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Technical 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 and 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 with a scoping study in 2007 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 case 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.
For this particular study, the Town of Prescott and Engineers Canada agreed to partner and co-fund an
engineering vulnerability assessment of the Town of Prescott’s sanitary sewage system in the context of
both the existing climate and future climate change, using the PIEVC Protocol (version 9, April 2009). The
main objective of this assessment and pilot study was to identify components of the sanitary sewage
system 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 report contains
recommendations for remedial action to minimize the vulnerability and/or complete further study to further
quantify the risks.
The study included 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 pilot studies using the Protocol only explicitly assessed the future risks and vulnerabilities
associated with climate change. However, 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.

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:
1. 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.
2. 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.
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3. Step 3 – Risk Assessment: 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.
4. 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.
5. 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 Town of Prescott and
which could lead to vulnerabilities to the sanitary sewage system. The following climate parameters were
selected for analysis in this study: High Temperature, Sustained High Temperature in Winter, Low
Temperature, Heat Wave, Cold Wave, Extreme Diurnal Temperature Variability, Freeze Thaw, Heavy
Rain, Heavy 5-Day Total Rainfall, High Intensity, Short Duration Rainfall, Heavy 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.
The above climate parameters were selected by developing a comprehensive list of climatic and
meteorological phenomena deemed to be relevant to the geographic region (south-western 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, Town of Prescott 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 Town of Prescott 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.
The historical climate analysis for the Town of Prescott’s sanitary sewage system 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 completeness
of data over the station’s period of record. Ottawa MacDonald-Cartier Airport and the Brockville PCC
climate station were also used due to the station’s close proximity to the Town of Prescott and the
completeness of data. 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.
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.
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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
th
Profiles (CCCSN, 2007a), the Intergovernmental Panel on Climate Change (IPCC) 4 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 Prescott area for each of the three emissions scenarios used, A2 (high) A1B
(medium) and B1 (low). The median anomalies (change factors from modelled historical baseline) were
selected for each scenario. This removed the influence of outlying model output. Following this, a mean of
the medians was calculated to account for all scenarios equally. It is recognized that this methodology
tempers extreme projection values and allocates equal emphasis of each available model and scenario
used. In the future, it is recommended that a sensitivity analysis be conducted in future PIEVC studies to
assess the impact of selecting the A2 and the B1 results.
It should be noted that not all climate parameters benefited from having the same number of global
climate models (output) available on CCCSN. 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 Town of Prescott 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 frequency of an event was calculated as 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.
This frequency value was used to assess the probability of the climate event having an impact on a
specific infrastructure component. Then, the probability of failure occurring given a climate event was
determined using an exponential cumulative distribution function. A score between 0-7 was assigned to
each parameter by quantitatively relating the calculated probability to one of the percentages presented in
Method B of the Protocol’s Probability Scale Factors (Probability Scores).
When considering the future scenario (2050s), probability scores were assigned by changing (increasing
or decreasing) or maintaining the previously established historical frequencies. Frequencies 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 a similar
conclusion. Where projection information was unavailable or supporting projection data were clearly
inconsistent or in conflict with one another, frequencies remained unchanged between historical and
future scenarios.
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Using the above mentioned methodologies, probability scores, for both historical and future settings, were
assigned to each infrastructure component for the various climate parameters. Actual scores are
discussed in Step 3 – Risk Assessment chapter of this report. It is important to refer to the frequency
section for each climate parameter in for specific details regarding the processes and assumptions behind
each individual frequency value.
The following climate parameters were predicted to have an increase in frequency from historical to future
conditions: High Temperature, Sustained High Temperature, Heat Wave, Heavy Rain, Heavy 5-Day Total
Rainfall, High Intensity, Short Duration Rainfall, Heavy Winter Rain, Freezing Rain, Ice Storm,
Hurricane/Tropical Storm, and Drought/Dry Period.
The following climate parameters were expected to decrease in frequency from historical to future: Low
Temperature, Cold Wave, Extreme Diurnal Temperature Variability, and Freeze Thaw.
The following Climate Parameters were expected to experience no change in frequency from historical to
future: Heavy Snow, Snow Accumulation, Blowing Snow/Blizzard, Lightning, Hailstorm, High Wind,
Tornado, and Heavy Fog.

Town of Prescott Sanitary Sewage System
Step 1 – Project Definition
This step involves identifying the infrastructure being assessed, its location, relevant climatic and
geographic considerations, the time frame for the analysis, and other key considerations to define the
scope of the study. Step 1 includes several tasks as follows:


Identify the Infrastructure



Identify the Climate Factors



Identify the Time Frame



Identify the Geography



Identify Jurisdictional Considerations



Conduct a Site Visit



Assess Data Sufficiency

The results of the Project Definition step as applied to the current study are summarized below.

