west 

but could indeed result in enhancing wave action impacts if winds are from the east and southeast.  

iii. Walking paths, soil and gravel - winter rainfall and summer extreme rainfall 

Both winter rainfall and summer extreme rainfall are expected to generate significant erosion and 

channelizing which would result in “loss of function”, or a severity score of “6”, for impacts to soil and 

gravel walkways. The severity score was increased from a “4” to a “6” by workshop participants, resulting 

in an overall risk score increase from “24” to “36” for this interaction. 

iv. All trees and plants - ice storms 

Another risk which has already resulted in impacts in recent years is the effect of ice storms on trees and 

plants. However, there are clear differences between risks from ice storms for lake shoreline parks versus 

parks in locations further inland. The December 2013 ice storm generated much greater and damaging 

ice accretion amounts for inland parks, with workshop participants indicating that while an estimate 10-

15 mm thickness of ice was experienced at Streetsville, only 2 or 3 mm of ice accretion was noted at Jack 

Darling. A similar pattern, indicating lower ice accretion values near the lake due to warmer conditions, 

was noted in the PIEVC assessment of Toronto Hydro assets (AECOM & RSI, 2015). Workshop participants 

did emphasise how both trees and plants are negatively affected by large amounts of ice accretion, in 

contrast to other hazards which generate much less severe impacts to typically low-lying plants compared 

to more exposed trees (e.g., extreme winds). 

v. Park users and Parks Staff/Forestry Staff - UV exposure 

The increased risk of UV exposure includes both slight increases expected in UV values under climate 

change (Watanabe et al., 2011) and the possibility that warmer overall conditions could further increase 

the amount of time both visitors and parks and forestry staff are exposed to high UV values. 

vi. Park, forestry and Peel region staff - AQ days 

Through discussion with workshop participants, the assessment team learned that some staff have been 

sent home during periods with particularly severe and repeated air quality advisory days. The associated 

severity score was raised from a “4” (“major loss of serviceability”) to a “5” (“loss of capacity”) resulting 

in an overall risk score of “35”. 

vii. Park, forestry, security and region of Peel staff - ice storm 

The December 2013 ice storm provided significant insight into the effects of ice storm events on staff 

operating and maintaining parks. This experience was the basis for raising severity scores above the initial 

estimate. All staff-ice storm interactions within the matrix were raised one or two severity score values to 

a severity of “6”, or “loss of function”. 
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viii. All trees and plants - “Backwards spring” 

Although a slight departure from the explicit list of climate parameters used in the assessment, workshop 

participants also made a point of indicating the severity of impacts to trees and plants when the spring 

season begins with or contains an extended warm period followed by sub-zero temperatures. This results 

in significant impacts to most plants and trees, where budding has begun due to warmer temperatures 

but is severely damaged by frost. A “backwards spring” can also result in ecological decoupling of wildlife 

interactions, where the timing of certainty plant life-cycle events (e.g., germination, flowering) is offset or 

no longer concurrent with seasonal wildlife cycles and inhibits critical ecosystem interactions from 

occurring. 

ix. Plastic play structures - extreme cold 

Extreme cold events are still expected to occur well into the next century, even under the most aggressive 

climate warming scenarios. These have caused cracking and breakage of the plastic components of play 

structures in the past, and the assessment indicates this will continue well into the future. 

x. Ornamental trees - repeat heat waves 

Ornamental trees were found to be more susceptive to extended periods of extreme heat than trees in 

stands. Workshop participants indicated that impacts due to extreme heat were seen for several years 

following summers with significant, repeated heat wave events. 

xi. All trees and native plant species - drought 

All trees and native plant species were considered at high-medium risk from drought events, with the 

exception of the more drought tolerant plant species in the Jack Darling grass prairie, which were given 

impact severity scores of “3” (“moderate loss of serviceability”) instead of the score of “5” (“loss of 

capacity, some loss of function”) given to all other trees and plants. Drought impacts have already been 

seen in several past seasons, and accounts from park staff indicate that impacts may already be increasing, 

particularly with regards to the increasing demands on the watering program for newly planted trees. 

xii. Streetsville comfort station, island picnic area and soccer fields - riverine flooding 

Workshop participants indicated that severity scores for many riverine flood related impacts at Streetsville 

should be rated higher than the initial assessment team estimated, with impacts scores for picnic areas 

increased from “3” (“moderate loss of serviceability”) to “6” (“major, loss of function”), increasing the 

overall risk score to “36”. Riverine flooding impacting these assets would not only result in extended loss 

of use during recovery and repair, but also loss of some components such as picnic tables, etc., 

downstream. 

xiii. Port Credit Harbour Marina and break wall - riverine flooding 

Another interaction which was increased in impact severity by workshop participants was the interaction 

of the Port Credit Harbour Marina and riverine flooding, increasing the initial impact severity score from 
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a “3” (“moderate loss of serviceability”) to a “6” (“major: loss of function”). Impacts included “undermined 

pathways, piers and concrete walls, parking lots flooded, everything closed for ~1 month”, which also 

reflects impacts to the adjacent Credit Village Marina. 

