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Executive Summary 

Introduction 
To assess the potential impacts of climate change on public infrastructure and to advance planning and 
prioritization of adaptation strategies, Engineers Canada and its partners have established the Public 
Infrastructure Engineering Vulnerability Committee (PIEVC). Co-funded by Engineers Canada and 
Natural Resources Canada, the PIEVC is made up of representatives from all three levels of government 
as well as non-governmental organizations. The Committee oversees the planning and execution of a 
national engineering assessment of the vulnerability of Canadian public infrastructure to climate change.  
The work of the PIEVC commenced in 2007 with a scoping study to examine the current state of 
infrastructure, the availability of climate data, and indicators of adaptive capacity during the development 
of the PIEVC Protocol for infrastructure vulnerability assessment. The Protocol was subsequently 
evaluated through seven pilot studies, which were included in the first national assessment report 
completed by the PIEVC in April 2008.   Based on the success of these early studies and the interest 
among public infrastructure stakeholders in the results, Engineers Canada is continuing to promote the 
application of the PIEVC protocol in additional case studies in four priority infrastructure categories: 
buildings, roads and associated structures, stormwater and wastewater systems and water resources 
infrastructure.  The results of these studies will be used to continue to refine and improve the protocol and 
further the program goals of supporting vulnerability assessment and adoption of best practices at the 
national scale. 

The Toronto and Region Conservation Authority is one of 38 Conservation Authorities in the province of 
Ontario. Its area of jurisdiction includes 3,467 square kilometres; 2,506 on land and 961 water-based. The 
TRCA owns and operates a number of large and small dams and flood control structures. The two large 
dams that are the subject of this study, the G. Ross Lord dam and Claireville Dam, located in the Don 
River watershed and in the Humber River watershed respectively, are actively operated structures whose 
operational procedures are integrated with the TRCA Flood Forecasting and Warning program. The 
following map shows TRCA’s jurisdictional boundaries and the location of the Claireville and G. Ross 
Lord dams. 

 TRCA Jurisdictional Map 

 

Claireville G. Ross Lord
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For this particular study, the Toronto and Region Conservation Authority (TRCA) and Engineers Canada 
agreed to partner and co-fund an engineering vulnerability assessment of the Claireville and G. Ross 
Lord flood control dams and reservoirs in the context of both the existing climate and future climate 
change, using the PIEVC Protocol (version 9, April 2009). This project will serve as a case study for the 
PIEVC program, in the water resources infrastructure category, on the vulnerability of flood control dams. 
The main objective of this assessment and case study is to identify components of the dams and 
reservoirs which are at increased risk of failure, damage, deterioration, reduced operational effectiveness, 
and/or reduced life cycle from potential future changes in climate. Additionally, the study contains 
recommendations for remedial action to minimize the vulnerability and/or complete further study to further 
quantify the risks.  

The study includes an assessment of the vulnerabilities of both facilities to current climate (existing and/or 
historical conditions), as well as future climate change at the 2050 time horizon. It should be noted that 
the inclusion of the existing conditions is not typical of the previous assessments. Previous infrastructure 
assessment studies that used the Protocol assessed only the future risks and vulnerabilities associated 
with climate change. At the request of the TRCA, this study included assessment of the existing risks and 
vulnerabilities associated with the current climate, assessment of future risks and vulnerabilities, and an 
analysis of the change between the two.  

As specified by TRCA, the study did not include a detailed hydrologic or hydraulic assessment of 
changed dam inflow regimes or the assessment of the change in risk of dam failure as a result of 
changes in the regime of extreme rainfall and flow events such as the Probable Maximum Flood (PMF). 
Such analyses were considered inappropriate or premature because there is insufficient current 
understanding of the effects of climate change on extreme events of the magnitude that could significantly 
impact the dam, and because there are provincial government initiatives underway to assess Ontario 
standards for the PMF and design floods for dams, which may potentially investigate climate change 
impacts. Further, the TRCA had confirmed through previous study that the dams and their operating 
procedures are resilient to a variety of high inflow conditions below design and PMF magnitudes and had 
determined that climate change projections do not currently suggest a significant change in these 
conditions.  For the purposes of this study, changes to high inflow regimes will be examined only from a 
general, qualitative basis in the assessment in consideration of indirect or secondary effects. 

One of the project requirements requested by TRCA was an assessment of the state of knowledge with 
respect to climate and climate change impacts on similar dams to the TRCA dams under consideration. 
The objective of the State of Knowledge Assessment was to review and assess the current understanding 
of the potential impacts that a changing climate might have on dams and reservoirs similar to those under 
consideration in this study, as well as the approach being used in other jurisdictions and by other dam 
owners to assess and address potential climate change impacts.    

PIEVC Engineering Protocol 
The PIEVC Engineering Protocol for Climate Change Infrastructure Vulnerability Assessment (April, 
2009), hereon referred to as the Protocol, is a step-by-step process to conduct an engineering 
vulnerability assessment on infrastructure due to climate change.  

There are five steps within the Protocol, as follows: 

 Step 1 – Project Definition 
The boundary conditions for the vulnerability assessment were determined in Step 1. A description of the 
infrastructure including its location, age, loads, historical climate, and other relevant factors were 
developed.  

 Step 2 – Data Gathering and Sufficiency 
The specific features of the infrastructure to be considered in the assessment as well as the applicable 
climate information were identified and evaluated for sufficiency in Step 2.  

 Step 3 – Risk Assessment 
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The interactions between the infrastructure, the climate, and any other factors that could lead to 
vulnerability were identified in Step 3. This included identifying specific infrastructure components, 
specific climate change parameter values, and specific performance goals. Consultation with owner and 
operations personnel in addition to the Technical Advisory Committee was conducted during a risk 
assessment workshop.  

 Step 4 – Engineering Analysis 
The impact on the infrastructure and its capacity resulting from the projected climate change loads was 
assessed in Step 4. This included a focused engineering analysis on the relationships determined to have 
vulnerability in Step 3.  

 Step 5 – Recommendations 
The limitations and recommendations on the observations and findings of the infrastructure vulnerability 
assessment in Steps 1 to 4 were determined in Step 5. 

Climate Analysis and Projections 
The climate analysis and projections portion of this study included the establishment of a set of climate 
parameters describing climatic and meteorological phenomena relevant to the geographic areas of the 
Claireville and G. Ross Lord flood control dams. The analysis resulted in the determination of general 
probability scores reflective of the occurrence of each phenomenon, both historically and in the future.  

The following climate parameters were selected for analysis in this study: High Temperature, Low 
Temperature, Heat Wave, Cold Wave, Extreme Diurnal Temperature Variability, Freeze Thaw, Heavy 
Rain, Heavy 5-Day Total Rainfall, Winter Rain, Freezing Rain, Ice Storm, Heavy Snow, Snow 
Accumulation, Blowing Snow/Blizzard, Lightning, Hailstorm, Hurricane/Tropical Storm, High Wind, 
Tornado, Drought/Dry Period, Heavy Fog. 

Climate parameters were selected by developing a comprehensive list of climatic and meteorological 
phenomena deemed to be relevant to the geographic region (southwestern Ontario) and the region’s 
known seasonal variability. Climate events and change factors identified in the Protocol were referenced 
as a starting point. Factors dictating the selection of climate parameters, and the indices used to express 
them, were based on data availability of several standard meteorologically-accepted parameters in 
consideration of both the existing/historical record as well as future projection model output. Justification 
for parameter selection was also based on the parameter’s potential to present vulnerability to the 
infrastructure and its components as a result of either extreme or persistent occurrences. Lastly, 
consultation conducted between the project team, TRCA and members of the Technical Advisory 
Committee resulted in the endorsement of the above-noted parameters. 

Specific definitions for the climate parameters analyzed were established by GENIVAR’s climate team in 
conjunction with TRCA staff and were based on three factors: a) the usefulness of the climate parameter 
in determining vulnerability, b) the availability of information, and c) the ability to relate this information to 
a probability. In addition, two tiers of parameter definitions were established based on the nature of each 
specific climate phenomenon. “Tier one” definitions refer to commonly occurring climate phenomena and 
were defined as the probability of exceeding the historical average occurrence, whereas “Tier two” 
definitions refer to extreme events and were defined as the frequency of occurrence in a given year.  

The historical climate analysis for the Claireville and G. Ross Lord dams was conducted using data from a 
variety of sources. Information was retrieved from Environment Canada’s Canadian Climate Normals 
(Environment Canada, n.d.), Climate Data Online (Environment Canada, 2008), the Ontario Node of the 
Canadian Atmospheric Hazards Network (Environment Canada, 2009) and the Canadian Daily Climate 
Data (CDCD V1.02) program (Environment Canada, 2007). For these data sources, Toronto Pearson 
International Airport weather station data were generally used due to the station’s close proximity to the 
dams and completeness of data over the station’s period of record. However, applicable climate data 
from the above-mentioned sources were not available for certain climate parameters (e.g. ice storm, 
lightning, hurricane and tornado). In these cases alternative sources of information and/or information 
representative of a different geographical area were used.  
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Historical trends in climate were assessed as part of understanding the historical record. This involved a 
review of various scientific journal articles to provide additional background information. However, 
GENIVAR did not conduct any independent trend analyses.  

Future climate projections were analyzed using climate model outputs from Environment Canada’s 
Canadian Climate Change Scenario Network (CCCSN) Scatter Plots (CCCSN, 2007b) and Bioclimate 
Profiles (CCCSN, 2007a), the Intergovernmental Panel on Climate Change (IPCC) 4th Assessment 
Report (AR4, 2007) Regional Climate Projections chapter (and others, where applicable), and scientific 
journal articles presenting regional and local projections and predictions.  

Using the CCCSN, output from IPCC-recognized AR4 global climate models was extracted for the model 
grid cell encompassing the Toronto area for each of the three emissions scenarios used, A2 (high) A1B 
(medium) and B1 (low). Outlying global models that were not effective in reproducing aspects of the 
southern Ontario climate were identified and removed by the TRCA and the median output from the 
remaining models was considered.  In addition to considering the median output of all models, the range 
of output across the various models was also considered in assessing the confidence with which the 
output could be used.  

The most common time frame used for analysis of historical climate data was 1971 to 2000 as this is the 
most recent 30-year climate normal period represented in the Canadian Climate Normals, and is the 
period used in many of the graphics and data provided on the Atmospheric Hazards website. In addition, 
most climate change projections refer to changes from baseline climate of 1961 to 1990 or 1971 to 2000. 
The time frame of 1971 to 2000 was used where analysis was undertaken by GENIVAR using the 
Climate Data Online (Environment Canada, 2008) and the Canadian Daily Climate Data (CDCD V1.02) 
program (Environment Canada, 2007) for occasions where data was not available from the Climate 
Normals or Atmospheric Hazards website. There were instances where the historical conditions of certain 
parameters were exclusively or best represented by time frames different from, or longer than, the 1971 
to 2000 period.  

Wherever possible, the time frame used for future projections was the 30-year period of 2041 to 2070, or 
more commonly expressed as “the 2050s”. Assessment of vulnerability beyond this horizon was not 
conducted as it was agreed among the study team members and TRCA staff that this would likely 
surpass the design life of the infrastructure without the undertaking of significant reconstruction or 
rehabilitation efforts. The level of uncertainty associated with future climate projections also increases 
significantly beyond the middle of this century, which would potentially call into question the usefulness of 
the results. 

The probability score of an event’s occurrence was assigned by identifying historical occurrences and 
then calculating a frequency (i.e. the number of occurrences within a time frame divided by the number of 
years in that time frame). In some instances, the data was already presented (by the relevant source) as 
a frequency. A score between 0-7 was assigned to each parameter by subjectively relating the known or 
calculated frequency to one of the descriptive terms presented in Method A of the Protocol’s Probability 
Scale Factors (Probability Scores). In order to be consistent in assigning Probability Scores from 
frequencies, relational benchmarks were established to guide the team. As a result of these relational 
benchmarks and the completion of several examples of comparison, a mechanism was developed which 
related frequency ranges to Probability Scores. Following the mechanism, historical probabilities were 
matched based on developed numerical ranges. 

It should be noted that the probability scores for some parameters were assigned in a different fashion. 
As per their definition, these parameters represent commonly occurring events whose effects and impacts 
to infrastructure are most likely related to persistence rather than a single occurrence (i.e. freeze thaw). If 
they were not treated independently, their frequency of occurrence in a given year would repeatedly be 
assigned a Probability Score of “7” or “certain/highly probable”. The team, in conjunction with TRCA staff, 
decided that this was undesirable because it would prevent the potential for any upward change in future 
scenario scores and would unjustifiably influence the overall risk scores. For the purposes of this study, it 
was agreed that for these “tier one” parameters, half of the time, a given year would experience more 
than an event’s historical average (e.g. 85 freeze thaw events) and the other half, a given year would 
experience less than an event’s historical average. It is recognized that in order to be statistically 
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meaningful, this middle reference point should indeed be the data set’s median, rather than the mean, 
however a pragmatic approach was taken based on readily available information and the level of 
accuracy required.  

Based on the relational benchmarks established and the resulting scoring mechanism developed, Tier 
one definitions in the historical context were deemed to have a frequency of 0.5, which resulted in a 
matching Probability Score of 4 (“moderate/probable”).  

When considering the future scenario (2050s), probability scores were assigned by changing (increasing 
or decreasing) or maintaining the previously established historical scores, not by calculating new 
frequencies. Scores were assigned after understanding future climate projections via the analysis of 
CCCSN global climate model output, bioclimate profiles, and/or review of available scientific journal 
articles. Once projections were obtained, the probability scores were re-evaluated for each parameter and 
sometimes adjusted. This adjustment, also subjective to professional judgment, was managed by 
ensuring enough support was available to justify decisions. This meant having sufficient support (e.g. 
model projection output supported by scientific literature relating to the same or similar spatial and 
temporal setting) such that, in the event that the review and scoring process was to be repeated by 
others, one would likely come to the same conclusion. Where projection information was unavailable or 
supporting projection data were clearly inconsistent or in conflict with one another, Probability Scores 
remained unchanged between historical and future scenarios. 

Using the above mentioned methodologies, Probability Scores, for both historical and future settings, 
were assigned to each climate parameter. Actual scores are discussed in Chapter 3 of this report. It is 
important to refer to the Probability Scoring section for each climate parameter in Section 3.2 for specific 
details regarding the processes and assumptions behind each individual Probability Score. 

The following Climate Parameters experienced an increase in Probability Score from historical to future: 
High Temperature, Heat Wave, Heavy Rain, Heavy 5-Day Total Rainfall, Freezing Rain, Ice Storm, 
Hurricane/Tropical Storm, and Drought/Dry Period. 

The following Climate Parameters experienced a decrease in Probability Score from historical to future: 
Low Temperature, Cold Wave, Extreme Diurnal Temperature Variability, Freeze Thaw, and Snow 
Accumulation. 

The following Climate Parameters experienced no change in Probability Score from historical to future: 
Winter Rain, Heavy Snow, Blowing Snow/Blizzard, Lightning, Hailstorm, High Wind, Tornado, and Heavy 
Fog. 

In addition to determining Probability Scores, known or calculated climate parameter frequencies were 
used as climate loads in the Engineering Analysis phase of the project.  

TRCA Flood Control Dams 
Step 1 – Project Definition 
The Claireville Dam was constructed in 1963 – 1964. It consists of a concrete spillway, which is flanked 
on both sides by an earth embankment of homogeneous construction. The earth embankment section 
that does not enter into the permanent component of the reservoir has a maximum height of 12 m and the 
concrete section has a maximum height of 15 m. The ogee type concrete spillway is controlled by five 
radial gates discharging into a concrete stilling basin. The spillway and stilling basin are ‘anchored’ to 
bedrock. 

The reservoir has a maximum storage volume of 4,700,000 m3. There are four low-level discharge pipes 
installed between the five gates within each of the four piers. In principle, the low-level discharge is 
controlled by four cone valves that can be accessed from the drainage gallery. These valves have not 
been operated for many years. Their intakes are obstructed by siltation and there is concern that if 
opened, silt and sediments could move in and prevent the ability to close them again.  
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Due to its height and reservoir capacity, Claireville Dam has been previously classified as a “Large Dam”. 
It is also considered as a High Hazard Potential Classification, in accordance with the Ontario Ministry of 
Natural Resources’ (MNR) definitions, due to potential downstream impacts in the event of dam failure. 
The Claireville Dam is located near the intersection of Highway 427 and Finch Avenue and controls flows 
on the West Humber River. 

The G. Ross Lord Dam was constructed in 1973 and is an earthen embankment dam that was built based 
on a US Army Corps of Engineers Design. It consists of an upstream sloping impervious core, upstream 
rip-rap over filter layers, and a downstream grassed slope. There are two concrete spillways for the high 
and low level outlets. 

The reservoir has a maximum storage volume of 5,000,000 m3. There are two low level gates that are 
used to operate the dam and maintain the upstream levels in the reservoir. For controlling higher flows, 
there are two radial gates, which discharge to a concrete spillway, however these have never been used 
to control flow through the dam. 

The G. Ross Lord Dam has also been classified as a Large Dam and a High Hazard Potential 
Classification structure. The G. Ross Lord Dam is located on the West Don River near the intersection of 
Finch Avenue and Dufferin Street. The downstream watershed has several high profile flood-prone areas, 
therefore the proper operations and maintenance of the dam is of critical importance to the TRCA. 

Step 2 – Data Gathering and Sufficiency 
The major outcome of Step 2 is to break down the infrastructure into all of its components. This includes 
both the physical pieces of the dam and reservoir and the “softer” elements which are critical to the 
infrastructure’s operation. Examples of these are: personnel, records, operating procedures, 
communications and safety systems. 

A list of the major infrastructure systems is provided below. A complete listing of the components can be 
found in Section 4 of the report. 

 Administration/Operation 
 Reservoir 
 Spillway Structures 
 Mechanical Systems 
 Embankment Dams 
 Groundwater Drainage/Management Systems 
 Electric Power Supple 
 Control and Monitoring Systems 
 Communications 
 Safety Systems 

 
Step 3 – Risk Assessment 
In this step, the infrastructure’s response to the climate parameters was identified. Based on the Protocol, 
the overall risk value associated with an interaction between an infrastructure component and a climate 
related event is determined by multiplying the probability of the event occurring by the severity of the 
impact.  

Scales of 0 – 7 were established for the probability of the interactions occurring and the severity resulting 
from the interaction. The Protocol provides three alternate methods each for the probability and severity 
scales from which the most appropriate method for this assessment was selected. 

Performance response categories were established based on the most likely response of an 
infrastructure component to contemplated climate events. The performance response categories were 
based on professional judgement and experience. Instead of assessing the severity scale factor of each 
performance response for individual infrastructure components, all the performance responses that were 
relevant were check marked, and only one severity scale factor was applied. The severity scale factor 
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that was applied was based on judgement of the performance response that was most critical to the 
individual infrastructure-climate interaction. 

To validate initial study findings, a workshop was conducted on November 9th, 2009 where participants 
from the GENIVAR team, TRCA staff, and the Project Advisory Committee (PAC) came together to 
conduct a risk assessment exercise based on the Protocol. Upon completion of the workshop, GENIVAR 
completed risk assessment matrices for the two dams, for both the existing and projected future 
conditions. 

The following points summarize the risk assessment findings for both Claireville and G.Ross Lord Dams: 

 Out of the 688 interactions identified for the risk assessment, about 40% had a risk score of above 
12 and were therefore considered to be relevant for further consideration during engineering 
analysis. No interactions had a risk score of above 36, therefore none were considered to be high 
risk as defined by the Protocol.  

 Just less than 40% of the interactions carried forward to engineering analysis had an increase in 
risk score as a result of climate change. The highest increase was associated with potential future 
increases in freezing rain and interactions with control and communications components. 

 For about 20% of the interactions carried forward to engineering analysis, the risk scores 
decreased as a result of climate change. The highest decrease was by a score of 12. This was 
associated with potential future decreases in freeze-thaw events and interactions with the 
embankment dam components. 

 About 40% of the relevant interactions had risk scores which remained the same for both the 
existing and future conditions.  

Step 4 – Engineering Analysis 
The infrastructure-climate interactions that scored a medium risk value (between 12 and 36) in Step 3 
were analysed further under this step. The analysis included a determination of the relationship between 
the loads placed under both existing and future conditions and the infrastructure components and their 
capacity.  

Vulnerability exists when the infrastructure has insufficient capacity to withstand the loads placed upon it. 
Therefore, there is a capacity deficit when vulnerability exists. There is adaptive capacity when the 
infrastructure is resilient i.e. it has sufficient capacity to withstand the climate change effects without 
compromising the ability of the infrastructure to perform as required. The Protocol dictates that the total 
loading and total capacity be used to calculate the Vulnerability Ratio. 

In general, data was insufficient to complete the engineering analysis in the specific quantitative method 
prescribed by the Protocol. In determining the climate load from the results of the Climate Analysis and 
Projections, the units were generally represented by number of occurrences per year, or a probability of 
the event occurring in a given year. This definition allowed the assignment of an existing and future 
climate load, however made the determination of the capacity of a component impossible in any 
meaningful, scientific way. For example, it is impossible to determine how many ice storms the bridge 
deck could withstand in a given year, or to put any number to the capacity of the electrical supply grid to a 
tornado. 

In light of the above, experience and professional engineering judgement were utilized to estimate 
whether or not the component was vulnerable or not, to a singular, or multiple, occurrences of the climate 
parameter. Therefore, the vulnerability ratio was qualitatively assessed to being either greater or less than 
one. If the total capacity was estimated to be greater than the total load, then the vulnerability ratio was 
listed as less than one. A vulnerability ratio of less than one means that the infrastructure component was 
resilient and not vulnerable to the climate parameter. If the total capacity was estimated to be less than 
the total load, then the vulnerability ratio would be greater than one, indicating that vulnerability exists.  

The analysis was completed according to the methods set out in the Protocol. These methods do not 
explicitly consider the difference between existing or future vulnerability, but instead focus on whether the 
component is vulnerable to the net of the existing load, plus future climatic load. As a result, the 
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assessment of vulnerability reflects only the future condition.  However, in the case of the Claireville and 
G. Ross Lord dams, a review of the interactions assessed as ‘vulnerable’, or having a Vulnerability Ratio 
greater than one, indicated that these interactions would also be judged as ‘vulnerable’ in the existing 
condition.  This is not surprising, given the nature of the climate events and the lack of quantitative 
information with which to calculate the Total Capacity of virtually all of the infrastructure components 
considered.  

The Engineering Analysis generally resulted in a determination of the vulnerability of the infrastructure 
components to a single occurrence of the climate event, rather than the probability or frequency of the 
event.  For example, personnel are identified to be vulnerable to a freezing rain event for both existing 
and future conditions, with no distinction made regarding whether personnel are more or less vulnerable 
in the future with an increased probability of freezing rain events, as there is no information available with 
which to determine whether a change in frequency would increase the vulnerability of the components. 

The above notwithstanding, it was possible to make a determination of the difference between existing 
and future risk for the components and interactions identified as ‘vulnerable’ by revisiting the results of the 
Risk Assessment completed in Step 3.  In that assessment, the probability scores did change for some 
climate events, as shown in Table 3-7, from the existing to future conditions, and the associated risk 
scores changed as well.  Based on a comparison of those existing and future risk scores for vulnerable 
components and interactions, the potential effect of climate change in modifying risk to those components 
could be determined. The following sections provide a summary of the results for the two dams.  

The following points summarize the vulnerabilities identified in the engineering analysis step: 

 A total of 209 interactions were considered in the engineering analysis step for Claireville 
Dam and 204 for G. Ross Lord Dam. 

 There were 50 interactions assessed to be vulnerable for Claireville Dam and 51 for G. Ross 
Lord Dam.  

 Generally, the vulnerabilities exist to the following climate events: Freezing Rain, Ice Storm, 
Hurricane/Tropical Storm, High Wind, and Tornado. 

 

Step 5 – Recommendations 
During the completion of Step 5, recommendations were provided for actions to be taken to address the 
potential vulnerabilities, or for further investigations for TRCA to determine the extent of the vulnerability. 
These recommendations were provided for each of the components which were determined to be 
vulnerable.  

Some specific key recommendations from the case study are as follows: 

 TRCA should review the emergency operational plans currently in place to ensure they are 
adequate for all types of climate events – rain, snow, ice, high winds. From this review, it 
would be prudent to extrapolate for the extreme events considered in this assessment to 
ensure operations personnel are comfortable with the safeguards in place. 

 TRCA should review the criticality and response of the backup systems by simulating various 
catastrophic events, for example a loss of electrical power plus a loss of the cell phone 
network. 

 To minimize the travel time of operating personnel during severe weather events, it is 
recommended that TRCA maintain the Operator’s residence at the two dams. 

 Due to the possibility of increased movement of the downstream abutment wall due to a 
potential future increase in precipitation within the upstream catchment area of the Claireville 
Dam, it is recommended that the movement be stopped and the wall be remediated. TRCA 
staff have noted that this has been identified as a priority issue and funding has been 
requested for the works. 
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There were a number of climate-component interactions that had an overall low risk score under both 
existing and future conditions due to a low probability of occurrence, but for which impacts would be 
extremely severe. These risk interactions were considered to be important, since the high severities 
indicated the potential for a critical loss of function; it is therefore advisable for the TRCA to consider the 
potential impacts and consequences of these “high-impact” events, and potentially to also develop 
mitigation or response plans to address them. The main climate conditions involved in these interactions 
with low risk scores and high severities are heavy long-term rainfall, ice storms, lightning, 
hurricanes/tropical storms, and tornados.  

As noted previously, this study did not include a detailed hydrologic or hydraulic assessment of changed 
dam inflow regimes or the assessment of the change in risk of dam failure as a result of changes in the 
regime of extreme events such as the probable maximum flood (PMF).  Given the potential 
consequences of dam failure at either the Claireville or G. Ross Lord dam, it is recommended that the 
TRCA closely monitor developments in relevant climate science and in the activities of MNR and 
regulatory agencies elsewhere. Dam design and performance standards will likely be reviewed in the 
context of the impacts of climate change on extreme and maximum rainfall and flood events; these 
findings can be applied to the Claireville and G.Ross Lord dams when appropriate information and 
guidance are made available. 

Furthermore, it should be noted that many of the recommendations of the study are based on assessed 
risk and vulnerability that are considered to remain the same or become greater as a result of the 
potential outcomes of climate change.  However, assumptions regarding climate change outcomes were 
based on analysis of current climate understanding and predictive science, which in itself involves a great 
deal of uncertainty. It is therefore suggested that the recommendations of this study be revisited with 
updated climate analysis and projections if climate science is able to provide more precision or certainty 
in the future. 

Generally, the results of the engineering analysis demonstrate that the dams have relatively low 
vulnerability to potential future climate change. Part of the reason for the relatively low vulnerability is the 
excellent condition that the dams are in; this is due to combination of resilient design, a high quality of 
construction, consistent inspections and maintenance on the part of TRCA staff. This is important to note, 
particularly for comparison to other dams which may be more remote and/or less frequently maintained; in 
such situations dams may be significantly more vulnerable than the TRCA dams assessed herein. 

The PIEVC protocol recommends that an adaptive management process be utilized to revisit the 
vulnerability assessment at defined intervals to incorporate new information including improved climate 
science and future climate projections. Considering the manner in which the climate analysis and 
projections portion of this study is organized, and the thorough documentation of the assumptions 
regarding the use of the information in the risk and vulnerability assessment, incorporating new climate-
related information should be a relatively straightforward process. Additional climate parameters may also 
be incorporated by following the format in which the existing climate parameters are provided. The 
remaining portions of the study (Risk Assessment and Vulnerability Analysis) have been presented in this 
document according to the procedures prescribed by the PIEVC Protocol.  

Conclusions 
Having utilized the protocol to assess the flood control structures, the project team determined that, in 
general, the two dams have the capacity to withstand the existing and projected future climate (i.e. to the 
2050s). However, it should be noted that the largest potential impact on many of the components, and the 
overall dam performance, could be changes to the inflow regimes due to changed precipitation events, 
the investigation of which was outside the scope of this study. 

The assimilation of historical and future climate information into a form suitable for use within the protocol 
was a challenging exercise which required a larger amount of effort than was originally anticipated during 
the definition of the project.  This was largely because the approach to collecting climate data for this 
PIEVC case study departed significantly from previous studies in which output from a single regional 
climate model was relied upon almost exclusively. It was particularly challenging to compile all of the 
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necessary data required to describe the historic and potential future climate as there is no single agency 
or source that can provide comprehensive climate information for the Toronto area. Therefore extensive 
research of literature and data repositories was required to obtain the necessary data.   

Difficulties were also encountered in converting climate information to a form that could be applied to all 
steps in the PIEVC protocol as it is currently written.  Step 3 of the Protocol requires the determination of 
a probability for climate events; therefore parameters were required to be presented as the number of 
occurrences within a certain time frame (e.g. number of events per year). During the Engineering Analysis 
completed in Step 4, the climate loads provided as a frequency, were impossible to relate to a 
component’s capacity. 

The engineering analysis step of the protocol was difficult to complete in as quantitative a manner as 
prescribed by the Protocol. This resulted in analysis based on the team’s engineering judgement and 
TRCA’s experience operating the dams. While we feel this was an appropriate approach to complete the 
objectives of the study, it may be appropriate to complete more in-depth research and analysis to quantify 
vulnerabilities or capacities should there be specific climate component interactions which are of concern 
to the TRCA. 

The climate analysis did reveal some changes in frequency of climate events which will result in a 
decrease in vulnerability for the infrastructure. With the generally higher temperatures projected for the 
study area, there will be less probability, or less frequency of the low temperature dependant events such 
as freeze/thaw, snow accumulation and cold wave. This reduced frequency of occurrence will result in a 
decreased potential vulnerability from the events. This can be viewed as a potential positive impact of 
future climate change.  

The climate events posing the highest vulnerability to the dams, particularly in terms of number of 
components potentially vulnerable, are generally extreme events such as hurricanes, tornados and ice 
storms. While this was an expected outcome, it should be highlighted that the current climate science 
indicates that the possibility of these events occurring is going to increase in the future. 

Many of the vulnerabilities exist to extreme weather events such as tornados or hurricanes and while it is 
difficult to completely protect the dams from events such as these, there are actions which can be taken 
to minimize the operational risks and prepare for the events. These include: maintaining operations 
personnel in on-site housing facilities, reviewing emergency response plans, and completing operational 
tests where power, communication and back-up systems are “lost”. 

In general, the Protocol was a clear step by step process which provided an organized, consistent 
framework for conducting the vulnerability assessment of the infrastructure.  Of general note were the 
challenges experienced in producing climate analysis results in the form required by all of the steps in the 
Protocol. This resulted in an inability to determine specific infrastructure capacities during the engineering 
analysis step. Additionally, the consideration of cumulative impacts is stipulated in the protocol, however 
given the above-stated data restrictions associated with singular climate parameters, obtaining data on 
the probability of cumulative impacts remains a challenge.  

While the overall conclusion of the report is that the flood control structures are generally able to 
withstand expected changes in climate in the future, it will continue to be important to monitor some of the 
risks and vulnerabilities identified through the assessment, particularly as components continue to age. It 
will be important to preserve the high standard of maintenance and management that TRCA has devoted 
to the dams to this point. It will also be prudent to monitor the progress in climate science so that if future 
projections are updated or improved, the infrastructure assessment can be revisited. 
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1. Introduction 

1.1 Background 
There is definitive evidence to suggest that the climate has changed, and is continuing to change. Climate 
change affects infrastructure, creating potential vulnerability in the operation and design of engineered 
systems. Vulnerability may exist because historic climate data is often used to form the basis of the 
design for public infrastructure. However, due to a changing climate, historic data used to design critical 
infrastructure may not reflect the climate of the future. As a result, infrastructure may be vulnerable since 
it may not have sufficient capacity or resiliency to accommodate the conditions created by the changing 
climate.  

To accommodate increased uncertainties and account for climate change in the design and retrofit of 
public infrastructure, Engineers Canada and its partners have established the Public Infrastructure 
Engineering Vulnerability Committee (PIEVC). The PIEVC oversees the planning and execution of a 
national engineering assessment of the vulnerability of Canadian public infrastructure to climate change.  

The National Engineering Vulnerability Assessment project is a long-term initiative of the Canadian 
engineering profession to assess the vulnerability of public infrastructure to the impacts of future changes 
in climate. It is anticipated that the assessment will provide recommendations concerning adjustments 
and amendments to infrastructure codes, standards, and engineering practices to accommodate future 
climate change in infrastructure design. Currently, the PIEVC is studying four categories of infrastructure 
as follows: 

 Buildings 
 Roads and associated structures 
 Stormwater and wastewater systems 
 Water resource management systems 

Preliminary studies to examine the current state of each infrastructure, availability of climate data, and 
indicators of adaptive capacity were completed to modify an engineering protocol. More information can 
be obtained from the PIEVC website at www.pievc.ca. The Protocol was evaluated through seven pilot 
studies, which are included in the first national assessment report that was completed in April 2008. The 
Protocol is further described in Chapter 2.  

The Toronto and Region Conservation Authority is one of 38 Conservation Authorities in the province of 
Ontario. Conservation Authorities are local watershed management agencies that deliver services and 
programs that protect and manage water and other natural resources in partnership with government, 
landowners and other organizations, by promoting an integrated watershed approach balancing human, 
environmental and economic needs. Existing in most areas of Southern Ontario and some areas in 
Northern Ontario, Conservation Authorities are organized on a watershed basis.  

TRCA's area of jurisdiction includes 3,467 square kilometres, 2,506 on land and 961 water-based, and is 
comprised of nine watersheds: Carruthers Creek, Don River, Duffins Creek, Etobicoke Creek, Mimico 
Creek, Highland Creek, Humber River, Rouge River and Petticoat Creek.  The six participating partner or 
member regional municipalities of the TRCA are the City of Toronto, Regional Municipality of Durham, 
Regional Municipality of Peel, Regional Municipality of York, Township of Adjala-Tosorontio, and the 
Town of Mono. 

Among numerous other functions, many of Ontario's Conservation Authorities including the TRCA, are 
owners of flood control infrastructure such as dams and engineered channels, and are responsible for 
operating and maintaining this infrastructure to protect life and property from the impacts of severe floods.  
The TRCA owns and operates a number of large and small dams and flood control structures in order to 
control flooding. The two large dams that are the subject of this study, the G. Ross Lord dam and 
Claireville Dam, located in the Don River watershed and in the Humber River watershed respectively, are 
actively operated structures whose operational procedures are integrated with the TRCA Flood 
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Forecasting and Warning program.   In addition to these large dams, the TRCA owns eight small dams 
and twenty-three flood control structures across the jurisdiction that are passive structures requiring much 
less frequent operation and maintenance. Figure 1.1 shows the TRCA jurisdictional map and indicates 
the location of the Claireville and G. Ross Lord dams relative to the TRCA jurisdiction. 

 Figure 1.1 TRCA Jurisdictional Map 

 

1.2 Project Details 
The Toronto and Region Conservation Authority (TRCA) and Engineers Canada agreed to work together 
to assess the engineering vulnerability of the Claireville and G. Ross Lord flood control dams and 
reservoirs to the potential impacts of the existing climate and future climate change. 

1.2.1 Objective 
The main objective of this case study is to identify components of the Claireville Dam and reservoir and 
G. Ross Lord Dam and reservoir which are at increased risk of failure, damage, deterioration, reduced 
operational effectiveness, and/or reduced life cycle from potential future climate changes through the use 
of the PIEVC Protocol and to make recommendations for remedial action and/or further study.  

1.2.2 Scope 
The study area includes the Claireville Dam and reservoir located at the border between northwest 
Toronto and the City of Brampton, and the G. Ross Lord Dam and reservoir located in north Toronto. 
Both the dam structures and the upstream reservoirs are included in the study. 

The study includes an assessment of the vulnerabilities of both facilities to current climate for existing 
conditions and to future climate change at the 2050 time horizon. It should be noted that the explicit 
inclusion of the existing conditions is not typical of the previous PIEVC studies. The previous studies 
assessed only the future risks, in accordance with the Protocol, whereas this study included the 
assessment of both the existing and the future risks. This variance from the protocol was incorporated 
into the project during negotiations between TRCA and the PIEVC. 

Claireville G. Ross Lord
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The Terms of Reference for the project required the future assessment to include both the 2020 and 2050 
time horizons. During completion of the projections, it was determined that the results being generated for 
the 2020 time horizon were not significant enough to consider an intermediate climate projection. As a 
result, it was agreed between GENIVAR and TRCA that the 2020 timeframe would not be considered.  