Identify the Infrastructure
The focus of this study was the Town’s sanitary sewage system which includes all sewers, sewage
pumping stations, and the Prescott Water Pollution Control Centre (WPCC). Therefore, the study area
included the sanitary sewer network located in the area bounded by Sophia Street to the west, Boundary
Street to the east, Highway 401 to the north and the St. Lawrence River to the south; the forcemain from
Sewage Pumping Station No. 5 running east along King Street, and the Prescott WPCC, located within
the Township of Edwardsburgh-Cardinal.
The Town of Prescott’s sanitary sewage system includes over 30 km of sewer ranging in diameter from
150 to 750 mm; four sewage pumping stations with capacities ranging from 70 L/s to 160 L/s; and a
3
WPCC with a rated capacity of 4,728 m /day.
Sanitary Sewer Network
The sanitary sewer network consists of all the gravity sanitary sewers within the Town of Prescott
municipal boundary. The sanitary sewer network is divided into three drainage areas each culminating at
a sewage pumping station.
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The existing network contains over 30 km of sewer of varying diameter, material, and age. A
comprehensive inventory of sewers was completed as part of the Sewage System Optimization Study
prepared by Ainley Consultants in 1996. This inventory was used as the basis to develop the list of sewer
components for this project. Based on this inventory:


Concrete pipe was in general installed in 1970 and accounts for 5% of the total length of the
network



Asbestos Cement Pipe was installed between 1950 and 1988 and corresponds to 29% of the
total length of the network



PVC pipe was installed between 1978 and 2006 and accounts for 33% of the total length of the
network



Vitrified clay pipe was installed in its majority between 1890 and 1978, and accounts for 34% of
the total network length

Sewage Pumping Stations
Four sewage pumping stations (SPS) form part of the Town of Prescott’s sanitary sewage system: SPS
No. 3, SPS No. 4, SPS No. 5, and SPS No. 6. It should be noted that the naming convention for the
sewage pumping stations starts at SPS No. 3, i.e. there are no SPS 1 and 2. A small pumping station
servicing a low-laying area including five houses (one block) and some commercial development located
at the intersection of Florence Street and Georgina Street (north of Wood St. East). The Florence Street
Pumping Station was planned to be decommissioned in 2011. Therefore, it was not considered as part of
this Study.
Prescott Water Pollution Control Center (WPCC)
The Prescott WPCC is located on the north side of Highway 2 in the Township of Edwardsburgh-Cardinal,
east of the Town of Prescott. The plant, constructed in the 1970s, was recently upgraded to provide
3
secondary treatment in 2007 for a rated capacity of 4,728 m /d.
The plant includes the following process systems:


Inlet Works



Sequencing Batch Reactors



Effluent Equalization Tank



UV Disinfection System



Effluent Outfall Chamber and Sewer



Phosphorus Removal System



Aerobic Digester and Digested Sludge Storage Tank



Sludge Drying Beds



Standby Power System

Identify Climate Factors
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 (eastern 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
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either an extreme or persistent occurrence. Lastly, a conference call was held between the project team
and Technical Advisory Committee members with expertise in climatology and meteorology to discuss
and agree on these climate parameters.
The following climate parameters were selected for analysis in this study:
 High Temperature

 Heavy 5-Day Total Rainfall

 Lightning

 Sustained High Temperature in
Winter with Snow on Ground

 High Intensity, Short
Duration Rainfall

 Hail

 Low Temperature

 Heavy Winter Rain

 Hurricane/Tropical
Storm

 Heat Wave

 Freezing Rain

 High Wind

 Cold Wave

 Ice Storm

 Tornado

 Extreme Diurnal Temperature
Variability

 Heavy Snowfall

 Drought/Dry Period

 Freeze Thaw

 Snow Accumulation

 Heavy Fog

 Heavy Rain

 Blowing Snow

Climate change was assessed by comparing historical data to forecasted future trends for each climate
parameter.
Sources of climate information consulted as part of the study included:
Historical
The historical climate analysis for Prescott’s sanitary sewage collection system was conducted using data
from a variety of sources as follows:


Environment Canada’s Canadian Climate Normals



Environment Canada Climate Data Online (Bulk CSV Data File)



Ontario Node of Environment Canada's Canadian Atmospheric Hazards Network



Canadian Daily Climate Data (CDCD V1.02) program



The National Building Code of Canada, Appendix C, Climate Information



Intensity – Duration – Frequency (IDF) curves for precipitation as rain



Regional/local scientific studies, trends in temperature and precipitation variables and other peerreviewed, published literature

For the historical data sources, where possible, climate data were collected from the climate station
nearest Prescott (i.e. Brockville PCC). For certain data sources/climate parameters data were only
available for major centres, the nearest of which included Ottawa and Toronto International Airports. It is
noted that the Brockville station only provides daily values for certain temperature and precipitation
variables, whereas climate stations at Ottawa and Toronto report hourly data and records additional
climate parameters. Furthermore, geographically, Ottawa and Toronto not only represent different climatic
environments than Prescott (and one another), they also collect data that may be under-representative of
their comparative geographies by the very nature of the fact that they were selected as suitable locations
for airports.
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When information from these sources was not available or was not representative, alternative sources of
information were used. These cases are clearly documented within the specific sections of this report.
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
The future climate analysis for Prescott’s sanitary sewage collection system was conducted using data
from a variety of sources as follows:


Environment Canada’s Canadian Climate Change Scenarios Network (CCCSN) Scatter Plots and
Bioclimate Profiles



Intergovernmental Panel on Climate Change (IPCC) 4 Assessment Report (AR4, 2007)
Regional Climate Projections chapter (and others, where applicable)