6.4 Special cases 

As discussed above, the Protocol distinguishes so-called “special cases”, interactions which result in a risk 

score of “7” resulting from either a maximum impacts severity score of “7” combined with a low 

probability score of “1”, or vice-versa.  The former indicates a high-impact, low-probability event, meaning 

these events are quite rare with a probability of only a few percentage points but are extremely impactful 

when they do occur. The latter describes chronic events which generate low-impacts, but which are 

important to consider nonetheless because they may result in long-term degradation of assets (i.e., 

weathering). In the subsections that follow, specific consideration of the special cases identified through 

this assessment is provided. 

6.4.1 High Impact, Low probability 

Only two climate hazard event types were identified in the high impact, low probability category within 

the assessment; tornadoes and storm-surge/wave action events.  

a) EF1 or stronger tornado  

Unsurprisingly, tornado impacts to many assets were categorised as “Extreme – Loss of Asset” and given 

a severity score of “7”. These include all parks user categories, emergency vehicle access (from blocked 

entrances due to downed trees or other debris), impacts on fleet vehicles, effects on trees, and 

unanchored assets such as wooden storage sheds and soccer nets. In addition, tornadoes generate 

significant amounts of flying debris which result in dangerous secondary impacts. The interaction of a 

tornado with the Port Credit Marina was therefore also added as a potential 3rd party infrastructure 

interaction. While the probability of these extreme impact events is relatively low, the consequences 

should they occur are so extremely high such that the need for an emergency response plan needs to be 

considered.  

b) High-water combined with wind and wave action 

The current risk based on historical statistics (~100-year return period) results in a probability score of “4” 

but with damage severity ratings of “7”, meaning “loss of asset”. After numerous studies on the subject 

of Great Lakes water levels and climate change, the best estimates of future lake levels suggest a 

significant decrease in the probability of such an event, decreasing the future probability to ~3% from 

~26% in a 30-year period, resulting in a probability score between “1” and “2” on the PIEVC probability 

scale. 

This result may be initially confusing or counter-intuitive, but is certainly not unprecedented. It is critically 

important to identify the climate drivers behind extreme events. These analyses are referred to as 

“attribution studies” and ultimately provide a basis for understanding how those extreme climate events, 

and more importantly their impacts on infrastructure, will potentially change in future. In the case of 

combined events such as the April 30, 2017 storm event, one of the key contributing factors, record high 
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water levels in Lake Ontario, are indeed expected to decrease into the future. It feels counterintuitive to 

have just experienced a record event, one which resulted in an estimated $2.5 million in damages to a 

single park, and suggest that future occurrences will indeed decrease in frequency, but this is the result 

indicated by the best and most current science available. 

As discussed, this phenomenon is far from unprecedented. A climate change attribution study of the 

record flooding rainfall event in Colorado in September 2013, for example, was conducted by Hoerling et 

al. (2014). Although the general expectation would be that such rainfall events would be much more 

frequent under the effects of climate change, the results were in fact the opposite, that climate change 

effects indicate a further decrease in their probability under climate change (Hoerling et al., 2014). As 

noted in their findings, “...global and annual perspectives of climate change may not always pertain to 

events at a specific place and time.” (Hoerling et al., 2014) 

6.4.2 Low impact, high probability 

The second category of special cases consists of many individual interactions, 21 in total. Many are very 

minor but chronic asset-climate interactions with easily recognised impacts which are generally handled 

through normal management and operational procedures. These interactions can be easily grouped into 

a small number of categories: 

a) Utility and other access restricted by snowfall events  

Repeat snowfall events were noted to result in difficulty of access to utilities and other maintenance 

assets, including garbage and recycling bins, utility access covers, and the utility shed at Saint Lawrence 

park. Asphalt parking lots and roads, which require regular ploughing during the winter, were also 

identified. The impacts on staff and budgets can become excessive when repeat snow events require 

multiple rounds of snow maintenance over the course of several days, and often result in minor but 

repeated damage to asphalt surfaces, resulting in long-term wear. 