As specified by TRCA in the Terms of Reference, the study did not include a detailed hydrologic or 
hydraulic assessment of changed dam inflow regimes or the assessment of the risk of dam failure as a 
result of changes in the regime of extreme events such as the probable maximum flood (PMF). There is 
insufficient understanding of climate change on extreme events of this magnitude and the issue is under 
review by separate provincial initiatives which are examining the operational and regulatory aspects of the 
PMF and large floods for all dams.  Further, the TRCA has confirmed through previous study that the 
dams and their operating procedures are resilient to a variety of high inflow conditions below design and 
PMF magnitudes and had confirmed that climate change projections do not, or cannot, currently whether 
there will be a significant change in these conditions.  In this study, the impacts of changed high inflow 
regimes were assessed only from a general, qualitative basis in consideration of indirect or secondary 
effects and were not subject to detailed hydrologic or hydraulic investigation. 

1.2.3 State of Knowledge Assessment 
One of the project requirements outside of the formal PIEVC protocol was an assessment of the state of 
knowledge with respect to climate and climate change impacts on dams similar to the TRCA dams. The 
complete assessment is included in this report as Appendix A. The following provides a summary of our 
findings: 

The objective of the State of Knowledge Assessment was to review and assess the current understanding 
of the potential impacts that a changing climate might have on dams and reservoirs similar to those under 
consideration in this study, as well as the approach being used in other jurisdictions and by other dam 
owners to assess and address potential climate change impacts. 

The methodology to document the current state of knowledge included: a review of both published and 
un-published (grey) literature; reported actions by other dam owners and operators; information gathered 
from dam industry associations; and information gathered from governing agencies and authorities. 
These activities were accomplished by direct contact with dam owners, operators and authorities; search 
and review of published and grey literature; and utilizing our project team’s personal contacts and 
associations. The internet was searched to find published and un-published literature, but searches were 
focused on current material which is relevant to dam design and operation; not just climate change 
articles. Internet searches included queries pertaining to programs and research funded by governments 
at all levels, within North America and internationally.  

Information is readily available on climate change scenarios and general trends for climate parameters 
such as precipitation. It is generally accepted that there will be more extreme meteorological events in the 
future, as climate change models are capable of predicting (with different scenarios) these changes. As 
this relates to dams, more precipitation would mean more flow in the river.   

Most dam owners are aware of climate change and are reviewing available data in order to react properly 
when extreme events occur. However, in most cases, dam owners have not directly addressed climate 
change and the vulnerability of their dams to such phenomenon. This could change in the future as some 
of them are starting to focus on this issue. It will probably be a few years before published results are 
made available to the industry as to how organizations are adapting to climate change.    

1.2.4 Climate Analysis and Projections 
The climate analysis and projections component of the study is included as Chapter 3 in this report. The 
project requirements included the submission of this chapter as a stand alone deliverable. As such 
Chapter 3 is comprehensive on its own, however has been incorporated into this report for completeness.  

The climate analysis and projections included two main aspects, as follows: 
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 Establishing a set of climate parameters describing climatic and meteorological phenomena 
relevant to the geographic areas of the Claireville and G. Ross Lord flood control dams 

 Establishing a general probability for the occurrence of each phenomenon, both historically 
and in the future  

The overall intent of this exercise was to use readily available climate projections and predictions that 
were relevant to the geographic study area to satisfy the two aspects mentioned above. It was considered 
beyond the scope of this study to conduct extensive additional analyses such as dynamical or statistical 
downscaling to establish data that relates to, and/or supports projections for, most of the parameters 
chosen.  

1.3 Report Layout 
This report has been divided into the following main chapters: 

 Chapter 2 - PIEVC Engineering Protocol for Climate Change Infrastructure Vulnerability Assessment: 
This chapter provides an overview of the PIEVC Engineering Protocol for Climate Change 
Infrastructure Vulnerability Assessment (April, 2009). The Protocol consists of five steps, all of which 
are described within this chapter. 

 
 Chapter 3 – Climate Analysis and Projections: This chapter provides a set of climate parameters 

describing climate and meteorological phenomena relevant to the geographical areas of the TRCA 
dams, and establishes a general probability for the historical and future occurrence of each 
phenomenon. This chapter is often referenced in the following chapters, specifically where the 
Protocol requires a discussion on the climate portion of this study.  

 
 Chapter 4 – TRCA Flood Control Dam Water Resources Infrastructure Assessment: This chapter 

describes the assessment of the TRCA dams according to the Protocol and presents the results of 
each step. The climate analysis and projections is part of the first three steps of the Protocol. Since 
the climate portion of the study is presented in Chapter 3, it will not be repeated in Chapter 4. Instead, 
either a summary will be provided or relevant subsections of Chapter 3 will be referenced. In addition, 
this chapter provides specific recommendations for the TRCA and the two dams under consideration. 
We also provide some feedback on the PIEVC Protocol for use by the Committee in future versions 
and/or for future implementation of this version. 

 
 Chapter 5 – Conclusions: This chapter presents the main conclusions of the overall study, outside of 

the specific detailed results which are detailed in Chapter 4. 
 
References and disclaimers are provided in Chapters 6, and 7. 
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2. PIEVC Engineering Protocol 
This section provides an overview of the PIEVC Engineering Protocol for Climate Change Infrastructure 
Vulnerability Assessment (April, 2009), hereon referred to as the Protocol. 

The Protocol is a step-by-step process to conduct an engineering vulnerability assessment on 
infrastructure due to climate change. The observations, conclusions, and recommendations derived from 
the vulnerability assessment can be used by infrastructure owners and operators to effectively 
incorporate climate change adaptation in their infrastructure design, development, and management.  

The Protocol provides a process to identify relevant interactions between climate and infrastructure. 
Therefore, to assess infrastructure vulnerability to climate change, the following must be evaluated: 

 Infrastructure 
 Historic, Recent, and Projected Climate 
 Historic and Forecasted Responses of the Infrastructure to the Climate 

There are five steps within the Protocol, as follows: 

 Step 1 – Project Definition 
 Step 2 – Data Gathering and Sufficiency 
 Step 3 – Risk Assessment 
 Step 4 – Engineering Analysis 
 Step 5 – Recommendations 

The following subsections briefly describe the five steps listed above. 

2.1 Step 1 – Project Definition 
The objective of the first step is to determine the boundary conditions for the vulnerability assessment. 
This includes developing a description of the infrastructure including its location, age, loads, historical 
climate, and other relevant factors. Major documents and information sources are also identified within 
this step. 

At the end of this step, data sufficiency is assessed by identifying proposed assumptions and their 
rationale. If it is determined that the boundary conditions were not defined appropriately, or that data is 
insufficient, then a process is identified to develop the missing data. If the data cannot be developed, then 
the data gap is identified in Step 5 – Recommendations, as a finding. 

2.2 Step 2 – Data Gathering and Sufficiency 
The objective of the second step is to identify the specific features of the infrastructure to be considered in 
the assessment as well as the applicable climate information. In this step, data is acquired from the 
multiple sources identified in Step 1. The acquired data is then assessed for sufficiency. If the acquired 
data is of poor quality, has high levels of uncertainty, or is lacking important information, then it may be 
considered as insufficient. 

This step allows the practitioner to re-evaluate the sources of data or methods to fill the data gap and 
conduct activities to provide data where it is found to be insufficient or missing. If data cannot be 
developed, then the data gap is identified in Step 5 – Recommendations, as a finding. 

The specific features of the infrastructure to be considered in the assessment include the following: 

 Physical elements of the infrastructure 
− Number of physical elements 



Flood Control Dam Water Resources Infrastructure Assessment -
Final Report 
 PIEVC Engineering Protocol
 

GENIVAR  2-2
 

− Location 
 Other relevant engineering/technical considerations 
− Material of construction 
− Age 
− Importance within the region 
− Physical condition 

 Operations and maintenance practices 
 Performance measures used to operate/manage the infrastructure 
− Insurance considerations 
− Policies 
− Guidelines 
− Regulations 
− Legal considerations 

2.3 Step 3 – Risk Assessment 
The objective of the third step is to identify the interactions between the infrastructure, the climate, and 
any other factors that could lead to vulnerability; this includes identifying specific infrastructure 
components, specific climate change parameter values, and specific performance goals. 

Step 3 includes the following activities: 

 Risk Assessment Workshop: Consultation with owner and operations personnel, normally 
through a risk assessment workshop, where initial findings are validated with the owner and 
operations personnel and risk profiles are established using various expertise and site-
specific knowledge of the workshop participants. 

 Risk Assessment Methodology: The default method uses a scale of 0 to 7 to establish the 
probability of each of the climate – infrastructure interactions occurring and the severity 
resulting from the interaction. The product of the probability and severity of the interaction is 
used to develop a risk value for each of the climate – infrastructure interactions. 

 Risk Tolerance Thresholds: Once the risks are calculated, tolerance thresholds have to be 
identified. The risk tolerance thresholds determine what risk range can be classified as low, 
medium, or high risk. These risk thresholds need to be confirmed with the owner. 

 Risk Ranks: The relationships between the infrastructure and its environment are prioritized 
to identify areas where vulnerability to existing climate and to potential future climate change 
exists. Components from the risk interactions that are identified as ‘medium’ will be selected 
for engineering analysis in Step 4. These components will be the ones that show some 
vulnerability but that cannot be confirmed at this stage to be highly vulnerable or insensitive 
to a changing climate. 

 Data Sufficiency: It is determined if assessment of specific components require data that is 
not currently available. If such a scenario is encountered, we will re-examine Step 1 and/or 
Step 2 to obtain sufficient data, if possible, to continue the assessment. If the data is not 
available and obtaining it is out of the scope of the Study then such findings will be 
documented in the recommendations made in Step 5. 

2.4 Step 4 – Engineering Analysis 
The objective of the fourth step is to assess the impact on the infrastructure and its capacity from the 
projected climate change loads. This includes a focused engineering analysis on the relationships 
determined to have medium vulnerability to climate change in Step 3. When the infrastructure has 
insufficient capacity to withstand the loads placed on it, it is considered to be vulnerable; it is resilient 
when the capacity is sufficient. 
 



Flood Control Dam Water Resources Infrastructure Assessment -
Final Report 
 PIEVC Engineering Protocol
 

GENIVAR  2-3
 

The total loading of the infrastructure is calculated by combining the existing loads and future loads from 
climate change and other factors, using the following formula: 

LT = LE + LC + LO, 
 
Where: LT is the projected total load on the infrastructure 
 LE is the existing load on the infrastructure 
 LC is the projected load on the infrastructure resulting from climate change 
 LO is the projected load on the infrastructure resulting from other changes 
 
The total capacity is calculated by combining the existing capacity with any changes in the future as the 
infrastructure matures, or as retrofits or upgrades provide additional capacity, using the following formula: 

CT = CE - CM + CA, 
 
Where: CT is the projected total capacity of the infrastructure 
 CE is the existing capacity of the infrastructure 
 CM is the projected change in infrastructure capacity as a result of age / use 
 CA is the projected additional capacity of the infrastructure  
 

The total loading and total capacity can then be used to calculate important indices such as the 
Vulnerability Ratio (VR) and the Capacity Deficit (CD), as follows: 

T

T
R C

LV =
 

TTD CLC −=  
 
Vulnerabilities occur when VR is greater than 1 and when VR is less than 1, the infrastructure component 
has adaptive capacity. The capacity deficit is the required amount of capacity that must be added to the 
infrastructure to mitigate the vulnerability. 
 
At the end of this step, data sufficiency is assessed to identify the parts of the assessment, where the 
available information is insufficient. Where data is found to be insufficient, Step 1 or Step 2 is revisited to 
obtain the required data, and if the missing data cannot be obtained, then the data gap is identified in 
Step 5 – Recommendations, as a finding. 

Based on the results from this step, the need to conduct a revised risk assessment (Step 3) is evaluated 
for the infrastructure components assessed in the engineering analysis. 

2.5 Step 5 – Recommendations 
The objective of Step 5 is to present limitations and recommendations on the observations and findings of 
the infrastructure vulnerability assessment in Steps 1 to 4. 

Relevant limitations include those associated with the following: 
 

 Major assumptions 
 Available infrastructure information and sources 
 Available climate change information and sources 
 Available other change information and sources 
 The use of generic or specific examples to represent populations 
 Uncertainty and related concepts 
 Other relevant limitations 
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The specific recommendations from Steps 1 to 4 include the following: 
 

 Infrastructure components that have been found to be vulnerable 
 Initial recommendations regarding possible remedial engineering actions, structure 

monitoring for a set period, or management actions 
 Infrastructure components that have adaptive capacity and require no further action at this 

time 
 Data gaps that require additional work or studies 
 Interactions that have been screened and prioritized, but not yet evaluated, and require 

further action 
 Any other conclusions, trends, insights, and limitations 
 Prioritized recommendations, where possible 
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3. Climate Analysis and Projections 

3.1 Introduction 

3.1.1 Objectives 
The objectives of the climate analysis and projections portion of this study were first, to establish a set of 
climate parameters describing climatic and meteorological phenomena relevant to the geographic areas 
of the Claireville and G. Ross Lord flood control dams, and second; to establish a general probability for 
the occurrence of each phenomenon, both historically and in the future. For the purposes of this study, 
the term “historical” is defined as comprising both the existing climate as well as climate from the recent 
past, while the term “future” is defined as representing the 2050s (described in more detail in Section 
3.1.5). The purpose of establishing general probabilities was to ascribe values to the Protocol’s Step 3 
screening matrix.  

It is noted that the overall intent of this exercise was to use readily available information to the extent 
possible to satisfy the above-noted objectives. While significant effort was made to obtain climate 
information with respect to the conditions of interest for the infrastructure assessment, it is certain that 
further research and analysis can be conducted to establish data that better relates to, and/or supports 
projections for, most of the parameters chosen. As such, this chapter should not be considered a 
comprehensive characterization of the historic, existing, or potential future climate of the Toronto area as 
this would have required a much greater investment of time and resources than was available based on 
the study scope and budget.  

The approach to collecting climate data for this PIEVC case study departed significantly from previous 
studies in which output from a single regional climate model was relied upon almost exclusively.  While 
the current approach provides a greater level of rigour by considering historic climate data and trends, 
output from an ensemble of global climate models and emissions scenarios, and relevant findings in 
the literature (thanks greatly to Joan Klaassen, the member of the advisory committee representing 
Environment Canada, who was most helpful in identifying useful information and references), it cannot be 
considered to reflect the entire body of climate science.  

Furthermore, when considering future projections, one must recognize the inherent limitations of current 
climate science with respect to the scientific community’s ability to accurately model various climate 
parameters into the future (e.g. precipitation processes). This is evidenced by the variance that presently 
exists between models for different parameters and scenarios and the general inability at the current time 
to predict local and/or extreme climate phenomena with any confidence.  

Therefore, although the study team is confident that the information contained herein is more than 
adequate for the purposes of this project, other potential users of this information should consider the 
limitations described above. 

3.1.2 Climate Parameters 
A preliminary list of climate parameters was developed based on climate events and change factors 
included in Appendix A of the Protocol. The list was further developed and revised into a more 
comprehensive list based on climatic and meteorological phenomena deemed to be relevant to the 
geographic region (southwestern Ontario) and the region’s known seasonal variability.  Factors dictating 
the selection of climate parameters, and the indices used to express them, were based on data 
availability of several standard meteorologically-accepted parameters in consideration of both the 
historical/existing record as well as future projection model output. Justification for parameter selection 
was also based on the parameter’s potential to present vulnerability to the infrastructure and its 
components as a result of either an extreme or persistent occurrence. Lastly, a meeting was conducted 
between the project team and TRCA to discuss and agree on these climate parameters. The meeting 
resulted in a list of climate parameters endorsed by TRCA. 
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The following climate parameters were selected for analysis in this study: 

 High Temperature  Heavy 5-Day Total Rainfall  Lightning 

 Low Temperature  Winter Rain  Hailstorm  

 Heat Wave  Freezing Rain  Hurricane/Tropical Storm 

 Cold Wave  Ice Storm  High Wind 

 Extreme Diurnal 
Temperature Variability 

 Heavy Snow   Tornado 

 Freeze Thaw  Snow Accumulation  Drought/Dry Period 

 Heavy Rain  Blowing Snow/Blizzard  Heavy Fog 

Other parameters initially included (e.g. Frost, Wet Days, Acid Rain and Dust Storms) were discarded and 
are not discussed further in this chapter due to consensus among the study team and client that they 
presented very little-to-no defined vulnerability to the dams.  

3.1.3 Definitions 
Definitions for the aforementioned climate parameters were established by GENIVAR’s climate team in 
conjunction with Toronto and Region Conservation Authority (TRCA) staff and were based on three 
factors: a) the usefulness of the climate parameter in determining vulnerability; b) the availability of 
information; and c) the ability to relate this information to a probability.  

In most cases, the “usefulness of the parameter in determining vulnerability” meant referencing the 
phenomenal or extreme aspects of a climate event (i.e. in the absence of extremes, vulnerability may not 
exist). In some instances, the mere occurrence of an event (singular or otherwise) was useful in 
determining vulnerability (e.g. tornado, hurricane), whereas for others, only an extreme occurrence of the 
event was deemed useful in determining vulnerability (e.g. high temperature of greater than 35°C). The 
latter required that a threshold be established, which was reflective of an extreme event for each 
applicable parameter. Each threshold was determined collaboratively between the project team and 
TRCA staff. Both parties recognized that time and resource limitations necessitated a pragmatic approach 
to selecting thresholds that was based on readily available information.  

The “availability of information” meant having access to climate parameter indices with both compiled 
historical data and future projections or predictions. However, it is noted that for certain parameters, 
whether considering historical or future, the only indices readily available were average occurrences over 
a unit time period, rather than extremes.  

The “ability to relate information to a probability” meant selecting data that were expressed, or easily 
manipulated to be expressed, as a probability, thus satisfying the first half of the “Risk” calculation 
equation; P (probability) x S (severity) = R (risk), required in the Protocol’s Step 3 screening matrix. This 
often prevented the use of climate data in its original recorded form (i.e. magnitude), but rather required 
manipulation for it to be expressed as a probability. For example, Heavy 5 Day Total Rainfall, a parameter 
for representing heavy rain over an extended time period, could not be used in its original recorded form 
(total millimetres). Instead, it needed to be translated to a frequency by establishing a threshold (reflective 
of extreme or phenomenal conditions) and calculating the number of occurrences that would surpass the 
threshold in a given year.    

Two tiers of parameter definitions were established: 

Tier one:  Commonly occurring events, which are almost certain to occur in a given year and whose 
effects and impacts to infrastructure are most likely related to persistence rather than a 
single occurrence. These parameters were defined as the probability of exceeding the 
historical average occurrence (i.e. Canadian Climate Normals) in a given year; and  
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Tier two: The occurrence of extreme or phenomenal events in a given year. 

3.1.4 Data Sources 

3.1.4.1 Historical 
The historical climate analysis for the Claireville and G. Ross Lord dams was conducted using data from a 
variety of sources. Information was retrieved from Environment Canada’s Canadian Climate Normals 
(Environment Canada, n.d.), Climate Data Online (Environment Canada, 2008), the Ontario Node of the 
Canadian Atmospheric Hazards Network (Environment Canada, 2009) (hereafter referred to as the 
Atmospheric Hazards website) and the Canadian Daily Climate Data (CDCD V1.02) program 
(Environment Canada, 2007). For these data sources, Toronto Pearson International Airport weather 
station data was used (unless specified otherwise) as a result of the station’s close proximity to the dams 
and completeness of data over the station’s period of record. For certain climate parameters (i.e. ice 
storm, lightning, hurricane, and tornado) information was either not available from the above-mentioned 
sources or was not representative of the same geographical area and not specific to Toronto Pearson 
International Airport. In these instances there was a need to select alternative sources of information 
and/or use information representative of a different geographical area. These cases are clearly 
documented within the specific sections of this chapter.   

To assess historical trends in climate, various scientific journal articles were reviewed. It is noted that 
parameter indices and scales (temporal and spatial) from the literature often varied from the study’s 
established climate parameter definitions. However, due to resource limitations, the team agreed to 
accept varying levels of applicability as long as it could be used to make logical assumptions and 
connections with study definitions. GENIVAR did not conduct any independent trend analyses.  

3.1.4.2 Future 
Future climate projections were analyzed using climate model outputs from Environment Canada’s 
Canadian Climate Change Scenario Network (CCCSN) Scatter Plots (CCCSN, 2007b) and Bioclimate 
Profiles (CCCSN, 2007a), the Intergovernmental Panel on Climate Change (IPCC) 4th Assessment 
Report (AR4, 2007) Regional Climate Projections chapter (and others, where applicable), and scientific 
journal articles presenting regional and local projections and predictions.  

Using the CCCSN, output from IPCC-recognized AR4 global climate models was extracted for the model 
grid cell encompassing the Toronto area for each of the three emissions scenarios used, A2 (high) A1B 
(medium) and B1 (low). Outlying global models that were not effective in reproducing aspects of the 
southern Ontario climate were identified and removed by the TRCA and the median output from the 
remaining models was considered.  In addition to considering the median output of all models, the range 
of output across the various models was also considered in assessing the confidence with which the 
output could be used. It should be noted that for some climate parameters, output was not available from 
all of the global climate models for which access is available on the CCCSN website.   

Similar to limitations associated with the available literature for historical trends, challenges were 
experienced in identifying climate projections for certain parameters, as information was often only 
available at global or regional scales (i.e. not specific to the Toronto Area), and/or by referencing different 
benchmarked time periods (i.e. not 1971-2000) or future planning horizons (i.e. not 2050s). As a result, 
difficulties in making direct comparisons between historical and future results were occasionally 
encountered. In such cases, the professional judgement of the project team was often applied in the 
ranking of existing and future probability, which was considered reasonable given the level of accuracy 
and precision required by the protocol.   

The way that this was managed was by ensuring “enough” support was available to justify decisions; for 
example, a change in probability score between existing and future scenarios for a given parameter. In 
this sense, the term “enough” meant having said support (e.g. baseline information in the form of model 
projection output being supported by scientific literature relating to the same or similar spatial and 
temporal setting) such that, in the event that the review and scoring process was to be repeated by 
others, one would likely come to the same conclusion (at least in terms of direction, and possible in 
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magnitude of change).  Alternatively, where supporting projection data were clearly inconsistent or in 
conflict with one another, scores remained unchanged.    

3.1.5 Time Frames Used for Analysis 

3.1.5.1 Historical 
The most common time frame used for analysis of historical climate data was 1971 to 2000 as this is the 
most recent 30-year climate normal period represented in the Canadian Climate Normals, and is the 
period used in many of the graphics and data provided on the Atmospheric Hazards website. In addition 
most climate change projections refer to changes from baseline climate of 1961 to 1990 or 1971 to 
2000.The time frame of 1971 to 2000 was used where analysis was undertaken by GENIVAR using the 
Climate Data Online (Environment Canada, 2008) and the Canadian Daily Climate Data (CDCD V1.02) 
program (Environment Canada, 2007) for occasions where data was not available from the Climate 
Normals or Atmospheric Hazards website. There were instances where the historical conditions of certain 
parameters were exclusively or best represented by time frames different from, or longer than, the 1971 
to 2000 period. These cases are clearly identified within the specific sections of this chapter.  

3.1.5.2 Future 
Wherever possible, the time frame used for future projections was the 30-year period of 2041 to 2070, or 
more commonly expressed as “the 2050s”. Assessment of vulnerability beyond this horizon was not 
conducted as it was agreed (among the study team members and TRCA staff) that this would likely 
surpass the design life of the infrastructure without the undertaking of significant reconstruction or 
rehabilitation efforts.  The level of uncertainty associated with future climate project also increases 
significantly beyond the middle of this century, which would potentially call into question the utility of the 
results. 

3.1.6 Process of Probability Scoring 
The process of scoring the probability of an event’s occurrence was conducted by first identifying 
historical occurrences and then by calculating a frequency (i.e. the number of occurrences within a time 
frame divided by the number of years in that time frame). In some instances, the data was already 
presented (by the relevant source) as a frequency. A score between 0-7 was assigned to each parameter 
by subjectively relating the known or calculated probability to one of the descriptive terms presented in 
Method A of the Protocol’s Probability Scale Factors (shown in Table 3-1). In order to initially relate 
numeric probabilities to descriptive terms, the team followed a consistent thought process to establish 
relational benchmarks. The following example explains how this was conducted: 

The process started by framing the question “what is the likelihood that an event will occur in a given 
year?” If one considers a climate parameter calculated to have a historical annual frequency of 0.5 then 
this can be considered to mean that the climate event would occur approximately once every other year. 
The team evaluated the various Method A descriptive terms and collectively agreed that, if the event 
would occur approximately once every other year, then the term “moderate/possible” best represented 
the likelihood of its occurrence in a given year. That is to say, by no means is it certain that it will occur 
every year. The Protocol’s Figure 8 relates the term “moderate/possible” to a Probability Score of “4”. This 
was established as a middle relational benchmark. 

Following the same rationale as above, parameters with known or calculated probabilities of greater than 
2 were considered very likely to have an event occur in a given year based simply on the historical 
record. Therefore, any probabilities greater than two were agreed to relate best to the term “certain/highly 
probable”. The Protocol’s Figure 8 relates the term “certain/highly probable” to a Probability Score of “7”. 
This was established as the upper relational benchmark.  

The Protocol’s Figure 8 relates the term “negligible or not applicable” to a Probability Score of “0”. It was 
agreed that regardless of how low the frequency, the term “negligible or not applicable” did not apply to 
any parameter being evaluated in this particular study and as such, no scores of “0” would be assigned.  
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The above three rationales, provided relational benchmarks for the team to consider during this 
assessment. Once completing several additional examples, the team continued to develop a consistent 
process (or self calibration) in ascribing values. In order to ensure this consistency was maintained for all 
parameters, a mechanism was developed which related frequency ranges to PIEVC scores. This 
mechanism is shown in Table 3-1 below (right column). Following this mechanism, historical probabilities 
were matched to the appropriate numerical ranges. 

Table 3-1 Protocol Probability Scale Factors and Mechanism Used to Consistently Assign Probability 
Scores 

PIEVC Probability Score Method A 
Calculated Number of  
Occurrences per Year (range)* 

0 negligible or not applicable 0 
1 improbable / highly unlikely >0 to 0.05 
2 remote 0.05 to 0.1 
3 occasional 0.1 to 0.25 
4 moderate / possible 0.25 to 0.75 
5 often 0.75 to 1.25 
6 probable 1.25 to 2 
7 certain / highly probable >2 

*Ranges were developed subjectively based on completing several examples of relating probabilities to descriptive 
terms. 

It is noted that tier one parameters were treated slightly different. As per their definition (in Section 3.1.3 
above), these parameters represent commonly occurring events whose effects and impacts to 
infrastructure are most likely related to persistence rather than a single occurrence (i.e. freeze thaw) . If 
they were not treated independently, their frequency of occurrence in a given year (always greater than 
two) would repeatedly be assigned a Probability Score of “7” or “certain/highly probable”. The team, in 
conjunction with TRCA staff, decided that this was undesirable because it would prevent the potential for 
any upward change in future scenario scores and would unjustifiably influence the overall risk scores. In 
order to ensure that these types of parameters were set on a level playing field with the more extreme 
parameters, the following methodology was established. 

Following the calculation of the frequency of occurrences within a given year (same as for tier two 
parameters), this value, which was often high (e.g. 85 for freeze thaw cycles), was used as a benchmark 
within the definition itself (different from tier two parameters). This was done because the initial calculated 
frequency presented little use in assessing vulnerability of the infrastructure (i.e. the likelihood of 1 freeze 
thaw event occurring was meaningless). Continuing with the freeze thaw example, an original study 
definition would have been “the number of days in a given year with maximum temperature greater than 
0°C and minimum temperature less than 0°C”, whereas the revised definition becomes “85 or more days 
with maximum temperature greater than 0°C and minimum temperature less than 0°C”. This allows for an 
appreciation of the event’s historical average occurrence (annual) experienced over life of the dams as 
well as establishing a point of reference to consider when evaluating future probability scores (i.e. the 
likelihood of more or less than the historical average occurring).  

For the purposes of this study, it was agreed that for tier one parameters, half of the time (0.5), a given 
year would experience more than an event’s historical average (i.e. 85 freeze thaw events) and the other 
half (0.5), a given year would experience less than an event’s historical average. It is recognized that in 
order to be statistically meaningful, this middle reference point should indeed be the data set’s median, 
rather than the mean, however a pragmatic approach was taken based on readily available information 
and the level of accuracy required.  

Based on the relational benchmarks established above and the resulting mechanism developed, tier one 
definitions in the historical context (frequency of 0.5) were deemed to have a “moderate/probable” chance 
of occurrence. As such, a Probability Score of “4” was assigned.  

When considering the future scenario (2050s), probability scores were assigned by changing (increasing 
or decreasing) or maintaining the previously established historical scores and not by calculating new 
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probabilities. Scores were assigned after understanding future climate projections via the analysis of 
CCCSN global climate model output, bioclimate profiles, and/or review of available scientific journal 
articles. Once projections were obtained, the probability scores were re-evaluated for each parameter and 
sometimes adjusted. Where projection information was not available, probability scores remained 
unchanged between historical and future scenarios. 

In addition to understanding future projections, historical trends were discussed. It is noted that trends 
were not used to alter future probability scores, but rather provided background information to projections 
or predictions. It is further noted (as previously mentioned) that all trend analyses were obtained from 
readily available literature and were not conducted by GENIVAR. 

3.1.7 Layout of Chapter 
Beyond its Introduction, this chapter is presented in a parameter-by-parameter format, each section of 
which contains the following subsections: 
 

 Climate Parameter (e.g. High Temperature) 
o Definition 
o Historical Climate 

 Findings 
 Probability Scoring 

o Trends 
o Climate Projections 

 Findings 
 Probability Scoring 

3.2 Climate Parameters 

3.2.1 High Temperature  

3.2.1.1 Definition 
For the purposes of this study, the measure of high temperature was defined as the number of days 
where the maximum temperature is greater than 35°C in a given year. As the highest temperature ever 
recorded at Toronto Pearson International Airport was 38.3°C (August 25, 1948) (Environment Canada, 
n.d.), a threshold of 35°C was considered representative of extreme or phenomenal high temperature. As 
described in Section 3.1.3 of this chapter, this parameter is a tier two definition.   

3.2.1.2 Historical Climate 

Findings 
Climate Normals describe and summarize average climate conditions for a particular location, typically 
over a 30-year period. In this study Climate Normals were obtained for Toronto Pearson International 
Airport based on data from the years 1971 to 2000. The information yielded from these Normals relating 
to high temperature is shown in Table 3-2 below. On average there were 0.54 days per year with a 
maximum temperature greater than 35°C.  

Table 3-2 High Temperature Results for the Period 1971-2000* 

Description Days/Year 
Number of days with a maximum temperature > 30°C 12.6 
Number of days with a maximum temperature > 35°C 0.54 
*(Environment Canada, n.d.) 
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Probability Scoring 
Based on the findings above, 0.54 (days per year with a maximum temperature greater than 35°C) was 
compared to the established ranges in Table 3-1 and was subsequently ascribed a probability score of 
“4”, with a “moderate/possible” chance of occurrence.  

3.2.1.3 Trends 
Trends in historical temperatures for southern Canada from the years 1900 to 1998 were examined by 
Bonsal, Zhang, Vincent, and Hogg (2001). Although their research presents significantly increasing trends 
to the lower and higher percentiles of daily minimum and maximum temperature distribution (1st, 5th & 10th 
percentile for extreme low and 90th, 95th & 99th percentile for extreme high), no consistent trends for the 
higher percentiles of summer daily maximum temperature were identified, thus indicating little change to 
the number of extreme hot summer days.  

Vincent and Mekis (2006) showed that the number of annual warm events (days above the 90th 
percentile) over Canada increased significantly throughout the years 1950 to 2003. In addition, Zhang, 
Vincent, Hogg, and Niitsoo (2000) found that over the same time period, annual mean temperatures have 
increased by 0.9°C in southern Canada (south of 60oN), however relatively smaller increases have 
occurred in daily maximum temperature (especially when compared to increases in daily minimum 
temperature). Furthermore, their research, which also dealt with indices of abnormal climate (i.e. below 
the 34th percentiles and above the 66th percentiles), indicated that southern Canada has not become 
hotter, but rather less cold.  

The above studies indicate that little-to-no increases have occurred with respect to extreme hot 
temperatures. It is noted that these studies are not specific to the Toronto area and do not define high 
temperature the same as GENIVAR (i.e. the number of days with maximum temperature greater than 
35°C). In addition, some of the trends assessed annual data, which prevented the findings from being 
directly comparable to daily maximums. 

3.2.1.4 Climate Projections 

Findings 
Current climate projections indicate that temperatures for most of North America will increase and likely 
exceed the global mean warming (Christensen et al., 2007, IPCC). This projected increase in temperature 
is expected to be between 2°C to 3°C and is based on annual means (Christensen et al., 2007, IPCC). In 
addition, it is very likely that high temperature extremes will increase globally (Meehl et al., 2007, IPCC). 
These increases represent global mean warming and do not relate directly to temperatures greater than 
35°C. A study by Kharin, Zwiers, Zhang and Hegerl (2007) indicated that changes in warm extremes 
generally follows changes in the mean summertime temperature.  

Projections specific to Toronto are presented in a study by Cheng et al. (2005), where the average of five 
climate change scenarios is used. The study projects that the number of days exceeding 30°C will more 
than double by the 2050s. Although not directly indicated, this finding would suggest the potential for the 
number of days with temperatures greater than 35°C to increase as well.   

IPCC recognized climate model outputs available on the CCCSN, project an annual mean maximum air 
temperature increase of approximately 2.5°C for the grid cell encompassing the Toronto area (methods 
presented in section 3.1.4.2). It is noted that this annual value will not necessarily influence changes in 
the number of days with temperatures exceeding 35°C. 

Probability Scoring 
The probability score for the future was adjusted from the historical value of “4” to a revised probability 
score of “5” based on the above-noted climate projections and the following rationale. Climate Normals 
(based on the historical record 1971-2000) revealed 12.6 days per year with temperatures exceeding 
30°C and 0.54 days exceeding 35°C. This is a large difference in the number of days even though the 
thresholds are relatively close. Considering mean maximum air temperatures are projected to increase by 
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2.5°C (climate model output for Toronto grid cell) one might assume that this increase would be enough 
to elevate a certain percentage of the existing “greater than 30°C days” (12.6) to a temperature above the 
35°C threshold. Furthermore, if the number of days exceeding 30°C is projected to more than double by 
the 2050s (Cheng et al.’s 2005 study), then it might also be expected that a certain proportion of the 
“greater than 30°C days” will also exceed 35°C. As a result, it was decided that an increase in the number 
of days above 35°C would be large enough to justify an increase of 1 in the probability score.  

3.2.2 Low Temperature  

3.2.2.1 Definition 
For the purposes of this study, the measure of low temperature was defined as the number of days where 
the minimum temperature is less than -30°C in a given year. As the lowest temperature ever recorded at 
Toronto Pearson International Airport was -31.3°C (January 4, 1981) (Environment Canada, n.d.), a 
threshold of -30°C was considered representative of extreme or phenomenal low temperature. As 
described in Section 3.1.3 of this chapter, this parameter is a tier two definition.   

3.2.2.2 Historical Climate 

Findings 
The information yielded from the Canadian Climate Normals for Toronto Pearson International Airport 
relating to low temperature is shown in Table 3-3 below. On average there were 0.1 days per year with a 
minimum temperature below -30°C.  

Table 3-3 Low Temperature Results for the Period 1971-2000* 

Description Days/Year 
Number of days with a minimum temperature < -20°C 5.2 
Number of days with a minimum temperature < -30°C 0.1 
*(Environment Canada, n.d.) 

Probability Scoring 
Based on the findings above, 0.1 (days per year with a minimum temperature below -30°C) was 
compared to the established ranges in Table 3-1 and was subsequently ascribed a probability score of 
“3”, with an “occasional” chance of occurrence. 

3.2.2.3 Trends 
Trends in historical temperatures for southern Canada were examined in a study by Bonsal et al. (2001), 
which showed a significant decrease in the number of days with extreme low temperatures (e.g. minimum 
temperature less than 5th percentile) from 1900 to 1998 during winter. Vincent and Mekis (2006) showed 
that the number of annual cold events (days below the 10th percentile) over Canada decreased 
significantly throughout the years 1950 to 2003.  

Zhang et al. (2000) found that annual mean temperatures have increased by 0.9°C over the last century 
in southern Canada (south of 60oN) and that large increases in daily minimum temperatures have 
occurred. Furthermore, their research, which also dealt with indices of abnormal climate (i.e. below the 
34th percentiles and above the 66th percentiles), indicates that southern Canada has not become hotter, 
but rather less cold.  