Scientific journal articles presenting regional and local projections and predictions

th

When using the CCCSN, output from all available IPCC-recognized AR4 global climate models was
extracted for the model grid cell encompassing the Prescott area for each of the three emissions
scenarios used, A2 (high) A1B (medium) and B1 (low). The median anomalies (change factors from
modelled historical baseline) were selected for each scenario. This removed the influence of outlying
model output. Following this, a mean of the medians was calculated to account for all scenarios equally. It
is recognized that this methodology tempers extreme projection values and allocates equal emphasis of
each available model and scenario used. It is recognized that this methodology tempers extreme
projection values and allocates equal emphasis of each available model and scenario used. However, it
should be noted that not all climate parameters benefited from having the same number of global climate
models (output) available on CCCSN. In the future, it is recommended that a sensitivity analysis be
conducted in future PIEVC studies to assess the impact of selecting the A2 and the B1 results.
Scientific literature was used to support decisions to determine future changes in the frequency of climate
events, where applicable. That being said, challenges were experienced in identifying appropriate climate
projections from the literature for certain parameters, as information was often only available at global or
regional scales (i.e. not specific to the Prescott 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 encountered. In such cases, the
professional judgement of the project team was applied in determining the contribution the literature
should have in terms of altering future frequency, 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 changing the
frequency values between existing and future scenarios for a given parameter. In this sense, the term
“enough” meant having information in the form of 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
frequency assessment process was to be repeated by others, one would likely come to the same
conclusion (at least in terms of direction, and possibly in magnitude of the change). Alternatively, where a
lack of relevant projection information existed, values remained unchanged.

Identify the Time Frame
The study included an assessment of the vulnerabilities of the above infrastructure systems to climatic
and meteorological phenomena both under existing/historical conditions and for a future changing
climate.
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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
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.

Identify the Geography
The Town of Prescott is located in southeastern Ontario on the north shore of the St. Lawrence River
(approximately 20 km east of Brockville and 80 km south of the City of Ottawa). The Town is bounded by
Sophia Street to the west, Boundary Street to the east, Highway 401 to the north and the St. Lawrence
River to the south. The CN railway running west-east also crosses through the middle of the Town.
The study area encompasses the entire municipality and is approximately 225 hectares. Land use within
the southern portion of the municipal boundary is mainly residential, with a small amount of institutional,
commercial and industrial. Northwest of the railway contains mainly commercial and industrial land use
whereas the land use northeast of the railway is mainly residential.
The topography of the Town of Prescott slopes south to the St. Lawrence River. The northern portion is
relatively flat with overall slopes of approximately 1.5%. The land becomes significantly steeper south of
the CN railway with slopes approximately 5% over a 0.5 km distance. The topography becomes flat again
in the vicinity of the St. Lawrence River.
The Prescott WPCC discharges treated effluent into the St. Lawrence River. The WPCC’s ability to
discharge is dependent on the surface water level in the River. The WPCC’s outfall is not located within
any Intake Protection Zones (IPZ) as determined by the South Nation Conservation Authority’s Source
Water Protection Study.

Identify Jurisdictional Considerations
The following jurisdictions are relevant to the infrastructure:


Town of Prescott



Province of Ontario



South Nation Conservation Authority (SNC)



Ministry of Natural Resources (MNR)



Ministry of Environment (MOE)

Site Visits
Several site visits were conducted during July and August 2010 to ensure the project team was familiar
with the various infrastructure systems, to photograph infrastructure components, and to document any
problems or deficiencies in advance of the risk assessment.
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A summary of the findings from the interviews conducted with the operations personnel during the site
visit are as follows:


The Town is mainly serviced by a combined sanitary/storm sewage collection system with
components dating back to the early 1900s.



Problems with the sewer collection system are more severe in the older part of the Town, south of
the CN railway.



There is a history of basement flooding during significant rainfall/snowmelt events. The areas
which have most frequently reported flooding include sections of West Street, Edward Street,
East Street, Duke Street, Russell Street, Water Street, Linda Street, Park Street, James Street
and Dibble Street.



Following the recommendations of Ainley’s Sanitary Sewer Optimization Study, the Town initiated
works as part of a Combined Sewer Separation Project in 1999. Incidences of basement flooding
and overflows have since been significantly reduced.



The sewage treatment plant and associated sewage pumping stations were originally constructed
in the 1970s.



The Prescott WPCC was upgraded to secondary treatment in 2007. SPS No. 6 was upgraded as
part of the project.



SPS No.3, 4 and 5 were upgraded in 2006.



The electrical and control equipment for SPS No. 3 and SPS No. 4 is installed within metal shed
enclosures without ventilation. Failure of this equipment has occurred during high temperature
conditions (over 30 degrees C). This is not an issue for SPS No. 5 and SPS No. 6 where
equipment is housed within buildings with proper ventilation.



The sewage pumping stations and the Prescott WPCC are in good condition.



It is understood that a significant percentage of the flows received at the WPCC are due to inflow
into the sanitary sewers from downspouts, foundation drains and connections with storm sewers.
That is during precipitation events rain/melted snow enters the sanitary collection system
potentially overloading the sewers and SPS’s and significantly increasing the flow to the WPCC.



The Town has in the past completed sewer separation projects on a street-by-street basis. These
have been limited due to budget limitations.



Hydraulic overloading of the collection system and treatment plant occurs as a result of significant
rainfall/snowmelt events. These events result in direct discharge of diluted raw sewage to the St.
Lawrence River through overflow structures located along the collection system. The most recent
overflow incident occurred on January 25, 2010 (total precipitation of 43.6 mm with 26 cm of
snow on the ground based on data from the Ottawa Station).