The interaction of evacuation routes and individual severe snow events (i.e., 15 cm or more) also produced 

an overall risk score of “7”, but workshop participants also indicated that there are “not many people in 

[the] parks during winter”. 

A budget and logistical concern with repeat snowfall events was not the additional cost of de-icing agents 

(e.g. salt), but access to supplies of the de-icing agents. This meant that there is no real concern over the 

variability in winter maintenance costs, but significant concern regarding an inability to conduct 

maintenance in cases where supplies have been exhausted.  

b) Exposed concrete assets and freeze-thaw weathering 

To generate long term damage via weathering, freeze-thaw impacts to concrete require the presence of 

liquid water, with the freezing and melting of the water acting as the core mechanism for creating cracks 

and spalling of concrete (Trainor, 2014). This moisture can be provided by wet environments such as 

infrastructure adjacent to the Lake Ontario shore or the Credit River which ensures that moisture is 

present during freeze-thaw cycling. The assessment specifically identified all Saint Lawrence park’s 
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concrete walkways and promenades, as well as the concrete splashpad at Jack Darling and concrete 

abutments of the footbridge at Streetsville, as being subject to these weathering effects. 

c) Soil related impacts from warmer winter temperatures 

Warmer winters were projected to result in shorter periods where the soil and water surfaces are frozen, 

which may result in elements being more susceptible to erosion and removal. This was specifically 

identified for the shores of the Credit River, with the potential increase in erosion due to combined effects 

of longer periods where both the river and the soil along the banks remains un-frozen. The interaction of 

Jack Darling Park’s toboggan hill with increased average winter temperatures was also considered a 

potential source of long-term negative impacts to the hill. It will likely see less use with higher average 

winter temperatures, and is more susceptible to damage if used when the ground is still un-frozen and 

soft. 

d) Trees and plants and temperature related impacts 

Unless well outside of their normal range, extreme temperatures will generally not result in immediate or 

severe impacts to trees and plants, but chronic exposure to extremes is expected to have some effect. 

The impacts of hard frost on some plants and trees, and the impacts of repeated heat waves on the Jack 

Darling tall grass prairie, were both identified as low impact but chronic interactions. Plant species 

characteristic of the tall grass prairie are generally much more resilient to heat and dryness than other 

native plants and trees, which typically received severity scores of “4” and “5”, respectively, compared to 

a severity score of “1” for the tall grass prairie. 

e) Light standards and lightning strikes 

Lightning strikes on light standards were also considered low impact events, since all electrical 

components in the parks should be grounded and faulted. However, repeated lightning strikes to systems 

may eventually result in damage to some components, requiring eventual replacement.  

6.5 Beneficial Interactions 

Finally, the assessment indicated a series of potentially beneficial interactions, generally regarding less 

restricted or affected access and increased use of the parks under warmer winter conditions. These can 

be considered opportunities which have been identified and which could potentially be leveraged to 

enhance use of park infrastructure. 

a) Leash free dog park - warmer winters 

Warmer winters are generally expected to help increase the use of the Jack Darling Park leash-free dog 

park during the winter, with users on average being more inclined to make use of these facilities. 

b) All staff categories - warmer winters 

With warming average winter conditions, despite the occurrence of occasional extreme cold events, the 

resulting warmer temperatures will help to improve working conditions for all city and regional staff who 

work outdoors in these parks during the winter. 
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c) Toboggan hill - flash freeze and hard frost 

When flash freeze and hard frost events occur, it is probable to expect them to be beneficial to the 

toboggan hill at Jack Darling, ensuring toboggan runs either maintain any present snow cover, or at least 

to ensure the surface of the hill remains hard and minimally impacted by use of the hill. However, it is 

likely that the hill may see a shorter season with repeated flash freeze events throughout a given season. 

6.6 Unknown Risks 

i. Jack Darling Water Treatment Plants 

Potential interactions with the third-party infrastructure associated with the Lorne Park Water Treatment 

Plant remain unknown, since insufficient information is available to determine which threshold needs to 

be met to trigger impacts to park assets. 

The risk of any event triggering either loss of service and/or overloading causing sewage bypass that could 

impact the park is not currently known. The Lorne Park waste water treatment plant was also considered 

in a separate PIEVC study conducted in 2015-16 (Nodelcorp 2016), but it had never experienced a sewage 

bypass event due to heavy rainfall, meaning an assessment of the amount of rainfall or other drivers which 

would trigger a bypass event could not be determined. These risks were considered here within the 

context of any potential secondary impacts to park assets and users, including beach water quality and 

sewer back-up or service loss. 