The above studies indicate that substantial decreases in winter days with extreme low temperatures and 
increases in daily minimum temperatures have occurred.  It is noted that these studies are not specific to 
the Toronto area and do not define low temperature the same as GENIVAR (i.e. the number of days with 
minimum temperature less than -30°C). In addition, some of the trends assessed annual data, which 
prevented the findings from being directly comparable to daily minimums. 
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3.2.2.4 Climate Projections 

Findings 
Current climate projections indicate that temperatures for most of North America will increase and likely 
exceed the global mean warming (Christensen et al., 2007, IPCC). This projected increase in temperature 
is expected to be between 2°C to 3°C and is based on annual means (Christensen et al., 2007, IPCC). In 
addition, the fourth IPCC assessment report concluded that there will be a reduced risk of extreme low 
temperatures (Meehl et al., 2007, IPCC). Cheng et al. (2009b) used a statistical downscaled approach on 
five general circulation models (GCM) outputs to derive future climate information and found that it is very 
likely that cold related mortality will decrease by about 60% in Toronto by the 2050s, implying a warming 
of extreme low temperature. A study by Kharin et al. (2007) indicates that cold extremes warm faster than 
warm extremes by about 30% - 40%, globally averaged.  

IPCC recognized climate model outputs available on the CCCSN, project an annual mean minimum air 
temperature increase of approximately 2.7°C for the grid cell encompassing the Toronto area (methods 
presented in Section 3.1.4.2). It is noted that this annual value will not necessarily influence changes in 
the number of days with temperatures below -30°C.   

Probability Scoring 
The probability score for the future was adjusted from the historical value of “3” to a revised probability 
score of “2” based on the above-noted climate projections and trends, which both indicate a decrease in 
the number of extreme cold days and warming temperatures. 

3.2.3 Heat Wave 

3.2.3.1 Definition 
A meteorological heat wave is defined by Environment Canada (Meteorological Service of Canada (MSC) 
- Ontario Region, 2009b) as three or more consecutive days in which the maximum temperature is 
greater than or equal to 32°C. For the purposes of this study, the number of heat wave occurrences within 
a given year was considered. As described in Section 3.1.3 of this chapter, this parameter is a tier two 
definition.   

3.2.3.2 Historical Climate 

Findings 
Daily temperature data for Toronto Pearson International Airport, obtained from Environment Canada’s 
Climate Data Online (Environment Canada, 2008), was analyzed for the occurrences of heat waves from 
1971 to 2000 based on the above definition. It was determined that 17 heat waves occurred during this 
30-year period. This translates to an average of 0.57 heat waves per year (17/30). The majority of heat 
waves lasted for the defining three days; however, there was one heat wave that lasted for 6 days, three 
heat waves that lasted for 5 days, and two heat waves that lasted for 4 days.  

Probability Scoring 
Based on the findings above, 0.57 (heat waves per year) was compared to the established ranges in 
Table 3-1 and was subsequently ascribed a probability score of “4”, with a “moderate/possible” chance of 
occurrence. 

3.2.3.3 Trends 
No studies specifically analysing trends of heat waves were identified, although various warming trends 
were established in the articles reviewed, as discussed in section 3.2.1.3 of this chapter. 
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3.2.3.4 Climate Projections 

Findings 
The Global Climate Projections chapter of the IPCC 4th Assessment Report indicates that there will likely 
be an increasing risk of more frequent and longer heat waves (Meehl et al., 2007, IPCC). In addition, 
there is expected to be an increase in the dryness of summer with drier soil conditions, which could 
contribute to more severe heat waves (Meehl et al., 2007, IPCC). As these projections are made in a 
global context, they cannot be directly related to the Toronto area.  

A study by Cheng et al. (2005), which used the average of five climate change scenarios, found that the 
number of days exceeding 30°C is projected to more than double by the 2050s for Toronto. This finding, 
along with the projected annual mean maximum air temperature increase of approximately 2.5°C (climate 
model output for Toronto grid cell as discussed in 2.1.4.1) suggest that the number of days with 
temperatures greater than or equal to 32°C (temperature component threshold for heat waves) is likely to 
increase, thereby increasing the number of days where heat wave conditions are possible. It is noted that 
the mean maximum air temperature increase of 2.5°C is an annual value and will not necessarily reflect 
changes in the summer season.  

Climate model outputs available on the CCCSN (for Toronto grid cell) also project that the maximum heat 
wave duration will increase by approximately 22 days by the 2050s. However, this is not directly 
comparable data as the CCCSN uses the definition of a heat wave as a maximum period greater than 5 
consecutive days with the maximum temperature greater than 5°C above the baseline maximum 
temperature normal.  

Probability Scoring 
The probability score for the future was adjusted from the historical value of “4” to a revised probability 
score of “5” based on the above-noted climate projections. Similar logic was used in the evaluation of 
heat waves as was used for high temperature.    

3.2.4 Cold Wave 

3.2.4.1 Definition 
A cold wave is defined by Environment Canada (MSC - Ontario Region, 2005a) as a day in which the 
minimum temperature is below -20°C and the maximum temperature is not above -10°C. For the 
purposes of this study, the definition of a cold wave was altered slightly to be three or more consecutive 
days having a minimum temperature below -20°C and a maximum temperature below -10°C. The number 
of cold wave occurrences within a given year was considered. This altered definition related better to the 
“Heat Wave” definition (above) and differentiated this parameter from “low temperature” (discussed 
above). As described in section 3.1.3 of this chapter, this parameter is a tier two definition.   

3.2.4.2 Historical Climate 

Findings 
Daily temperature data for Toronto Pearson International Airport, obtained from Environment Canada’s 
Climate Data Online (Environment Canada, 2008), was analyzed for the occurrences of cold waves from 
1971 to 2000 based on the above definition. It was determined that 5 cold waves occurred during this 30-
year period. This translates to an average of 0.17 cold waves per year (5/30). All cold waves lasted for 
the defining three days with the exception of one, which lasted for 6 days.  

Probability Scoring 
Based on the findings above, 0.17 (cold waves per year) was compared to the established ranges in 
Table 3-1 and was subsequently ascribed a probability score of “3”, with an “occasional” chance of 
occurrence. 
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3.2.4.3 Trends 
No studies specifically analysing trends of cold waves were identified, although various warming trends 
were established in the articles reviewed, as discussed in Section 3.2.1.3 of this chapter. 

3.2.4.4 Climate Projections 

Findings 
Current climate projections indicate that temperatures for most of North America will increase and likely 
exceed the global mean warming (Christensen et al., 2007, IPCC). This projected increase in temperature 
is expected to be between 2°C to 3°C and is based on annual means (Christensen et al., 2007, IPCC). 
The fourth IPCC assessment report concluded that there will be a reduced risk of extreme low 
temperatures. Furthermore, global climate projections indicate that there will likely be a decline in the 
frequency of cold air outbreaks (two or more consecutive days with temperatures below the present mean 
by two standard deviations) in winter by 50-100% (using A1B scenario) in the northern hemisphere 
(Meehl et al., 2007, IPCC). In addition, Cheng et al. (2009b) used a statistical downscaled approach from 
five general circulation models (GCM) to derive future climate information and found that it is very likely 
that cold related mortality will decrease by 60% in Toronto, demonstrating a warming of extreme low 
temperature.  

IPCC recognized climate model outputs available on the CCCSN, project an annual mean minimum air 
temperature increase of approximately 2.7°C for the grid cell encompassing the Toronto area (methods 
presented in Section 3.1.4.2). Although this annual value does not necessarily reflect changes in the 
winter season.   

Probability Scoring 
The probability score for the future was adjusted from the historical value of “3” to a revised probability 
score of “2” based on the above-noted climate projections and trends (for low temperature), which both 
indicate a decrease in the number of extreme cold days and warming temperatures. Similar logic was 
used in the evaluation of cold waves as was used for low temperature.    

3.2.5 Extreme Diurnal Temperature Variability 

3.2.5.1 Definition 
Diurnal temperature variability is the difference between the maximum and minimum temperature in a day 
(i.e. the daily swing in temperature). For the purposes of this study, this parameter was defined as the 
number of days experiencing a diurnal temperature variability of greater than 25°C in a given year. As the 
maximum diurnal temperature variability ever recorded at Toronto Pearson International Airport was 
32.8°C (March 4, 1950) (Environment Canada, 2008), a threshold range of 25°C was considered 
representative of extreme or phenomenal diurnal temperature variation. As described in Section 3.1.3 of 
this chapter, this parameter is a tier two definition.   

3.2.5.2 Historical Climate 

Findings 
Daily temperature data for Toronto Pearson International Airport, obtained from Environment Canada’s 
Climate Data Online (Environment Canada, 2008), was analyzed for the occurrences of extreme diurnal 
temperature variability from 1971 to 2000 based on the above definition. It was determined that there 
were 5 occurrences of extreme diurnal temperature variability during this 30-year period. This translates 
to an average of 0.17 occurrences per year (5/30).  
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Probability Scoring 
Based on the findings above, 0.17 (extreme diurnal temperature variability occurrences per year) was 
compared to the established ranges in Table 3-1 and was subsequently ascribed a probability score of 
“3”, with an “occasional” chance of occurrence. 

3.2.5.3 Trends 
Vincent and Mekis (2006) discovered that changes (warming) in night time temperatures were more 
pronounced than changes in daytime temperatures (throughout Canada) leading to a decrease in the 
diurnal temperature variation for the years 1900 to 2003. Trends examined for the period 1950 to 2003 
show a decrease of approximately 0.5°C to 1.0°C in diurnal temperature variability at certain stations 
including southern Ontario (Vincent and Mekis, 2006).  

Zhang et al. (2000) discovered that annual mean temperatures have increased by 0.9°C over the last 
century in southern Canada. The maximum daily temperature was found to have relatively smaller 
increases compared to the minimum daily temperature for the years 1900 to 1998. This led to a decrease 
in diurnal temperature variability of 0.5-2.0°C. It is noted that these studies are not specific to the Toronto 
area and do not define extreme diurnal temperature variability the same as GENIVAR (i.e. the number of 
days experiencing a diurnal temperature variability of greater than 25°C).  

3.2.5.4 Climate Projections 

Findings 
The IPCC global climate projections indicate a decrease in the diurnal temperature variation in most 
regions (Meehl et al., 2007, IPCC). In addition, IPCC recognized climate model outputs available on the 
CCCSN for the grid cell encompassing the Toronto area (methods presented in Section 3.1.4.2), project 
an annual mean maximum air temperature increase of approximately 2.5°C and an annual mean 
minimum air temperature increase of approximately 2.7°C. This indicates that minimum air temperatures 
are likely to increase more than maximum air temperatures thus reducing variability. Furthermore, climate 
model outputs from the CCCSN indicate a decrease of 1.42°C in the extreme temperature range 
(difference between the maximum air temperature and minimum air temperature within a given year) for 
the 2050s. It is noted that these data represent annual values and cannot be directly related to a diurnal 
temperature range. 

Probability Scoring 
The probability score for the future was adjusted from the historical value of “3” to a revised probability 
score of “2” based on the above-noted climate projections and trends, which both indicate a decrease in 
the diurnal (and annual) temperature variability.  

3.2.6 Freeze Thaw 

3.2.6.1 Definition 
For the purposes of this study, freeze thaw was defined as the average number of days (85 as described 
below) in a given year, which had a maximum temperature greater than 0°C and a minimum temperature 
less than 0°C (CCCSN, n.d.). As described in Section 3.1.3 of this chapter, this parameter is a tier one 
definition.   

3.2.6.2 Historical Climate 

Findings 
Daily temperature data for Toronto Pearson International Airport, obtained from Environment Canada’s 
Canadian Daily Climate Data program (CDCD) (Environment Canada, 2007), was analyzed for the 
occurrence of freeze thaw cycles from 1971 to 2000 based on the above definition. It was determined that 
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2,559 days with freeze thaw occurred during this 30-year period. This translates to an average of 85.3 
days per year (2,559/30). 

Probability Scoring 
As freeze thaw was established as a tier one definition, the standardized probability scoring process (for 
tier one parameters) described in Section 3.1.6 was employed. Based on the assumption that 0.5 
represents the probability that the historical average number of freeze thaw events (85) would occur in a 
given year, established ranges in Table 3-1 indicate that a probability score of “4” be ascribed, with a 
“moderate/probable” chance of occurrence.  

3.2.6.3 Trends 
Ho and Gough (2006) determined that for the years 1960 to 1989 there was an unspecified decrease in 
the annual number of freeze thaw cycles for a study site located in downtown Toronto, even though the 
Toronto Pearson International Airport station did not exhibit a significant trend. It is noted that this study’s 
definition of freeze thaw (i.e. having a maximum temperature greater than or equal to 0°C and a minimum 
temperature less than or equal to -1°C) differed from GENIVAR’s definition (i.e. 85 days with a maximum 
temperature greater than 0°C and a minimum temperature less than 0°C). 

3.2.6.4 Climate Projections 

Findings 
Ho and Gough (2006), using predictive capacities of the 2nd and 6th polynomial equations (monthly 
temperature versus monthly number of freeze thaw cycles) on established trends (in Toronto) concluded 
that changes in freeze thaw cycle frequencies will not be significant under synthetic warming conditions.  

Bioclimate profiles available on the CCCSN website, provide graphical representation of climate and 
related indices both historically and in the future. Future climate projections are found by applying the 
closest GCM grid-cell change fields (no downscaling) to historical station specific climate data. There are 
14 bioclimate profiles on the CCCSN that have freeze thaw days as an index. Results for the 2050s study 
period project an average of 68 freeze thaw days per year based on an average of the three emission 
scenarios (SR-A1B, SR-A2, and SR-B1). 

Probability Scoring 
The probability score for the future was adjusted from the historical value of “4” to a revised probability 
score of “2” based on the above-noted climate projections and trends, which indicate a substantial 
decrease in the number of freeze thaw cycles (most notably the bioclimate profiles). As freeze thaw was 
classified a tier one definition, the probability of its occurrence in relation to the historical average was 
considered. With the bioclimate profiles indicating such a large variation (decrease) from existing (i.e. 68 
cycles from 85 cycles), it was decided that decreasing the probably score by 2 was justified.   

3.2.7 Heavy Rain 

3.2.7.1 Definition  
For the purposes of this study, heavy rain was defined as the number of days, in a given year, that 
experienced rainfall greater than or equal to 50mm within a 24-hour period. Although rainfall warnings are 
issued by Environment Canada in the warm season when 50mm or more is expected to fall within 12 
hours (MSC-Ontario Region, 2009e), a 24-hour period was chosen for this parameter’s definition as data 
was more readily available and it was considered to still represent extreme or phenomenal rainfall 
conditions. As described in Section 3.1.3 of this chapter, this parameter is a tier two definition.   
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3.2.7.2 Historical Climate 

Findings 
Daily temperature data for Toronto Pearson International Airport, obtained from Environment Canada’s 
CDCD program (Environment Canada, 2007), was analyzed for the occurrence of heavy rain from 1971 
to 2000 based on the above definition. It was determined that 14 heavy rain episodes occurred during this 
30-year period. This translates to an average of 0.47 occurrences per year (14/30).  

Probability Scoring 
Based on the findings above, 0.47 (days per year with rainfall greater than or equal to 50mm within a 24-
hour period) was compared to the established ranges in Table 3-1 and was subsequently ascribed a 
probability score of “4”, with a “moderate/possible” chance of occurrence. 

3.2.7.3 Trends 
Vincent and Mekis (2004) showed a significant decrease in the intensity of rain (ratio between annual 
total rainfall amount and the number of days with rain) in southern Canada from 1950 to 2001, however 
concluded that there were no consistent changes in the highest 5-day maximum. A subsequent study by 
Vincent and Mekis (2006) supported this finding and showed that the number of days with rainfall (days 
with rain greater than trace amounts) increased from 1950 to 2003 throughout southern Canada. They 
also found a decrease in a simple daily intensity index (annual rainfall divided by the number of days with 
rain). Another paper by Hogg (1996) found an insignificant positive trend in extreme rainfall (undefined - 
based on station extremes) over the last 60 to 90 years for all regions in Canada.  

Zhang et al. (2000) found that the total precipitation in southern Canada increased by 12% from 1900 to 
1998, while Zhang et al. (2001) found no identifiable trends in extreme precipitation (90th percentile, 
maximum and 20 year return values of annual daily precipitation) over the same period. A paper written 
by Cheng, Li, G., and Li, Q. (2007a) analysed the number of days in the warm season (April to 
November) with rainfall-related weather types and found that for Toronto, the number of days increased 
by 8.2 days over the period 1958 to 2002.  

Trend information showed a decrease in a simple daily rainfall intensity indicator, but an increase in the 
number of days with rain. It is noted that some of these studies are not specific to the Toronto area and 
do not define heavy rain the same as GENIVAR (i.e. the number of days that experience rainfall greater 
than or equal to 50mm within a 24-hour period). 

3.2.7.4 Climate Projections 

Findings 
Based on a review of various relevant articles, Chiotti and Lavender (2008) deduced that the majority of 
GCM models project an increase in precipitation within the next 20 to 50 years, which is expected to be 
more intense and more frequent. Kharin et al. (2007) concluded that relative changes in precipitation 
intensity extremes generally exceed relative changes in annual mean precipitation.  

Christensen et al., (2007, IPCC) found that in southern Canada precipitation is likely to increase in winter 
and spring but decrease in summer. Furthermore, Meehl et al., (2007, IPCC) indicated that global 
precipitation is expected to be concentrated in more intense events that are less frequent with more days 
between rainfalls.  

The model outputs available on the CCCSN for the grid cell encompassing Toronto (methods presented 
in Section 3.1.4.2) project an increase in the annual mean total precipitation by 5.12% by the 2050s. The 
model outputs also project that days with precipitation greater than the 95th percentile will increase by 
2.35%.  



Flood Control Dam Water Resources Infrastructure Assessment -
Final Report 
 Climate Analysis and Projections
 

GENIVAR  3-15
 

Probability Scoring 
The probability score for the future was adjusted from the historical value of “4” to a revised probability 
score of “5” based on the above-noted climate projections. Although trends do not show an increase in 
daily precipitation extremes, some future projections suggest an increase in the frequency of extreme 
daily precipitation events.  

3.2.8 Heavy 5-Day Total Rainfall 

3.2.8.1 Definition 
For the purposes of this study, heavy 5-day total rainfall was defined as a period of 5 days with a total 
rainfall exceeding 100mm. The number of heavy 5-day total rainfall occurrences within a given year was 
considered. A 5-day period was chosen because it agreed with the CCCSN 5-day maximum rainfall index 
used for future projections and was determined to be reflective of prolonged or persistent rain. The 
100mm total rainfall threshold was chosen subjectively, following discussions with TRCA staff, to 
represent a substantial amount of rainfall in a relatively short period of time. As described in Section 3.1.3 
of this chapter, this parameter is a tier two definition.   

3.2.8.2 Historical Climate 

Findings 
Daily rainfall data for Toronto Pearson International Airport, obtained from Environment Canada’s Climate 
Data Online (Environment Canada, 2008), was analyzed for the occurrence of heavy 5-day total rainfall 
from 1938 to 2008 based on the above definition. It is noted that this is a departure from the 1971-2000 
time frame previously referenced, however this parameter was deemed to be better represented by a 
longer time frame (e.g. allowed for the inclusion of Hurricane Hazel). The total rainfall for every 5-day 
period from 1938 to 2008 was identified. The analysis was conducted in such a way that no one day 
rainfall amount was included in more than one 5-day total. During the 71-year time frame, five 
occurrences of a 5-day total rainfall exceeding 100mm were identified. This translates to an average of 
0.07 occurrences per year (5/71).  

Probability Scoring 
Based on the findings above, 0.07 (heavy 5-day total rainfall occurrences per year) was compared to the 
established ranges in Table 3-1 and was subsequently ascribed a probability score of “2”, with a “remote” 
chance of occurrence. 

3.2.8.3 Trends 
Trends in rainfall extremes were examined in Section 3.2.7.3 of this chapter. Even though trends show a 
decrease in rainfall intensity, they show an increase in the number of days with rain. The Vincent and 
Mekis study (2004) was determined to be the most applicable to this section. They found a significant 
decrease in the intensity of rainfall events from 1950 to 2001 and no consistent changes in the highest 5-
day maximum.  

3.2.8.4 Climate Projections 

Findings 
Projections in precipitation were examined in Section 3.2.7.4, Findings, identifying increases in 
precipitation and frequency of extremes. Projection information specific to 5-day total rainfall was 
identified in the CCCSN (for Toronto grid cell) with model outputs expressing a magnitude of change for 
the maximum 5-day total precipitation. For this index, an increase of 5.10mm was projected for the 2050s.  
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Probability Scoring 
The probability score for the future was adjusted from the historical value of “2” to a revised probability 
score of “3” based on the above-noted climate projections and trends. Trends show an increase in the 
number of days with rain, while future projections indicate that there will likely be an increase in 
precipitation with a potential increase in the frequency of extreme precipitation events. In addition, based 
on the CCCSN model output discussed above, the magnitude of maximum 5-day total precipitation is 
expected to increase. It is noted that this does not necessarily relate directly to the frequency of 5-day 
maximum rainfall exceeding 100mm, however one might assume that the potential for this to occur will 
increase.  

3.2.9 Winter Rain 

3.2.9.1 Definition  
For the purposes of this study, winter rain was defined as the number of days, in a given year, where 
greater than or equal to 25mm of rain fell throughout the months January, February, and March (JFM). 
This definition was chosen because it related well to Environment Canada’s rainfall warning in the winter 
season, which is issued when greater than 25mm is expected to fall within 24 hours, if the ground is 
frozen or covered by snow (MSC-Ontario Region, 2009e). It was assumed for this study that rain falling 
during JFM will be on ground that is frozen or snow-covered. These conditions could potentially result in 
significantly greater runoff than rainfall events during other seasons, and therefore were considered 
separately and in addition to overall annual changes to rainfall characteristics as described by the above 
parameters. As described in Section 3.1.3 of this chapter, this parameter is a tier two definition.   

3.2.9.2 Historical Climate 

Findings 
Daily precipitation data for Toronto Pearson International Airport, obtained from Environment Canada’s 
CDCD program (Environment Canada, 2007), was analyzed for the occurrence of winter rain from 1971 
to 2000 based on the above definition. It was determined that 10 heavy winter rain events of greater than 
25mm occurred during the 30-year study period. This translates to an average of 0.33 occurrences per 
year (10/30). 

Probability Scoring 
Based on the findings above, 0.33 (days per year with winter rain) was compared to the established 
ranges in Table 3-1 and was subsequently ascribed a probability score of “4”, with a “moderate/possible” 
chance of occurrence. 

3.2.9.3 Trends 
Trends previously examined in Sections 3.2.7.3 established that there is an increasing annual trend in the 
amount of rainfall. Zhang et al. (2000) examined total precipitation trends seasonally for southern Canada 
for the years 1900 to 1998 and found an increasing trend in winter and autumn, a decreasing trend in the 
spring and no trend in the summer. The trends in this study do not distinguish between rain and snow as 
precipitation.  

Zhang et al. (2000) found a non-significant increase in the ratio of snowfall to total precipitation for the 
years 1900 to 1998 for southern Canada. However, for the time period of 1950-1998, they found a 
decrease in the ratio between snowfall and total precipitation. Similarly, for the time period 1950-2001, 
Vincent and Mekis (2004) found that, the ratio of snowfall to total precipitation decreased in southern 
Canada, indicating more winter rain. In addition, the Canadian Council of Ministers of the Environment 
(CCME, 2003) identified that in southern Canada, over the past 50 years, there has been a higher 
proportion of precipitation falling as rain. It is noted that these studies are not specific to the Toronto area 
and do not define winter rain the same as GENIVAR (i.e. the number of days where 25mm or more of rain 
fell throughout the months January, February and March). 
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3.2.9.4 Climate Projections 

Findings 
Christensen et al., (2007, IPCC) found that in southern Canada precipitation is likely to increase in winter 
and spring but decrease in summer. Furthermore, they indicated that the length of the snow season is 
expected to decrease. Projected increases in minimum temperatures (as discussed in Section 3.2.2.4, 
Findings) may create conditions that are too warm for precipitation to fall as snow, thus resulting in more 
precipitation as rain throughout Canada (CCME, 2003). It is noted that this does not necessarily translate 
to more than 25mm of rain falling in January, February and March (as per GENIVAR’s definition of winter 
rain).  

Probability Scoring 
The probability score for the future was left unchanged from the historical value of “4” based on the 
following rationale. Although historical trend and projection information show a likely increase in the 
amount of rainfall during the winter season, other considerations counteract (lessen) this parameter’s 
impact on the dams’ vulnerability. Typically winter rain presents challenges when falling on frozen or 
snow-covered ground as the potential for run-off is greatly increased (especially when considering 
infrastructure components like the embankment dams). However, in the future, increased temperatures 
(discussed in Section 3.2.1 of this chapter) are likely to result in a reduction of frozen or snow-covered 
ground, thus lessening the potential for significant run-off issues. As such, for the purposes of this study, 
these factors were deemed to cancel one another out as the same warm temperatures that contribute to 
rain falling during the winter (rather than snow) also contribute to the reduced potential for, and magnitude 
of frozen or snow-covered ground.  

3.2.10 Freezing Rain 

3.2.10.1 Definition 
Freezing rain is rain or drizzle which falls as liquid but freezes upon contact with the surface or a cold 
object, forming a coating of ice upon these surfaces (MSC-Ontario Region, 2009g). For the purposes of 
this study, freezing rain was defined as the average number of days (8.8 as described below), within a 
given year, where freezing rain or drizzle, equal to or greater than 0.2mm in diameter (MSC-Ontario 
Region, 2009g), occurred. As described in Section 3.1.3 of this chapter, this parameter is a tier one 
definition.   

3.2.10.2 Historical Climate 

Findings 
Data obtained from Environment Canada’s Ontario Hazards website (Environment Canada. Icestorm-
Dayswithfrzprecip-e.xls) indicated that the Toronto Pearson International Airport experienced an average 
of 8.8 days per year with freezing precipitation (rain and drizzle) during the years 1971-2000 based on the 
above definition. 

Probability Scoring 
As freezing rain was established as a tier one definition, the standardized probability scoring process 
described in Section 3.1.6 was employed. Based on the assumption that 0.5 represents the probability 
that the historical average number of freezing rain events (8.8) would occur in a given year, established 
ranges in Table 3-1 indicate that a probability score of “4” be ascribed, with a “moderate/probable” chance 
of occurrence.  
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3.2.10.3 Trends 
A study by Klaassen et al. (2003) identified a non-significant decreasing trend in the total number of 
seasonal freezing rain hours and days for Toronto Pearson International Airport during the years 1953 to 
2001.  

3.2.10.4 Climate Projections 

Findings 
A study by Cheng et al., (2007b), involving downscaling of selected global climate model output using a 
statistical synoptic weather typing approach, indicated that freezing rain events in the Toronto region 
could increase by 40% by the 2050s for December to February, while the warmer months (defined as 
November, March and April) could experience a decrease of approximately 10% in freezing rain by the 
2050s. This results in an annual increase of approximately 30% with 95% confidence (Cheng et al., 
2007b). 

Probability Scoring 
The probability score for the future was adjusted from the historical value of “4” to a revised probability 
score of “6” based on the above-noted climate projections. As freezing rain was classified as a tier one 
definition, the probability of its occurrence in relation to its historical average was considered. Findings 
from the Cheng, et al. study (2007b), indicating an increase in freezing rain of 30% by the 2050s, were 
considered substantial enough to justify increasing the probability score by 2.    

3.2.11 Ice Storm 

3.2.11.1 Definition 
For the purposes of this study, ice storms were defined as daily freezing rain amounts of 25mm or more 
(Klaassen et al., 2003). The number of ice storm occurrences within a given year was considered. As 
described in Section 3.1.3 of this chapter, this parameter is a tier two definition.   

3.2.11.2 Historical Climate 

Findings 
Based on the above definition, Table 7 from the Klaassen et al. (2003) study was analyzed to understand 
the occurrences of major freezing rain events affecting the general Toronto area. 11 regional storms were 
identified between the years 1844 and 2002. This translates to an average of 0.07 ice storms per year 
(11/159).  

Probability Scoring 
Based on the findings above, 0.07 (days with freezing rain amounts of 25mm or more) was compared to 
the established ranges in Table 3-1 and was subsequently ascribed a probability score of “2”, with a 
“remote” chance of occurrence. 

3.2.11.3 Trends 
A study by Klaassen et al. (2003) identified a non-significant decreasing trend in the total number of 
seasonal freezing rain hours and days for Toronto Pearson International Airport during the years 1953 to 
2001. It is noted that this is not necessarily representative of ice storm events with greater than or equal 
to 25mm of freezing rain.  



Flood Control Dam Water Resources Infrastructure Assessment -
Final Report 
 Climate Analysis and Projections
 

GENIVAR  3-19
 

3.2.11.4 Climate Projections 

Findings 
Freezing rain was predicted to increase by approximately 30% by the 2050s for the Toronto area, as 
mentioned previously in Section 3.2.10.4, Findings of this chapter. In addition, Klaassen (2008a) indicates 
that the greatest percent change of freezing rain will likely occur for long duration events.  

Probability Scoring 
The probability score for the future was adjusted from the historical value of “2” to a revised probability 
score of “3” based on the above-noted climate projections, which indicates an increase in freezing rain 
and an increase in the longer duration of freezing rain events. 

3.2.12 Heavy Snow 

3.2.12.1 Definition 
For the purposes of this study, heavy snow was defined as the number of days, in a given year, with 
greater than or equal to 10cm of snowfall. The 10cm snowfall threshold was chosen subjectively, 
following discussions with TRCA staff, to represent a substantial amount of snowfall in a day. As 
described in Section 3.1.3 of this chapter, this parameter is a tier two definition.   

3.2.12.2 Historical Climate 

Findings 
Snowfall data from 1971 to 2000, yielded from the Climate Normals for Toronto Pearson International 
Airport, is shown in Table 3-4 below. On average there were 2 days per year with snowfall exceeding 10 
cm and 0 days per year with snowfall exceeding 25 cm. It should be noted that the highest daily snowfall 
ever recorded at Toronto Pearson International Airport was 39.9cm (February 25th 1965) (Environment 
Canada, n.d.). 

Table 3-4 Snowfall Results for the Period 1971-2000* 

Description Days/Year 
Number of days with snowfall >= 10cm 2 
Number of days with snowfall >= 25cm 0.0 
*(Environment Canada, n.d.) 

Probability Scoring 
Based on the findings above, 2 (days per year with heavy snow) was compared to the established ranges 
in Table 3-1 and was subsequently ascribed a probability score of “6”, with a “probable” chance of 
occurrence. 

3.2.12.3 Trends 
Zhang et al. (2000) found a non-significant increase in the ratio of snowfall to total precipitation for the 
years 1900 to 1998 for southern Canada. However, for the time period of 1950-1998, they found a 
decrease in the ratio between snowfall and total precipitation. Similarly, for the time period 1950-2001, 
Vincent and Mekis (2004) found that the ratio of snowfall to total precipitation has decreased in southern 
Canada, indicating less snowfall. In a subsequent paper, Vincent and Mekis (2006) found a significant 
decrease in the total annual snowfall in the southern regions of Canada during the second half of the 20th 
century (1950-2003), even though the total annual snowfall increased from 1900s to the 1970s. In 
addition, the Canadian Council of Ministers of the Environment (CCME, 2003) identified that in southern 
Canada, over the past 50 years, there has been a smaller proportion of precipitation falling as snow. It is 
noted that these studies are not specific to the Toronto area and do not define heavy snow the same as 
GENIVAR (i.e. the number of days that experience snowfall greater than or equal to 10cm). 
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3.2.12.4 Climate Projections 

Findings 
Projected increases in minimum temperatures (as discussed in Section 3.2.2.4) may create conditions 
that are too warm for precipitation to fall as snow, thus resulting in more precipitation as rain throughout 
Canada (CCME, 2003). In addition, the snow season length is expected to decrease in most of North 
America (Christensen et al., 2007, IPCC). It is noted that these projections are generic in nature and do 
not necessarily accurately reflect the Toronto area. 

Probability Scoring 
The probability score for the future was left unchanged from the historical value of “6” based on the fact 
that limited projection information was available.  

3.2.13 Snow Accumulation 

3.2.13.1 Definition 
For the purposes of this study, snow accumulation was defined as the number of days, in a given year, 
where 30cm or more of snow exists on the ground. The 30cm snow accumulation threshold was chosen 
subjectively, following discussions with TRCA staff, to represent a substantial amount of snow on the 
ground. As described in Section 3.1.3 of this chapter, this parameter is a tier two definition.   

3.2.13.2 Historical Climate 

Findings 
Daily snow depth data for Toronto Pearson International Airport, obtained from Environment Canada’s 
Canadian Daily Climate Data program (CDCD) (Environment Canada, 2007), was analyzed for the 
occurrence of days with snow accumulation from 1971 to 2000 based on the above definition. It was 
determined that 39 days had snow accumulation during this 30 year period. This translates to an average 
of 1.3 days per year (39/30). 

Probability Scoring 
Based on the findings above, 1.3 (days per year with snow accumulation) was compared to the 
established ranges in Table 3-1 and was subsequently ascribed a probability score of “6”, with a 
“probable” chance of occurrence. 

3.2.13.3 Trends 
No studies specifically analysing trends of snow accumulation were identified, although related trends in 
snowfall were established in the articles reviewed and are discussed in Section 3.2.12.3 of this chapter.  

3.2.13.4 Climate Projections 

Findings 
Projected increases in minimum temperatures (as discussed in Section 3.2.2.4) may create conditions 
that are too warm for precipitation to fall as snow, thus resulting in more precipitation as rain throughout 
Canada (CCME, 2003). In addition, the snow season length and snow depth is expected to decrease in 
most of North America. A decrease in the seasonal snow depth is expected as a result of delayed 
snowfall in the fall and earlier spring melt (Christensen et al., 2007, IPCC).  

Scott, McBoyle, and Mills (2003) conducted a study on the skiing industry in southern Ontario, using 
Horseshoe Ski Resort as a case study. They looked at snowmaking requirements in a warming climate 
using variables downscaled from 4 general circulation models. Findings indicated that snowmaking 
requirements were expected to increase by 36-144% by the 2020s. The ski season length including 
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current snowmaking technologies is expected to decrease by 0-16% for the 2020s and 7-32% for the 
2050s (Scott et al., 2003). Although this study does not relate well to the number of days with 30cm or 
more of snow on the ground, the findings suggest that having this amount of snow on the ground may 
become increasingly unlikely. 

Probability Scoring 
The probability score for the future was adjusted from the historical value of “6” to a revised probability 
score of “5” based on the above-noted climate projections, which indicate potential decreases in snow 
depth and available snow on the ground (i.e. inferred from snowmaking requirements for skiing discussed 
above). 

3.2.14 Blowing Snow/Blizzard 

3.2.14.1 Definition 
Blizzards are severe weather conditions characterized by high winds and reduced visibility due to falling 
or blowing snow (Environment Canada, 2002). Due to a lack of information regarding blizzards, blowing 
snow was used as an indictor of this type of climate event. Blowing snow is defined by Environment 
Canada as snow particles which are raised by the wind to a sufficient height above the ground such that 
horizontal visibility is reduced to 9.7 km or less. For the purposes of this study, the average number of 
days in which blowing snow occurred (7.8 as described below), within a given year, was considered. As 
described in Section 3.1.3 of this chapter, this parameter is a tier one definition.   

3.2.14.2 Historical Climate 

Findings 
Data obtained from Environment Canada’s Ontario Hazards website (Environment Canada, Snow-
dayswithblowingsnow-e.xls) indicated that the Toronto Pearson International Airport experienced an 
average of 7.8 days per year with blowing snow during the years 1971-2000 based on the above 
definition.  

Probability Scoring 
As blowing snow/blizzard was established as a tier one definition, the standardized probability scoring 
process described in Section 3.1.6 was employed. Based on the assumption that 0.5 represents the 
probability that the historical average number of blowing snow/blizzard events (7.8) would occur in a 
given year, established ranges in Table 3-1 indicate that a probability score of “4” be ascribed, with a 
“moderate/probable” chance of occurrence.  

3.2.14.3 Trends 
No studies specifically analysing trends of blowing snow/blizzard were identified, although trends in 
snowfall, which have some relation, were established in the articles reviewed and are discussed in 
Section 3.2.12.3 of this chapter.  

3.2.14.4 Climate Projections 

Findings 
No studies specifically analysing projections of blowing snow/blizzard were identified, although 
projections related to snowfall and snow depth are discussed in Sections 3.2.12.4 and 3.2.13.4 of this 
chapter, respectively.  

Probability Scoring 
The probability score for the future was left unchanged from the historical value of “4” based on the lack 
of directly relatable information. Although trends and projections in snowfall and snow accumulation were 
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considered for use as indicators of future blowing snow and blizzard conditions, the component of wind in 
the definition differentiated this parameter enough such that the team decided not to change the future 
probability score. 

3.2.15 Lightning 

3.2.15.1 Definition 
Lightning is a sudden electrical discharge from or within a cloud (Rauber, Walsh, & Charlevoix, 2005).  
For the purposes of this study, lightning was defined as the number of flashes per year per 100m2 
(representing dam area including essential services). It is noted that limited information regarding 
lightning was available. As described in Section 3.1.3 of this chapter, this parameter is a tier two 
definition.   