During January 2010 (average temperature of -10 degrees C based on data from the Ottawa
Station), there were several incidences of the aerobic digester freezing. These have resulted in
daily costs to cut through ice and mitigate potential damage to the decanter in the sludge tank.

Assess Data Sufficiency
There were no identified data gaps at this step of the Protocol.

Step 2 – Data Gathering and Sufficiency
The objective of the second step is to further define the specific features/components 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
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information, then it may be considered as insufficient, and steps must be taken to infill poor quality or
missing data. Step 2 includes several tasks as follows:


State Infrastructure Components



State Climate Baseline



State Climate Change Assumptions



State the Time Frame



State the Geography



State Specific Jurisdictional Considerations



State Other Potential Changes that May Affect the Infrastructure



Assess Data Sufficiency

The major outcome of Step 2 is to break down the infrastructure into all of its components. As indicated
above, the system components include the sewers, pumping stations and the WPCC. The facilities were
broken down into their process components.

Step 3 – Risk Assessment
In this step, the infrastructure’s response (vulnerability) to the climate parameters is identified and
quantified. The risk assessment process described by the PIEVC Protocol involves defining events which
would affect the performance of the infrastructure components, and assessing their probability and
severity to obtain a risk value that can be used to prioritize risk mitigation activities. In general, the
methodology outlined in the Protocol was followed for this Study. However, some modifications were
made.
The PIEVC Protocol uses the following expression for risk:

R  PS
Where P is the probability of a climate event having a negative impact on an infrastructure component,
and S is the severity of the impact.
The Protocol uses a qualitative approach to establish the values of these variables using scales relating
descriptive information about the frequency or probability (likelihood) of the event and the nature of the
consequences (severity) to numerical values ranging from 0 to 7.
For this study climate data and projection models were used to quantitatively estimate the probability of a
particular climate event occurring. However, given that the probability of a climate event occurring will not
necessarily result in damage or failure of a particular infrastructure component; it is important to evaluate
the probability of the infrastructure component failing given that the climate event occurred. This
probability was calculated as follows:

P(t )  (1  e  t )  Pf
where:
P(t) is the probability at time t of the infrastructure component failing given the occurrence of a
climate event
λ is the frequency of the climate event (rate of occurrence)
Pf is a factor indicating the percent of times failure occurs as a result of the climate event
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Using the probability ranges defined by Method B of the PIEVC protocol, probability scores ranging from
0 to 7 were assigned for the various interactions. Similarly, for each interaction a severity value was
assigned.
th

th

Two workshops were conducted on September 30 , 2010 and October 28 , 2010 where the members of
the Technical Advisory Committee came together to conduct a risk assessment exercise based on the
Protocol. Upon completion of the workshop, GENIVAR completed risk assessment matrices for the Town
of Prescott Sanitary Sewage System.

Step 4 – Engineering Analysis
The PIEVC Protocol calls for additional analysis for climate-infrastructure interactions which have a
medium risk associated to them, and for which additional investigation is required to clearly define and
understand the vulnerability.
The majority of the interactions categorized as medium risk correspond to high precipitation events
resulting in overloading of the sewers in the system. This is due to the high level of infiltration and inflow
into the sewers. To be able to quantify the capacity and load to the sewers as required by the Engineering
Analysis step of the Protocol, additional detailed investigation will have to be completed. Thus, the
Engineering Analysis step of the Protocol will be completed as part of a separate Sewer Optimization
Study.

Step 5 – Recommendations
Based on a review of the background information referenced, and the findings of the risk assessment, the
following is recommended.
1. The top risks identified corresponded generally to overflow events at the sewage pumping station
due to limited capacity to handle the flows. Given that these events are caused by infiltration and
inflow issues within the system (i.e. the capacity of the pumping stations is sufficient to handle
normal and peak dry weather flow operating conditions), it is not recommended that the capacity
of the sewage pumping stations be expanded. Instead, it is recommended that the sources of
inflow and infiltration be eliminated.
2. Ainley’s 1996 Sanitary Sewer System Optimization Study concluded that service connections and
maintenance holes in poor condition were a significant source of infiltration. Roofleaders, sump
pumps and foundation drains located on private property were considered the main source of
inflow. It is recommended that a program be initiated to identify and eliminate such connections to
the sanitary sewer system.
3. It is recommended that a flow monitoring program be conducted and that a sanitary/stormwater
system model be developed to assess the effectiveness of the previous sewer separation works,
to determine whether eliminating/reducing the infiltration and inflow in the system is practical, and
to develop an action plan to address the infiltration and inflow issues.
4. It is recommended that insulation be installed on the walls of the existing digester tanks to
mitigate the incidence of freezing events. The possibility of covering the tanks should also be
investigated.
5. It is recommended that this risk assessment be reviewed yearly to incorporate the results of the
above recommendations. It is further recommended that a risk assessment be conducted
including other types of risks (in addition to climate-related events) as part of an asset
management and capital planning program.
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 Town of Prescott to
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consider the potential impacts and consequences of these “high-impact” events, and 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 ice storms, lightning, hailstorms, hurricanes/tropical storms,
and tornados.
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.
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 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
The PIEVC Protocol was applied to conduct a vulnerability assessment of the Town of Prescott sewage
conveyance and treatment infrastructure.
A total of 1,036 risks were identified and assessed, under the future climate conditions. The majority of
the risks assessed were deemed to be low (were considered negligible since they were deemed to have
no significant interactions). Of all the risks identified and evaluated, 35 risks were considered high (10
under existing climate conditions and 25 additional risks under future conditions).
The key findings of the project are listed below:


Precipitation related events have the most significant impact on the Town of Prescott’s sanitary
sewage system.