It is also important to note that the PIEVC assessment of another Lake Ontario shoreline water treatment 

facility (Harmony Creek waste water control plant in Oshawa, Ontario; AECOM 2017) required a detailed 

engineering assessment of the facility to determine what lake levels and/or storm surge heights were 

required to cause back flow into the plant, an analysis effort which goes beyond the assigned scope for 

the Mississauga Parks PIEVC Assessment. 
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7. Recommendations 
Upon completion of the climate analyses and PIEVC risk assessment, a series of adaptation responses are 

provided below. As part of the March 5, 2018 PIEVC Assessment stakeholder workshop, several climate-

asset interactions were selected, and a facilitated group discussion was conducted to ensure that 

participants could provide input for reasonable and actionable responses. 

Adaptation responses can fall under a series of broad categories, including the following: 

• Management and operations measures, such as: 

o Adaptive management and monitoring; 

o Staff training and public outreach; 

o Disaster and emergency management planning. 

• Further study, particularly for unknown or uncertain risks; 

• Infrastructure hardening or addition of ecosystem services or green infrastructure components; 

and, 

• Do nothing. 

The last option is included explicitly because it is an option which can be chosen, but which needs to be 

carefully measured and considered against potential impacts versus associated benefits of choosing any 

other response. Furthermore, management and operational measures are emphasised because they are 

often much less costly and resource intensive than asset hardening. The significant potential cost of asset 

hardening, combined with inherent uncertainties in projections of future climate conditions, is often given 

as a reason to take no action or to adopt a “wait and see” approach. However, this reasoning often does 

not take into account much less costly, but still effective actions relating to changed or enhanced 

management and operation measures. All adaptation response recommendations have been summarised 

at the end of this section in Table 7-1. 

7.1 Responses to High-Risks 

i. Forestry Staff - Gusts to 90 and 120 km/h and severe ice storms: Enhanced training, additional 

protocols for actions in ongoing events, monitoring severe weather warnings. 

The safety of forestry staff was singled out as a source of high-risk directly resulting from specific job 

requirements. Their duties are such that they are occasionally required to work under very dangerous 

conditions, often having to respond to storm damage while severe weather events are ongoing. However, 

several measures are available for consideration that would at least increase staff safety when being 

potentially exposed to events. 

Enhanced training and protocols should be considered which specifically address how staff can help to 

avoid injury when responding to trees damaged in ongoing extreme weather events. This includes 

additional training in understanding safe distances from vulnerable trees, requiring staff to restrict or 

prohibit public access to dangerous areas, or consideration of additional hazards which may accompany 

ongoing wind events (e.g., power outages and downed electrical lines, blocked road access, etc.). This 

should also be accompanied by an improved understanding of weather conditions associated with high 
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winds (e.g., understanding how long severe winds may be expected to last depending on the time of year 

or type of storm producing the damage).  

Environment and Climate Change Canada (ECCC) issues severe weather watches and warnings which 

could be monitored to help anticipate high wind events and further link to enhanced protocols for ongoing 

wind events. In particular, ECCC warnings will often describe the type of event (i.e., high winds or severe 

thunderstorm), provide some indication of duration, and will occasionally indicate if conditions are 

expected to be particularly severe. For example, warnings may indicate if conditions are such that wind 

gusts of up to 110 or 120 km/h are possible, rather than the lower standard warning threshold value of 

90 km/h. 

ii. All visitor categories - Gusts to 120 km/h and other sudden onset severe storm events, lightning 

strikes: Park severe weather protocols, additional requirements for event organizers, severe 

weather watch/warning monitoring, public education and outreach. 

Similar to the measures suggested above, responses include monitoring of severe weather watches and 

warnings related to high winds and other severe weather events. This could be coupled with protocols to 

either inform the public of potential high wind and other related risks, or to take more direct actions such 

as park specific shelter-in-place and evacuation measures, and/or park closures. Park closures, however, 

will likely be difficult to implement given the localised and rapid onset7 nature of many high wind and 

severe weather events, particularly those associated with severe thunderstorms during the warm season 

(i.e., May to September). With enough lead time, park users may be advised of elevated severe weather 

risks for a given day. Information on how to monitor for or respond to severe weather could be made 

available to the public through the parks website or even postings at gathering places in each park. 