3.2.15.2 Historical Climate 

Findings 
The Meteorological Service of Canada indicated that there is an average of approximately 200 flashes 
per year per 100km2 in Toronto (Burrows et al, 2002). For the purposes of this study, lightning was 
considered a threat to the dams if it occurred within 100m2 (representing dam area including essential 
services). In order to determine the number of flashes per 100m2, the assumption that lightning would 
flash according to an equal spatial distribution was made. With this assumption, it was calculated that 
0.0002 flashes would occur per 100m2. It is noted that this number of flashes includes both cloud to cloud 
and cloud to ground interactions. 

Probability Scoring 
Based on the findings above, 0.0002 (flashes of lightning per year per 100m2) was compared to the 
established ranges in Table 3-1 and was subsequently ascribed a probability score of “1”, with an 
“improbable/highly unlikely” chance of occurrence. 

3.2.15.3 Trends 
No trend information was found for lightning.  

3.2.15.4 Climate Projection 

Findings 
Due to the absence of projections for lightning and the fact that thunderstorms are always accompanied 
by lightning (MSC-Ontario Region, 2005b), it was possible for thunderstorms to be used as indicators of 
lightning activity. The CCME (2003) indicates that in the future, in Canada, the warm season is expected 
to get longer thus increasing the risk of severe hot weather events such as thunderstorms. Furthermore, 
Trapp et al. (2007) projected a net increase in the number of days during the late 21st Century, in which 
environmental conditions would be conducive for severe thunderstorms to occur (in the United States of 
America). This paper acknowledges that the frequency of actual storms is conditional upon convective 
clouds initiating in these environments. It is noted that this research is not specific to the Toronto area. 

Probability Scoring 
The probability score for the future was left unchanged from the historical value of “1” based on the fact 
that no projection information on lightning was available. The projection information provided on 
thunderstorms identified above was deemed insufficient to justify changing the probability score.  
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3.2.16 Hailstorm 

3.2.16.1 Definition 
Hail is frozen precipitation particles with a diameter greater than 5mm formed from the strong upward 
motion characteristic of thunderstorms (MSC-Ontario Region, 2009d). For the purposes of this study, a 
hailstorm was defined as the number of days with hail in a given year. As described in Section 3.1.3 of 
this chapter, this parameter is a tier two definition.   

3.2.16.2 Historical Climate 

Findings 
Data obtained from Environment Canada’s Ontario Hazards website (Environment Canada. Hail-
Dayswithhail-e.xls) indicated that the Toronto Pearson International Airport experienced an average of 1.1 
days per year with hail during the years 1971-2000 based on the above definition.  

Probability Scoring 
Based on the findings above, 1.1 (days per year with hail) was compared to the established ranges in 
Table 3-1 and was subsequently ascribed a probability score of “5”, with an “often” chance of occurrence. 

3.2.16.3 Trends 
No trend information was found for hail.  

3.2.16.4 Climate Projections 

Findings 
No projection information was found for hail. 

Probability Scoring 
The probability score for the future was left unchanged from the historical value of “5” based on the fact 
that no projection information on hail was available. 

3.2.17 Hurricane/Tropical Storm 

3.2.17.1 Definition 
Hurricanes are cyclones of a tropical origin with sustained surface wind speeds of 118km/hour or more 
(MSC-Ontario Region, 2009f). They are classified according to the Saffir-Simpson Hurricane Wind Scale. 
Most hurricanes affecting Canada are passing through a post-tropical transition stage or are dissipating 
(MSC-Ontario Region, 2009f). For the purposes of this study, a hurricane/tropical storm was defined as a 
severe event similar in magnitude (both wind speed and amount of precipitation) to Hurricane Hazel, 
which resulted in maximum wind speeds of 124km/hour and 285mm of rain falling in a 48-hour period 
(MSC-Ontario Region, 2009f). The number of hurricanes/tropical storms within a given year was 
considered. As described in Section 3.1.3 of this chapter, this parameter is a tier two definition. An event 
similar to Hurricane Hazel was selected because it was agreed to represent an extreme or phenomenal 
event. It is noted that although storm tracks frequently extend over the Toronto area, to date, they have 
not caused nearly the same impact as Hurricane Hazel.  

3.2.17.2 Historical Climate 

Findings 
The remnants of Hurricane Hazel passed through the Toronto region on October 15th and 16th, 1954. 
The heaviest rains fell over the Humber watershed, where in the final 12 hours, 212mm of rain was 
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recorded (MSC-Ontario Region, 2009f). During this event severe flooding occurred in both the Don and 
Humber watersheds (MSC-Ontario Region, 2009f). This event caused the worst flooding documented in 
200 years (MSC-Ontario Region, 2009f). The occurrence of a Hurricane Hazel-magnitude event was 
calculated to be 1 event in 200 years or 0.005 (1/200). 

Probability Scoring 
Based on the findings above, 0.005 (Hurricane Hazel-magnitude hurricanes per year) was compared to 
the established ranges in Table 3-1 and was subsequently ascribed a probability score of “1”, with an 
“improbable/highly unlikely” chance of occurrence. 

3.2.17.3 Trends 
It is difficult to analyse the changes in specific climatic extreme events such as hurricanes, floods, and 
droughts because these events do not necessarily occur very often and do not happen at the same 
location (Vincent and Mekis, 2006). Meehl et al. (2007, IPCC) indicated that in the last 30 years there has 
been an increase in the number of category 4 and 5 hurricanes per year (globally). In addition, Webster et 
al. (2006), as cited in Bruce (2008b), concluded that the number of Atlantic hurricanes has not increased 
since the early 1970s; however, the number of category 4 and 5 hurricanes has risen sharply.  

Kunkel, Pielke, and Changnon (1999) found that there has been a steady and substantial increase in 
hurricane losses, however no corresponding upward trend in hurricane frequency and intensity were 
identified. They attributed the observed increase in storm losses to societal exposure.  

It is noted that no studies were identified that discussed trends in hurricane storm tracks. Furthermore, 
the studies discussed above are not specific to the Toronto area and do not define hurricanes the same 
as GENIVAR (i.e. Hurricane Hazel). 

3.2.17.4 Climate Projections 

Findings 
Projections of hurricanes with climate change show few consistent results although most climate models 
indicate that, in future tropical cyclones, there will likely be an increase in precipitation (including intensity) 
as well as high wind peaks. Less certain projections indicate that the total number of tropical storms will 
likely decrease along with the number of weak tropical cyclones (Meehl et al., 2007, IPCC). Emanuel, 
Sundararajan, and Williams (2008) also showed a decrease in the overall frequency of tropical cyclones 
with an increase in the number of intense tropical cyclones. Although storm tracks provide important 
information in evaluating tropical storms, they are still not resolved and regional predictions remain 
uncertain (Christensen et al., 2007, IPCC). Global predictions indicate a shift in storm tracks in both 
hemispheres towards the pole by several degrees of latitude (Meehl et al., 2007, IPCC). It is noted that 
these projections do not necessarily relate to the Toronto area. 

Probability Scoring 
The probability score for the future was adjusted from the historical value of “1” to a revised probability 
score of “2” based on the above-noted climate projections and trends, which indicate increases in tropical 
cyclone intensity and frequency (category 4 and 5), respectively. For the purposes of this study, 
hurricanes originating from the southern parts of North America are assumed to have a greater possibility 
of impacting the Toronto area in the future as they are projected to have greater intensities, even though 
storm tracks have not been resolved in climate models.  

3.2.18 High Wind 

3.2.18.1 Definition 
Wind is the horizontal movement of air relative to the earth’s surface (Rauber et al., 2005). For the 
purposes of this study, high wind was defined as the average number of days (7.2 as described below), in 



Flood Control Dam Water Resources Infrastructure Assessment -
Final Report 
 Climate Analysis and Projections
 

GENIVAR  3-25
 

a given year, with wind speeds recorded at greater than or equal to 63 km/hour. As described in Section 
3.1.3 of this chapter, this parameter is a tier one definition.   

3.2.18.2 Historical Climate 

Findings 
High wind data from 1971 to 2000, yielded from the Climate Normals for Toronto Pearson International 
Airport are shown in Table 3-5 below. The highest wind speed ever recorded at Toronto Pearson 
International Airport was 135km/hour (July 1st 1956) (Environment Canada, n.d.). On average, there were 
7.2 days per year with a wind speed equal to or exceeding 63km/hour.  

Table 3-5 High Wind Results for the Period 1971-2000* 

Description Days/Year 
Number of days with a wind speed of >= 63km/hour 7.2 
*(Environment Canada, n.d.) 

Probability Scoring 
As high wind was established as a tier one definition, the standardized probability scoring process 
described in Section 3.1.6 was employed. Based on the assumption that 0.5 represents the probability 
that the historical average number of high wind events (7.2) would occur in a given year, established 
ranges in Table 3-1 indicate that a probability score of “4” be ascribed, with a “moderate/probable” chance 
of occurrence.  

3.2.18.3 Trends 
No trend information was found for high wind.   

3.2.18.4 Climate Projections 

Findings 
No projection information was found for high wind. 

Probability Scoring 
The probability score for the future was left unchanged from the historical value of “4” based on the fact 
that no projection information on high wind was available. 

3.2.19 Tornado 

3.2.19.1 Definition 
A tornado is a rotating column of air in contact with the ground extending to a cloud base (Rauber et al., 
2005). Tornadoes are a product of thunderstorms, although not all thunderstorms produce tornadoes 
(Kunkel et al., 1999). The intensity of a tornado is ranked according to the Fujita scale, which is a 
measure of infrastructure damage. F0 tornadoes typically have light winds of 64 to 116 km/hr, F1 
tornadoes typically have moderate winds of 117 to 180 km/hr, F2 tornadoes typically have considerable 
winds of 181 to 252 km/hr, F3 tornadoes typically have severe winds of 253 to 330 km/hr, F4 tornadoes 
typically have devastating winds of 331 to 417 km/hr, and F5 tornadoes typically have incredible winds of 
418 to 509 km/hr (MSC-Ontario Region, 2009h). Tornadoes cause considerable damage depending on 
the severity of the tornado (MSC-Ontario Region, 2009h).  

For the purposes of this study, this parameter was defined as the number of confirmed and probable 
tornado occurrences in a given year within a defined geographic location (representing dam area). Figure 
3.1 outlines the search area selected (subjectively) around the dams. As described in Section 3.1.3 of this 
chapter, this parameter is a tier two definition.   
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3.2.19.2 Historical Climate 

Findings 
The list of confirmed and probable tornadoes in Ontario for the period 1918 to 2003 was downloaded from 
Environment Canada (Tornado-locationandstrength2003-e.xl). This included information on the initial 
observed touchdown location and strength of each tornado recorded. In order to determine which 
tornadoes presented threatening conditions for the dams, it was agreed that a more refined search area 
(by establishing latitudinal and longitudinal references), which encompassed both dams, would be 
required (Figure 3.1). This area was subjectively chosen and comprised an area of approximately 
300km2. Using the list of tornadoes in Ontario (and the related information) the team was able to identify 
which tornadoes passed through the prescribed search area (also illustrated in Figure 3.1). The results of 
this analysis showed that 8 tornadoes occurred in the search area between 1918 and 2003. This 
translates to approximately 0.09 tornadoes per year (8/86). A full list of the tornadoes that passed through 
this area and their strength is outlined in Table 3-6 below. It is noted that the 1996 tornado (below) with a 
Fujita-scale ranking of 1 was identified to be very close to the Claireville dam. In addition, three other 
tornadoes were identified in fairly close proximity to the Claireville dam. No damage to the Claireville dam 
resulting from these tornadoes was identified during this study. 

Table 3-6 Tornado Results for the Period 1918-2003* 
Label Longitude Latitude Fujita-Scale Date

T1 -79.68 43.72 1 8/2/1922
T2 -79.42 43.75 0 8/1/1935
T3 -79.51 43.71 2 8/13/1956
T4 -79.59 43.74 0 5/2/1983
T5 -79.61 43.74 0 5/2/1983
T6 -79.51 43.74 2 8/14/1984
T7 -79.6260 43.7445 1 7/8/1996
T8 -79.6205 43.7730 0 7/14/2000

* Environment Canada (Tornado-locationandstrength2003-e.xl). 
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Figure 3.1 Search Area and Tornado Locations (1918 – 2003) 

 

Probability Scoring 
Based on the findings above, 0.09 (tornadoes per year within prescribed search area) was compared to 
the established ranges in Table 3-1 and was subsequently ascribed a probability score of “2”, with a 
“remote” chance of occurrence. 

3.2.19.3 Trends 
It is reported in “Climate, Nature, People – Indicators of Canada’s Changing Climate” (CCME 2003) that 
the number of reported tornadoes has increased over the past century. It is difficult to determine whether 
this is due to an increasing number of tornadoes occurring or simply an increase in the number of 
tornadoes being reported (CCME, 2003). A study by Kunkel et al. (1999) concluded that there were no 
major national (United States) trends in the frequency of thunderstorms, hailstorms and strong tornadoes. 
It is noted that these studies are not specific to the Toronto area and do not define tornadoes the same as 
GENIVAR with respect to the designated area around the dams. 

3.2.19.4 Climate Projections 

Findings 
The CCME (2003) indicates that the warm season is expected to get longer resulting in an increase in the 
risk of severe hot weather events such as thunderstorms, hail and tornadoes. However, the unique 
atmospheric conditions that would create locally damaging storms such as tornadoes and severe 
thunderstorms are difficult to link to climate change (Trapp et al., 2007). 
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Probability Scoring 
The probability score for the future was left unchanged from the historical value of “2” based on the fact 
that no specific projection information on tornadoes was available. 

3.2.20 Drought/Dry Period 

3.2.20.1 Definition 
A drought is defined as the below average availability of water in the form of precipitation, streamflow, or 
groundwater flow which is sustained and regionally extensive (Rauber et al., 2005). A meteorological 
drought is defined as a departure of precipitation from normal for a prolonged period of time (MSC-
Ontario Region, 2009a). For the purposes of this study, the term drought/dry period was defined as a 10 
consecutive dry days, meaning; within a given year, 10 days occurring in a row where no measurable 
precipitation fell (i.e. greater than 0.2mm). Following discussions with TRCA staff, a 10 day period was 
selected for this parameter as it was agreed to represent a prolonged dry period and had relevant 
information readily available. As described in Section 3.1.3 of this chapter, this parameter is a tier two 
definition.   

3.2.20.2 Historical Climate 

Findings 
The number of occurrences of a 10 consecutive dry day period for Toronto Pearson International Airport 
was obtained from Klaassen et al.’s paper on drought in southern Ontario (2008). This paper showed that 
between 1971 and 2000, there was an average of 7.3% drought/dry day period occurrences for the warm 
months (defined as May through September). As there are 15 possible occurrences for the warm months 
(i.e. 150 days), there was determined to be an average of 1.1 drought/dry period occurrences per year 
(0.073 x 15).  

Probability Scoring 
Based on the findings above, 1.1 (drought/dry periods per year) was compared to the established ranges 
in Table 3-1 and was subsequently ascribed a probability score of “5”, with an “often” chance of 
occurrence. 

3.2.20.3 Trends 
Vincent and Mekis (2004) found negative trends (throughout Canada) in the number of maximum 
consecutive dry days from 1950-2001. This finding was supported by their 2006 study, which also 
showed that, throughout Canada, there was a decrease in the maximum number of consecutive dry days 
from 1950 to 2003. It is noted that these studies are not specific to the Toronto area and do not define 
drought/dry periods the same as GENIVAR (i.e. 10 days occurring in a row where no measurable 
precipitation fell). 

3.2.20.4 Climate Projections 

Findings 
Christensen et al., (2007, IPCC) indicates that southern Canada is likely to experience an annual mean 
precipitation decrease in the summer season. The increased saturation vapour pressure due to 
increasing temperatures is expected to increase evaporation leading to a possible net drying of the 
surface (Christensen et al., 2007, IPCC). As a result, droughts associated with summer drying, could 
increase vegetation die-offs (Meehl et al., 2007, IPCC). Furthermore, there is expected to be an increase 
in the frequency and duration of dry days in the future (globally) (Meehl et al., 2007, IPCC). IPCC 
recognized climate model outputs available on the CCCSN, project an increase in the maximum number 
of consecutive dry days by 1.70 days for the grid cell encompassing the Toronto area (methods 
presented in Section 3.1.4.2).  



Flood Control Dam Water Resources Infrastructure Assessment -
Final Report 
 Climate Analysis and Projections
 

GENIVAR  3-29
 

Probability Scoring 
The probability score for the future was adjusted from the historical value of “5” to a revised probability 
score of “6” based on the above-noted climate projections, which indicates an increase in the maximum 
number of consecutive dry days for Toronto. Although this projected increase does not necessarily mean 
that the “10 consecutive dry days” would be surpassed (i.e. this study’s definition of drought/dry period), it 
was assumed that the potential for this to occur would increase. It is noted that the historical trends for 
drought/dry period do not support the projected increase.  

3.2.21 Heavy Fog 

3.2.21.1 Definition 
Fog is defined as a suspension of very small water droplets that reduces the visibility (horizontally) to less 
than 1km (MSC-Ontario Region, 2009c). Heavy fog occurs when the visibility is reduced to less than 
0.4km (MSC-Ontario Region, 2009c). Dense fog is characterised by zero visibility (MSC-Ontario Region, 
2009c). For the purposes of this study, heavy fog was defined as the average number of hours (15 as 
described below), in a given year, during which the visibility is reduced to zero kilometres (due to 
presence of fog). This criterion was chosen as it represented the densest fog conditions for which existing 
data was available. As described in Section 3.1.3 of this chapter, this parameter is a tier one definition.   

3.2.21.2 Historical Climate 

Findings 
Data obtained from Environment Canada’s Ontario Hazards website (Environment Canada, Fog-
Hoursfog-e.xls) indicated that the Toronto Pearson International Airport experienced an average of 15 
hours of heavy fog (visibility reduced to zero kilometres) per year during the years 1971-2000 based on 
the above definition. 

Probability Scoring 
As heavy fog was established as a tier one definition, the standardized probability scoring process 
described in Section 3.1.6 was employed. Based on the assumption that 0.5 represents the probability 
that the historical average number of heavy fog events (15 hours) would occur in a given year, 
established ranges in Table 3-1 indicate that a probability score of “4” be ascribed, with a 
“moderate/probable” chance of occurrence.  

3.2.21.3 Trends 
A study of fog (Muraca et al., 2001) based on data from 1971-1999, found that there was a decreasing 
trend in the number of days with fog (less than 1 km). This was found consistently at stations across 
Canada. The reduction in fog events ranged from 20% to 40%. It is noted that this study was not specific 
to the Toronto area and may not have defined heavy fog the same as GENIVAR (i.e. the average number 
of hours in a given year during which the visibility is reduced to zero kilometres). 

3.2.21.4 Climate Projections 

Findings 
No projection information was found for heavy fog. 

Probability Scoring  
The probability score for the future was left unchanged from the historical value of “4” based on the fact 
that no projection information on heavy fog was available. 
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3.3 Summary of Findings 
A summary of the historical and future probability scores is provided in Table 3-7. As Table 3-7 provides a 
summary only and no further details, it is important to refer to the Probability Scoring section for each 
climate parameter in Section 3.2 for details regarding the processes and assumptions behind the 
individual probability scores. 

Table 3-7 Probability Scoring Summary 

Climate Parameter Current Probability Score* Future Probability Score 
Climate Parameters for which the 
probability scores increased   
High Temperature 4 5 
Heat Wave 4 5 
Heavy Rain 4 5 
Heavy 5-Day Total Rainfall 2 3 
Freezing Rain 4 6 
Ice Storm 2 3 
Hurricane/Tropical Storm 1 2 
Drought/Dry Period 5 6 
Climate Parameters for which the 
probability scores decreased   
Low Temperature 3 2 
Cold Wave 3 2 
Extreme Diurnal Temperature Variability 3 2 
Freeze Thaw 4 2 
Snow Accumulation 6 5 
Climate Parameters for which the 
probability scores remained the 
same   
Winter Rain 4 4 
Heavy Snow 6 6 
Blowing Snow/Blizzard 4 4 
Lightning 1 1 
Hailstorm 5 5 
High Wind 4 4 
Tornado 2 2 
Heavy Fog 4 4 
* Current refers to the historical time frame as described in Section 3.1.5.1 
 
The following summary points can be observed from Table 3-7: 

 The probability scores changed (increased/decreased) by no more than a score of 2 
 The highest probability score increase was for the freezing rain climate parameter, which 

increased from a current probability score of “4” to a future probability score of “6” 
 The highest probability score decrease was for the freeze thaw climate parameter, which 

decreased from a current probability score of “4” to a future probability score of “2” 
It is important to note that the climate parameters and associated probability scores were applied 
consistently across all infrastructure components.  
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4. Toronto and Region Conservation Authority Flood 
Control Dams  

The following sections provide detailed descriptions and results from the completion of the five Protocol 
steps, as applied to the Claireville and G. Ross Lord Flood Control Dams. 

The Protocol includes worksheets to summarize each of the five steps as they have been applied to this 
study. These worksheets have been completed and are included in Appendix B. 

4.1 Step 1 – Project Definition 
In this step, global project parameters and boundary conditions for the vulnerability assessment were 
defined. This step included identifying the infrastructure, climate factors, time frame, geography, and 
jurisdictional considerations. 

4.1.1 Identify the Infrastructure 
The Claireville and G. Ross Lord flood control dams and reservoirs were assessed for vulnerabilities to 
the potential impacts related to the existing climate and the future climate. Both the dam structures and 
upstream reservoirs were included in the assessments. 

Sources of information for infrastructure data included the following TRCA documents: 

 Claireville Dam Safety Review (Bechai M. et al, 2004) 
 Claireville Dam Operations, Maintenance, Surveillance and Safety Manual (Hatch Ltd., 2009) 
 Claireville Dam Emergency Preparedness and Response Plan (Hatch Ltd., 2009) 
 Claireville Dam and Reservoir Preliminary Report (James F. MacLaren Associates, 1961) 
 Claireville Dam and Reservoir Design Drawings (James F. MacLaren Associates, 1962) 
 G. Ross Lord Dam Safety Review (Bechai M. et al, 2004) 
 G. Ross Lord Dam Operations Maintenance and Surveillance Manual (IBI Group, 2008) 
 Finch Dam and Reservoir; Design Criteria for Dam and Associated Structures (H. G. Acres 

and Company Ltd., 1966) 
 Finch Dam and Reservoir Design Drawings (H. G. Acres and Company Ltd., 1971) 

4.1.1.1 Claireville 
The Claireville Dam was constructed in 1963 – 1964. The dam is 460 m long. It consists of a 60 m wide 
concrete spillway, which is flanked on both sides by an earth embankment of homogeneous construction. 
The earth embankment section that does not enter into the permanent component of the reservoir has a 
maximum height of 12 m and the concrete section has a maximum height of 15 m. The ogee type 
concrete spillway is controlled by five radial gates discharging into a concrete stilling basin. Each radial 
gate is 8.7 m wide and the concrete stilling basin is 14 m long. The spillway and stilling basin are 
‘anchored’ to bedrock. 

The reservoir has a maximum storage volume of 4,700,000 m3. There are four low-level discharge pipes 
installed between the five gates within each of the four piers. In principle, the low-level discharge is 
controlled by four cone valves that can be accessed from the drainage gallery. These valves have not 
been operated for many years. Their intakes are obstructed by siltation and there is concern that if 
opened, silt and sediments could move in and prevent the ability to close them again. It was 
recommended in the Dam Safety Review that TRCA examine the risks associated with this situation and 
consider replacement options.  
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Due to its height and reservoir capacity, Claireville Dam has been classified as a Large Dam. It has also 
been assessed as having a High Hazard Potential Classification, in accordance with the Ontario Ministry 
of Natural Resources’ (MNR) definitions, due to potential downstream impacts in the event of dam failure. 

A general overview of the Claireville facility is provided in Figure 4.1. The location of the dam within the 
Greater Toronto Area (GTA) is provided in Figure 4.3. 

Figure 4.1 Claireville Dam 

 

4.1.1.2 G. Ross Lord 
The G. Ross Lord Dam was constructed in 1973. Downstream flood control channels operate in 
conjunction with the dam to reduce the risk of flooding to communities that are flood-prone.  

The G. Ross Lord facility is an earthen embankment dam that was been built based on a US Army Corps 
of Engineers Design. It consists of an upstream sloping impervious core, upstream rip-rap over filter 
layers, and a downstream grassed slope. The dam has a crest length of 370 m and a height of 20 m. The 
concrete spillway is 10 m wide. 

The reservoir has a maximum storage volume of 5,000,000 m3. Two valves locally referred to as mud 
valves are used to convey the baseflows through the dam. There are two low level gates that are used to 
control frequently experienced flows and provide drawdown. For controlling higher flows, there are two 
radial gates, which discharge to a concrete spillway. 

The G. Ross Lord Dam has also been classified as a Large Dam and a High Hazard Potential 
Classification structure. 

A general overview of the G. Ross Lord facility is provided in Figure 4.2. The general location of the dam 
is provided in Figure 4.3. 
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Figure 4.2 G. Ross Lord Dam 

 

4.1.2 Identify Climate Factors 
The climate parameters that were selected for analysis in the study are listed in Section 3.1.2. A 
preliminary list of climate parameters was developed using the list provided in Appendix A of the Protocol. 
The list was further developed and revised based on climatic and meteorological phenomena relevant to 
southern Ontario that presented potential vulnerability to the dams. A meeting was also conducted 
between the GENIVAR project team and TRCA to discuss and select these climate parameters. The 
meeting resulted in a list of climate parameters that was selected not only in conjunction with TRCA, but 
with their approval at this important step, early on in the project. 

4.1.3 Identify the Time Frame 
The study included an assessment for both existing conditions and changes due to future climate change 
for the “2050” time period horizon. It should be noted that the explicit inclusion of the existing conditions is 
not typical of the previous studies. The previous studies conducted according to the Protocol assessed 
only the future risks, whereas this study included both the existing and the future risks and the change 
between the two.  

The time frames used for the historical and future climate analysis is further described and discussed in 
Section 3.1.5. 

4.1.4 Identify the Geography 

4.1.4.1 Claireville 
The Claireville Dam and reservoir are located on the West Branch of the Humber River at the border 
between northwest Toronto and the City of Brampton near Finch Avenue and Highway 427.  

The upstream drainage area of the dam is approximately 186.5 km2 and consists of a mixture of urban 
and rural development. There continues to be development pressure on the lands within the drainage 
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area of the dam and further conversion to urban land uses is expected. Immediately upstream of the dam, 
the reservoir is crossed by railway tracks, Highway 407, and Steeles Avenue. 

The West Humber River downstream of the dam flows through Humber Woods Park and is crossed by 
Highways 427, 27, and Martin Grove Road. It reaches its confluence with the Humber River west of the 
Weston Road and Sheppard Avenue intersection. The West Humber River reaches about 9.8 km from 
the dam to its confluence with the Humber River. The Humber River flows in a general south-southeast 
direction between its confluence with the West Humber River and the estuary at Lake Ontario, which is 
about 18.6 km. Major highways such as the 401 and the Gardiner Express Way cross the Humber River. 

There are a number of flood-vulnerable buildings and roads located in downstream areas adjacent to the 
West Humber River and the Humber River. However, these are dispersed and the total number of flood 
vulnerable sites is relatively low. 

4.1.4.2 G. Ross Lord  
The G. Ross Lord Dam and reservoir are located in north Toronto at the northeast corner of Dufferin 
Street and Finch Avenue West. The dam is located on the West Don River and controls a drainage area 
of 67.3 km2. The dam provides flood control for the West Don River from Finch Avenue south to the 
confluence with the East Don River at Don Mills Road.  

The watershed upstream of the dam is urbanized with industrial and residential land uses, the majority of 
which have limited or no stormwater management controls. As such, the hydrologic response of the West 
Don River watershed upstream of the G. Ross Lord dam is very rapid. There is very little delay between 
the peak rainfall and the peak flow in the stream; hence the reservoir reacts quickly to rainfall inputs. 

There are several flood vulnerable areas downstream of the dam, including: Don River Boulevard (near 
Bathurst Street and Sheppard Avenue), Hogg’s Hollow (near Yonge Street and York Mills Avenue), and 
York University’s Glendon Campus located south of Lawrence Avenue and East of Bayview Avenue. 
Further downstream, on the Lower Don River, the areas including Bayview Avenue south of Pottery 
Road, the Don Valley Parkway, the Don Valley Brickworks and on either side of the river from Gerrard 
Street south to Lake Ontario are also flood prone areas.  

Many of these areas have been severely flooded many times and there are a number of remediation 
initiatives underway or in development to reduce flood risk in these downtown areas. 

The general location of both dams with the Greater Toronto Area (GTA) are shown on Figure 4.3. 
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Figure 4.3 General Location 

 

4.1.5 Identify Jurisdictional Considerations 
The Protocol requires jurisdictions that are applicable to the infrastructure be identified during the 
completion of Step 1. These jurisdictions are provided to comply with the protocol and provide a frame of 
reference for readers not familiar with the local municipal governance structure. More specific laws, 
regulations and guidelines are identified during completion of Step 2 of the protocol, reported in Section 
4.2.6 of this report. 

The Toronto and Region Conservation Authority (TRCA) owns and operates the Claireville and G. Ross 
Lord dams and reservoirs. 

The following municipal governments are relevant to the infrastructure as they are the funding partners for 
the TRCA and the dams and reservoirs are located within their boundaries: 

 Region of York  
 Region of Peel 
 City of Toronto 

Other jurisdictions that are relevant to the infrastructure: 
 Ministry of Natural Resources (MNR) are responsible for the regulations which govern the 

design, operation and ongoing maintenance of dams within the Province of Ontario 
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4.1.6 Site Visit 
A site visit was conducted on Thursday, September 24th 2009. The participants of the site visit from the 
GENIVAR team were Stewart Dickson, Gilles Bourgeois, and Maxime Desilets. They were led by Ryan 
Ness, Don Haley, Craig Mitchell, and Bill Kerr from TRCA. 

A summary of the findings from the interviews conducted with the operations personnel during the site 
visit are as follows: 

 Both the dam sites are well maintained. 
 All critical structures for both the dams are deemed to be in good working condition. 
 Dam Safety Reviews (DSR) were conducted for both dams in 2004; no major structural 

issues were identified and all minor structural issues have been repaired. 
 Key notes for Claireville: 

o Four low-level valves are not currently used 
o Presence of vegetation on left dyke that is larger than generally found on maintained dam 

embankments 
o Southwest downstream abutment wing wall is detached from concrete structure 
o Original control panel in the control room (inside the building) is not operational and 

function has been replaced 
o No cover on radial gates lifting mechanism 

 Key notes for G. Ross Lord: 
o Flood concerns downstream due to risk to life and property 
o During a moderate rain event (20 – 30 mm), the water level in the reservoir has been 

observed to rise by 2 -3 m due to rapid watershed response 
o Radial gates have not been tested under load conditions as these gates have not been 

required to date in flood operations. Operating under head would also create immediate 
flood damages and risk to life, so only non load operations to test can effectively be 
undertaken. 

o Problems have been experienced in the past with the cellular backup system 
 Since the flow through the Claireville Dam is controlled by the use of the large tainter gates, 

the vulnerability of the gate lifting system was identified for follow-up in subsequent 
assessment steps. This is not as critical an issue at G. Ross Lord dam as the flow is mostly 
controlled through the low level outlets. 

4.1.7 Assess Data Sufficiency 

4.1.7.1 Infrastructure Data 
There were no identified data gaps at this step of the Protocol. The sources of information have been 
identified in Section 4.1.1. The sources were made available to GENIVAR by TRCA.  

4.1.7.2 Climate Data 
The overall intent of the climate analysis and projections component of this study was to use readily 
available information to the extent possible to satisfy the study objectives. While it is possible that further 
research and analysis could have be conducted to establish data that better relates to, and/or supports 
projections for, most of the parameters chosen, such study was beyond the scope of this work.  

Furthermore, when considering future projections, one must recognize the inherent limitations of current 
climate science with respect to the scientific community’s ability to accurately model various climate 
parameters into the future (e.g. precipitation processes). This is evidenced by the variance that presently 
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exists between models for different parameters and scenarios and the general inability at the current time 
to predict local and/or extreme climate phenomena with any confidence.  

Chapter 3 documents all assumptions made for the climate related component of the study, along with 
the rationale used to support these assumptions. The sources of information are provided in Chapter 3 
under Section 3.1.4, Data Sources. 

4.2 Step 2 – Data Gathering and Sufficiency 
In this step, further definition regarding the infrastructure and the particular climate effects that are being 
considered in the evaluation are provided. 

4.2.1 State Infrastructure Components 
A list of the major infrastructure systems and their breakdown into individual components is provided in 
Tables 4-1. 

Table 4-1 Infrastructure Inventory 

Component 
System 

Claireville G. Ross Lord 
Administration / Operation Personnel Personnel 
 Records Records 
 Control Building Control Building 
 Operating Procedures Operating Procedures 
 Operator Residence Operator Residence 
 Access Roads and Trails to Dam Access Roads and Trails to Dam 
 On Site Access On Site Access 
Reservoir Storage Facility Storage Facility 

Main Concrete Gravity Spillways Radial Gates Concrete Spillway 
Spillway Pier and Lateral Walls Spillway Pier and Lateral Walls 
Dissipation Basins Concrete Spillway Tailrace Structure 
Upstream Abutment Walls Upstream Abutment Walls 
Downstream Abutment Walls Spillway Deck 
Bridge Deck Hoist Deck for Radial Gates 
Hoist Deck Low-level Outlet Intake 
 Low-level Outlet Tunnel 
 Low-level Outlet Dissipation Basin 
 Hoist Building for Low-level Outlet 

Spillway Structures 

 Hoist Building Bridge 
Radial Gates Radial Gates 
Radial Gates Hoist System Radial Gates Hoist System 
Low-level Valves Low-level Gates 
 Low-level Gates Hoist System 

Mechanical Systems 

 Mud Valves Mechanism 
Embankment Dams Embankment Dam – Upstream Embankment Dam – Upstream 
 Embankment Dam – Crest Embankment Dam – Crest 
 Embankment Dam – Downstream Embankment Dam – Downstream 
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Component 
System 

Claireville G. Ross Lord 
Drainage Blanket Drainage Blanket 
Monitoring Systems Monitoring Systems 

Groundwater Drainage / 
Management Systems 
 Outlets Outlets 
Electric Power Supply Grid Supply Grid Supply 
 Backup Generator Backup Generator 
 Backup Gas Motor Backup Gas Motor 
Control and Monitoring Systems Backup Controls Backup Controls 
 Reservoir Level Monitoring 

Equipment 
Reservoir Level Monitoring 
Equipment 

 Precipitation Monitoring Equipment Precipitation Monitoring Equipment 
 Streamflow Monitoring Equipment Streamflow Monitoring Equipment 
Communications Telephone Telephone 
 Cellular Cellular 
 Two-way Radio Two-way Radio 
Safety Systems Fencing Fencing 
 Boom Boom 
 Security Systems Security Systems 
 
There have been no major repairs on the Claireville dam since it was constructed, outside of regular 
maintenance activities. Significant settlement and movement of the south wingwall/retaining wall on the 
downstream side of the dam was identified in the Dam Safety Review and at the site visit, for which 
remedial repairs are being considered. Investigations to date indicate that this condition poses no 
immediate danger of failure. It is likely that the repairs required to address this settlement will be 
significant. 

As for the G. Ross Lord Dam, there have been no major repairs since its construction. The Dam Safety 
Review recommended some mechanical and electrical repairs, however these are considered within 
normal maintenance activities. 

4.2.1.1 Administration / Operation 
The administration and operations were broken into seven components; personnel, records, control 
building, operating procedures, operator residence, access roads and trails to dam, and on site access. 

The personnel include the TRCA employees responsible for the management, operation, and 
maintenance of the dams. The ability of personnel to safely and effectively operate the infrastructure 
during severe weather is critical to the operation of the dams as a complete system. 

Records refer to all hard copies and controlled / original electronically stored documents related to the 
operation of the infrastructure. 

The control buildings for Claireville and G. Ross Lord are shown in Figures 4.4 and 4.5 respectively. 
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Figure 4.4 Claireville Dam Control Building  

 

 

 

 

 

Figure 4.5 G. Ross Lord Dam Control Building 

 

 

 

          

 

 

 

 

 

 

 

Operating procedures refer to all procedures related to the operation of the dams including standard 
operating procedures and procedures for operation during emergencies. 

The access roads and trails to the Claireville and G. Ross Lord dams are shown in Figures 4.6 and 4.7 
respectively. 