Temperature related events have limited impacts on the Town of Prescott’s sanitary sewage
system, save when there is a combination of sustained high temperature during winter rain
conditions resulting in snow melt



All of the other climate events considered generally result in low risk to the system.



The sanitary sewers are susceptible to high intensity, short duration rainfall events



The top risks identified were for the sewage pumping stations. Sewage pumping stations are
susceptible to precipitation events in account to the large amount of inflow into the sanitary sewer
system. The most significant being heavy 5 day total rainfall, heavy rain, heavy winter rain, high
intensity short duration rainfall, and sustained high temperature in the winter with snow on the
ground.



Sewage Pumping Station No. 3 and 4 are susceptible to electrical equipment failure during high
temperature and heat wave conditions. This is due to lack of ventilation within the shed enclosure
building structures.



The Prescott WPCC has the ability to handle current and projected flows due to climate change.
However, flows due to precipitation related events limit the Town’s ability for additional growth.
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The aerobic digester at the Prescott WPCC is susceptible to freezing during low temperature
conditions (less than 10 degrees C) and cold waves.



The sludge beds at the WPCC are very sensitive to climate conditions. Their proper functioning
depends on having dry conditions prior to the farming season to have sufficient time to dry the
sludge. Otherwise, sludge cannot be transported to farmers’ fields and wet sludge stored in the
sludge storage tank has to be sent to a landfill.



It is forecasted that high temperature, heat wave, heavy rain and heavy 5-day total rainfall events
will increase in frequency in the future.
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Executive Summary
Introduction
Engineering design standards have traditionally been based on historical data. However, our more recent
understanding of climate change has brought into question the use of these design standards. It has also
led to uncertainty in the future capacity of municipal infrastructure to handle the extra loading resulting
from a changing climate.
Recognizing this challenge, 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 assessment will provide recommendations concerning adjustments and amendments to
infrastructure codes, standards, and engineering practices to accommodate future climate change in
infrastructure design.
The PIEVC focus is on four categories of public infrastructure: buildings; roads and associated structures;
storm water and wastewater systems, and water resources. Pilot projects are being conducted across
Canada to assess the state of infrastructure for systems of varying complexities, under different weather
conditions, and in municipalities of varying sizes facing different challenges. To ensure consistency
between the pilot studies, the PIEVC developed a protocol (the PIEVC Protocol) that includes a
systematical process to assess the state of the infrastructure, compile climate information, identify and
quantify the impact of climate change on existing infrastructure, and develop recommendations.
As part of PIEVC’s National Engineering Vulnerability Assessment project, a case study is being
conducted using the PIEVC Protocol to identify areas and components of the sanitary sewage system in
the Town of Prescott, Ontario, which are at increased risk of failure, damage, and/or deterioration from
potential climate changes in the future. This paper will present a discussion on the project objectives,
approach and methodology followed, the challenges encountered, and the conclusions and
recommendations of this project.

Project Overview
The objective of this study was to identify the areas and operations of the Town of Prescott’s sanitary
sewage system which are at an increased risk of failure and/or damage due to potential change in
climatic conditions. The study also included recommendations to mitigate the identified vulnerabilities.
The Town of Prescott is located in southeastern Ontario on the north shore of the St. Lawrence River
(approximately 80 km from the City of Ottawa). The Town’s population is approximately 5,000 people.
The Town of Prescott’s sanitary sewage system includes over 367 maintenance holes and over 30 km of
sewer ranging in diameter from 150 to 750 mm; four sewage pumping stations with capacities ranging
from 70 L/s to 160 L/s; and a Water Pollution Control Center (WPCC) using the SBR process with a rated
3
capacity of 4,728 m /day.
The Town has significant infiltration and inflow (I&I) problems. Previous studies have indicated that
approximately 37% of the flows received at the WPCC are caused by inflow into the sanitary sewers from
downspouts, foundation drains and connections with storm sewers.
For the purposes of this study, the above infrastructure systems were subdivided into several
components based on equipment type or major process area as applicable. Over 225 infrastructure
components were assessed for their vulnerability to over 25 different climate events. Both current and
future probabilities of a climate event occurring were examined as a part of the scope of work. Given the
uncertainty in predicting the specific regional changes resulting from future climate change, the study
utilized available and accepted climate predictions for the southern and eastern Ontario Region which
were researched and assembled in the early stages of the study.
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The PIEVC protocol includes five steps: 1) Project Definition, 2) Data Gathering and Sufficiency, 3) Risk
Assessment, 4) Engineering Analysis and 5) Recommendations.
The first two steps of the protocol involve defining boundary conditions for the vulnerability assessment,
identifying components of infrastructure to be assessed, and defining climate parameters to be
considered during the study. A risk assessment (PIEVC Protocol Step 3) was conducted to identify
potential interactions/vulnerabilities due to certain climate events. The risk assessment was conducted in
a workshop setting with an advisory committee composed of operations staff, engineers, climate experts,
and members of the conservation authority in order to leverage the experience and knowledge of the
workshop participants and assess the validity and confidence level of the preliminary risk assessment
results. The PIEVC Protocol provides a methodology for conducting a risk analysis based on
qualitative/semi-quantitative scales for probability and severity which include descriptive information about
the frequency of the climate event or the nature of its consequences, respectively.
During this study, to determine probability the interaction between the probability of a climate event
occurring and the probability of a climate event causing failure of a particular infrastructure component
was assessed. This is an important consideration since not all climate events will impact all infrastructure
components, and a climate event occurring does not necessarily result in failure or damage to
infrastructure.
Following the workshop, the interactions between climate events and infrastructure components were
classified into low risk, medium risk, and high risk thresholds based on the findings of the risk
assessment.
Based on the above, a series of recommendations were developed (PIEVC Protocol Step 5) including
remedial actions required to upgrade the infrastructure, management actions required to account for
changes in infrastructure capacity, and recommendations to monitor performance and re-evaluate
infrastructure at a later date.