For large organised events such as marathons and festivals, the City could modify or enhance 

requirements to ensure high wind and severe weather-related risks are monitored and responded to as 

appropriate. For example, the City could require that organizers of large events demonstrate that 

monitoring and response to sudden onset extreme winds has been considered in planning. The potential 

for impacts are particularly significant for highly attended events occurring during the warm season when 

the risk of sudden onset high wind and severe weather events (e.g., flash flooding, lightning, or large hail) 

is greatest. 

The capacity of the City to address these risks is complicated by the fact that these risks are to members 

of the public and not City staff or assets. Furthermore, any responsibility implied by the enactment of 

measures would shift responsibility for any outcomes to the City. However, measures described here are 

also applicable to City and regional staff, who are also at significant risk when exposed to these conditions. 

As of this writing, no protocols or severe weather-related park closure procedures are in place. Protocols 

                                                           
7 This is meant in contrast to longer duration wind events, generally associated with the cool season, which last for 

several hours and are usually well forecast at least one or more days ahead of their occurrence. Furthermore, these 

cool season wind events generally do not coincide with large organised events, but can still occur in April, May, 

September and October when park use may still be quite high. 
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for severe weather-related park closures may need to be considered and developed to reduce risks to the 

visiting public. 

iii. Tennis court and baseball diamond floodlights, batting cages - lightning strikes: Ensure 

lightning protection is maintained and assets are monitored for damage. 

Lightning protection is already in place but may fail to prevent all or some impacts from direct lightning 

strikes to park assets. Immediate recommendations include ensuring that ground protection for these 

assets is monitored and maintained in good condition, particularly following the winter months (to 

monitor for corrosion of components) and following any severe lightning storms which may have 

damaged these assets or grounding components. 

iv. All trees - pest and disease: Apply ISMP, increase pest/disease monitoring, staff 

education/awareness, consider assisted migration and novel ecosystem management 

methods. 

The City of Mississauga has already developed an Invasive Species Management Plan and Implementation 

Strategy (ISMP&IS), which describes 19 plants and 3 insects which are considered key pests. Both the 

species and several locations within the City have already been prioritised. The ISMP&IS is currently in 

draft form and under review.8 

Since 1996, natural areas contained within Streetsville and Jack Darling Parks (natural areas CRR4 and 

CL16, respectively) are surveyed every 4 years through the Natural Areas Surveys to document flora and 

fauna present, but does not does specifically survey for pests and diseases. The draft ISMP&IS provides a 

monitoring protocol for invasive plants, and directs pests to be monitored through standard IPM 

measures.  Tree diseases are not specifically monitored; however, Forestry staff undergo training to 

remain up-to-date as to the signs and symptoms of various tree diseases, such that early detection and 

rapid response can be implemented. Given that future impacts from pests and disease may increase, the 

frequency of these surveys may need to be increased. In cases where full surveys become cost prohibitive, 

other approaches such as more targeted or simplified surveys may provide options. Insect pests, for 

example, that target specific host species of plants and trees could be considered for more targeted 

monitoring. 

The City could also consider assisted migration9 programs (e.g., Casselman 2007), since the climate may 

be changing faster than natural migration rates can keep pace with. Studies and test plots for assisted 

migration in large urban areas can be very informative, since the combination of climate change and urban 

heat island can act as analogues for future climates which can be later expected in more naturalised areas. 

These test plots can also inform the potential makeup of the types of novel ecosystems that could develop 

under the changing climate, further informing management strategies. 

                                                           
8 Review is ongoing as of April 2018. 
9 Assisted migration is defined here as “The deliberate movement and establishment of a new population of a species 

or genetic type outside its current geographic range to another in order to introduce better adaptive traits.” (Oregon 

State University, Forestry and Natural Resources) 
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7.2 Responses to High-Medium Risks 

i. All risks: Monitoring of specific climate conditions and assets. 

High-medium risks pose a challenge in that they are significant enough to be very close to the risk 

boundary considered for immediate action but remain just below that threshold, meaning they have 

potential to escalate to become high-risks under slight changes in conditions. The first recommendation 

is therefore to monitor these risks to determine if they require further action, or if the risks remain within 

the realm of reasonably manageable impacts. This includes monitoring of the frequency of weather and 

climate related damages in parks. This could include the development of databases that report on 

atmospheric hazard related damages and impacts or installation of meteorological monitoring equipment 

to better understand interactions and processes (e.g. ice storm buildups or accretion amounts and wind 

gust monitoring10). Measures to monitor real-time weather conditions serve the dual purpose of providing 

data to link to potential impacts and acting as real-time warning tools when weather conditions are 

deteriorating rapidly. 

ii. All staff categories – ice storms, high winds, AQ days, UV exposure: Severe weather 

watch/warning monitoring, enhanced protocols and training.  