Figure 4.6 Access Roads and Trails to Claireville Dam 
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Figure 4.7 Access Roads and Trails to G. Ross Lord Dam 

 

4.2.1.2 Reservoir 
The reservoir consists of only one component, which is the storage facility. The maximum storage 
volumes for the Claireville and G. Ross Lord reservoirs are approximately 4,700,000 m3 and 
5,000,000 m3 respectively. Figures 4.8 and 4.9 show the Claireville and G. Ross Lord reservoirs. 

Figure 4.8 Claireville Reservoir 
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Figure 4.9 G. Ross Lord Reservoir 

 

The 2004 Dam Safety Review noted some relatively minor erosion on the south side of the reservoir, 
upstream of the Claireville Dam. It also noted that on the north side, the roots of the trees adjacent to the 
shore are permanently submerged. As for G. Ross Lord Dam, the 2004 Dam Safety Review noted some 
erosion that needed to be monitored. 

4.2.1.3 Spillway Structures 

Claireville 
The spillway structure is comprised of seven components; main concrete gravity spillways, spillway piers 
and lateral walls, dissipation basins, upstream abutment walls, downstream abutment walls, a bridge 
deck, and a hoist deck. The spillway structures for Claireville are shown in Figures 4.10 and 4.11.  It was 
noted during the site visit that the right downstream abutment wall moved as a monolithic structure and in 
the 2004 Dam Safety Review it was recommended, to investigate its cause and make appropriate repairs. 

Figure 4.10 Claireville Spillway Structures 

 

Downstream  
abutment wall 

Downstream  
abutment wall Main spillways (5) 

Reservoir 
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Figure 4.11 Claireville Spillway - View from the Control Building 

 

G. Ross Lord 
The spillway structure is comprised of eleven components; radial gates concrete spillway, spillway pier 
and lateral walls, concrete spillway tailrace structure, upstream abutment walls, spillway deck, hoist deck 
for radial gates, low-level outlet intake, low-level outlet tunnel, low-level outlet dissipation basin, hoist 
building for low-level outlet, and a hoist building bridge. The spillway structures for G. Ross Lord are 
shown in Figures 4.12, 4.13, 4.14, and 4.15. 

Figure 4.12 G. Ross Lord Spillway - View from Downstream 

 

Hoist deck 

Spillway piers (4) 

Spillway lateral wall (2) 

Bridge deck 

Concrete spillway tailrace 
structure 

Spillway piers and lateral 
walls 
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Figure 4.13 G. Ross Lord Spillway - View from the Control Building 

 

Figure 4.14 G. Ross Lord Low-level Outlet 

 

Hoist deck for radial gates 

Low-level outlet structure 

Low-level outlet tunnel 



Flood Control Dam Water Resources Infrastructure Assessment -
Final Report 
 Toronto and Region Conservation Authority Flood Control Dams 
 

GENIVAR  4-14
 

Figure 4.15 G. Ross Lord Hoist Building 

 

4.2.1.4 Mechanical Systems 

Claireville 
The mechanical systems for Claireville consist of five radial gates, radial gates hoist system, and four low-
level valves (decommissioned). Figures 4.16 and 4.17 show the mechanical systems for Clairville.  

Figure 4.16 Claireville Mechanical Systems 

 

Radial gates (5) 

Low-level outlets (4) 
(not currently used) 

Hoist building 

Hoist building bridge 
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Figure 4.17 Claireville Radial Gates Hoist System 

 

G. Ross Lord 
The Mechanical Systems for G. Ross Lord consist of two radial gates, radial gates hoist system, two low-
level gates, low-level gates hoist system, and mud valves mechanism. Figure 4.18 shows the mechanical 
systems for G. Ross Lord. 

Figure 4.18 G. Ross Lord Mechanical Systems 

 

Radial gates hoist system 

Radial gates hoist system 

Radial gates 
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Figure 4.19 G. Ross Lord Low-level Gates Hoist System 

 

4.2.1.5 Embankment Dams 
There are three components for the embankment dams; upstream, crest, and downstream. The 
embankments for Claireville are shown in Figures 4.20 and 4.21. Figures 4.22 and 4.23 show the 
embankments for G. Ross Lord. Embankment dams consist of an earth core dam composed of 
impervious and supporting fill, filter material and riprap protection at its upstream face.  Both Dam Safety 
Reviews in 2004 recommended removing vegetation from earth embankments and continuously 
controlling vegetation growth by a maintenance program.  During the site visit, significant vegetation was 
noticed on the left upstream embankment at Claireville, but this was subsequently cleared in TRCA 
maintenance activities.  Also some slumping at the downstream embankment was observed at the G. 
Ross Lord Dam by the presence of skewed piezometer wells. 

Figure 4.20 Claireville Embankment - Upstream 

 

Low-level gates hoist system 

Right embankment, upstream

Left embankment, upstream
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Figure 4.21 Claireville Left Embankment - Downstream 

 

Figure 4.22 G. Ross Lord Embankments 

 

Left embankment, downstream

Right embankment Left embankment 
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Figure 4.23 G. Ross Lord Left Embankment - Downstream 

 

4.2.1.6 Groundwater Drainage / Management Systems 
The groundwater drainage / management systems consist of the following components: drainage blanket, 
monitoring systems, and outlets. 

At Claireville, the downstream drainage blanket is comprised of gravel and sand materials. It has a total 
thickness of 0.76 m located underneath the embankments dams and allows the capture of seepage water 
and its redirection to the drainage outlets of the dams. It should also be noted that a detailed 
underdrainage blanket design is not required since the concrete section of the dam is anchored into 
bedrock. 

At G. Ross Lord, a detailed underdrainage blanket design is required since the concrete section of the 
dam is not anchored into bedrock. Hence, there is infrastructure within the reservoir and under the dam. 
To minimize uplift pressure on the downstream side of the earth embankments and concrete structures, 
horizontal drainage blankets and pressure relief drains are installed. The drainage blankets are installed 
under the spillway, low level outlet, and earth dam. It was noticed during the site visit that water was 
boiling from the manhole (#18), at the left side of the low-level outlet dissipation basin structure, meaning 
that the drainage outlet at this location would be partially blocked or obstructed.  

4.2.1.7 Electric Power Supply 
The electric power supply system is broken down into three components; grid supply, backup generator, 
and backup gas motor. The backup generators for Claireville and G. Ross Lord are shown in Figures 4.24 
and 4.25 respectively. Figure 4.26 shows the backup gas motor for G. Ross Lord.  During a grid power 
outage, the backup generator is designed to start automatically and provide emergency power.  Gas 
motors are available in order to operate the gates at both dams should the backup generators fail. 

Left embankment, downstream
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Figure 4.24 Claireville Backup Generator          

 

Figure 4.25 G. Ross Lord Backup Gas Motor 

Figure 4.26 G. Ross Lord Backup Generator 

 

4.2.1.8 Control and Monitoring Systems 
The control and monitoring system is broken down into four components; backup controls, reservoir level 
monitoring equipment, precipitation monitoring equipment, and streamflow monitoring equipment. The 
control panels for Claireville and G. Ross Lord are shown in Figures 4.27 and 4.28 respectively.  The 
function of the control panel at Claireville Control Room has been replaced, while the one located in G. 
Ross Lord Dam is still operable. 

Figure 4.27 Old Claireville Control Panel  

 

Figure 4.28 G. Ross Lord Control Panel 
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4.2.1.9 Communications 
Communications consist of three main components; telephone, cellular, and two-way radio. 

4.2.1.10 Safety Systems 
The safety system is broken down into three components; fencing, boom, and security system.  Fences 
are used principally to restrict the entrance to the dam sites and provide protection against falling from the 
dam structures.  Booms are located upstream of radial gates, principally to avoid floating debris to jam the 
tainter gates and to restrict access to boats.  At G. Ross Lord Dam, a second debris boom is located 
upstream of the intake of the low-level gates. Security systems such as alarms and cameras are used at 
both sites 

4.2.2 State Climate Baseline 
The list of relevant climate parameters is provided in Chapter 3, Climate Analysis and Projections 
(Section 3.1.2). 

The sources for climate information are provided throughout Chapter 3, and specifically under Section 
3.1.4, Data Sources. Furthermore, a list of references is provided in Chapter 6. 

Historical extreme or phenomenal climate events including frequency, duration, date, and magnitude / 
intensity (where available) are provided in Chapter 3 (Section 3.2, Climate Parameters), under the 
subsections describing the Historical Climate Findings for each climate parameter. 

4.2.3 State the Climate Change Assumptions 
The relevancy and applicability of observed global, regional, or site-specific climate change trends with 
respect to the infrastructure have been assessed in Chapter 3 (Section 3.2, Climate Parameters), under 
the subsections describing the Trends and Climate Projections for each climate parameter. 

Changes to the climate baseline conditions are also identified in Chapter 3 (Section 3.2, Climate 
Parameters), under the subsections describing the Trends and Climate Projections for each climate 
parameter. 

All assumptions and justifications for making and applying the assumptions are clearly described 
throughout Chapter 3 under the relevant subsections. 

With regards to the influence that climate change trends have over the infrastructure, there has been no 
indication to date of climate change trends significantly influencing the Claireville and G. Ross Lord 
infrastructure. However, it was noted in the State of Knowledge Assessment, that the general climate 
trend of an increase in precipitation would result in more flood events, thereby potentially influencing the 
dams.  

4.2.4 State the Time Frame 
The study includes an assessment of the vulnerabilities of both facilities to current climate for existing 
conditions and to future climate change at the 2050 time horizon. Wherever possible, the time frame used 
for future projections was the 30-year period of 2041 to 2070, or more commonly expressed as “the 
2050s”. Assessment of vulnerability beyond this horizon was not conducted as it was agreed by the study 
team members and TRCA staff that this would likely surpass the design life of the infrastructure without 
the undertaking of significant reconstruction or rehabilitation efforts.   

The estimated design life of the infrastructure systems are provided in Table 4-2. 
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Table 4-2 Design Life of Infrastructure Systems 

System Design Life* 
Administration / Operation 80-100 years for physical structures 

Indefinite for personnel, procedures, and records 
Reservoir Indefinite 
Spillway Structures 80 years (Civil) 
Mechanical Systems 50 years 
Embankment Dams > 100 years 
Groundwater Drainage / Management Systems 50 years 
Electric Power Supply 30 years 
Control and Monitoring Systems 20 years 
Communications 10 years 
Safety Systems 10 years 
* Ref: EPRI: Hydropower Plant Modernization Guide, 1989. 

The systems noted above which have anticipated design lives of 30 years or less will require significant 
regular upgrades to maintain their serviceability. Based on the maintenance practices described in the 
dams’ Operation, Maintenance and Surveillance (OMS) Manuals, TRCA has been adequately 
maintaining these facilities. However, there will be significant maintenance required in the near future as 
the dams approach the mid point of their anticipated design lives. 

The Claireville Dam was constructed in 1963 – 1964 and the G. Ross Lord Dam was constructed in 1973. 
Based on a general useful life of 80 to 100 years, the dams have 40-60 years of useful life remaining. 
This timeframe of the remaining service life for both dams corresponds with the future climate projection 
period of 2050’s. 

4.2.5 State the Geography 
Both of the dams under consideration of this study are located in the Greater Toronto Area which is a 
heavily developed, urban environment, which likely has influence on the microclimate experienced in 
Southern Ontario.  

Inherently dams are located in river valleys; therefore, the upstream drainage basin has a significant 
influence on the flows experienced at the dams. While this geographic feature will not have an impact on 
the climate parameters, future climate changes may have a significant influence on the flows in the 
Humber and West Don Rivers. As earlier discussed, the hydrologic and hydraulic response of the 
watershed catchment areas upstream of the dams is outside the scope of this study. 

4.2.6 State Specific Jurisdictional Considerations 
As required by the Protocol, this section provides a list of jurisdictions, laws and bylaws, regulations, 
standards, guidelines, and administrative processes that are relevant to the infrastructure. This list is 
provided in this report for the purposes of completeness, and is not directly applied to the assessment of 
the infrastructure. 

Jurisdictions that have direct control or influence on the infrastructure are as follows: 

 Toronto and Region Conservation Authority (TRCA) 

Sections of laws and bylaws that are relevant to the infrastructure are as follows: 

 Local Municipal Bylaws 
 Municipal Building Codes and Site Plan Approvals 
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Sections of regulations that are relevant to the infrastructure are as follows: 

Federal 

 Navigable Waters Protection Act 
 Fisheries Act 
 Species at Risk 

Provincial 
 Conservation Authorities Act 
 Lakes and Rivers Improvement Act  
 Building Code Act  
 Ontario Water Resources Act 
 Endangered Species Act 
 Emergency Management and Civil Protection Act 

Standards that are relevant to the design, operation, and maintenance of the infrastructure are as follows: 

 Toronto and Region Conservation Authority (TRCA) Standards 
 US Army Corps of Engineers Design Standards (G. Ross Lord Dam) 
 City of Toronto Standards 
 Building Code of Canada 

Guidelines that are relevant to the design, operation, and maintenance of the infrastructure are as follows: 

 Canadian Dam Association (CDA) Dam Safety Guidelines (2007) 
 Canadian Dam Association Technical Bulletins (2007) 
 Ontario Ministry of Natural Resources Dam Guidelines (currently in draft) 

Infrastructure owner/operator administrative processes and policies as they apply to the infrastructure are 
as follows: 

 Claireville Dam Operation, Maintenance and Surveillance Manual 
 Claireville Dam Emergency Preparedness and Response Plan 
 G. Ross Lord Dam Operations Maintenance and Surveillance Manual 

4.2.7 State Other Potential Changes that May Affect the Infrastructure 
Changes in use pattern that increase or decrease the capacity of the infrastructure are as follows: 

 Upstream and/or downstream development and land use change 
 Reservoir sedimentation 

Operation and maintenance practices that increase or decrease the capacity or useful life of the 
infrastructure are as follows: 

 Pre-emptive maintenance for concrete structures such as crack repair, spalling concrete 
repair 

 Pre-emptive maintenance for steel work such as sandblasting, reinforcement and re-painting 
 Lubrication of mechanical components for gates and controls 
 Inspection and replacement of wear components in mechanical and electrical equipment 
 Periodic Dam Safety Review and Inspection by qualified professionals 
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 Periodic Inspection by maintenance personnel on a defined schedule, including underwater 
inspection 

 Increasing head pond level beyond design water elevations or overtopping 

Changes in management policy that affect the load pattern on the infrastructure are as follows: 

 Changes in dam operation protocol and procedures 

Changes in laws, regulations, and standards that affect the load pattern on the infrastructure are as 
follows: 

 Possible changes to the regulatory flood requirements 

4.2.8 Assess Data Sufficiency 

4.2.8.1 Infrastructure Data 
The amount of infrastructure data gathered was sufficient in this step, and appeared to be of good quality 
and accuracy. No data gaps were identified at this stage. The data sources listed in Section 4.1.1 
provided information on different topics. The prioritized referenced documentation for the infrastructure 
data is provided in Table 4-3, with general priority given to the most recent documentation/data. 

Table 4-3 Prioritized Reference Documentation for Infrastructure Data 

Priority Referenced Documentation 
1 Engineering Drawings 
2 Design Reports 
3 Operations, Maintenance, and Surveillance Manual and Emergency Preparedness Plan  
4 Dam Safety Review  
5 Maintenance Information including Equipment Manuals and Inspection Reports 
 
4.2.8.2 Climate Data 
The data gaps, data quality, data accuracy, application of trends, reliability of selected climate models, 
and the reliability of climate change assumptions are all discussed in Chapter 3, Climate Analysis and 
Projections, specifically under the Data Sources discussion in Section 3.1.4. The prioritized referenced 
documentation for the climate data is also discussed in Section 3.1.4 and a summary is provided in Table 
4-4. 

Table 4-4 Prioritized Reference Documentation for Climate Data 

Referenced Documentation 
Priority 

Historical Future 
1 Environment Canada’s Canadian Climate Normals Global Circulation Model Output as accessed 

through Environment Canada Canadian Climate 
Change Scenario Network 

2 Climate Data Online Intergovernmental Panel on Climate Change 
Reports 

3 Ontario Node of the Canadian Atmospheric Hazards 
Network  

Various Scientific Journal Articles 

4 Canadian Daily Climate Data   
5 Various Scientific Journal Articles  
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4.3 Step 3 – Risk Assessment 
In this step, the infrastructure’s response to the climate parameters was identified. Infrastructure and 
climate interactions that are identified as vulnerable and that require further analysis are identified for 
further evaluation in Step 4. 

4.3.1 Consultation with Owner and Operations Personnel 
To validate our initial findings, a workshop was conducted where participants from the GENIVAR team, 
TRCA staff, and Project Advisory Committee (PAC) came together to conduct a risk assessment exercise 
based on the Protocol. Further details regarding the workshop are provided in Section 4.3.8. 

In preparation for the workshop, there was significant consultation with TRCA staff to review the approach 
for the risk assessment and confirm our interpretations of the PIEVC protocol were in line and acceptable 
with the TRCA’s expectations. 

Upon completion of the risk assessment step there was also consultation with TRCA to review the results 
and finalize the list of interactions were to be brought forward to Step 4 of the protocol. 

4.3.2 Risk Assessment Methodology 
To determine a value for the risk associated with an interaction between an infrastructure component and 
a climate related event, the protocol dictates that the probability of the event occurring is multiplied by the 
severity of the impact to determine the overall risk value.  

To develop a risk value for each infrastructure-climate interaction, scales of 0 – 7 are established for the 
probability of the interactions occurring and the severity resulting from the interaction. The Protocol 
provides three alternate methods; A, B, and C (shown in Table 4-5) for using the probability scale. After a 
review of the options, Method A was selected for this assessment. Further discussion on the 
interpretation and utilization of the probability factors can be found in section 3.1.6. For the severity scale, 
the Protocol provides two methods; D and E as shown in Table 4-6. Method E was selected for this 
assessment.  

Methods A and E were selected as they were based on non-numerical criteria, which merged well with 
Step 3 since it is more qualitative in nature than quantitative. It was felt that the numerical scales provided 
in the alternative methods would require a level of precision and accuracy that could not be supported by 
available data regarding climate probability and impact severity  

Table 4-5 Probability Scale Factors 

Probability 
Scale 

Method A Method B Method C 

0 Negligible or not applicable < 0.1% or < 0.1/20 Negligible or not applicable 
1 Improbable / Highly Unlikely 5% or 1/20 Improbable 1:1 000 000 
2 Remote 20% or 4/20 Remote 1:100 000 
3 Occasional 35% or 7/20 Occasional 1: 10 000 
4 Moderate / Possible 50% or 10/20 Moderate 1:1 000 
5 Often 65% or 13/20 Probable 1:100 
6 Probable 80% or 16/20 Frequent 1:10 
7 Certain / Highly Probable > 95% or > 19/20 Continuous 1:1 
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Table 4-6 Severity Scale Factors 

Severity 
Scale 

Method D Method E 
0 No effect Negligible or Not Applicable 
1 Measurable 0.0125 Very Low / Unlikely / Rare / Measurable Change 
2 Minor 0.025 Low / Seldom / Marginal / Change in Serviceability 
3 Moderate 0.050 Occasional Loss of Some Capability 
4 Major 0.100 Moderate Loss of Some Capacity 
5 Serious 0.200 Likely Regular / Loss of Capacity and Loss of Some Function 
6 Hazardous 0.400 Major / Likely / Critical / Loss of Function 
7 Catastrophic 0.800 Extreme / Frequent / Continuous / Loss of Asset 

4.3.3 Use a Spreadsheet to Document the Risk Assessment 
A spreadsheet was developed that was comprised of a header row for relevant climate events. The title 
column consists of the relevant infrastructure systems and components, and their performance response 
to the relevant climate change effects. 

One feature distinguishing this study from the previous ones is the explicit inclusion of the existing risk. 
The previous studies assessed only the future risks, whereas this study included both the existing and the 
future risks and the change between the two. Hence, two separate matrices were established using the 
above mentioned spreadsheet for each dam to include both the existing and future risks. In total four 
matrices were developed, as follows: 

 Claireville Dam – Existing Climate Conditions (2009) 
 Claireville Dam – Future Climate Conditions (2050s) 
 G. Ross Lord Dam – Existing Climate Conditions (2009) 
 G. Ross Lord Dam – Future Climate Conditions (2050s) 

A sample spreadsheet is provided in Table 4-7. 
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Table 4-7 Sample Risk Assessment Matrix 
Climate Parameters Performance 

Response 
Considerations 

High  
Temperature 

Low  
Temperature Heat Wave 

Infrastructure Component 
S

tru
ct

ur
al

 D
es

ig
n 

Fu
nc

tio
na

lit
y 

W
at

er
sh

ed
, S

ur
fa

ce
 W

at
er

, a
nd

 G
ro

un
dw

at
er

 
O

pe
ra

tio
ns

, M
ai

nt
en

an
ce

, a
nd

 M
at

er
ia

ls
 P

er
fo

rm
an

ce
 

Em
er

ge
nc

y 
R

es
po

ns
e 

In
su

ra
nc

e 
C

on
si

de
ra

tio
ns

 
P

ol
ic

y 
C

on
si

de
ra

tio
ns

 
S

oc
ia

l E
ffe

ct
s 

Day(s) with 
max. temp. 

exceeding 35oC 

Day(s) with 
min. temp. 

below -30oC 

Three or more 
consecutive 
days >32oC  

Administration / Operation              

Y 
/ 
N 

P S R 
Y 
/ 
N 

P S R 
Y
 / 
N 

P S R

Personnel          
Records     
Control building         
Operating Procedures         
Operator residence     
Access roads and trails to dam     
On site access      
Reservoir                     
Storage Facility       
Spillway structures                     
Main concrete gravity spillways       
Spillway piers and lateral walls       
Dissipation basins       
Upstream abutment walls       
Downstream abutment walls       
Bridge deck       
Hoist deck       
 

4.3.4 Populate the Title Columns of the Spreadsheet 
The title column of the matrices was populated with the list of infrastructure systems and components 
provided in Table 4-1. 

Performance response categories were established based on the most likely response of an 
infrastructure component to contemplated climate events. The performance response categories were 
based on professional judgement and experience. It is important to identify the performance response 
categories as it defines the associated risk. For example, the occurrence of a high temperature event for 
personnel is not a risk. However, its effect on personnel not being able to respond in emergency 
situations is a risk. The performance category for the above mentioned example would be emergency 
response, which is important to the analysis as it defines the risk. 
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The following performance responses categories were considered: 

 Structural Design 
 Functionality 
 Watershed, Surface Water, and Groundwater 
 Operations, Maintenance, and Materials Performance 
 Emergency Response 
 Insurance Considerations 
 Social Effects 

A summary of the identified performance response considerations for the corresponding infrastructure 
components for the Claireville Dam and G. Ross Lord Dam is provided in Tables 4-8 and 4-9 respectively. 
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Table 4-8 Performance Response Considerations for the Claireville 

Performance Response Considerations 

Infrastructure Component 
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Administration / Operation                 
Personnel       
Records     
Control building      
Operating Procedures      
Operator residence     
Access roads and trails to dam     
On site access      
Reservoir                 
Storage Facility        
Spillway structures                 
Main concrete gravity spillways      
Spillway piers and lateral walls      
Dissipation basins      
Upstream abutment walls      
Downstream abutment walls      
Bridge deck      
Hoist deck      
Mechanical systems                 
Radial gates       
Radial gates hoist system       
Low-level valves       
Embankment dams                 
Embankment dam, upstream      
Embankment dam, crest       
Embankment dam, downstream      
Groundwater drainage / management systems                 
Drainage blanket      
Monitoring systems      
Outlets      
Electric power supply                 
Grid supply      
Backup generator      
Backup gas motor      
Control and monitoring systems                 
Backup controls       
Reservoir level monitoring equipment       
Precipitation monitoring equipment       
Streamflow monitoring equipment       
Communications                 
Telephone      
Cellular      
Two-way radio      
Safety systems                 
Fencing    
Boom    
Security systems     
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Table 4-9 Performance Response Considerations for the G. Ross Lord 
Performance Response Considerations 

Infrastructure Component 
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Administration / Operation                 
Personnel       
Records     
Control building      
Operating Procedures      
Operator residence     
Access roads and trails to dam     
On site access      
Reservoir                 
Storage Facility        
Spillway structures                 
Radial gates concrete spillway      
Spillway pier and lateral walls      
Concrete spillway tailrace structure      
Upstream abutment walls     
Spillway deck     
Hoist deck for radial gates      
Low-level outlet intake      
Low-level outlet tunnel      
Low-level outlet dissipation basin      
Hoist building for low-level outlet      
Hoist building bridge     
Mechanical systems                 
Radial gates       
Radial gates hoist system       
Low-level gates       
Low-level gates hoist system       
Mud valves mechanism      
Embankment dams                 
Embankment dam, upstream      
Embankment dam, crest       
Embankment dam, downstream      
Groundwater drainage / management systems                 
Drainage blanket      
Monitoring systems      
Outlets 
 
 

           

Electric power supply                 
Grid supply      
Backup generator      
Backup gas motor      
Control and monitoring systems                 
Backup controls       
Reservoir level monitoring equipment       
Precipitation monitoring equipment       
Steamflow monitoring equipment       
Communications                 
Telephone      
Cellular      
Two-way radio      
Safety systems                 
Fencing    
Boom    
Security systems     
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4.3.5 Populate the Header Rows 
The header row of the matrices was populated with the list of climate parameters provided in Section 
3.1.2. Definitions for each of the climate parameters were also provided below the header row. 

Under each climate parameter, title sub-columns were created as follows: 

 Y/N – Relevant or not relevant for further consideration 
 P – Probability of the interaction 
 S – Severity of the interaction, given that it has occurred 
 R - Risk 

4.3.6 Use the Assessment Spreadsheet to Calculate the Risk for Each Relevant 
Interaction 

Instead of assessing the severity scale factor of each performance response for individual infrastructure 
components, all the performance responses that were relevant were check marked, and only one severity 
scale factor was applied. The severity scale factor that was applied was based on judgement of the 
performance response that was most critical to the individual infrastructure-climate interaction. 

The cells under the ‘P’ column were populated as described in Chapter 3 (Section 3.2, Climate 
Parameters), under the Probability Scoring subsections for each climate parameter. A summary table of 
the probability scores is provided in Table 3-7. 

The cells under the ‘S’ column were populated using engineering judgement and the results of the 
workshop, where participants including operators with local knowledge of the infrastructure worked 
together to fill out the severities of a select number of infrastructure-climate interactions using the scale 
factors provided in Table 4-6. 

The Risk for each infrastructure-climate interaction was calculated using the following equation: 

R = P x S 

Where: 

R = Risk 

P = Probability of the interaction 

S = Severity of the interaction 

The final risk assessment matrices are included in Appendix E. 

4.3.7 Evaluate Potential Cumulative Effects 
The cumulative impact of combining or sequencing climate events was evaluated to assess the possibility 
of these combined events yielding a higher compound event. However, since the information available for 
the individual climate events was limited, it was identified early on that it would be even more difficult to 
obtain information on a combination of the individual climate events, especially in a future scenario. 
Nevertheless, it is noted that the severities would increase for combined events. The following climate 
parameters that were evaluated may be considered as combined / sequenced events:  

 Heat Wave – consecutive days of high temperature 
 Cold Wave – consecutive days of low temperature 
 Extreme Diurnal Temperature Variability – difference between extreme high and low 

temperature 
 Freeze Thaw – sequence of diurnal temperatures varying between above freezing and below 
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 Heavy 5 day Total Rainfall – consecutive days of heavy rain 
 Winter Rain – combination of heavy rain and low temperatures, frozen ground or snow on 

ground 
 Freezing Rain – combination of rain and below freezing temperatures 
 Ice Storm – combination of heavy rain, below freezing temperatures 
 Blowing Snow – combination of blowing snow (on ground or falling) and high wind 
 Snow Accumulation – sequence of heavy snow events 
 Hail – normally occurs in combination with heavy rain and high wind 
 Hurricane/Tropical Storm – combination of heavy rain and high wind 

4.3.8 Conduct a Risk Assessment Workshop 
A risk assessment workshop was conducted on November 9th, 2009. The workshop consisted of a 
presentation by TRCA and GENIVAR, which provided an overview of the dams and the climate analysis. 
The workshop presentation is included as Appendix C. All participants were provided with a workbook, 
which included the workshop agenda, selected presentation slides, scale factors, and the risk 
assessment matrices. The workbook is included as Appendix D.  

The workshop participants were split into three groups, and each group was assigned specific 
infrastructure systems to assess. For the purposes of calibration, the administration / operation system 
was assigned to all groups. Due to time limitations, the participants worked only on the assigned 
infrastructure components of the G. Ross Lord matrix. The group list and assigned infrastructure systems 
are provided in Table 4-10. 

Table 4-10 Group and Task List 

Group No. 
 

1 2 3 

GENIVAR - Moderator Michelle Albert Alan Winter Jeff O’Driscoll 
GENIVAR - Recorder Fatema Khalfan Rhona Scott Robin Zhao 
GENIVAR Gilles Bourgeois Stewart Dickson John Chadwick 
TRCA Bill Kerr Ryan Ness Craig Mitchel 
TRCA Sameer Dhalla Don Haley Alison MacLennen 

Project Advisory Committee 
(PAC) 

Joan Klaassen, 
Environment Canada 

David Lapp, 
Engineers Canada 

Dwight Boyd, Grand 
River Conservation 
Authority 

Project Advisory Committee 
(PAC) 

Paul Fesko, City of 
Calgary 

Rob Fox, Ministry of 
Natural Resources 

Steven Weyman, 
Hydro-Quebec 
Electric Power Supply
Control and 
Monitoring Systems 
Communications 

Reservoir 

Spillway Structures 

Mechanical Systems 

Embankment Dams 

Groundwater 
Drainage / 
Management 
Systems 

Safety Systems 

Assigned Infrastructure 
Systems 

Administration / Operation 

The groups were constructed with the following considerations, where possible: 

 Management and Operations staff were assigned to separate groups 
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 Each group had a member who was well versed with the climate analysis 
 Each group had members from all three teams; GENIVAR, TRCA, and PAC 
 Each group had a moderator and a recorder 

Workshop photos are presented in Figure 4.29. 
Figure 4.29 Risk Assessment Workshop Photos 

 

The risk assessment matrices completed by the workshop participants are provided in Appendix F. 

4.3.9 Establish the Infrastructure Owner’s Risk Tolerance Thresholds 
The risk tolerance thresholds were reviewed with TRCA, and are provided in Table 4-11. These 
thresholds are the same as those provided in the Protocol. Throughout the completion of this step, there 
was discussion around the possibility of altering these thresholds, however in the end it was decided that 
the thresholds suggested in the Protocol would be used. 

Table 4-11 Risk Tolerance Thresholds 

Risk Range Threshold Response 

< 12 Low Risk No immediate action necessary 
12 - 36 Medium Risk Action may be required 

Engineering Analysis may be 
required 

> 36 High Risk Immediate action required 

Low risk interactions represent no immediate vulnerability. Based on professional judgement, the 
potential climate change vulnerability associated with the infrastructure component is very low. Therefore, 
no further action is necessary. 

Medium risk interactions characterize a potential vulnerability. Based on professional judgement, the 
potential climate change vulnerability associated with the infrastructure component does exist, and further 
engineering analysis may be necessary to provide a clear determination of the vulnerability. 
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High risk interactions characterize an identified vulnerability. Based on professional judgement, the 
potential climate change vulnerability associated with the infrastructure component is identified, and 
immediate action may be required. 

The signed agreement from TRCA regarding the threshold values to be used in the risk assessment is 
included in Worksheet 3A, which is provided in Appendix B. 

4.3.10 Rank the Risks 
Two matrices are provided in Appendix G; Claireville and G. Ross Lord. Each matrix includes the existing 
risk score, the future risk score, and the difference between the existing and future risk scores. 
Furthermore, all the medium risk interactions are highlighted in yellow. The low risk interactions are those 
that are not highlighted. No high risk interactions were identified in this assessment. A summary of the 
findings is provided in Section 4.3.12. 

4.3.11 Assess Data Sufficiency 

4.3.11.1 Infrastructure Data 
Since Step 3 was more qualitative in nature, the data available for assessment use was sufficient, 
particularly where non-numerical, engineering judgement-based screening was applied. 

4.3.11.2 Climate Data 
The historical climate analysis for the Claireville and G. Ross Lord dams was conducted using data from a 
variety of sources, as listed in Table 4-4. Toronto Pearson International Airport weather station data were 
used (unless specified otherwise) as a result of the station’s close proximity to the dams and 
completeness of data over the station’s period of record. For certain climate parameters (i.e. ice storm, 
lightning, hurricane, and tornado) information was either not available from the above-mentioned sources 
or was not representative of the same geographical area (i.e. Toronto Pearson International Airport). In 
these instances there was a need to select alternative sources of information and/or use information 
representative of a different geographical area. These cases are clearly documented within the specific 
sections of Chapter 3.   

To assess historical trends in climate, various scientific journal articles were reviewed. It is noted that 
parameter indices and scales (temporal and spatial) from the literature often varied from the study’s 
established climate parameter definitions. However, due to resource limitations, the team agreed to 
accept varying levels of applicability as long as it could be used to make logical assumptions and 
connections with study definitions. GENIVAR did not conduct any independent trend analyses.  

Future climate projections were analyzed using climate model outputs from sources listed in Table 4-4. 
Using the CCCSN, output from IPCC-recognized AR4 global climate models was extracted for the model 
grid cell encompassing the Toronto area for each of the three primary emissions scenarios, A2 (high) A1B 
(medium) and B1 (low). Outlying global models that were not effective in reproducing aspects of the 
southern Ontario climate were identified and removed using techniques recommended by Environment 
Canada and the median output from the remaining models was considered.  In addition to considering the 
median output of all models, the range of output across the various models was also considered in 
assessing the confidence with which the output could be used. It should be noted that for some climate 
parameters, output was not available from all of the global climate models for which access is available 
on the CCCSN website.   

Similar to limitations associated with the available literature for historical trends, challenges were 
experienced in identifying climate projections for certain parameters, as information was often only 
available at global or regional scales (i.e. not Toronto), and/or by referencing different benchmarked time 
periods (i.e. not 1971-2000) or future planning horizons (i.e. not 2050s). As a result, difficulties in making 
direct comparisons between historical and future results were occasionally encountered and thus, the 
need to develop and apply various assumptions was identified. These assumptions were applied when it 
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was agreed by the project team and TRCA staff, that doing so was more logical than simply stating “no 
information was available”.  

All assumptions are clearly stated within the applicable subsections of Chapter 3. 

4.3.12 Summary of Findings 

4.3.12.1 Claireville 
The following points summarize the risk assessment findings for Claireville: 

 In total 777 interactions were identified, out of which, only 331 interactions were considered 
to be relevant for further consideration. These interactions were selected because they were 
considered to have potential risk. 

 The risk assessment identified 122 interactions as low risk interactions for both existing and 
future conditions.  

 There were 139 interactions that were assessed to be medium risk interactions for both 
existing and future conditions.  

 No interactions were identified as high risk 
 It was identified in the risk assessment that 47 interactions that were identified as low risk for 

the existing conditions, but which changed to medium risk for future conditions, as a result of 
climate change, based on current understandings.  

 On the other hand, there were 23 interactions that were identified as medium risk for the 
existing conditions, but which decreased to a low risk score for future conditions, as a result 
of climate change, based on current understandings.  

 In total, there were 123 interactions for which the risk scores increased, as a result of climate 
change, based on current understandings. The highest increase was by a score of 10. This 
was associated with interactions between freezing rain events and the following components: 
backup controls, telephone, and cellular. 

 In total, there were 72 interactions for which the risk scores decreased, as a result of climate 
change, based on current understandings. The highest decrease was by a score of 12. This 
was associated with interactions between freeze thaw events and the embankment dam 
components. 

 There were 136 interactions for which the risk scores remained the same for both the existing 
and future conditions. These interactions were mainly associated with the following climate 
events: winter rain, blowing snow, heavy snow, lightning, hailstorm, high wind, tornado, and 
heavy fog. 

 No interactions were identified as high risk. 

 The storage facility – heavy rain interaction received the highest risk score for both existing 
and future conditions. 

The interactions with the greatest risk scores are provided in Table 4-12. 
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Table 4-12 Greatest Risk Scores for Claireville 
Infrastructure Component Climate Parameter Existing Risk Score Future Risk Score 
Administration / Operation    
Personnel High Temperature 20 25 
Personnel Freezing Rain 16 24 
Personnel Hailstorm 25 25 
Reservoir    
Storage Facility Heavy Rain 28 35 
Spillway structures    
Downstream abutment walls Snow Accumulation 24 20 
Hoist deck Snow Accumulation 24 20 
Mechanical systems    
Radial gates hoist system Freezing Rain 16 24 
Radial gates hoist system Snow Accumulation 24 20 

 
Embankment dams    
Embankment dam, upstream Freeze/Thaw 24 12 
Embankment dam, downstream Freeze / Thaw 24 12 
Electric power supply    
Grid supply Hailstorm 25 25 
Control and monitoring systems    
Backup controls Freezing Rain 20 30 
Communications    
Telephone Freezing Rain 20 30 
Cellular Freezing Rain  20 30 
 
4.3.12.2 G. Ross Lord 
The following points summarize the risk assessment findings for G. Ross Lord: 

 In total 903 interactions were identified, out of which, only 357 interactions were considered 
to be relevant for further consideration. Interactions considered to have potential risk were 
considered relevant for further consideration. 