Results and Conclusions
A total of 1,036 risks were identified and assessed, under future climate conditions. The majority of the
risks assessed were deemed to be low (were considered negligible since they were deemed to have no
significant interactions). Of all the risks identified and evaluated, 35 risks were considered high (10 under
existing climate conditions and 25 additional risks under future conditions).
The key findings of the project are listed below:


Precipitation related events have the most significant impact on the Town of Prescott’s sanitary
sewage system.



Temperature related events have limited impacts on the Town of Prescott’s sanitary sewage
system, save when there is a combination of sustained high temperature during winter rain
conditions resulting in snow melt



All of the other climate events considered generally result in low risk to the system.



The sanitary sewers are susceptible to high intensity, short duration rainfall events



The top risks identified were for the sewage pumping stations. Sewage pumping stations are
susceptible to precipitation events in account to the large amount of inflow into the sanitary sewer
system. The most significant being heavy 5 day total rainfall, heavy rain, heavy winter rain, high
intensity short duration rainfall, and sustained high temperature in the winter with snow on the
ground.



Sewage Pumping Station No. 3 and 4 are susceptible to electrical equipment failure during high
temperature and heat wave conditions. This is due to lack of ventilation within the shed enclosure
building structures.
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The Prescott WPCC has the ability to handle current and projected flows due to climate change.
However, flows due to precipitation related events limit the Town’s ability for additional growth.



The aerobic digester at the Prescott WPCC is susceptible to freezing during low temperature
conditions (less than 10 degrees C) and cold waves.



The sludge beds at the WPCC are very sensitive to climate conditions. Their proper functioning
depends on having dry conditions prior to the farming season to have sufficient time to dry the
sludge. Otherwise, sludge cannot be transported to farmers’ fields and wet sludge stored in the
sludge storage tank has to be sent to a landfill.



It is forecasted that high temperature, heat wave, heavy rain and heavy 5-day total rainfall events
will increase in frequency in the future.

It is recommended that a Sewer Optimization Study be initiated to alleviate the impacts of infiltration and
inflow and to reduce the average and peak flows to the wastewater treatment plant.

GENIVAR

ES-3

Climate Change Vulnerability Assessment of the Town of Prescott's Sanitary Sewage System
- Final Case Study Report

Table of Contents
Transmittal Letter
Technical Summary
Executive Summary
Table of Contents

2.

INTRODUCTION ............................................................................................................................4
2.1
2.2
2.3

3.

STEP 1 – PROJECT DEFINITION.................................................................................................6
3.1

3.2
3.3
3.4
3.5
3.6
3.7

4.

Identify the Infrastructure ............................................................................................................ 6
3.1.1
Sanitary Sewer Network.............................................................................................. 7
3.1.2
Sewage Pumping Stations .......................................................................................... 7
3.1.3
Prescott Water Pollution Control Center (WPCC)....................................................... 8
Identify Climate Factors .............................................................................................................. 8
3.2.1
Historical...................................................................................................................... 9
3.2.2
Future .......................................................................................................................... 9
Identify the Time Frame ............................................................................................................10
Identify the Geography..............................................................................................................11
Identify Jurisdictional Considerations .......................................................................................11
Site Visits ..................................................................................................................................11
Assess Data Sufficiency ...........................................................................................................12

STEP 2 – DATA GATHERING AND SUFFICIENCY...................................................................12
4.1

4.2
4.3
4.4
4.5
4.6
4.7
4.8

5.

Objective .....................................................................................................................................4
Technical Advisory Committee ...................................................................................................4
Overview of the PIEVC Protocol .................................................................................................5

State Infrastructure Components .............................................................................................. 13
4.1.1
Sanitary Sewer Network............................................................................................ 13
4.1.2
Sewage Pumping Stations ........................................................................................ 13
4.1.3
Prescott Water Pollution Control Centre (WPCC)..................................................... 13
State the Geography.................................................................................................................14
State the Time Frame ...............................................................................................................14
4.3.1
Historical.................................................................................................................... 14
4.3.2
Future ........................................................................................................................ 15
State Climate Baseline..............................................................................................................15
State Climate Change Assumptions ......................................................................................... 16
State Specific Jurisdictional Considerations .............................................................................16
State Other Potential Changes that May Affect the Infrastructure............................................17
Assess Data Sufficiency ...........................................................................................................17
4.8.1
Infrastructure Data..................................................................................................... 17
4.8.2
Climate Data.............................................................................................................. 17

STEP 3 – RISK ASSESSMENT ...................................................................................................18
5.1