These measures have already been described above under responses to high-risks and will also address 

overall staff safety. 

iii. Port Credit Harbour Marina, Streetsville comfort station & island picnic area, plastic play 

structures – riverine flooding, high winds, extreme low temperatures: Asset hardening. 

Asset hardening improvements to Saint Lawrence park and the adjacent bay are already planned, which 

should diminish its vulnerability to further wave action related damage. Asset hardening is also less costly 

overall when it is embedded within regular asset replacement cycles. For the Streetsville comfort station, 

for example, workshop participants indicated potential solutions such as relocation of facilities and 

“buoyant buildings” to address any riverine flood impacts, which could be implemented when the comfort 

station needs to be upgraded or replaced. 

For smaller objects and structures subject to impacts from riverine flooding and/or high wind related risks, 

hardening can involve relatively simple measures such as bolting, tying down, or otherwise securing 

objects to prevent them from being removed or transported by wind or water. For plastic play structures, 

temperature resistant materials can be considered, particularly if replacement is already occurring or the 

structures are deteriorating faster than expected. 

iv. Walking paths, soil and gravel – winter and summer extreme rainfall: Asset hardening and 

relocation. 

Workshop participants provided a number of options to reduce the erosion of soft surface walking paths, 

all of which generally fall under the category of asset hardening. These include engineering of any hard 

                                                           
10 Both ice accretion and wind speed monitoring are sparse in the GTA, even when considering ECCC stations at local 

airports. 
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surface within parks to reduce run-off rates, substrate change along pathways to allow for better 

drainage, further engineering to prevent ponding along pathways, and eventual re-location or removal of 

walking paths in areas that continue to suffer repeat erosion and ponding. Additional measures include 

naturalized edges for pathways, which reduce run-off and minimize erosion by reinforcing soil with root 

systems, and to re-establish well used pathways. 

v. Trees and plants - high winds and ice storms: Continued stand maintenance, wind resistance 

measures, response planning. 

Forestry staff are already conducting routine maintenance of trees at these parks. However, the resulting 

high-medium risk score further highlighted the critical importance of such maintenance to reduce the 

susceptibility of trees to wind and other storm damage, especially where disease or pests have weakened 

or damaged trees and branches. Longer term strategies could include the introduction of more wind 

resistant dominant or understory tree species (i.e., generally any more deeply rooted and shorter), 

improved understanding of optimal tree stand density (e.g., trees in very dense stands tend to be less 

wind resistant), and planning for post-high wind event recovery. However, these must also take into 

consideration that wind and storm damage to tree stands is a natural process, much like fire and erosion, 

and that some damage to stands is inevitable. 

vi. Trees and plants – drought and extreme heat: Watering program management, consideration 

of alternative watering sources. 

While trees and plants are generally not watered in the parks (with the exception of newly planted 

saplings) this practice may need to be reconsidered under future climate conditions. The steady increase 

in water consumed for the new tree watering program was a key impact and trend highlighted by 

workshop participants. In addition to regular monitoring of overall tree and plant health, weather 

conditions may require closer monitoring to adjust watering programs under dry and/or extreme heat 

conditions. The City also may want to consider alternative sources of water, including potential rain 

capture or irrigation systems. 

7.3 Responses to Special Cases 

i. All low-probability, high-impact events: Emergency response planning, severe weather 

watch/warning monitoring. 

Low probability but very high impact extreme events are generally considered too rare to implement 

specific and costly engineering interventions. However, emergency planning and training may need to 

consider these specific events.  For example, if a tornado warning is issued for the City of Mississauga, 

protocols could be developed to consider park actions that help to minimize or reduce potential injuries 

or loss of life. Potential actions would need to take into account the uncertainties and realities associated 

with severe weather warnings. For example, tornadoes often only affect a swath that ranges anywhere 

from one to a few hundred meters in width, while severe weather warnings currently are issued on the 

scale of the entire City of Mississauga. Measures and protocols enacted for extreme winds can also be 

applicable to tornadoes and storm surge events. 



REPORT:  PIEVC Assessment of Three City Parks 

4 July 2018  53 

ii. All high-probability, low-impact events: Continued monitoring for signs of degradation 

The specific assets impacted by high probability and low impact weather and climate events can be 

monitored periodically or on a regular basis. The purpose of monitoring wear and tear is to detect 

weathering that has significantly degraded or weakened infrastructure, or if degradation has resulted in 

a potentially unacceptable increase in vulnerability to other hazards. 

iii. Asphalt surfaces – snowfall events: Consider reserve supplies of de-icing agents. 