 The risk assessment identified 153 interactions as low risk interactions for both existing and 
future conditions.  

 There were 136 interactions that were assessed to be medium risk interactions for both 
existing and future conditions.  

 No interactions were identified as high risk 
 It was identified in the risk assessment that 48 interactions that were identified as low risk for 

the existing conditions, but which changed to medium risk for future conditions, as a result of 
climate change, based on current understandings.  

 On the other hand, there were 20 interactions that were identified as medium risk for the 
existing conditions, but which decreased to a low risk score for future conditions, as a result 
of climate change, based on current understandings.  

 In total, there were 130 interactions for which the risk scores increased, as a result of climate 
change, based on current understandings. The highest increase was by a score of 10. This 
was associated with interactions between freezing rain events and the following components: 
backup controls, telephone, and cellular. 

 In total, there were 80 interactions for which the risk scores decreased, as a result of climate 
change, based on current understandings. The highest decrease was by a score of 12. This 
was associated with interactions between freeze thaw events and the embankment dam 
components. 

 There were 147 interactions for which the risk scores remained the same for both the existing 
and future conditions. These interactions were mainly associated with the following climate 
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events: winter rain, blowing snow, heavy snow, lightning, hailstorm, high wind, tornado, and 
heavy fog. 

 No interactions were identified as high risk. 

 The storage facility – heavy rain interaction received the highest risk score for both existing 
and future conditions. 

The interactions with the greatest risk scores are provided in Table 4-13 

Table 4-13 Greatest Risk Scores for G. Ross Lord 
Infrastructure Component Climate Parameter Existing Risk Score Future Risk Score 
Administration / Operation    
Personnel High Temperature 20 25 
Personnel Hailstorm 25 25 
Reservoir     
Storage Facility Heavy Rain 28 35 
Storage Facility Heavy 5 day Total Rainfall 14 21 
Spillway deck Snow Accumulation 24 20 
Hoist deck for radial gates Snow Accumulation 24 20 
Hoist building bridge Snow Accumulation 24 20 
Embankment dams     
Embankment dam, upstream Freeze / Thaw 24 12 
Embankment dam, crest Freeze / Thaw 24 12 
Embankment dam, downstream Freeze / Thaw 24 12 
Electric power supply     
Grid supply Hailstorm 25 25 
Control and monitoring systems     
Backup controls Freezing Rain 20 30 
Communications     
Telephone Freezing Rain 20 30 
Cellular Freezing Rain 20 30 
 

4.4 Step 4 – Engineering Analysis 
The infrastructure-climate interactions that scored a risk value between 12 and 36 in Step 3 were 
analysed further under this step. The analysis included a determination of the relationship between the 
loads placed under both existing and potential future conditions on the infrastructure and its capacity.  

Vulnerability exists when the infrastructure has insufficient capacity to withstand the effects placed on it. 
Therefore, there is a capacity deficit when vulnerability exists. There is adaptive capacity when the 
infrastructure is resilient i.e. it has sufficient capacity to withstand the climate change effects without 
compromising the ability of the infrastructure to perform as required. 

The results of this step are provided in the Completed Engineering Analysis Tables included in Appendix 
H. The Engineering Analysis Table consists of the following fields: 

 Infrastructure Component: lists all components that are included in interactions with risk 
scores between 12 and 36. 

 Climate Variable: lists all climate parameters corresponding to the infrastructure components 
that are included in interactions with risk scores between 12 and 36. 

 Basis of Determination / Data Source: provides a definition, description, justification, or data 
source upon which the values in the cells are based upon. 

 Existing, Climate, Other, and Total Loads 
 Existing, Maturing, Additional and Total Capacities 
 Vulnerability 
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 Capacity Deficit 
 Comments/ Data Sufficiency 

The Engineering Analysis Table consists of three main parts. Two worked examples of each part are 
displayed in Tables 4-14, 4-15, and 4-16. Table 4-14 displays the first part of the engineering analysis; 
the loads. The second part of the engineering analysis, which includes the capacities are provided in 
Table 4-15. The vulnerability ratios and capacity deficits are shown in Table 4-16. These tables are 
referred to in the following subsections, where a discussion of the worked examples is provided. 

Table 4-14 Sample Layout of the Engineering Analysis Table – Part 1 

Calculation of Total Load (LT) 

Climate Load LC 
Total Load    

LT= Infrastructure 
Component 

Climate 
Variable Existing Load   LE Timeframe LC 

Other Load   
LO LE+LC+LO 

Administration / 
Operation             

High 
Temperature  0.54 2050 0.71 n/a 1.25 

Basis of 
Determination / 
Data Source 

Avg. of # of days/year 
with max. temp. > 

35°C    

Change in 
number of 

occurrences/ 
year   

High value 
from 

probability 
score range of 

5 
Freezing Rain 0.75  2050 1.25 n/a 2 

Personnel 

Basis of 
Determination / 
Data Source 

High value from 
probability score 

range of 4; 
"moderate" chance of 

exceeding the avg. 
no. of occurrences (9) 

in a given year   

Change in 
chance of 

exceeding the 
avg. no. of 

occurrences 
(9) in a given 

year   

High value 
from 

probability 
score range of 

6 

Table 4-15 Sample Layout of the Engineering Analysis Table – Part 2 

Calculation of Total Capacity (CT) 

Total Capacity 
CT= Infrastructure 

Component Climate Variable 

Existing 
Capacity        

CE 
Maturing 

Capacity      CM 

Additional 
Capacity       

CA CE-CM+CA 
Administration / 
Operation           

High Temperature CE > LT n/a n/a CT > LT 
Basis of Determination 
/ Data Source 

Engineering 
Judgement     

Engineering 
Judgement 

Freezing Rain CE < LT n/a n/a CT < LT 

Personnel 

Basis of Determination 
/ Data Source 

Engineering 
Judgement     

Engineering 
Judgement 
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Table 4-16 Sample Layout of the Engineering Analysis Table – Part 3 

Vulnerability (VR) 
Capacity Deficit 

(CD) 
Infrastructure 
Component 

Climate 
Variable VR=LT/CT           CD=LT-CT Comments 

Administration 
/ Operation         

High 
Temperature VR < 1  0 
Basis of 
Determination / 
Data Source 

Engineering 
Judgement 

Engineering 
Judgement 

While operations personnel may 
experience some discomfort and 
fatigue during high temperatures, they 
will still be able to get to the dam and 
perform their duties.  

Freezing Rain VR > 1  CD > 0 

Personnel 

Basis of 
Determination / 
Data Source 

Engineering 
Judgement 

Engineering 
Judgement 

During freezing rain events operations 
personnel may not be able to access 
the dam, or safely perform functions 
outside of the control building.  

 

The following sections provide more information on the parameters involved in this step of the Protocol. 

4.4.1 Calculate the Existing Load (LE) 
The existing load was based on the historic probabilities determined using the methods documented in 
Chapter 3, and applied in Section 4.3, Risk Assessment. The value of the existing load was the number of 
occurrences per year that corresponded to the historic probability determined for the interactions. If a 
specific value was available for the number of occurrences, then that value was considered the existing 
load. However, if there was no specific value, then the high value was chosen from the range of number 
of occurrences per year that corresponded to the probability score determined for that interaction.  

As shown in the example provided in Table 4-14, the number of occurrences of high temperature, as 
defined in Chapter 3 is 0.54. Hence, this value of 0.54 was used as the existing load. However, in the 
case of freezing rain, no specific value was provided from the analyses documented in Chapter 3 for the 
calculated number of occurrences. It was assigned a probability score of “4”, and justified accordingly. In 
this case, the high value from the range of number of occurrences per year corresponding to a probability 
of “4” was used. Table 3-1 shows that the range of number of occurrences per year corresponding to a 
probability of “4” is 0.25 to 0.75. Therefore, the high value of the range i.e. 0.75 was used as the existing 
load. The high value of the range was selected since it represented the worst case scenario, which would 
result in a more conservative analysis. 

This method was collectively agreed upon by GENIVAR and TRCA, since it provided a continuation to the 
application of the climate analysis and projections. The existing loads for all the interactions that required 
engineering analysis are provided in the completed Engineering Analysis Tables. 

4.4.2 Calculate the Climate Change Load (LC) 
The climate change load was based on the difference between the historic and future probabilities, 
specifically the difference between the corresponding numbers of occurrences per year.  

As shown in the example provided in Table 4-14, the future probability score for high temperature was 
increased from the historic probability of a “4” to a “5”. As shown in Table 3-1, a probability score of “5” 
corresponds to a range of 0.75 to 1.25 occurrences per year, as defined in Chapter 3. The climate 
change load was determined to be the difference between the high value from the range (1.25) and the 
existing load (0.54). This resulted in a climate change load of 0.71 i.e. 1.25 - 0.54. If the future probability 
score remained the same then the climate change load is 0. Similarly, for the second example shown in 
Table 4-14, the resulting climate change load is 1.25 i.e. 2 – 0.75. 
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The rationale for this methodology is consistent with the one used for the calculation of the existing load. 
The climate change loads for all the interactions included within Step 4 are provided in Appendix H, 
Completed Engineering Analysis Tables. 

4.4.3 Calculate Other Change Loads (LO) 
Other change loads refer to the change in load arising from other change effects on the infrastructure. An 
example of an “other change load” would be the intensification or development of the area upstream of 
the dam. Since it was difficult to represent “other change loads” in the same manner, or unit, as the 
existing and climate change loads i.e. based on probabilities, generally no quantifiable value could be 
assigned.  

4.4.4 Calculate Total Load (TE) 
The total loading of the infrastructure is calculated by combining the existing loads and future loads from 
climate change and other factors, using the following formula: 

LT = LE + LC + LO, 
 
Where: LT is the projected total load on the infrastructure 
 LE is the existing load on the infrastructure 
 LC is the projected load on the infrastructure resulting from climate change 
 LO is the projected load on the infrastructure resulting from other changes 
 
The total load was calculated as the sum of the existing load and the climate change load. As shown in 
the example provided in Table 4-14, the total load for high temperature is 0.54 + 0.71 = 1.25, which is the 
high value from probability score range of “5”. In the case of the freezing rain example, the total load is 
the high value (2) from probability score range of “6”, which is the same as the sum of the existing load 
(0.75) and the climate change load (1.25). 

4.4.5 Calculate the Existing Capacity (CE) 
Since it was difficult to represent the existing capacity of the components in the same manner or units as 
the existing and climate change loads i.e. based on probabilities, no quantifiable value could be assigned. 
A qualitative description was provided, where available, in the Engineering Analysis Tables. An example 
is provided in Table 4-15. 

4.4.6 Calculate the Projected Change in Existing Capacity Arising from Aging / Use 
of the Infrastructure 

Similar to the existing capacities, it was difficult to represent the maturing capacities in the same manner 
or units as the existing and climate change loads i.e. based on probabilities. Therefore no quantifiable 
value was assigned, instead a qualitative description was provided, where available. An example is 
provided in Table 4-15. 

4.4.7 Calculate Additional Capacity 
The additional capacities were also difficult to quantify based on probabilities, which were used to quantify 
the loads. A qualitative description was provided, where available, in the Engineering Analysis Tables. An 
example is provided in Table 4-15. 

4.4.8 Calculate the Projected Total Capacity (CT) 
The total capacity is calculated by combining the existing capacity with any changes in the future as the 
infrastructure matures, or as retrofits or upgrades provide additional capacity, using the following formula: 

CT = CE - CM + CA, 
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Where: CT is the projected total capacity of the infrastructure 
 CE is the existing capacity of the infrastructure 
 CM is the projected change in infrastructure capacity as a result of age / use 
 CA is the projected additional capacity of the infrastructure  
 

For this study, the total capacity was qualitatively described as being either greater or less than the total 
load, based on engineering judgement. The engineering judgement was based upon discussions 
between TRCA and the GENIVAR study team. It involved a review of the past record and experience of 
the response of dams to various climate events.  

The capacities were determined based on whether the infrastructure component is able to withstand the 
current climate conditions, and the response of the infrastructure to similar climate events that have 
occurred in the past, which are represented by the existing loads. The change in load was then compared 
to the existing load, and if the change was not considered to be relatively significant, then the 
infrastructure was determined to have adaptive capacity.  

Similarly, engineering judgement was applied to all the subsections that follow, where it has been 
indicated that a qualitative assessment was carried out. 

The qualitative assessment is provided in Appendix H, Completed Engineering Analysis Tables. 
Examples are provided in Table 4-15. 

4.4.9 Calculate Vulnerability Ratio 
The Protocol dictates that the total loading and total capacity be used to calculate the Vulnerability Ratio 
(VR), as follows: 

T

T
R C

LV =
 

 
Due to the difficulties in calculating the capacities of the infrastructure components, the vulnerability ratio 
could not be quantitatively calculated but was based largely on engineering judgement and understanding 
of the historic performance of the two TRCA dams as described in detail above. Therefore, the 
vulnerability ratio was qualitatively assessed on being either greater or less than one. If the total capacity 
was estimated to be greater than the total load, then the vulnerability ratio was listed as less than one. A 
vulnerability ratio of less than one means that the infrastructure component was resilient and not 
vulnerable to the climate parameter. If the total capacity was estimated to be less than the total load, then 
the vulnerability ratio would be greater than one, indicating that vulnerability exists. Examples are 
provided in Table 4-16. 

The vulnerability ratios for all the interactions requiring engineering analysis are provided in Appendix H, 
Completed Engineering Analysis Tables. Components that are considered vulnerable are summarized in 
Section 4.4.13.  

4.4.10 Calculate Capacity Deficit 
The total loading and total capacity is also used to calculate the Capacity Deficit (CD), as follows: 

TTD CLC −=  

The Capacity Deficit is the difference between the total load and the total capacity. As discussed in 
Section 4.4.9, if the total load is greater than the total capacity, then there exists a capacity deficit. A 
capacity deficit always exists where there is vulnerability i.e. vulnerability ratio of greater than one.  
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For this study, since there was no quantitative data for the total capacity, the capacity deficit could not be 
quantified. If the vulnerability ratio was greater than one, then the capacity deficit was stated to be greater 
than zero. The capacity deficit was given a value of zero if the vulnerability ratio was less than one. 
Examples are provided in Table 4-16. 

4.4.11 Assess Data Sufficiency 
In general, data was insufficient, to complete the engineering analysis in the specific method prescribed 
by the Protocol. In determining the climate load from the results of the Climate Analysis and Projections, 
the units were generally represented as a number of occurrences per year, or a probability of the event 
occurring in a given year. This definition allowed the calculation of the existing load and the climate load, 
however made the determination of the capacity of a component impossible in any meaningful, scientific 
way. For example, it is impossible to determine how many ice storms the bridge deck could withstand in a 
given year, or to put any number to the capacity of the electrical supply grid to a tornado. 

In light of the above, experience and professional engineering judgement was utilized to estimate whether 
or not the component was vulnerable or not, to a singular, or multiple, occurrences of the climate 
parameter. This resulted in a qualitative assessment of vulnerability. 

4.4.12 Evaluate Need for Additional Risk Assessment 
The need for reassessing the risk profile and conducting a revised risk assessment i.e. repeating Step 3 
was not identified.  

4.4.13 Summary of Findings 
The complete results of the Engineering Analysis step can be found in the tables included in Appendix H.  

The analysis was completed according to the methods set out in the Protocol. These methods do not 
explicitly consider the difference between existing or future vulnerability, but instead focus on whether the 
component is vulnerable to the net of the existing load, plus future climatic load. As a result, the 
assessment of vulnerability reflects only the future condition.  However, in the case of the Claireville and 
G. Ross Lord dams, a review of the interactions assessed as ‘vulnerable’, or having a Vulnerability Ratio 
greater than one, indicated that these interactions would also be judged as ‘vulnerable’ in the existing 
condition.  This is not surprising, given the nature of the climate events and the lack of quantitative 
information with which to calculate the Total Capacity of virtually all of the infrastructure components 
considered.  

The Engineering Analysis generally resulted in a determination of the vulnerability of the infrastructure 
components to a single occurrence of the climate event, rather than the probability or frequency of the 
event.  For example, personnel are identified to be vulnerable to a freezing rain event for both existing 
and future conditions, with no distinction made regarding whether personnel are more or less vulnerable 
in the future with an increased probability of freezing rain events, as there is no information available with 
which to determine whether a change in frequency would increase the vulnerability of the components. 

The above notwithstanding, it was possible to make a determination of the difference between existing 
and future risk for the components and interactions identified as ‘vulnerable’ by revisiting the results of the 
Risk Assessment completed in Step 3.  In that assessment, the probability scores did change for some 
climate events, as shown in Table 3-7, from the existing to future conditions, and the associated risk 
scores changed as well.  Based on a comparison of those existing and future risk scores for vulnerable 
components and interactions, the potential effect of climate change in modifying risk to those components 
could be determined. The following sections provide a summary of the results for the two dams.  

4.4.13.1 Claireville 

 A total of 209 interactions were considered in the engineering analysis step 



Flood Control Dam Water Resources Infrastructure Assessment -
Final Report 
 Toronto and Region Conservation Authority Flood Control Dams 
 

GENIVAR  4-42
 

 There were 50 interactions assessed to be vulnerable i.e. have a Vulnerability Ratio of 
greater than one. These vulnerabilities are provided in Table 4-17.  

 There were 17 interactions that had “low” existing risk scores, yet had been carried forward 
for Engineering Analysis due to an increase in probability that the climate event or condition 
will occur in the future, and therefore had “medium” future risk scores. These interactions are 
highlighted in Table 4-17. 

 Of the 50 interactions assessed to be vulnerable, 28 had risk values that increased as a 
result of climate change in Step 3, none had risk values that decreased, and 22 had risk 
values that were unchanged. The interactions with increased risk values are underlined in 
Table 4-17. 

Table 4-17 Vulnerable Components of the Claireville Dam (Vulnerability Ratio >1) 

Infrastructure 
Component 

Climate Parameter 
Interaction Comments  

Administration / Operation 
Personnel Freezing Rain 

Ice Storm 
Hurricane / Tropical Storm 
High Wind 
Tornado 

During freezing rain and ice storm events, operations personnel may not be 
able to access the dam, or safely perform functions outside of the control 
building as easily or quickly as normal. While surfaces may be coated with ice 
and slippery, the Operators should be able to access all functions if and when 
absolutely necessary. 

In the case of hurricane, high wind, and tornado operations personnel will have 
difficulty getting to the dam and safely carrying out their duties during or 
immediately after the event. This will likely have a severe impact on the 
Operators ability to operate the dam. 

Control building Tornado Control building will likely sustain significant damage during a tornado. 
Depending on the severity and proximity, functionality may be impaired and the 
impact on the operation of the dam would be high. 

Operator 
residence 

Tornado The Operator Residence will likely sustain significant damage if a Tornado 
touches down in the vicinity of the house/dam. This will not directly impact the 
dam or its operation. 

On site access Freezing Rain 
Ice Storm 
Tornado 

On site access to the various operational components will be more difficult and 
potentially dangerous during/after these events. In the case of a tornado, on 
site access to the various operational components will potentially be made 
impossible during the event, and collateral damage and debris may make 
access around the site difficult after the event. The impact of these events on 
the operation of the dam will be moderate as it will make the Operator’s access 
to other components more difficult, but not impossible. 

Reservoir 
Storage facility Hurricane / Tropical Storm High wind events could result in trees and other debris in the reservoir and 

potentially prevent operation of spillway gates. This impact is somewhat 
mitigated by the presence of debris booms at the gates; however these may be 
overwhelmed during a hurricane.  

Spillway structures 
Downstream 
abutment walls 

Heavy Rain 
Heavy 5 Day Total Rainfall 

Movement in the south abutment wall has been observed. Without remedial 
actions, this movement may continue. During heavy rains there is an increased 
flow through the dam and in the water levels above and below the dam. This 
will increase the potential for water to flow in, around and under the abutment 
wall and increase the risk of further movement and/or a failure. The impact of a 
total failure of this abutment wall would be severe. 

Mechanical systems 
Radial gates Ice Storm Since the gate heaters have been removed, an ice storm may impact their 

operation due to freezing. A deicing process would need to be in place and 
carried out, reducing the reaction time, should be gates need to be operated 
during the event. The impact of this on the overall dam performance and 
operation would be limited to the reaction time of the gate operation.  
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Infrastructure 
Component 

Climate Parameter 
Interaction Comments  

Electric Power Supply 
Grid supply Ice Storm 

Hurricane / Tropical Storm 
High Wind 
Tornado 

Grid supply will likely sustain damage that could affect supply to the dam during 
and after these events. Ice storms represent a potential threat to grid supply 
infrastructure and could impact the dam operations. Depending on length of 
time required to repair the overhead supply lines, significant impacts could be 
realized. 

Control and monitoring systems 
Backup controls Freezing Rain 

Ice Storm 
Hailstorm 
Hurricane / Tropical Storm 
High Wind 
Tornado 

These events could damage the backup control transmission component and 
make it unavailable in case of emergency. TRCA experience indicates this 
component fails during normally occurring weather events, therefore it is 
expected to fail during extreme events as well.  

Reservoir level 
monitoring 
equipment 

Hurricane / Tropical Storm 
High Wind 
Tornado 

Reservoir level monitoring equipment likely to sustain damage from these 
climate event, or effects (i.e. flying debris). Some level of functionality likely lost. 
This would have an impact on the TRCA’s ability to observe the level in the 
reservoir and the required response/ operation. 

Precipitation 
monitoring 
equipment 

Freezing Rain 
Ice Storm 
Hailstorm 
Hurricane / Tropical Storm 
High Wind 
Tornado 

Freezing rain and Ice Storm events could alter readings of this component. 
Depending on intensity, hailstorm could impact the precipitation monitoring 
equipment. Hurricane, high winds or tornado could damage the precipitation 
monitoring equipment making it unavailable. This would have an impact on the 
TRCA’s ability to observe the precipitation and predict the flow into the reservoir 
and the required response/ operation. 

Streamflow 
monitoring 
equipment 

Hurricane / Tropical Storm 
High Wind 
Tornado 

Effects may be possible from these climate events to the streamflow monitoring 
equipment. This would have an impact on the TRCA’s ability to observe the 
precipitation and predict the flow into the reservoir and the required response/ 
operation. 

Communications 
Telephone Ice Storm 

Hurricane / Tropical Storm 
High Wind 
Tornado 

These events could impact overhead telephone wires and could impact TRCA’s 
ability to remotely operate or monitor the dam. 

Cellular 
Network 

Hurricane / Tropical Storm 
High Wind 
Tornado 

While the cellular network has promised TRCA service during extreme events, 
experience with regularly occurring storm events has proven otherwise. It is 
expected that interruptions will be experienced during extreme events. 

Two-way Radio Blowing Snow/Blizzard 
Hurricane / Tropical Storm 
 

Functionality of two-way radio system likely to be impacted during a severe 
weather event.  

Safety systems 
Security 
systems 

Freezing Rain 
Hurricane / Tropical Storm 
High Wind 

Outdoor components likely to be effected by these events. Land based 
telephone lines may be affected which could affect system communication. This 
would not have an impact on the dam’s functionality or operation. 

 
4.4.13.2 G. Ross Lord 

 A total of 204 interactions were considered for the engineering analysis step 
 In total, there were 51 interactions that were assessed to be vulnerable i.e. have a 

vulnerability ratio of greater than one. These vulnerabilities are provided in Table 4-18.  
 There were 17 interactions that had “low” existing risk scores, yet due to an increase in 

probability that the climate event will occur in the future, had “medium” future risk scores. 
These interactions are highlighted in Table 4-17. 
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 Of the 51 interactions assessed to be vulnerable, 28 had risk values that increased as a 
result of climate change in Step 3, none had risk values that decreased, and 23 had risk 
values that were unchanged.   The interactions with increased risk values are underlined in 
Table 4-18. 

Table 4-18 Vulnerable Components of the G. Ross Lord Dam (Vulnerability Ratio >1) 

Infrastructure 
Component 

Climate Parameter 
Interaction Comments 

Administration / Operation 
Personnel Freezing Rain 

Ice Storm 
Hurricane / Tropical Storm 
High Wind 
Tornado 

During freezing rain and ice storm events, operations personnel may 
not be able to access the dam, or safely perform functions outside of 
the control building as easily or quickly as normal. While surfaces may 
be coated with ice and slippery, the Operators should be able to 
access all functions if and when absolutely necessary. 
In the case of hurricane, high wind, and tornado operations personnel 
will have difficulty getting to the dam and safely carrying out their duties 
during or immediately after the event. This will likely have a severe 
impact on the Operators ability to operate the dam. 

Control building Tornado Control building will likely sustain damage during a tornado. Depending 
on the severity and proximity, functionality may be impaired and the 
impact on the operation of the dam would be high. 

Operator 
Residence 

Tornado The Operator Residence will likely sustain significant damage if a 
Tornado touches down in the vicinity of the house/dam. This will not 
directly impact the dam or its operation. 

On site access Freezing Rain 
Ice Storm 
Tornado 

On site access to the various operational components will be more 
difficult and potentially dangerous during/after these events. In the case 
of a tornado, on site access to the various operational components will 
potentially be made impossible during the event, and collateral damage 
and debris may make access around the site difficult after the event. 
The impact of these events on the operation of the dam will be 
moderate as it will make the Operator’s access to other components 
more difficult, but not impossible. 

Reservoir 
Storage facility Hurricane / Tropical Storm Trees and other debris could end up in the reservoir during a hurricane 

and reduce storage volume and impact reservoir operation. 

Spillway structures 
Hoist building for 
low-level outlet 

Tornado Hoist building will likely sustain significant damage with potential 
impacts to building functionality. Impacts in the ability to operate the 
low level outlet would likely be severe. 

Mechanical systems 
Radial gates Ice Storm Since the gate heaters have been removed, an ice storm may impact 

their operation due to freezing. A deicing process would need to be in 
place and carried out, reducing the reaction time, should be gates need 
to be operated during the event. The impact of this on the overall dam 
performance and operation would be limited to the reaction time of the 
gate operation.  

Radial gates hoist 
system 

Freezing Rain 
Ice Storm 

This interaction could reduce the gates availability and could require a 
de-icing process which would reduce the available reaction time in 
case of an emergency. The impact of this on the overall dam 
performance and operation would be limited to the reaction time of the 
gate operation. 

Embankment dams 
Embankment 
dam, downstream 

Heavy Rain Heavy rain could constitute a threat to the downstream embankment 
since movement of this structure has been noticed (piezometer wells).  
Rain could increase the settling process and cause a major slide.  This 
would have severe impacts to the dam structure. 
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Infrastructure 
Component 

Climate Parameter 
Interaction Comments 

Groundwater drainage / management systems 
Drainage Blanket Heavy Rain Heavy Rain events will affect the drainage blanket. Vulnerability 

generally associated with cumulative affects of many heavy rains. If the 
drainage blanket does ever fail, it is likely that it will occur during a 
heavy rain event. 

Outlets Heavy Rain 
Heavy 5 Day Total Rainfall 
Winter Rain 

The outlet of the drainage system is currently blocked, as water is 
boiling from Manhole #18. This blockage has likely reduced the 
capacity of the drainage system, making it vulnerable to higher flows 
anticipated during rain events. 

Electric Power Supply 
Grid supply Ice Storm 

Hurricane / Tropical Storm 
High Wind 
Tornado 

Grid supply will likely sustain damage that could affect supply to the 
dam during and after these events. Ice storms represent a potential 
threat to grid supply infrastructure and could impact the dam 
operations. Depending on length of time required to repair the 
overhead supply lines, significant impacts could be realized. 

Control and monitoring systems 
Backup controls Freezing Rain 

Ice Storm 
Hailstorm 
Hurricane / Tropical Storm 
High Wind 
Tornado 

These events could damage the backup control transmission 
infrastructures and make this component unavailable in case of 
emergency. 

Precipitation 
monitoring 
equipment 

Freezing Rain 
Ice Storm 
Hailstorm 
Hurricane / Tropical Storm 
High wind 
Tornado 

Freezing rain and Ice Storm events could alter readings of this 
component. Depending on intensity, hailstorm could impact the 
precipitation monitoring equipment. Hurricane, high winds or tornado 
could damage the precipitation monitoring equipment making it 
unavailable. This would have an impact on the TRCA’s ability to 
observe the precipitation and predict the flow into the reservoir and the 
required response/ operation. 

Streamflow 
monitoring 
equipment 

Hurricane / Tropical Storms 
High Wind 
Tornado 

Effects may be possible from these climate events to the streamflow 
monitoring equipment. This would have an impact on the TRCA’s 
ability to observe the precipitation and predict the flow into the reservoir 
and the required response/ operation. 

Communications 
Telephone Ice Storm 

Hurricane / Tropical Storm 
High Wind 
Tornado 

These events could impact overhead telephone wires and could impact 
TRCA’s ability to remotely operate or monitor the dam.  

Cellular Network Hurricane / Tropical Storm 
High Wind 
Tornado 

While the cellular network has promised TRCA service during extreme 
events, experience with regularly occurring storm events has proven 
otherwise. It is expected that interruptions will be experienced during 
extreme events. 

Two-way radio Blowing Snow / Blizzard 
Hurricane / Tropical Storm 

Two way radio functionality likely to be affected during these events. 
Impacts on the dam’s functionality or operation are minimal due to a 
loss of two way radios. 

Safety systems 
Security systems Freezing Rain 

Hurricane / Tropical Storm 
High Wind 

Outdoor components likely to be effected by climate event. Land based 
telephone lines may be affected which could affect system 
communication. 
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4.5 Step 5 – Recommendations 

4.5.1 Limitations 

4.5.1.1 Major Assumptions 

Infrastructure 
The study area includes the Claireville Dam and reservoir located near the intersection of Highway 427 
and Finch Avenue, and the G. Ross Lord Dam and reservoir near Dufferin Street and Finch Avenue. Both 
the dam structures and the upstream reservoirs were included in the study. 

The study included an assessment for both existing conditions and changes due to future climate change. 
Wherever possible and appropriate, the time frame used for future projections was the 30-year period of 
2041 to 2070, or more commonly expressed as “the 2050s”. Assessment of vulnerability beyond this 
horizon was not conducted as it was agreed by the study team members and TRCA staff that this would 
likely surpass the useful life of the infrastructure, without undertaking a significant reconstruction or 
rehabilitation.   

As specified by TRCA, the study did not include a detailed hydrologic or hydraulic assessment of 
changed dam inflow regimes or the assessment of the change in risk of dam failure as a result of 
changes in the regime due to extreme events such as the probable maximum flood (PMF). This was 
excluded as there is insufficient understanding of impacts due to climate change on extreme events of 
this magnitude. There are also separate provincial government initiatives underway to examine and 
potentially update the PMF and large floods used to regulate dams, which may potentially consider 
climate change implications.  As a result, it was not considered useful to devote significant additional. In 
this study the impacts due to changed dam inflows were examined only from a general, qualitative basis 
in consideration of indirect or secondary effects. 

Climate 
The climate analysis and projections portion of this study included the establishment of a set of climate 
parameters describing climatic and meteorological phenomena relevant to the geographic areas of the 
Claireville and G. Ross Lord flood control dams as well as the determination of general probability scores 
reflective of the occurrence of each phenomenon, both historically and in the future. In addition, 
subsequent analysis involved the assignment of climate “loads” to the Engineering Analysis phase of the 
project.  

While it is certain that further research and analysis can be conducted to establish data that better relates 
to, and/or supports projections for, most of the parameters chosen, such study was beyond the scope of 
this work. Furthermore, when considering future projections, one must recognize the inherent limitations 
of current climate science with respect to the scientific community’s ability to accurately model various 
climate parameters into the future (e.g. precipitation processes). This is evidenced by the variance that 
presently exists between models for different parameters and scenarios and the general inability at the 
current time to predict local and/or extreme climate phenomena with any confidence. Added uncertainty is 
introduced by not really knowing future emission scenarios as well as the influence that natural climate 
variability may play. 

Definitions for the aforementioned climate parameters were established by GENIVAR’s climate team in 
conjunction with Toronto and Region Conservation Authority (TRCA) staff and were based on three 
factors: a) the usefulness of the climate parameter in determining vulnerability; b) the availability of 
information; and c) the ability to relate this information to a probability.  

To assess historical trends in climate, various scientific journal articles were reviewed. It is noted that 
parameter indices and scales (temporal and spatial) from the literature often varied from the study’s 
established climate parameter definitions. However, due to resource limitations, the team agreed to 
accept varying levels of applicability as long as it could be used to make logical assumptions and 
connections with study definitions. GENIVAR did not conduct any independent trend analyses.  
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Similar to limitations associated with the available literature for historical trends, challenges were 
experienced in identifying climate projections for certain parameters, as information was often only 
available at global or regional scales (i.e. not Toronto), and/or by referencing different benchmarked time 
periods (i.e. not 1971-2000) or future planning horizons (i.e. not 2050s). As a result, difficulties in making 
direct comparisons between historical and future results were occasionally encountered and thus, the 
need to develop and apply various assumptions was identified. These assumptions were applied when it 
was agreed by the project team and TRCA staff, that doing so was more logical than simply stating “no 
information was available”. 

4.5.1.2 Data Sources 
The study did not identify any limitations due to data sources for the infrastructure or climate analysis. 
The reports and historical information regarding the dams design and operation, provided by TRCA, were 
sufficient to complete the assessment. The data sources compiled for the climate analysis, both historical 
and future, were sufficient to complete the objectives of this portion of the study. 

A comprehensive list of references is included in section 6.  

4.5.2 Recommendations 
The following tables provide a summary of the recommendations for the components that have been 
assessed to be vulnerable. As mentioned previously, the vulnerabilities identified do not generally 
differentiate between the existing and future climate projections. The increase or decrease in vulnerability 
can only be attributed to the increased or decreases likelihood of the event occurring, as described in 
Chapter 3. 

Table 4-19 Recommendations for the Vulnerable Components of the Claireville Dam 

Infrastructure 
Component Vulnerability Comments Recommendations 

Administration / Operation 
Personnel During freezing rain and ice storm events, operations personnel may not 

be able to access the dam, or safely perform functions outside of the 
control building. While surfaces may be coated with ice and slippery, the 
Operators should be able to access all functions if and when absolutely 
necessary. 

In the case of hurricane, high wind, and tornado operations personnel 
will have difficulty getting to the dam and safely carrying out their duties 
during or immediately after the event. This will likely have a severe 
impact on the Operators ability to operate the dam. 

Review difficulties experienced by 
dam operations personnel during 
extreme events and review/alter 
the operations policies and 
procedures accordingly to 
mitigate vulnerability. This might 
include provision of extra salt, 
heaters, etc. 

Control building Control building will likely sustain damage during a tornado. Depending 
on the severity and proximity, functionality may be impaired and the 
impact on the operation of the dam would be high. 

Review emergency plan for dam 
operation during and/or after 
severe weather events which may 
cause control building to be 
inaccessible or non-functioning. 
Revise plan to address any 
identified deficiencies. 

Operator 
residence 

The Operator Residence will likely sustain significant damage if a 
Tornado touches down in the vicinity of the house/dam. This will not 
directly impact the dam or its operation, provided the Operation 
personnel are protected during the event. 

Review emergency plan, 
including reporting protocols, for 
dam operation during/after severe 
weather events.  
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Infrastructure 
Component Vulnerability Comments Recommendations 

On site access On site access to the various operational components will be more 
difficult and potentially dangerous during/after freezing rain or ice storm 
events. In the case of a tornado, on site access to the various 
operational components will potentially be made impossible during the 
event, and collateral damage and debris may make access around the 
site difficult after the event. The impact of these events on the operation 
of the dam will be moderate as it will make the Operator’s access to 
other components more difficult, but likely not impossible. 

Review difficulties experienced by 
dam operations personnel during 
historical extreme events and 
review/alter the operations 
policies and procedures 
accordingly to mitigate 
vulnerability to possible future 
events. 

To minimize risks due to travel to 
the dam during and after extreme 
events, it is recommended that 
the operations personnel be 
maintained at the on site 
residence. 

Spillway structures 
Downstream 
abutment walls 

Existing movement in the south abutment wall has been observed. 
Without remedial actions, this movement may continue. During heavy 
rains there is an increased flow through the dam and in the water levels 
above and below the dam. This will increase the potential for water to 
flow in, around and under the abutment wall and increase the risk of 
further movement and/or a failure. The impact of a total failure of this 
abutment wall would be severe. 