Probability Analysis ...................................................................................................................19
5.1.1
Climate Analysis and Projections .............................................................................. 22
5.1.1.1 High Temperature......................................................................................22
5.1.1.2 Sustained High Temperature in Winter .....................................................24
5.1.1.3 Low Temperature.......................................................................................25
5.1.1.4 Heat Wave .................................................................................................27
5.1.1.5 Cold Wave .................................................................................................28
5.1.1.6 Extreme Diurnal Temperature Variability...................................................29
5.1.1.7 Freeze Thaw .............................................................................................. 30

GENIVAR

i

Climate Change Vulnerability Assessment of the Town of Prescott's Sanitary Sewage System
- Final Case Study Report

5.2
5.3
5.4

5.1.1.8 Heavy Rain ................................................................................................ 31
5.1.1.9 Heavy 5-Day Total Rainfall ........................................................................32
5.1.1.10 High Intensity, Short Duration Rainfall.......................................................33
5.1.1.11 Heavy Winter Rain.....................................................................................34
5.1.1.12 Freezing Rain ............................................................................................ 36
5.1.1.13 Ice Storm ...................................................................................................37
5.1.1.14 Heavy Snow............................................................................................... 38
5.1.1.15 Snow Accumulation ...................................................................................39
5.1.1.16 Hailstorm....................................................................................................41
5.1.1.17 Hurricane/Tropical Storm...........................................................................42
5.1.1.18 High Wind ..................................................................................................43
5.1.1.19 Tornado......................................................................................................44
5.1.1.20 Drought/Dry Period ....................................................................................45
5.1.1.21 Heavy Fog .................................................................................................46
5.1.1.22 Climate Event Frequency Summary.......................................................... 47
Severity Analysis.......................................................................................................................47
Risk Tolerance Threshold Definition ......................................................................................... 48
Risk Prioritization ......................................................................................................................49

6.

STEP 4 – ENGINEERING ANALYSIS .........................................................................................54

7.

STEP 5 - RECOMMENDATIONS ................................................................................................55

8.

REFERENCES .............................................................................................................................57

9.

ACKNOWLEDGEMENTS ............................................................................................................61

10. DISCLAIMER................................................................................................................................62

List of Tables
Table 4-1
Table 4-2
Table 4-3
Table 5-1
Table 5-2
Table 5-3
Table 5-4
Table 5-5
Table 5-6
Table 5-7
Table 5-8
Table 7-1

GENIVAR

Recent Climate Events Resulting in Infrastructure Vulnerability....................................... 15
Standards and Regulations Relevant to the Prescott Sewage System ............................ 16
Reference Documentation for Climate Trending............................................................... 17
PIEVC Protocol Probability Scale Factors, Taken from PIEVC Engineering Protocol for
Climate Change Infrastructure Vulnerability Assessment, Canadian Council of
Professional Engineers, April 2009 ................................................................................... 21
Protocol Probability Scale Factors and Mechanism Used to Consistently Assign
Probability Scores ............................................................................................................. 22
High Temperature Results for the Period 1971-2000*...................................................... 22
Low Temperature Results for the Period 1971-2000*....................................................... 25
Frequencies Summary ...................................................................................................... 47
Severity Scale ................................................................................................................... 48
Risk Tolerance Thresholds ............................................................................................... 48
Top Risks for the Prescott Sanitary Sewage System ....................................................... 49
Climate Change Vulnerability Assessment of the Town of Prescott's Sanitary Sewage
System .............................................................................................................................. 55

ii

Climate Change Vulnerability Assessment of the Town of Prescott's Sanitary Sewage System
- Final Case Study Report

List of Figures
Figure 2-1
Figure 3-1
Figure 4-1
Figure 5-1
Figure 5-2
Figure 5-3
Figure 5-4
Figure 5-5

Overview of PIEVC Protocol, Taken from PIEVC Engineering Protocol for Climate
Change Infrastructure Vulnerability Assessment, Canadian Council of Professional
Engineers, April 2009.......................................................................................................... 5
Prescott Sanitary Sewage System...................................................................................... 6
Prescott WPCC Process Diagram .................................................................................... 14
Sample Risk Assessment Spreadsheet............................................................................ 19
The Exponential Cumulative Distribution Function ........................................................... 20
PF Correction Factor.......................................................................................................... 21
Vulnerable Wastewater Collection System Components in the Existing Conditions........ 53
Vulnerable Wastewater Collection System Components in the Future Conditions .......... 54

Appendices
Appendix A – Workbook Material for the Risk Assessment Workshops
Appendix B –Risk Assessment Spreadsheet – Existing Conditions
Appendix C –Risk Assessment Spreadsheet – Future Conditions

GENIVAR

iii

Climate Change Vulnerability Assessment of the Town of Prescott's Sanitary Sewage System
- Final Case Study Report

2.