While there was little concern regarding the costs associated with winter road and pathway maintenance, 

there was some concern over access to de-icing agents during times of peak usage, particularly if park 

staff exhaust available onsite inventories. It is therefore recommended that some form of emergency or 

alternate supply source be identified which can be used during heavy de-icing seasons. These estimates 

of required emergency reserve amounts and a need for response can be based on particularly heavy snow 

seasons, such as the winter of 1998-1999. 

7.4 Climate Analysis and Data Related Measures 

Across all of Canada, there is a distinct need for increased monitoring of important climate parameters. 

The City of Mississauga has access to some external data sources such as Snow Water Equivalent (SWE), 

precipitation, and streamflow data from the Credit Valley Conservation (CVC) authority. However, for both 

climate assessments and detailed forensic analysis of historical events, a lack of some types of 

observational climate and water data limits understanding of the risks posed by specific climate 

parameters (e.g. wind gusts, hourly rainfall measurements, freezing rain accumulations, and shoreline 

flooding). Additional monitoring stations would result in additional benefits to other studies within the 

Mississauga region, including: 

• Filling of gaps in historical data 

• Improving the density of the climate monitoring network within the region and the ability to 

detect the “real” probability of an event occurring 

• Providing additional data to help detect new and emerging trends sooner than would otherwise 

be possible 

• Allowing for cross-region comparisons and better interpolation between different observation 

stations (e.g. extreme rainfall amounts). 

Additionally, some extreme events deserve more comprehensive study. Specifically, the April 30, 2017 

extreme shoreline event in St. Lawrence and Jack Darling Parks would benefit from some extra forensic 

analysis to assess risk parameters such as: 

• Storm surge height and coastline penetration during the event 

• Refined return period of the event  

• Identification of similar storms that have occurred historically 

• Likelihood of future storms of similar nature under climate warming. 
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7.5 Unknown Risks 

i. Lorne Park Waste Water and Drinking Water Treatment Plants 

Some potential recommendations to address the unknown risks to the Jack Darling Park include an 

engineering capacity study of Lorne Park water treatment plants to determine their sensitivity to high lake 

levels, extreme rainfall, or other potential hazards and to determine the likelihood of secondary impacts 

to water quality. Previous PIEVC studies have been conducted on waste water treatment plants and of 

climate and severe weather triggers for sewage bypass events, including the Harmony Creek WWTP in 

Oshawa, Ontario (AECOM 2017) and the integrated drinking, waste, and storm water study conducted for 

the Cooksville Creek watershed in Mississauga, Ontario (Nodelcorp 2016). Both studies indicated extreme 

rainfall from warm season thunderstorms as a main cause of sewage bypass events, although other events 

(heavy spring and fall rainfall events and rapid snowmelt) occasionally trigger sewage bypass events. The 

Harmony Creek study also assessed the potential for high lake levels to back up into sewage outfalls and 

impact the plant (AECOM 2017), concluding that lake levels would need to reach well above record levels 

for back-flow into the plant from outfalls to occur. 

ii. Management of Naturalized Areas, Riparian Habitats, and Lake Ontario Shoreline 

Debate continues on approaches to manage shoreline and erosion issues within Mississauga’s Lake 

Ontario parks. Some agencies advocate for increased shoreline and riparian/riverine habitat management 

activities, maintaining the current position and location of river and creek banks and the Lake Ontario 

shoreline, and preventing loss of soil through erosion. Others support non-intervention practices, allowing 

for natural erosion of river and creek edges and lake shorelines. Many workshop participants expressed 

concerns over these conflicting management strategies. Therefore, an integrated, multi-agency 

collaborative discussion to help achieve a consensus on preferred management actions is recommended. 

Such a discussion would involve any agencies and/or government departments with shared jurisdiction 

over riparian and shoreline areas, as well as those who may be affected downstream by any changes in 

management practices for these areas. This may include, but is not limited to, the City of Mississauga and 

Regional Municipality of Peel, the Credit Valley Conservation Authority and the Canadian Centre for Inland 

Waters. 

Table 7-1: Summary table of recommended adaptation responses, including description of response type and 

applicable park(s). 

Recommended Adaptation Response Type of Response Applicable Park(s) 

Responses to High Risks 

Forestry staff training, protocols to improve 

safety while responding to ongoing high wind, 

ice storm events. 