Assess the rate of movement, 
investigates the reason for the 
movement, and complete 
remedial works. 

Mechanical systems 
Radial gates Since the gate heaters have been removed, an ice storm may impact 

their operation due to freezing. A deicing process would need to be in 
place and carried out, reducing the reaction time, should be gates need 
to be operated during the event. The impact of this on the overall dam 
performance and operation would be limited to the reaction time of the 
gate operation.  

Review applicability of de-icing 
tools (i.e. portable heater or 
steam generator) to allow gate 
operation. 

Radial gates hoist 
system 

Since the cable drum is not protected from the elements, this component 
could be susceptible to premature corrosion due to exposure to rain. 
With continued diligent observation and maintenance practices the 
probability of the corrosion resulting in failure is limited.  

Freezing Rain and Ice Storm events could reduce the availability of the 
hoist system and could require a de-icing process. This would reduce the 
available reaction time in case of emergency. The impact of this on the 
overall dam performance and operation would be limited to the reaction 
time of the gate operation. 

Review the applicability of a 
protective structure over the cable 
drums to protect from the 
elements.  

Review applicability of de-icing 
tools (i.e. portable heater or 
steam generator) to melt ice from 
cable drums. 

Electric Power Supply 
Grid supply Grid supply will likely sustain damage that could affect supply to the dam 

during and after these events. Ice storms represent a potential threat to 
grid supply infrastructure and could impact the dam operations. 
Depending on length of time required to repair the overhead supply lines, 
significant impacts could be realized. 

The electrical utility should be 
contacted to determine the 
estimated length of time the utility 
may be out under various worst 
case, or most probable situations. 
The capacity of the backup power 
systems should be reviewed (i.e. 
size of fuel tank). 

Control and monitoring systems 
Backup controls Freezing Rain, Ice Storm, Hailstorm, Hurricane / Tropical Storm, High 

Wind / Downburst and Tornado events could impact the functionality of 
the backup controls. 

Review the criticality of these 
controls. TRCA noted that these 
controls are unavailable during 
regularly occurring storm events. 
TRCA should consider 
completion of a failure mode 
analysis to understand 
interdependencies of 
communication systems, backup 
controls and dam operations. 
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Infrastructure 
Component Vulnerability Comments Recommendations 

Reservoir level 
monitoring 
equipment 

Reservoir level monitoring equipment is exposed and likely to sustain 
damage from Hurricane / Tropical Storm, High Wind / Downburst, 
Tornado. Some level of functionality likely lost. Manual backup devices 
would limit the impact. 

Review protection of equipment 
and improve where deemed 
necessary. Ensure manual 
backups are maintained. 

Precipitation 
monitoring 
equipment 

Freezing rain and Ice Storm events could alter readings of this 
component. Depending on intensity, hailstorm could impact the 
precipitation monitoring equipment. Hurricane, high winds or tornado 
could damage the precipitation monitoring equipment making it 
unavailable. This would have an impact on the TRCA’s ability to observe 
the precipitation and predict the flow into the reservoir and the required 
response/ operation. 

Review equipment performance 
to date during these types of 
events. Address deficiencies 
where noted. 

Review alternate sources of 
precipitation data (ex: other 
nearby meteorological stations). 

Streamflow 
monitoring 
equipment 

Effects may be possible from these climate events to the streamflow 
monitoring equipment depending on how the information is transmitted 
(Ex: aerial, underground, cell relay, etc). This would have an impact on 
the TRCA’s ability to observe the precipitation and predict the flow into 
the reservoir and the required response/ operation. 

Review protection of equipment 
and transmission of data. Also 
review operational procedures 
when this data is not available. 
Address deficiencies where 
required. 

Communications 
Telephone Ice Storm, Hurricane / Tropical Storm, High Wind / Downburst and 

Tornado could impact overhead telephone wires and could impact 
TRCA’s ability to remotely operate or monitor the dam. 

Review critical functions which 
rely on telephone 
communications (land line or 
cellular). TRCA should consider 
completion of a failure mode 
analysis to understand 
interdependencies of 
communication systems and dam 
operations. 

General note on cell network: 
TRCA has experienced outages 
during events which cell network 
has provided assurances for. 

Safety systems 
Security systems Outdoor components likely to be effected by Freezing Rain, Hurricane / 

Tropical Storm and High Wind / Downburst. Land based telephone lines 
may be affected which could affect security system communication. This 
alone would not have an impact on the dam’s functionality or operation. 

Review criticality of security 
system during severe weather 
event. If critical, ensure system is 
adequately protected. 

Table 4-20 Recommendations for the Vulnerable Components of the G.Ross Lord Dam 

Infrastructure 
Component Vulnerability Comments Recommendations 

Administration / Operation 
Personnel During freezing rain and ice storm events, operations personnel may 

not be able to access the dam, or safely perform functions outside of 
the control building. While surfaces may be coated with ice and 
slippery, the Operators should be able to access all functions if 
absolutely necessary. In the case of hurricane, high wind, and 
tornado operations personnel will have difficulty getting to the dam 
and safely carrying out their duties during or immediately after the 
event. This will likely have a severe impact on the Operators ability 
to operate the dam. 

Review difficulties experienced by 
dam operations personnel during 
extreme events and review/alter the 
operations policies and procedures 
accordingly to mitigate vulnerability. 
This might include provision of extra 
salt, heaters, etc. 

Control building Control building will likely sustain damage during a tornado. 
Depending on the severity and proximity, functionality may be 
impaired and the impact on the operation of the dam would be high. 

Review emergency plan for dam 
operation during and/or after severe 
weather events which may cause 
control building to be inaccessible or 
non-functioning. Revise plan to 
address any identified deficiencies. 
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Infrastructure 
Component Vulnerability Comments Recommendations 

Operator Residence The Operator Residence will likely sustain significant damage if a 
Tornado touches down in the vicinity of the house/dam. This will not 
directly impact the dam or its operation, provided the Operation 
personnel are protected during the event. 

Review emergency plan, including 
reporting protocols, for dam 
operation during/after severe 
weather events.  

On site access On site access to the various operational components will be more 
difficult and potentially dangerous during/after freezing rain or ice 
storm events. In the case of a tornado, on site access to the various 
operational components will potentially be made impossible during 
the event, and collateral damage and debris may make access 
around the site difficult after the event. The impact of these events 
on the operation of the dam will be moderate as it will make the 
Operator’s access to other components more difficult, but likely not 
impossible. 

Review difficulties experienced by 
dam operations personnel during 
historical extreme events and 
review/alter the operations policies 
and procedures accordingly to 
mitigate vulnerability to possible 
future events. 

To minimize risks due to travel to 
the dam during and after extreme 
events, it is recommended that the 
operations personnel be maintained 
at the on site residence. 

Spillway structures 
Hoist building for 
low-level outlet 

Hoist building will likely sustain significant damage during a Tornado 
with potential impacts to building functionality. Impacts in the ability 
to operate the low level outlet would likely be severe. 

Review emergency plan for dam 
operation during/after severe 
weather events, specifically a 
Tornado. 

Mechanical systems 
Radial gates Since the gate heaters have been removed, an ice storm may 

impact their operation due to freezing. A deicing process would need 
to be in place and carried out, reducing the reaction time, should be 
gates need to be operated during the event. The impact of this on 
the overall dam performance and operation would be limited to the 
reaction time of the gate operation.  

Review applicability of de-icing tools 
(i.e. portable heater or steam 
generator) to allow gate operation. 

Radial gates hoist 
system 

Since the cable drum is not protected from the elements, this 
component could be susceptible to premature corrosion due to 
exposure to rain. With continued diligent observation and 
maintenance practices the probability of the corrosion resulting in 
failure is limited.  

Freezing Rain and Ice Storm events could reduce the availability of 
the hoist system and could require a de-icing process. This would 
reduce the available reaction time in case of emergency. The impact 
of this on the overall dam performance and operation would be 
limited to the reaction time of the gate operation. 

Review the applicability of a 
protective structure over the cable 
drums to protect from the elements.  

Review applicability of de-icing tools 
(i.e. portable heater or steam 
generator) to melt ice from cable 
drums. 

Embankment dams 
Embankment dam, 
downstream 

Heavy rain could constitute a threat to the downstream embankment 
since movement of this structure has been noticed (piezometer 
wells).  Extended periods of heavy rain could accelerate the 
movement of the earthen material.  

The embankment should be studied 
to assess its stability and establish a 
methodology for ongoing monitoring 
and recording.  

Groundwater drainage / management systems 
Outlets The outlet of the drainage system was blocked at the time of the site 

visit, as evidenced by water boiling from a manhole near the outlet. 
This blockage has likely reduced the capacity of the drainage 
system, making it vulnerable to higher flows anticipated during rain 
events. 

Investigate to find the source of the 
obstruction at the drainage outlet 
and restore the outlet capacity. 

Electric Power Supply 
Grid supply Grid supply will likely sustain damage that could affect supply to the 

dam during and after these events. Ice storms represent a potential 
threat to grid supply infrastructure and could impact the dam 
operations. Depending on length of time required to repair the 
overhead supply lines, significant impacts could be realized. 

The electrical utility should be 
contacted to determine the 
estimated length of time the utility 
may be out under various worst 
case, or most probable situations. 
The capacity of the backup power 
systems should be reviewed (i.e. 
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Infrastructure 
Component Vulnerability Comments Recommendations 

size of fuel tank). 

Control and monitoring systems 
Backup controls Freezing Rain, Ice Storm, Hailstorm, Hurricane / Tropical Storm, 

High Wind / Downburst and Tornado events could impact the 
functionality of the backup controls. 

Review the criticality of these 
controls. TRCA noted that these 
controls are unavailable during 
regularly occurring storm events. 
TRCA should consider completion 
of a failure mode analysis to 
understand interdependencies of 
communication systems, backup 
controls and dam operations. 

Precipitation 
monitoring 
equipment 

Freezing rain and Ice Storm events could alter readings of this 
component. Depending on intensity, hailstorm could impact the 
precipitation monitoring equipment. Hurricane, high winds or tornado 
could damage the precipitation monitoring equipment making it 
unavailable. This would have an impact on the TRCA’s ability to 
observe the precipitation and predict the flow into the reservoir and 
the required response/ operation. 

Review equipment performance to 
date during these types of events. 
Address deficiencies where noted. 

Review alternate sources of 
precipitation data (ex: other nearby 
meteorological stations). 

Streamflow 
monitoring 
equipment 

Effects may be possible from these climate events to the streamflow 
monitoring equipment. This would have an impact on the TRCA’s 
ability to observe the flow in the river and therefore predict future 
flow into the reservoir and the required response/ operation. 

Review protection of equipment and 
provide additional protection where 
required. 

Communications 
Telephone Ice Storm, Hurricane / Tropical Storm, High Wind / Downburst and 

Tornado could impact overhead telephone wires and could impact 
TRCA’s ability to remotely operate or monitor the dam. 

Review critical functions which rely 
on telephone communications (land 
line or cellular). TRCA should 
consider completion of a failure 
mode analysis to understand 
interdependencies of 
communication systems and dam 
operations. 

General note on cell network: TRCA 
has experienced outages during 
events which cell network has 
provided assurances for. 

Two-way radio Two way radio functionality likely to be affected during severe 
events. Impacts on the dam’s functionality or operation are minimal 
due to a loss of two way radios. 

Review radio’s performance during 
extreme events and review its 
criticality. 

Safety systems 
Security systems Outdoor components likely to be effected by Freezing Rain, 

Hurricane / Tropical Storm and High Wind / Downburst. Land based 
telephone lines may be affected which could affect security system 
communication. This alone would not have an impact on the dam’s 
functionality or operation. 

Review criticality of security system 
during severe weather event. If 
critical, ensure system is adequately 
protected. 

 

4.5.2.1 General Recommendations 
As noted previously, this study did not include a detailed hydrologic or hydraulic assessment of changed 
dam inflow regimes or the assessment of the change in risk of dam failure as a result of changes in the 
regime of extreme events such as the probable maximum flood (PMF).  Such an assessment is currently 
not possible as there is a great deal of uncertainty in the current understanding of future climate with 
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respect to these issues. Further, it is the Ontario Ministry of Natural Resources, not individual dam 
owners, that will be responsible for assessing the impacts of climate change in this context and 
developing any new regulatory standards for dams, which may be required.    

Given the potential consequences of dam failure at either the Claireville or G. Ross Lord dam, if there 
were a significant change in the regime due to extreme rainfall events, it is recommended that the TRCA 
closely monitor developments in relevant climate science and in the activities of MNR and regulatory 
agencies elsewhere in assessing and modifying dam design and performance standards in the context of 
the impacts of climate change on extreme and maximum rainfall and flood events.  When climate science 
and the regulatory environment can support specific assessments of the Claireville and G. Ross Lord 
dams these should be conducted without delay. 

Furthermore, it should be noted that the recommendations are provided for vulnerable components that 
were identified as potential outcomes of climate change. Climate change was determined by climate 
analysis and projections, which in itself involved a certain level of uncertainty. It is therefore 
recommended that the climate analysis and projections be revisited if climate science is able to provide 
more certainty in the future. 

Generally, the results of the engineering analysis demonstrate that the dams have relatively low 
vulnerability to potential future climate change. Part of the reason for the relatively low vulnerability is the 
excellent condition that the dams are in; this is due to combination of resilient design, a high quality of 
construction, consistent inspections and maintenance on the part of TRCA staff. This is important to note, 
particularly for comparison to other dams which may be more remote and/or less frequently maintained; in 
such situations dams may be significantly more vulnerable than the TRCA dams assessed herein.  

While the methodology utilized and some of the general findings of the assessment may be applicable to 
other flood control dams, many of the results obtained are specific to the Claireville and G. Ross Lord 
dams and their locations.  Overall, although design standards, components and operational procedures 
may widely for flood control dams, the results of the TRCA case study suggest that most dams are likely 
to have relatively low vulnerability to climate change as they are inherently resilient as a result of being 
designed to withstand extreme climate events.  However, this resilience depends on the quality of 
operations, inspections and maintenance; dams that are not subject to the same degree of attention in 
this regard as the TRCA dams would likely be more vulnerable to climatic factors and to climate change. 
 Also, the TRCA dams are readily accessible in virtually all conditions, being in urban areas with 
extensive road networks.  More remote dams where access could be compromised as a result of 
changing climatic conditions could also be significantly more vulnerable than the TRCA dams.  Further, 
the Climate Analysis and Projections that were completed for the TRCA case study considered the 
general geographic area of the two dams; climate projections for different areas of Ontario and Canada 
may be significantly different that those for the Toronto area and there may be greater changes expected 
elsewhere in climate events and conditions that are relevant to dam performance and operations.  
 
The above notwithstanding, the recommendations provided in the current case study are useful for other 
owners/operators of flood control dams in preparation for extreme climate conditions and events, whether 
associated with the current climate regime or with future climate change. However, given that flood 
control dams can differ significantly with respect to location, design, and operational resources, it would 
be recommended that other dam operators interested in assessing the vulnerability of their infrastructure 
undertake specific studies.  The results of the TRCA case study will be useful to such studies by providing 
guidance on the development of climate projections and a breakdown of infrastructure system categories 
and components that are appropriate to flood control dams. 

4.5.2.2 Low Risk Scores with High Severities 
There were some climate-component interactions that had an overall risk score of less than 12 but a high 
severity. As per the protocol, these interactions were not carried any further than Step 3, however these 
risk interactions were considered to be important, since the high severities indicated a critical loss of 
function. Both GENIVAR and TRCA members of the project team feel it is advisable for the TRCA to 
consider the potential impacts and consequences of these “high-impact” events, and potentially develop 
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mitigation or response plans to address them. Severity scale factors that have been formatted in bold text 
in Table 4-21 are considered “high”.  

Table 4-21 Identification of High Severity Scores from the Severity Scale Factors 

Scale Severity Description 
0 Negligible or Not Applicable 
1 Very Low / Unlikely / Rare / Measurable Change 
2 Low / Seldom / Marginal / Change in Serviceability 
3 Occasional Loss of Some Capability 
4 Moderate Loss of Some Capacity 
5 Likely Regular / Loss of Capacity and Loss of Some Function 
6 Major / Likely / Critical / Loss of Function 
7 Extreme / Frequent / Continuous / Loss of Asset 

 
Table 4-22 lists the interactions that have a low risk score but a high severity score for both the Claireville 
Dam and the G. Ross Lord Dam. The interactions that have a low existing risk score, but a medium future 
risk score (greater than 12) were considered in Step 4; hence, are not recorded in Table 4-22. 
 



Flood Control Dam Water Resources Infrastructure Assessment -
Final Report 
 Toronto and Region Conservation Authority Flood Control Dams 
 

GENIVAR  4-54
 

Table 4-22 Low Risk – High Severity Interactions 

Infrastructure 
Component 

Climate 
Parameter 

Severity 
Score 

Historical 
Probability 

Score 

Existing 
Risk  

Score 

Future 
Probability 

Score 

Future 
Risk 

Score 
Administration / Operation  
Personnel Lightning 6 1 6 1 6 
Control Building Hurricane/Tropical 

Storm 5 1 5 2 10 

Operating 
procedures Lightning 5 1 5 1 5 

 Hurricane/Tropical 
Storm 5 1 5 2 10 

Operator 
residence 

Hurricane/Tropical 
Storm 5 1 5 2 10 

Spillway structures (G. Ross Lord only) 
Hoist building for 
low level outlet 

Hurricane/Tropical 
Storm 5 1 5 2 10 

Mechanical systems 
Radial gates Tornado 5 2 10 2 10 
Radial gates hoist 
system Lightning 6 1 6 1 6 

Embankment dams 
Embankment dam, 
upstream 

Hurricane/Tropical 
Storm 5 1 5 2 10 

Embankment dam, 
crest 

Hurricane/Tropical 
Storm 5 1 5 2 10 

Embankment dam, 
downstream 

Hurricane/Tropical 
Storm 5 1 5 2 10 

Groundwater drainage/management systems 
Monitoring 
systems Lightning 5 1 5 1 5 

Electric power supply 
Grid supply Lightning 6 1 6 1 6 
Backup generator Lightning 6 1 6 1 6 
Backup gas motor Lightning 6 1 6 1 6 
Control and monitoring systems 
Backup controls Lightning 6 1 6 1 6 
Communications 
Telephone Lightning 6 1 6 1 6 
Cellular Lightning 6 1 6 1 6 
Two-way radio Lightning 6 1 6 1 6 
Safety systems 
Security systems Lightning 6 1 6 1 6 
 
It can be observed from Table 4-22 that the main climate parameters involved in interactions with low risk 
scores and high severities, which were not considered in Step 4, are lightning, hurricane/tropical storm, 
and tornado. Recognizing the severity of these events may provide a basis for further assessments, 
additional investment in the protection of the infrastructure, and/or the consideration of such events in 
emergency response procedures. 

Furthermore, it can be seen from Table 4-22 that several interactions show an increase in risk as a result 
of anticipated climate change. Although several of these interactions have an increased future risk score 
as a result of climate change, only a few are actually considered to be vulnerable in the future. Table 4-23 
lists interactions that: 

 Have a “low” existing risk score 
 Have a “high” severity score 
 Have an increase in future risk score from “low” to “medium” due to climate change 
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 Have a vulnerability ratio of greater than one 

Table 4-23 Vulnerable Interactions with Low Existing Risk Scores and High Severities 

Infrastructure System Infrastructure Component Climate Parameter 
Administration / Operation Personnel  Hurricane/Tropical Storm 
 On site access Hurricane/Tropical Storm 

Reservoir Storage facility Hurricane/Tropical Storm 

Electric Power Supply Grid Supply Hurricane/Tropical Storm 

Control and monitoring systems Backup controls Hurricane/Tropical Storm 

 Reservoir level monitoring equipment Hurricane/Tropical Storm 

 Precipitation monitoring equipment Hurricane/Tropical Storm 

 Streamflow monitoring equipment Hurricane/Tropical Storm 

Communications Telephone Hurricane/Tropical Storm 

 Two-way radio (only for G. Ross 
Lord) 

Hurricane/Tropical Storm 

Safety Systems Security systems Hurricane/Tropical Storm 
 
It is noted that all of the vulnerable interactions with low existing risk scores and high severity scores are 
associated with hurricane/tropical storm events. Recognizing this, it may be prudent for the TRCA to 
conduct a more in depth review of climate projections of this specific weather event to more accurately 
determine if Southern Ontario will be more susceptible to Hurricanes. 

4.5.3 Protocol Review 
Overall, the project team found the step-by-step Protocol clear and easy to follow, although as noted 
below there are areas where expanded guidance would have been useful for our team. One of the most 
significant benefits of the Protocol was in providing an organized, consistent framework for conducting the 
vulnerability assessment of the infrastructure.  We provide the following comments for consideration 
during future refinements or implementations of the protocol: 

 The Protocol does not explicitly require a vulnerability assessment of both the existing and 
future conditions. Previous studies utilizing the Protocol have only assessed future 
vulnerability; however during the definition of this study TRCA included an evaluation of 
existing vulnerability as well. An assessment of only future vulnerability does not provide an 
explicit understanding of the difference between the existing and future climate risks. 

 The Protocol does not provide guidance on how to assess climate parameters such as 
freeze-thaw that can have impacts as a result of persistence rather than a single occurrence. 
The persistence aspect does not necessarily fit in well to the protocol.  Rather, it only 
provided specific guidance on the assessment of individual extreme events or occurrences. 

 The method of establishing thresholds used to define climate parameters (and their 
occurrence with respect to said thresholds) is not always consistent. One may establish these 
thresholds at a point at which the infrastructure becomes vulnerable (i.e. fails); however this 
information is not always known. Although meaningful, by attempting to do this, the 
proponent is essentially working backwards in that they are evaluating infrastructure capacity 
in Step 3 to determine the climate definition thresholds, where this is required during Step 4. 
Where infrastructure capacities are not known ahead of time, thresholds are established 
subjectively. Challenges may exist with the Protocol's calculated risk values (R=PxS) as the 
higher the threshold is set in the climate definition, the lower the probability will be, thereby 
ultimately resulting in a low Risk score, even if the severity is high. This approach results in 
either a number of interactions being below the Protocol's Step 3 lower limit of 12, for which 
they can be exempt from further analysis, or the proponent will end up with several 
interactions in Step 4 requiring further analysis. Very few are likely to receive scores above 
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36 and go straight to Step 5 - Recommendations. This could be considered as "putting the 
cart before the horse". There may be some value in considering conducting infrastructure 
capacity analysis prior to completing the Step 3 risk assessment. 

 The process of collecting comprehensive historic, existing and future climate information to 
support the vulnerability assessment is time-consuming and effort-intensive.  Previous PIEVC 
studies relied almost exclusively on the output of a single Regional Climate Model scenario 
for both historic and projected future information. While this was convenient for the 
assessment teams, it did not accurately describe the historic climate of the study area, did 
not consider observed local climate trends, and did not reflect the uncertainty in the projection 
of the potential future climate.  The current case study attempted to address these limitations 
by collecting climate data from a greater range of sources, but in so doing it was realized that 
there are no publicly available and authoritative sources from which to readily obtain the 
types of climate information required for an infrastructure vulnerability study.  As a result, the 
study team spent a great deal of time in obtaining and verifying climate information and 
manipulating it into useful forms.  In future, the protocol developers should consider providing 
guidance on sources of climate information, as well as working with Canadian scientific 
agencies and researchers to develop standardized data sets and/or techniques to support 
infrastructure vulnerability assessments.  

 The Protocol does not require the documentation of the justification behind the probability 
and severity scores assigned during the risk assessment. Without this documentation it can 
be difficult to recall why a particular interaction was scored as such. Furthermore, 
documenting the justification behind the scoring makes the adaptive management process 
(i.e. revisiting the vulnerability assessment) a fairly easy exercise. In this study, the 
justification behind the probability scores was documented in the climate analysis and 
projections chapter. 

 The Protocol calls for the probability and severity scores to be assessed during the risk 
assessment workshop. However, since the probability scores mainly depend on the climate 
analysis and projections, it would save more time, if the workshop participants focused more 
on the severity scores. In this study, the participants worked only on the severity scores. 
However, they were able to comment on the probability scores where they found it to be 
necessary. 

 The prescribed application of the Protocol may not result in recommendation for further 
examination or analysis of the risk interactions that have low risk scores but high or very high 
severities. During the completion of this study the team recognized that it is important to 
identify these potential high impact interactions and as such they were reported. 

 The detailed, qualitative methodology outlined for the completion of the Engineering Analysis 
was difficult for our team to complete. While it was possible to identify the climate loads for 
each event, it was impossible to determine the other loads or the capacities in the same 
“units” as the climate. For example, it is impossible within the scope of the study, to 
determine the number of freeze thaw events in a year a component can withstand. Due to 
these difficulties, much of the analysis conducted in Step 4 was qualitative and based solely 
on professional judgement and consultation with the infrastructure owners. 

4.5.4 Adaptive Management Process 
The PIEVC protocol recommends that an adaptive management process be utilized to revisit the 
vulnerability assessment at defined intervals to incorporate new information including improved climate 
science and future climate projections. 

Incorporating new climate-related information is relatively straightforward, considering the manner in 
which the climate analysis and projections component of this study is organized. However, this is based 
on the assumption that climate data and scenarios are readily available. The climate parameters are 
clearly defined and the probability scoring mechanism includes sufficient justification to allow a re-scoring 
of the probabilities, if necessary based on new information. Additional climate parameters may also be 
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incorporated by following the format in which the existing climate parameters are provided.  However, it 
should be noted that the “pre-processing” of either historic climate data or future climate projections will 
likely continue to be time- and effort-intensive since, as noted above, currently the data can be difficult to 
locate and is often not available in formats that support direct application to an infrastructure vulnerability 
assessment. 

The remaining portions of the study have been presented in this document according to the steps of the 
Protocol. Furthermore, this report details the procedure that was used to conduct the assessment. This 
procedure can be followed to incorporate new information, or it can be used to identify where the new 
information requires a change or revision in the procedure. Editable versions (MS Excel files) of the risk 
assessment matrices are also provided. Specifically, for Steps 3 and 4, the following items can be 
revisited if adaptive management is to be applied: 

Step 3: 

 Consultation with owner and operations personnel: Consultation with the owner and 
operations personnel should be conducted throughout the adaptive management process. 
This step allows the initial findings of the new information to be validated with the 
infrastructure owner and operational personnel. The consultation can be conducted through 
the process of a workshop. The workshop can be organized in a similar manner as it was 
conducted for this study. It would be preferable, but not necessary, to have the same 
workshop participants, since they will be able to recognize the difference that the new 
information brings to the assessment and apply it accordingly.  

 Risk assessment methodology: The Protocol provides three methods of scoring probabilities 
and two methods for scoring the severities. Any of these methods or an entirely new method 
can be selected if it provides a better representation or application of the new information.  

 Use a spreadsheet to document the risk assessment: The spreadsheet is available in MS 
Excel format, which can be easily modified to incorporate new information. This format also 
allows an easy method if adding or deleting title columns and header rows. A formula has 
been applied to the spreadsheet to automatically calculate the risks and highlight the medium 
and high risks. 

 Establish the infrastructure owner’s risk tolerance thresholds: If the results of the risk 
assessment based on the new information do not fit well with the existing thresholds, then the 
tolerance levels can be changed at this step, with approval and confirmation from the owner. 

 Rank the risks: The risks can be ranked to determine any findings as a result of the new 
information that show differences or similarities with the findings of the previous assessment.  

 Assess data sufficiency: The sources of the new information can be assessed in this step for 
sufficiency. 

Step 4: 

 Calculate the loads, capacities, vulnerability ratios, and capacity deficits: In the current 
assessment, the loads were based on the probabilities, and the remaining parameters were 
assessed qualitatively. The same process can be used. However, if the new information 
allows the loads to be quantified based on magnitudes rather than the probabilities, then this 
change should be incorporated in the Engineering Analysis Tables. This may also allow a 
quantification of the capacities, which will lead to a quantitative assessment. Qualitative 
statements may also be included. 

 Assess data sufficiency: The data available based on the new information can be assessed 
for sufficiency at this step. Furthermore, the need for additional risk assessment can be 
evaluated, if the new information requires any. 
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5. Conclusions 
Notwithstanding the formal results and recommendations of this assessment, the following general 
conclusions are provided regarding the results of the overall study and the experience of the project team 
in applying the PIEVC protocol in this application. 

The subject of the study was two flood control dams and their associated reservoirs. These types of 
infrastructure are inherently robust structures designed to withstand severe inflow events. Given that 
generally the design parameters for dams are based on historical climate data specific to the site of the 
dam, specifically the design flood, it is certainly important to consider the potential effects of future climate 
change. 

During the study, the infrastructure was broken out into its various components, which included both the 
physical pieces of the actual infrastructure and the “soft” elements which are critical to its operation 
(personnel, operation plans, communication devices, etc.). This was a unique and effective way of 
considering the infrastructure which ensured all aspects of the dams were explicitly considered and 
assessed. 

Having utilized the protocol to assess the flood control structures, the project team determined that, in 
general, the two dams have the capacity to withstand the existing and projected future climate (i.e. to the 
2050s). However, it should be noted that the largest potential impact on many of the components, and the 
overall dam performance, could be changes to the inflow regimes due to changed precipitation events, 
the investigation of which was outside the scope of this study. Given the significant impact that changes 
to the extreme flood regime could have on the performance and vulnerability of the dams, the TRCA may 
wish to undertake a separate initiative to examine this issue when adequate policy and scientific guidance 
are available. 

The assimilation of historical and future climate information into a form suitable for use within the protocol 
was a challenging exercise which required a larger amount of effort than was originally anticipated during 
the definition of the project.  This was largely because the approach to collecting climate data for this 
PIEVC case study departed significantly from previous studies in which output from a single regional 
climate model was relied upon almost exclusively. The TRCA felt that a comprehensive synthesis of 
currently available climate information would represent a significant improvement in the rigour and 
defensibility of this aspect of the study. However, it was particularly challenging to compile all of the 
necessary data required to describe the historic and potential future climate as there is no single agency 
or source that can provide comprehensive climate information for the Toronto area. Therefore extensive 
research of literature and data repositories was required to obtain the necessary data.  Fortunately, the 
project team was supported by Joan Klaassen, the meteorologist and climatologist representing 
Environment Canada on the project advisory committee.  Without such expert assistance, it would be 
extremely difficult for a consulting team to compile the climate information required to support a 
comprehensive vulnerability assessment within the scope anticipated for this study.  This should be 
considered in the scoping and assembly of project teams for future studies utilizing the PIEVC protocol 
and the more rigorous approach to climate data analysis piloted in the current study. 

While the approach to climate information analysis utilized in the current study provides a greater level of 
rigour by considering historic climate data and trends, output from an ensemble of global climate models 
and emissions scenarios, and relevant findings in the literature, it cannot be considered to reflect the 
entire body of climate science. As such, various limitations and assumptions were required along the way, 
which are detailed within the specific sections of the report. 

Further to the above, difficulties were also encountered in converting climate information to a form that 
could be applied to all steps in the PIEVC protocol as it is currently written.  Step 3 of the Protocol 
requires the determination of a probability for climate events; therefore parameters were required to be 
presented as the number of occurrences within a certain time frame (e.g. number of events per year). 
During the Engineering Analysis completed in Step 4, the climate loads provided as a frequency, were 
impossible to relate to a component’s capacity.  
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For the Engineering Analysis to be completed as specified the climate load and capacity needed to be in 
the same “units”, and capacities of components in terms of climate event frequencies was impossible to 
determine. To alleviate this issue in future studies, it may be possible to examine component’s capacities 
before Step 3 is completed, therefore allowing the frequency threshold to be linked to the infrastructure’s 
capacity. For example, if the capacity to a climate event is known to be X, the climate event frequency 
could be stated as “the probability that this event will occur more than X times per year”. This could then 
be compared between existing and future climate scenarios to determine if vulnerability is changing. 
While this may be possible, it would require a significant amount of iterations of Steps 3 and 4, not to 
mention extensive manipulation of the climate data, as different components might have different 
capacities to the same climate event. 

As discussed above, the engineering analysis step of the protocol was difficult to complete in as 
quantitative a manner as prescribed by the Protocol. This resulted in analysis based on the team’s 
engineering judgement and TRCA’s experience operating the dams. While we feel this was an 
appropriate approach to complete the objectives of the study, it may be appropriate to complete more in 
depth research and analysis to quantify vulnerabilities or capacities should there be specific climate 
component interactions which are of concern to the TRCA. 

The climate analysis did reveal some changes in frequency of climate events which will result in a 
decrease in vulnerability for the infrastructure. With the generally higher temperatures projected for the 
study area, there will be less probability, or less frequency of the low temperature dependant events such 
as freeze/thaw, snow accumulation and cold wave. This reduced frequency of occurrence will result in a 
decreased potential vulnerability from the events. This can be viewed as a potential positive impact of 
future climate change.  

The climate events posing the highest vulnerability to the dams, particularly in terms of number of 
components potentially vulnerable, are generally extreme events such as hurricanes, tornados and ice 
storms. While this was an expected outcome, it should be highlighted that the current climate science 
indicates that the possibility of these events occurring is going to increase in the future. 

Many of the vulnerabilities exist to extreme weather events such as tornados or hurricanes, which in the 
case of this study were assumed to occur at or in the immediate vicinity of the facility. While it is difficult to 
completely protect the dams from events such as these, there are actions which can be taken to minimize 
the operational risks and prepare for the events. These include: maintaining operations personnel in on-
site housing facilities, reviewing emergency response plans, and completing operational tests where 
power, communication and back-up systems are “lost”. 

In general, the Protocol was a clear step by step process which provided an organized, consistent 
framework for conducting the vulnerability assessment of the infrastructure.  As required by the Protocol, 
recommendations for improvement were provided in detail elsewhere within this report. Of general note 
are the challenges experienced in producing climate analysis results in the form required by the Protocol. 
This resulted in an inability to determine specific infrastructure capacities. Additionally, the consideration 
of cumulative impacts is stipulated in the protocol, however given the above-stated data restrictions 
associated with singular climate parameters, obtaining data on the probability of cumulative impacts 
remains a challenge.  

While the methodology utilized and some of the general findings of the assessment may be applicable to 
other flood control dams, many of the results obtained are specific to the Claireville and G. Ross Lord 
dams and their locations.  Overall, although design standards, components and operational procedures 
may widely for flood control dams, the results of the TRCA case study suggest that most dams are likely 
to have relatively low vulnerability to climate change as they are inherently resilient as a result of being 
designed to withstand extreme climate events.  However, this resilience depends on the quality of 
operations, inspections and maintenance; dams that are not subject to the same degree of attention in 
this regard as the TRCA dams would likely be more vulnerable to climatic factors and to climate change. 
 Also, the TRCA dams are readily accessible in virtually all conditions, being in urban areas with 
extensive road networks.  More remote dams where access could be compromised as a result of 
changing climatic conditions could also be significantly more vulnerable than the TRCA dams.  Further, 
the Climate Analysis and Projections that were completed for the TRCA case study considered the 
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general geographic area of the two dams; climate projections for different areas of Ontario and Canada 
may be significantly different that those for the Toronto area and there may be greater changes expected 
elsewhere in climate events and conditions that are relevant to dam performance and operations.  
 
The above notwithstanding, the recommendations provided in the current case study are useful for other 
owners/operators of flood control dams in preparation for extreme climate conditions and events, whether 
associated with the current climate regime or with future climate change. However, given that flood 
control dams can differ significantly with respect to location, design, and operational resources, it would 
be recommended that other dam operators interested in assessing the vulnerability of their infrastructure 
undertake specific studies.  The results of the TRCA case study will be useful to such studies by providing 
guidance on the development of climate projections and a breakdown of infrastructure system categories 
and components that are appropriate to flood control dams. 
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7. Disclaimer 
This report has been prepared by GENIVAR Consultants LP (GENIVAR) in accordance with generally 
accepted professional engineering principles and practices. The contents of this report represent 
GENIVAR’s professional opinion and best judgement under the natural limitations imposed by the Scope 
of Work and the information available at the time of preparation. 

This report is limited in scope to only those items that are specifically referenced therein. There may be 
other conditions that were not apparent due to the limitations imposed by the Scope of Work, and 
therefore GENIVAR does not accept liability for any costs incurred by the client for subsequent discovery, 
manifestation, or rectification of such conditions. 

This report is intended solely for the client. GENIVAR accepts no responsibility for damages, if any, 
suffered by any third party as a result of use of, reliance on, or decisions made based on this report.  

This report has been written to be read in its entirety. Any part of this report must not be used as a 
separate entity. 
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1. Introduction 
The objective of the State of Knowledge Assessment is to review and assess the current understanding 
of the potential impacts that a changing climate might have on dams and reservoirs similar to those under 
consideration in this study, as well as the approach being used in other jurisdictions and by other dam 
owners to assess and address potential impacts. 