Management and Operations 

– staff training, emergency 

management planning 

All 

Monitoring severe weather watches and 

warnings, coupled with public outreach and 

severe weather protocols for individual parks 

(shelter in-place, closures), addressing risks to 

Management and Operations 

– staff training, public 

outreach, emergency 

management planning 

All 
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Recommended Adaptation Response Type of Response Applicable Park(s) 

both park users and municipal and regional 

staff. 

Additional requirements for large events 

organisers, to ensure monitoring for and 

response to severe weather and associated 

risks has been considered in events planning. 

Management and Operations 

– emergency management 

planning, public outreach 

All 

Ensure grounding of lightning sensitive assets 

is maintained. 

Management and operations 

– adaptive management 

Streetsville and 

Jack Darling 

Implementation of ISMP&IS. Management and operations 

– adaptive management 

All 

Regular training of forestry staff to recognise 

signs and symptoms of disease. 

Management and operations 

– staff training 

All 

Developing assisted migration programs, 

including monitoring and test plots to study 

novel ecosystems. 

Management and operations 

– adaptive management; 

Further study 

All, particularly Jack 

Darling and 

Streetsville  

Responses to High-Medium Risks 

Monitoring of specific climate conditions and 

assets, including development of a centralised 

database of weather impacts, as well as 

installation of climate and asset monitoring 

equipment addressing poorly monitored 

conditions (e.g., ice build-up from freezing 

precipitation, wind gusts). 

Management and operations 

– increased monitoring 

All 

Replacement of wave-action damaged 

shoreline infrastructure components with new 

components designed to higher design 

requirements (i.e., replacing 100-year storm 

design components with 200-year design 

storm components). 

Asset hardening Saint Lawrence 

Replacement or upgrade of flood sensitive 

comfort stations at end of asset life-cycle, use 

of “buoyant building” design. 

Asset hardening Streetsville 

Use of temperature resistant plastics for play 

structures. 

Asset hardening  All 

Reduce erosion of walking paths through 

engineering of hard surfaces to reduced run-

off and prevent ponding on pathways, change 

substrate to allow for better drainage, and/or 

relocation or removal of erosion prone 

walking paths. 

Asset hardening  All 

Naturalised edges on pathways to reduce 

erosion, reinforce edges with root structures. 

Asset hardening – green 

infrastructure 

All 

Continued and enhanced maintenance of tree 

stands. 

Maintenance and operations 

 

All, particularly Jack 

Darling and 

Streetsville 
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Recommended Adaptation Response Type of Response Applicable Park(s) 

Introduction of more wind resistant tree 

species, other measures to increase wind 

resistance of stands (e.g., improved stand 

density). 

Asset hardening – green 

infrastructure 

 

All, particularly Jack 

Darling and 

Streetsville 

Linking improved monitoring of weather 

conditions with sapling watering program; 

consider expansion of watering program if 

required by future conditions, including 

consideration of alternative water sources. 

Management and operations 

– adaptive management 

All, particularly Jack 

Darling and 

Streetsville 

Responses to Special Cases 

For high impact-low probability events (i.e., 

tornadoes, combined high-water and wave 

action events), emergency response planning 

coupled with severe weather watch/warning 

monitoring. 

Management and operations 

– disaster and emergency 

management planning 

All (tornadoes); 

Saint Lawrence and 

Jack Darling (high 

water and wave 

action) 

For high probability-low impact (i.e., 

weathering of exposed assets); monitoring for 

signs of deterioration. 

Management and operations 

– increased monitoring 

All 

Keeping emergency reserve supplies of de-

icing agents. 

Management and operations 

– adaptive management 

All, particularly Jack 

Darling 

Climate Analysis and Data Related Measures 

Filling gaps in historical data. Further study All 

Increase number of climate observation 

stations in the City. 

Management and operations 

– increased monitoring 

All 

Execute detailed forensic case study of April 

30, 2017 storm event to properly assess: 

1) Storm surge height and coastline 

penetration during the event, 

2) Refine return period calculation of the 

event, 

3) Identification of similar storms that have 

occurred historically, and 

4) Better determine likelihood of future 

storms of similar nature under climate 

warming. 

Further study Jack Darling and 

Saint Lawrence 

Responses to Unknown Risks 

Detailed study of potential climate and lake 

level impacts to Lorne Park water and waste 

water treatment plants. 

Further study Jack Darling 

Better alignment of shoreline and riparian 

area management strategies across relevant 

agencies and jurisdictions. 

Management and operations Jack Darling 

(shoreline); Jack 

Darling and 

Streetsville 

(riparian)  
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