The methodology to document the current state of knowledge included: a review of both published and 
un-published (grey) literature; reported actions by other dam owners and operators; information gathered 
from dam industry associations; and information gathered from governing agencies and authorities. 
These activities were accomplished by direct contact with dam owners, operators and authorities; in-
depth search and review of published and grey literature; and utilizing our project team’s personal 
contacts and associations. The internet was searched to find published and un-published literature, 
however searches were focused on current and relevant literature relating to dams; not general climate 
change articles, for which prolific literature exists. Internet searches included queries pertaining to 
programs and research funded by governments at all levels, within North America and internationally. 
Online libraries from the following websites were reviewed: 
 

• Canadian Dam Association (CDA) – www.cda.ca; 
• Ouranos – www.ouranos.ca; 
• Canadian Climate Impact and Scenarios (CCIS) – www.cics.uvic.ca/scenarios/; 
• International Commission on Large Dams (ICOLD) – www.icold-cigb.net; 
• Federal Energy Regulation Commission (FERC) – www.ferc.gov; 
• U.S. Army Corps of Engineers (USACE) – www.usace.army.mil; 
• American Society of Civil Engineering (ASCE) – www.asce.org; 
• International Rivers (IRN) – www.internationalrivers.org; 
• Australian National Committee on Large Dams (ANCOLD) – www.ancold.org.au; 
• Intergovernmental Panel on Climate Change (IPCC) – www.ipcc.ch; 
• International Water Management Institute (IWMI) – www.iwmi.cgiar.org; 

2. Literature Review 
There are many organizations and industry associations that publish journals, articles and conference 
papers related to water resources management. The current published journals and archived files of such 
organizations were searched to identify any articles relating specifically to the impact on dams and 
reservoirs resulting from climate change. Titles of articles appearing relevant were further investigated 
and reviewed.  At the very least, abstracts of all relevant Journal and newsletter articles were read.  When 
deemed appropriate, the entire peer reviewed article was reviewed to glean the salient points. In most 
cases those articles reinforced information from other sources that have been referenced throughout this 
report. All relevant articles are included in the references section of this report. 

2.1 Canadian Dam Association (CDA) 
The Canadian Dam Association (CDA) provides a forum for the exchange of ideas and experiences in the 
field of dam safety, public safety and protection of the environment, by:  

 Fostering inter-provincial cooperation  

 Promoting the adoption of regulatory policies and safety guidelines for dams and reservoirs 
throughout Canada  

 Providing information and assistance to dam owners in support of dam safety programs  

 Sharing information with Canadian and international organizations interested in dam safety.  
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CDA is concerned with technical, environmental, social, economic, legal, and administrative aspects of 
dams and their safety. One of the main publications of the CDA is the Dam Safety Guidelines which were 
initially published in 1995 and subsequently revised in 1999 and more recently in 2007. The latest version 
of the Guidelines consists of principles that are applicable to all dams. These principles relate to Dam 
Safety Management, Operation, Maintenance and Surveillance, Emergency Preparedness, Dam Safety 
Reviews and Analysis and Assessment. While the Guidelines include Technical Bulletins which address 
various components of Dam Safety, there is very limited reference made to climate change or how to 
assess vulnerability of dams to climate change.  

2.2 Canadian Water Resources Association (CWRA) 
The Canadian Water Resources Association (CWRA) publishes the Canadian Water Resources Journal 
and Water News. The Journal is a peer-reviewed quarterly publication. It includes papers dealing with 
watershed planning and management, water economics, water policy, hydrological science, statistical 
hydrology, eco-hydrology, water quality, irrigation and drainage, and water education with a focus on 
Canada. The contents include research articles, application papers, invited commentaries, and book 
reviews.  The titles of current and archived Journals were searched to identify any articles relating 
specifically to the impact on dams and reservoirs (or water infrastructure in general) resulting from climate 
change.  

Water News is the quarterly newsletter of the CWRA. Water News contains items of general interest and 
reports of national and branch activities, as well as international water resource information of interest to 
Canadians. Each issue contains a Technical Supplement and Profile article as well as reports from 
CWRA branches and committees and other water news. These articles provide a focal point for 
discussion and debate of water resource issues in Canada and internationally. The titles of current and 
archived newsletters were searched to identify any articles relating specifically to the impact on dams and 
reservoirs resulting from climate change.  

2.3 Soil and Water Conservation Society (SWCS) 
The Journal of Soil and Water Conservation (JSWC) is a multidisciplinary journal of natural resource 
conservation research, practice, policy, and perspectives. The journal has two sections: the A Section 
containing various departments and features, and the Research Section containing peer-reviewed 
research papers. The titles of current and archived Journals were searched to identify any articles relating 
specifically to the impact on dams and reservoirs (or water infrastructure in general) resulting from climate 
change.  

2.4 Climate Change Impacts and Adaptation Program (CCIAP) 
The overarching goal of the Government of Canada’s Climate Change Impacts and Adaptation Program 
is to reduce Canada’s vulnerability to climate change. This initiative focuses on the adaptation aspect of 
the climate change issue and provides funding with a focus on a collaboration of all levels of government 
and private sector entities. They are also working towards the development of tools for decision making 
on how to adapt to climate change. This program has funded numerous research projects, with some 
dam-specific material summarized below. 

CANADIAN CLIMATE IMPACTS AND ADAPTATION RESEARCH NETWORK (C-CIARN) 

Hydro power & Climate change – workshop Report March 2006, C-CIARN 
When managing the risks and opportunities presented by climate change, it is important to realize that 
adaptation to climate change is strongly centered on dealing with uncertainty.  Adaptation starts with the 
analysis of the impacts associated with historic events, or extreme events.  This analysis is then 
expanded to take into account potential impacts of future changes in system drivers (climate or other).  
Future uncertainties are then addressed in the context of managing risk.  Since the uncertainties will 
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never be reduced to zero, decisions will be made based on the best available information. Investments in 
adaptation should be based upon understanding of the systems’ current adaptive capacity.  

The group attending the workshop shared their experiences with past unusual weather events: 

In Manitoba, they are reactive towards climate events and deal with them on an “as-need-to” 
basis.  In NWT, they are very proactive towards dealing with climate; they have to be due to the 
nature of climate, which is extreme-based.  In the Great Lakes region they are more reactive. BC 
Hydro does preventative spilling because of large snow falls which they receive.  Hydro Quebec 
has learned from extreme events and are now more prepared regarding their planning and 
response .  

In response to how the group deemed they could use available science, they felt that even though some 
of their companies were investing a lot in climate change studies, they considered the science not to be 
used by any operators. They believe using available climate science was more of an issue for importance 
for planners.  

The group felt the only way to use the available climate science will be to convince management that the 
science is available and that operators need to use it.  They thought it was important to communicate the 
impetus to use the state of the art science to decision makers.  

The Ouranos Consortium was created to amass experts to advance the understanding of regional climate 
change and its environmental, social, and economic impacts. They also evaluate the anticipated impacts 
of climate change on sectors, such as hydropower, in order to optimize adaptation strategies 

Coping with the Impacts of Climate Change on Water Resources: A Canadian Experience, B.B. 
Mehdi 
Water managers will be required to make decisions affecting their operations under a new set of 
circumstances.  Tools must be provided to help decision makers to make better informed decisions.  

If there should be an increase in the occurrence of extreme events, water infrastructure (such as drains, 
culverts, ditches, water treatment plants) will have to cope with excessive runoff volumes on a regular 
basis, and as a result may necessitate upgrading, replacing or redesigning.  

Reservoir Development Considering Probable Maximum Precipitation (PMP), Joe Groeneveld, 
Western Region's Manager for the Hydrotechnical Engineering Group ACRES International 
The ability of a hydropower project to safely manage flood events is critical to the safety of the facility. 
The Inflow Design Flood (IDF) event for a project is typically selected based on criteria recommended by 
the Canadian Dam Association. Depending on the hazard classification of the facility, IDF events may 
range from simple statistically based flood events, up to the Probable Maximum Flood. The latter requires 
estimate of the Probable Maximum Precipitation for a given area. These flood estimates rely heavily on 
the study of past meteorological events, and can sometimes be dramatically affected through the 
occurrence of a single, large storm event. 

This was the case for a particular storm event that occurred in North Western Ontario in June of 2002. 
The storm was unprecedented in magnitude, and broke many records (both in magnitude of precipitation 
and of the resulting river flows). It also had a significant impact on earlier flood frequency and PMP 
estimates for basins in this area. This presentation summarized the current CDA requirements for flood 
management, and presented a case study of the June 2002 flood and its impact on regional flood 
estimates. This example demonstrates how flood frequency and PMF/PMP estimates can sometimes be 
quickly and significantly changed through the occurrence of a single rainstorm event. 
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3. Global Climate Models and Climate Change 
Impacts 

3.1 Frequently used Global Climate Models  
Many climate change studies concerning hydropower, river hydraulics or dams can be obtained from the 
Canadian Climate Impacts Scenarios (CCIS, 2009) whose main goal is to provide climate scenario 
information and scenario construction advice to climate impacts researchers in Canada to ensure a 
nationally consistent framework. Ritcher et al (2004) conducted such a study on the impact of climate 
change on hydropower generation in Newfoundland.    

According to the Intergovernmental Panel on Climate Change (IPCC), it has been recommended that, 
where possible, 1961 to 1990 (the most recent 30-year climate “normal” period) should be adopted as the 
climatological baseline period for impact and adaptation assessments.  This period is considered both 
representative and of sufficient duration to encompass a range of climatic variations and weather 
anomalies. 

APPLICATION OF CLIMATE CHANGE MODELS WATER RESOURCES MANAGEMENT, C-
CIARN Workshop, Nov 18 & 19, 2004 
Climate models are being used to different extents by water resource groups to determine the impacts of 
climate change on their sectors.  The hydropower utilities are the most proactive in using climate models, 
regional climate models (RCMs) in particular, to determine the impacts of climate change on their sector.  
The RCM have the proper scale for their application to hydropower watersheds. This group will continue 
to use the regional models to refine their adaptation strategies.  The infrastructure stakeholders see great 
potential in using the climate models, especially because their planning horizon is in-line with the global 
climate model (GCM) predictions (50 to 100 years from now).  The extreme event professionals still rely 
heavily on historical data for climate decision making, and they feel the climate models are lacking in 
determining the frequency and magnitude of extreme events. However, they can foresee the use of the 
models for determining droughts and floods.   

General circulation models (GCM) are limited in their ability to reproduce important aspects of the 
hydrologic cycle. Most information available from GCMs focuses on how climate changes will affect the 
water balance, notably precipitation, evaporation, and runoff.  Many fundamental hydrologic processes, 
such as the formation and distribution of clouds and rain-generating storms or watershed soil-moisture 
dynamics, occur on spatial scales smaller than most GCMs are able to resolve.  

Reservoir management is an issue of concern to this group. Climate change will have implications on 
managing reservoirs and dams (operational issues) particularly due to the changes in temporal variations 
that are predicted which may require the re-designing of dams and reservoirs and require revisiting their 
management. The impacts of extreme precipitation events will entail more flood management measures 
and also dam safety issues.  

In terms of using climate models, the uncertainty of the future climate projections needs to be reduced in 
order for the output to be applied as a risk management strategy to a given watershed area. 
Nevertheless, climate model outputs can be used to develop plausible scenarios and practical “what if” 
scenarios. The question that remains is how to incorporate climate change into existing codes of practice 
and guidelines in order to prepare and better anticipate these sorts of extreme events, and to provide 
parameters needed by designers of the facilities.  

Climate models may be able to assist in this endeavor and it was felt that reducing the range of scenarios 
that currently exist with the models would greatly help to eliminate the need to plan for a wider range of 
possibilities.  

In the future, operational constraints could be imposed for environmentally responsible reasons.  Climate 
models predict hydrographs will have a significant shifting peak to the left in spring.  A shifting hydrograph 
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to an earlier peak flow in spring also entails changes to fish habitats, spawning patterns, etc. therefore, to 
safeguard the environment and to meet ecological demands, changing hydrographs may translate into 
new and/or more severe constraints being imposed on operators, such as ice-related releases in 
fall/winter.   

Operators are more interested in the extreme events, not long-term climate trends, as this will govern how 
to manage the reservoir, and entail other operational adjustments. Until now, operators have mainly had a 
reactive approach in dealing with unusual weather events and adaptation in general.  However, they have 
learned from past experiences and events and made their systems more resilient.   

Planners are interested in all aspects of climate.  Based on their experience, learning from events that 
occurred in the past, or using events which had occurred in another region as a case study, for applying it 
to their area has so far been the best form of adaptation.  

3.2 Potential Climate Change Impacts 
The emerging consensus provided by the scientific community and groups such as the Intergovernmental 
Panel on Climate Change (IPCC) indicates that future changes are almost inevitable. Climate change will 
very likely affect the frequency of heavy precipitation and extreme events. 

There is growing evidence and results from many studies that show the precipitation regime in the Great 
Lakes basin is undergoing significant changes in conjunction with changes in the temperature regime. 
Rainfall intensities are increasing in many locations, particularly during spring months; an increasing 
percentage of winter precipitation is occurring as rainfall rather than snowfall; and lake-effect snowfall 
amounts are increasing. (SWCS, March 2007). 

A result of changes in the precipitation and temperature regimes is a significant change in the runoff 
regime, i.e. increased runoff volumes and peaks from more extreme rainfall events; more runoff events as 
a result of rainfall during winter months; and less significant spring snowmelt events. (SWCS, March 
2007). 

Runoff is magnified as rain intensities increase. A 20% increase in annual precipitation due to increase 
only in intensity of events leads to a 50% increase in runoff (SWCS, January 2003). 

It may be noted that the observed and projected increases in precipitable water in the warming climate 
may call into question the safety of estimates of probable maximum precipitation (PMP) for dam design.  
Most estimates of PMP made use of the older (pre-1970 or 1980) measures of precipitable water. 
(SWCS, March 2007). 

One major assumption in the traditional approach of designing infrastructure is that the statistical 
parameters of hydrological variables remain constant over time, without major fluctuations or long-term 
trends. However, if climate change contributes to an increase in precipitation intensity, this assumption of 
stationarity becomes erroneous.  

Flooding is the most common natural hazard affecting Canada today.  A change in flood risks is one of 
the potential effects of climate change with the greatest implications for human well-being. Few studies 
have looked explicitly at the implications of climate change for flood frequency, in large part because of 
the lack of detailed regional precipitation information from climate models and because of the substantial 
influence of both human settlement patterns and water-management choices on overall flood risk. 

A preliminary analysis of floods occurring between 1990 and 2003 in Ontario suggests that the frequency 
of flood events is increasing. Data also indicates a shift in the timing of floods. Since 1991, flooding has 
shifted to a year-round phenomena influenced by ice jams, rain and thunderstorms.  

Changes in temperature affect evapotranspiration rates, cloud characteristics and extent, soil moisture, 
and snowfall and snowmelt regimes.  Changes in precipitation affect the timing and magnitude of floods 
and droughts, shift runoff regimes, and alter groundwater recharge characteristics.  
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Hydraulic structures, such as dams, are designed based on the capacity to pass a design discharge, such 
as the 1:100 year flood, or the probable maximum flood in the case where the consequence of failure is 
extreme. Consideration of environmental flow requirements may lead to modified reservoir operation. As 
infrastructure is renewed and upgraded, and the urban environment grows and develops, there is an 
opportunity to address the impacts of climate change and plan for the future. This will make the 
infrastructure both more resilient to current hazards and less vulnerable to the impacts of climate change 
in Canada. 

The intensity-duration-frequency (IDF) curves which are used by engineers for design of infrastructure are 
currently based on data from 1965-1990.  The province of Quebec is at present undertaking a project (led 
by Ouranos) to update its IDF curves to incorporate data until the year 2002. 

To help water managers adapt to some of the challenges posed by climate, The Canadian federal and 
provincial governments are already providing assistance in various forms. These governments have 
undertaken many initiatives to facilitate adaptation to climate change in the water resources sector. Some 
of the programs are outlined in the section below. 

4. General considerations regarding climate change 
and dams 

Climate data is used in the development of building codes, guidelines, engineering design criteria of dam 
and water-retaining structures. This also includes the development of Intensity-Duration-Frequency 
curves, which are frequently used for hydraulic design of spillway structures. The general trend is that 
there will be more precipitation, which would likely mean more flood events. 

Data analysis from a meteorological station in North Bay, Ontario, indicated that there has been 
statistically significant trend for warmer winters over the last 30 years (Zhou and Donnelly, 2002).  This 
warming trend was modeled to assess the effects it might have on dams located in the North Bay region.  
The results indicated that there would be a decrease in the magnitude of the inflow design flood (IDF) for 
dams situated on large watersheds and an increase in the IDF for dams located on small to medium 
watersheds. 

At the other end of the spectrum, longer drought periods have caused some dam failures in Australia 
(Lewis, 2007).  These dams where built in soils with very low moisture content.  As a result of poor 
construction methods, drought years have produced an unusually high number of dam failures, a proof 
that climate change may affects dams on a different basis depending on the location and climate 
parameters. 

Many extreme events are considered in relation to dam safety and operation, mainly related to high 
precipitation periods involving high flood events at dams.  Study results can be found on predictions and 
hydro-meteorological models and distribution in watersheds (Richards et al., 2007) in order to predict dam 
behaviour and actions to be undertaken when extreme events occur. 

The changes in extreme weather (particularly regarding flood size and drought severity), and not knowing 
if they are going to get worse than those experienced, poses a large vulnerability for dams and reservoirs 
because these types of events require operational adjustments.  For example, coping with unforeseen 
high water levels when reservoirs are full can cause flooding to occur more easily, which represents an 
economic loss and also entails safety issues.  

The “fill vs. spill” dilemma is sometimes faced and may be faced more often in the future with climate 
change. This is when the operator needs to make a decision between whether to fill the reservoir during 
high runoff events, or whether to spill the water.  
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5. Climate change affecting dam management and 
operation in Canada 

Dam owners and operators are aware of the changing climate process and can often observe many 
changes in the river flows, temperature, ice cover and other related extreme events.  This section refers 
to some testimonials gathered from dam operators and owners (public and private) regarding climate 
change and dam operations. 

5.1 Interview of Private Dam Owners 
The testimony of two private dam owners has been collected in order to understand their means to 
assess and react to climate change in the day-to-day operation of their water retaining and generating 
installations. 

Mr. Denis Ratté, Eastern Canada Region Business Manager – Hydro division at Algonquin Power 
Systems Inc. operates and manages 19 hydropower dams located in the provinces of Ontario, Quebec 
and Newfoundland.  Mr. Ratté said that global warming and climate change does not have a direct impact 
on day-to-day operation and management of the dams.  He has witnessed more extreme events (flood 
and drought) in the past 10 years, but the way to deal with those freshets and dry episodes is similar as 
previously.  Mr Ratté indicated the first step is to gain good understanding of your installations and the 
way to operate them in critical situations.  Furthermore, it is important to use all the tools available in order 
to predict the river behaviour (ex: hydrometric and meteorological instruments made available by 
Environment Canada, probes, real-time instruments, etc.). Finally, a good communication protocol is 
required to ensure protection for operators and people living downstream of the installations.  If climate 
changes are to modify magnitude of flood events or dry periods, studies and assessments will be done to 
know the real impacts and measures will be taken to act properly when such events happen. 

Mr. Jean-François Corbeil, Hydro Sector Manager at Kruger Energy operates and manages 
5 hydropower dams located in the province of Quebec, the state of New-York, as well as the state of 
Virginia. He mentioned that climate change would not modify the safety aspects or the way to operate the 
dams in the short terms. His key point is to improve the hydrological model and including the most recent 
events and data in order to better understand your river system as Mother Nature is evolving and you 
have to compose with it. 

5.2 Interview of Public Dam Owners 
Ms. Patricia Clavet is manager at the Public Dams Management Division at the Centre d’Expertise 
Hydrique du Québec (CEHQ), a provincial agency which operates and manages more than 200 public 
dams in the province of Quebec.  She acknowledges observing more extreme hydrologic events than 
before, and those events mostly occurred out of the “normal hydrologic cycle”.  These “out of cycle” 
events are for example high flood events in late November / early December causing serious frazil 
problems for hydraulic infrastructures.  The frequency of tropical storms affecting north-eastern United-
States have a direct effect of the southern watersheds in Quebec, and also on public dams located in this 
area said Ms. Clavet.  The CEHQ is looking at changing its management and operation plans as they 
need to adapt and allocate more resources for operations during times of the year where operations used 
to be slower.  

Since early 2009, several projects related to climate changes affecting dam safety have been undertaken 
with collaboration of agencies such as Ouranos. Ms Clavet explained that they are fairly early in their 
study process and that results should be available in 2010. Following these studies, the CEHQ will test 
new procedures based on results found and implement them as required. Ms. Clavet concluded by saying 
that they are currently in a reflection mode in order to find and communicate quickly any risks on the 
water retaining structures. They will enter into an adaptation phase which will include discussions with 
local stakeholders on the water management plan, but in keeping in mind that their first priority is the 
safety of the dam structure. 
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BC Hydro is a large public utility that owns and manages many high consequence dams in BC. This utility 
has an elaborate Policy on Dam Safety, as well as on Emergency Preparedness.  According to Terry 
Oswell, P. Eng. Dam Safety Program Engineer, BC Hydro is actively pursuing its Dam Safety program. 
However, climate change is not part of the picture as they are focusing on their Dam Safety Program 
which is based on the CDA Guidelines.  

In a similar way, Hydro-Quebec is not currently addressing the effect of climate change on its dams. 
According to Jean-Paul Morin, manager, Dam Safety, Hydro-Québec is taking a step by step approach 
addressing the climate change issue. The first step is their involvement and financial support of Ouranos, 
a research group studying climate change scenarios. Once climate change models are fully developed 
and understood, Hydro-Québec will, in a second stage, conduct case studies on specific dams to verify 
effects from climate change.  

Parks Canada Agency (PCA) owns and operates many small dams across Canada. Most of these dams 
are located in Ontario on the Rideau Canal and on the Trent Waterway. While PCA is a Public agency, 
contrary to the large dam owner, it has limited technical resources to support Dam Safety. Nevertheless, 
PCA has just recently put together its Policy on Dam Safety. This policy is fairly similar to the CDA 2007 
Dam Safety Guidelines although it does have some differences on design criteria for certain higher 
consequence dams. According to André Roy, P. Eng coordinator for Dam Safety, climate change has not 
been included in their recent Policy and is not part of their short term activities as they are focused on 
implementing the Dam Safety Program.  

6. Conclusions 
Climate science is an ever adapting field and more information is becoming readily available in attempts 
to project future changes in climate. It is anticipated that there will be more extreme meteorological events 
in the future.  

While dam owners are aware of this climate changing situation some are reviewing available data in order 
to react properly when extreme events occur. However, in most cases, few dam owners have directly 
addressed climate change and the vulnerability of their dams to such phenomenon. This could change in 
the future as some are starting to focus on this issue. It will probably be a few years down the road before 
published results are made available to the industry as to how these organizations are adapting to climate 
change.    
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National Engineering Vulnerability Assessment 
of Public Infrastructure to Climate Change

Flood Control Dam Water Resources 
Infrastructure Assessment Workshop

Agenda

Welcome / Introductions
Overview / Purpose of Workshop
Summary of PIEVC Protocol
Overview of Dams
Overview of Climate Analysis
Procedures for Completing Matrices
Lunch
Breakout Group Sessions
Conclusions
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National Engineering Vulnerability Assessment 
of Public Infrastructure to Climate Change

Introduction - TRCA

TRCA Jurisdiction
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TRCA Floodplain Management Tools
1. Floodplain development control

2. Stormwater management 

3. Flood forecasting and warning

4. Flood control structures and 
channels

Adaptation and Floodplain Management

Recommendations, Page 24:
“Research state-of-the art in climate 
change adaptation for flood forecasting, 
warning and control programs, and 
conduct a comprehensive review of 
TRCA programs to assess vulnerabilities 
to climate change”
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National Engineering Vulnerability Assessment 
of Public Infrastructure to Climate Change

Summary of PIEVC Protocol

Summary of PIEVC Protocol
The PIEVC Protocol is a step 

by step process of risk 
assessment to assess 
impacts of climate change 
on infrastructure
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Summary of PIEVC Protocol
The GOAL is to assist 

infrastructure owners and 
operators to effectively 
incorporate climate change 
adaptation into design, 
development and decision-
making

The PIEVC Protocol
The PIEVC Protocol is a 
FIVE step process:
1. Project Definition
2. Data Gathering & 

Sufficiency
3. Risk Assessment
4. Engineering Analysis
5. Conclusions and 

Recommendations
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Summary of PIEVC Protocol
At each step data sufficiency is 

assessed 
Feedback loops allow you to 

revisit earlier steps 
The amount of detail defined 

by the owner will affect the 
technical analysis and the 
study cost

Summary of PIEVC Protocol
Step 1: Project Definition

– Describe the infrastructure
– Define the boundary 

conditions for the 
vulnerability assessment

Status=Complete
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Summary of PIEVC Protocol
Step 2: Data Gathering and 

Sufficiency
– Decide infrastructure to be 

assessed
– Decide climatic factors to be 

considered
– Define Performance 

Measures

Summary of PIEVC Protocol
Step 2: Data Gathering and 

Sufficiency
– This step is interdisciplinary 

requiring engineering, 
climatological, operation, 
maintenance and 
management expertise

Status= Complete* *feedback
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Summary of PIEVC Protocol
Step 3: Risk Assessment

– Identify relationships 
between infrastructure, 
climate and other factors 
leading to vulnerability

– Identify which elements of 
facility likely will be sensitive 
to changes in specific 
climate parameters

Summary of PIEVC Protocol
Step 3: Risk Assessment

– Prioritization of these 
interactions is conducted, 
then a Qualitative 
Assessment on 
infrastructure’s vulnerability 
takes place

Status = Ongoing



9

Summary of PIEVC Protocol
Step 3: Risk Assessment

– Perform Yes / No sensitivity 
analysis

– For those components with 
a “Yes” response, determine 
the RISK

– Risk is defined as the 
possibility of injury, loss, or 
negative environmental 
impact created by the 
hazard

Summary of PIEVC Protocol
Step 3: Risk Assessment

R = P x S

P = Probability of a negative 
event

S = Severity of the event, given 
that it happened 
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Summary of PIEVC Protocol
Step 3: Risk Assessment

P = Probability of a 
negative event

Our Study Team and TRCA 
Chose Method A

Summary of PIEVC Protocol
Step 3: Risk Assessment

S = Severity of the event, 
given that it happened

Our Study Team and TRCA 
Chose Method E
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Summary of PIEVC Protocol
Step 3: Risk Assessment

R = P x S

Summary of PIEVC Protocol
Workshop
Consultation with the Owner and 

Operational Personnel
The objective of the workshop is 

to establish risk profiles based 
on the expertise of the 
practitioner and site-specific 
knowledge possessed by 
operating personnel, the 
infrastructure owner and 
management staff
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Summary of PIEVC Protocol
Step 4: Engineering Analysis

– Assess the impacts of the 
climate change loads placed 
on the infrastructure 
components

– Equations offered to assess
– Total Load on the 

infrastructure
– Total Capacity of the 

infrastructure

Summary of PIEVC Protocol
Step 4: Engineering Analysis

– Vulnerability occurs if
Total Load > Total Capacity

– Adaptive Capacity exists if
Total Load < Total Capacity

– Capacity deficit is calculated if 
vulnerability occurs
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Summary of PIEVC Protocol
Step 5: Recommendations

1. Remedial action required to 
upgrade

2. Management action required 
to address infrastructure 
capacity shortfalls

3. No further action req’d
4. Data gaps or data quality 

require more study for proper 
assessment

National Engineering Vulnerability Assessment 
of Public Infrastructure to Climate Change

Overview of Dams
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Overview of Dams

Review Current “State of Knowledge”

– Climate change and dams 

– Adaptation by dam owners in Canada

– What is happening outside Canada  

Overview of Dams

Climate change and dams

– Lots of information on climate change and impacts on hydrology/ 
water management  

– Limited information on Vulnerability of dams to climate change

– Risk analysis studies for dam safety have been conducted for a 
while, but not using climate change template  
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Overview of Dams

Adaptation by dam owners in Canada

– Private owners management policy generally dictated by 
regulatory requirements 

– Public owners are at various stages in responding to climate 
change (i.e. involved in CC research, starting to implement 
adaptive management policies, not on their radar screen, etc.)

– Work done on this study is a first in Canada for dams  

Overview of dams
What is happening outside Canada

– USA: Vulnerability of dams is analyzed with focus on security 
(not climate change) 

– Europe: Climate change and local impact scenarios are well 
documented, but mainly for hydrological cycle/ water 
management

– Asia: similar to Europe, with climate change models being 
developed with impacts on hydrology/water management. 
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General location of the dams
N G. Ross Lord dam

Flood control 
facility on the West 
Don River;

Located northeast 
corner of Dufferin
Street and Finch 
Ave. West in 
Downsview.

Claireville dam

Flood control 
facility on the West 
Humber River;

Located close to 
the Finch Ave. exit 
of Highway 427.

G. Ross Lord dam

Overview of the facility

Access roads and trails to dam

Reservoir

Embankment dams

Hoist building

Spillway 

structures

FL
OW

Access bridge
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G. Ross Lord dam

Infrastructure Component – (1 of 9)
Elevation view of dam

Right embankment Left embankmentRadial gates & spillway

Low-level gates outlet

G. Ross Lord dam

Infrastructure Component – (2 of 9)
Downstream side looking 

from dam crest

Spillway tailrace structure

Low-level gates outlet

Left embankment, downstream
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G. Ross Lord dam

Infrastructure Component – (3 of 9)
Gated spillway looking from 

downstream

Control building

Concrete spillway tailrace 
structure

Spillway piers and lateral 
walls

Radial gates

Embankment dam 
(downstream)

G. Ross Lord dam

Infrastructure Component – (4 of 9)
Gated spillway looking from 

inside control building

Hoist deck for radial gates

Radial gates hoist system

Radial gates
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G. Ross Lord dam

Infrastructure Component – (5 of 9)
Low-level outlet

Low-level outlet structure

Low-level outlet tunnel

G. Ross Lord dam

Infrastructure Component – (6 of 9)
Dam crest looking from left 

bank

Hoist building bridge

Hoist building for low-level 
outlet

Access roads and trails / 
embankment dam, crest

Embankment dam, 
downstream
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G. Ross Lord dam

Infrastructure Component – (7 of 9)
Upstream side looking from 

left shore

Low-level outlet intake

Reservoir

Embankment dam, upstream

Upstream abutment walls

G. Ross Lord dam

Infrastructure Component – (8 of 9)
Hoist building

Hoist building Low-level gates hoist 
system

Hoist building bridge
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G. Ross Lord dam

Infrastructure Component – (9 of 9)
Control building

Indoor control panel

Backup generator

Backup gas motor

Claireville dam

Overview of the facility

Control building

Access roads and trails to dam

Reservoir

Embankment dams

Spillway 

structures

FL
O

W
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Claireville dam

Infrastructure Component (1 of 7)
Elevation view of dam

Downstream 

abutment wall Downstream 

abutment wall

Control building
Radial gates (5)

Main spillways (5)
Low-level valves (4)

(decommissioned)

Claireville dam

Infrastructure Component (2 of 7)
Upstream side of the dam

Control building

Right embankment, upstream

Reservoir

Upstream abutment walls

Left embankment, upstream
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Claireville dam

Infrastructure Component (3 of 7)
Spillway looking from inside 

control building

Hoist deck

Spillway piers (4)

Spillway lateral wall (2)

Radial gates hoist system

Bridge deck

Claireville dam

Infrastructure Component (4 of 7)
Top of the dam looking from 

left bank

Control building

Hoist deck

Bridge deck

Access roads and trails to dam
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Claireville dam

Infrastructure Component (5 of 7)
Downstream side from left 

bank

Control building

Left embankment, downstream

Downstream abutment walls

Claireville dam

Infrastructure Component (6 of 7)
Upstream side from left bank

Reservoir

Upstream abutment wall

Left embankment, upstream
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Claireville dam

Infrastructure Component (7 of 7)
Inside control building

Indoor control panel

Backup generator

National Engineering Vulnerability Assessment 
of Public Infrastructure to Climate Change

Climate Analysis & Projections 
for Workshop
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Climate Analysis & Projections - Overview

Objectives
Data Sources 
Climate Parameters
Definitions
Process of Scoring Probability
Challenges (discussed throughout)

Climate Analysis & Projections - Objectives

To establish a set of climate parameters relevant to 
the geographic area of the dams

To establish the probability of each climate event 
occurring using existing data sources

– existing/historical
– future (2050s) 
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Climate Analysis & Projections – Data Sources
Existing/Historical

EC – Canadian Climate Normals
EC – Atmospheric Hazards Web Site
EC – Daily Climate Data Online
EC – Canadian Hurricane Centre
EC – NatChem
Regional/local studies, trends and other literature
Expert Team on Climate Change Detection and Indices 
(ETCCDI) 

Future Projection/Prediction
EC – Canadian Climate Change Scenarios Network
Regional/local studies and other literature
Intergovernmental Panel on Climate Change (IPCC) AR4

Climate Analysis & Projections - Parameters

25 climate parameters were identified
Hurricane/Tropical Storm
High Wind/Downburst
Tornado
Drought/Dry Periods
Dust Storms
Acid Rain
Heavy Fog

Wet Days
Rain on Snow
Freezing Rain
Ice Storm
Snow Storm/Blizzard
Snow (Frequency)
Snow Accumulation
Lightning
Hailstorm

High Temperature
Low Temperature
Heat Wave
Cold Wave
Temperature Variability
Freeze/Thaw
Frost
Heavy Rain
Rain (Frequency)
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Climate Analysis & Projections - Definitions

For the purpose of this study, definitions were chosen   
based on their: 
– usefulness in determining vulnerability
– relation to available indices (historical and/or future)
– ability to relate to probability

4325

4325

RSPY / NRSPY / NRSPY / NRSPY / N

85 or more days with 
max. temp. >0oC and 

min. temp. <0oC

Daily temp. variation 
of 25oC

Three or more 
consecutive days with 

min temp. 
<-20°C and max 

temp. <-10°C 

Three or more 
consecutive days 

>32oC 

Freeze/ThawTemperature 
VariabilityCold WaveHeat Wave

Climate Analysis & Projections - Definitions

Challenge in that some climate indices expressed in 
magnitude or duration, creating difficulties 
translating to probability

Probability was defined as the likelihood of an event 
occurring in a given year
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Climate Analysis & Projections - Definitions

Two tiers of climate parameter definitions 
established

1) More ‘commonly’ occurring climate parameters, 
where impacts may relate to persistence        
(i.e. freeze/thaw cycles)

Defined in terms of probability of occurrence in a given year 
based on the historical average value or frequency

Climate Analysis & Projections - Definitions

2) More ‘extreme’ or less frequently occurring 
climate parameters with potential for a single 
event to create an impact (i.e. tornado)

Not as logical to relate these to an average             
annual occurrence 
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Climate Analysis & Projections - Definitions
Example for tier 1 definition: Freeze/Thaw Cycles 

Normally defined as “days with max. temp. >0oC 
and min. temp. < 0oC”

Not useful definition to assess vulnerability of dam

Decision made to benchmark probability based on 
average occurrence of freeze/thaw cycles in a 
given year (85)

Definition changed to: “85 or more days with max. 
temp. > 0oC and min. temp. < 0oC”

Climate Analysis & Projections - Definitions
Example for tier 1 definition: Freeze/Thaw Cycles 

Now definition allows for understanding of event 
experienced over life of dams and allows severity 
scorer to reference a threshold of occurrence

This method also avoids multiple scores of 7 being 
attributed, which would prevent ability to increase 
scores between existing and future as a result of  
climate change
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Climate Analysis & Projections - Definitions
Example for tier 2 definition: Tornado 

Defined as “vortex extending upwards from earth’s 
surface at least as far as cloud base”
(Atmospheric Hazards Web Site)

8 reported events from 1918-2003 within general 
proximity (defined) to dams 

Corresponds to 0.09 tornados per year 
or one tornado every 10.75 years

Climate Analysis & Projections - Process

Established known existing/historic probabilities, 
where possible (i.e. tornado example)

Related these to PIEVC Protocol Probability Scale 
Factors - Method A (point of subjectivity)

Assigned 0-7 score to matrix (existing)

Calibrated scores using mechanism
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Climate Analysis & Projections - Process
Conducted research and analysis on 
climate projections/predictions, where 
possible 

Re-evaluated/adjusted scores from 
existing for each parameter (future 
matrix) (point of subjectivity)

Score not changed in absence of 
information

Avoided ascribing a probability value 
of “1”
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Workbook Material for the Risk 
Assessment Workshop
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Finalized Risk Assessment Matrices



Appendix F

Risk Assessment Matrices Completed by 
Workshop Participants



Appendix G

Comparison of Existing and Future Risk 
Scores



Appendix H

Completed Engineering Analysis Tables
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