Introduction

To accommodate increased uncertainties and account for climate change in the design and management
of public infrastructure, Engineers Canada and its partners established the Public Infrastructure
Engineering Vulnerability Committee (PIEVC) in 2005. The PIEVC consists of senior representatives from
federal, provincial and municipal levels of government and members of several non-government
organizations in Canada. The PIEVC oversees the National Engineering Vulnerability Assessment
project, a long term initiative of the Canadian engineering profession to assess the vulnerability of public
infrastructure to the impacts of future changes in climate, and which seeks to propose adjustments and
amendments to infrastructure design codes and standards, and related engineering practices.
The PIEVC is supported by infrastructure Expert Working Groups consisting of engineers and other
technical experts with design and operations experience, as well as climate scientists and other subject
matter experts. Currently, the PIEVC and its Expert Working Groups are studying four categories of
infrastructure:


Buildings



Roads and associated structures



Stormwater and wastewater systems



Water resource management systems

Preliminary studies to examine the current state of infrastructure category, to determine the availability of
climate data, and to assess indicators of adaptive capacity were completed to produce an engineering
protocol. The PIEVC Protocol provides a step-by-step algorithm to complete risk assessments to evaluate
the impact of climate change on infrastructure. The PIEVC Protocol was developed to ensure that
observations, conclusions and recommendations derived from studies completed as part of the National
Engineering Vulnerability Assessment project provide consistent and reproducible information on
infrastructure operation, maintenance, planning and development regardless of the study location and
local conditions.

2.1

Objective

The objective of this study is to identify, through the use of the PIEVC Protocol, the areas and operations
of the Town of Prescott’s sanitary sewage system which are at an increased risk of failure and/or damage
due to potential changes in climatic conditions, and to provide recommendations to mitigate the identified
vulnerabilities.

2.2

Technical Advisory Committee

A Technical Advisory Committee was established to assist in the compilation of relevant information, to
provide input and feedback on the proposed project approach, to participate in risk assessment
workshops, and to validate the final conclusions and recommendations. The Committee was made up of
the following individuals:


Craig Cullen, Director of Public Works, Town of Prescott



Blair Henderson, Area Operations Manager, Ontario Clean Water Agency



David Lapp, Engineers Canada



Ryan Ness, TRCA



Joan Klaassen, Environment Canada



Robert Dunn, Independent Advisor



Sandra Mancini, South Nation Conservation Authority
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Jason Symington, South Nation Conservation Authority

The Committee participated in teleconferences and workshops at various stages of the project. The
comments and guidance provided by the Technical Advisory Committee are documented throughout the
report.

2.3

Overview of the PIEVC Protocol

This Vulnerability Assessment is largely based on the procedures established in the document titled
PIEVC Engineering Protocol for Climate Change Infrastructure Vulnerability Assessment, Canadian
Council of Professional Engineers, April 2009.
The PIEVC Protocol provides a process to identify relevant interactions between climate and
infrastructure vulnerability. The Protocol consists of five steps:


Step 1 – Project Definition



Step 2 – Data Gathering and Sufficiency



Step 3 – Risk Assessment



Step 4 – Engineering Analysis



Step 5 – Recommendations

The relationship between each of these steps is illustrated in Figure 2-1 below. A description of each of
these steps and their application to the current study are discussed in the following sections.
Figure 2-1
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3.

Step 1 – Project Definition

This step involves identifying the infrastructure being assessed, its location, relevant climatic and
geographic considerations, the time frame for the analysis, and other key considerations to define the
scope of the study. Step 1 includes several tasks as follows:


Identify the Infrastructure



Identify the Climate Factors



Identify the Time Frame



Identify the Geography



Identify Jurisdictional Considerations



Conduct a Site Visit



Assess Data Sufficiency

The results of the Project Definition step as applied to the current study are summarized below.

3.1

Identify the Infrastructure

The focus of this study is the sanitary sewage system which includes all sewers, sewage pumping
stations, and the Prescott Water Pollution Control Centre (WPCC). Therefore, the study area includes the
sanitary sewer network located in the area bounded by Sophia Street to the west, Boundary Street to the
east, Highway 401 to the north and the St. Lawrence River to the south; the forcemain from Sewage
Pumping Station No. 5 running east along King Street, and the Prescott WPCC, located within the
Township of Edwardsburgh-Cardinal. Figure 3-1 below shows the study area.
Figure 3-1
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The Town of Prescott’s sanitary sewage system includes over 30 km of sewer ranging in diameter from
150 to 750 mm; four sewage pumping stations with capacities ranging from 70 L/s to 160 L/s; and a
3
WPCC with a rated capacity of 4,728 m /day.
Sources of information used to obtain data on the Town’s infrastructure include:


Town of Prescott Sanitary Sewer System Optimization Study (Ainley Group, 1996)



Town of Prescott Water Pollution Control Centre and Sewage Pumping Stations No. 5 and 6
Design Brief (Ainley Group, 2006)



Certificates of Approval for the SPS and WPCC



Design Information including design reports and engineering drawings for sewers and the WPCC



Operational Data for the SPS and the WPCC for 2007-2010



Site visits and discussions with operations staff

3.1.1

Sanitary Sewer Network

The sanitary sewer network consists of all the gravity sanitary sewers and maintenance holes within the
Town of Prescott municipal boundary. The sanitary sewer network is divided into three drainage areas
each culminating at a sewage pumping station.
The existing network contains over 367 maintenance holes and over 30 km of sewer of varying diameter,
material, and age. A comprehensive inventory of sewers was completed as part of the Sewage System
Optimization Study prepared by Ainley Consultants in 1996. This inventory was used as the basis to
develop the list of sewer components for this project. Based on this inventory:


Concrete pipe was in general installed in 1970 and accounts for 5% of the total length of the
network



Asbestos Cement Pipe was installed between 1950 and 1988 and corresponds to 29% of the
total length of the network



PVC pipe was installed between 1978 and 2006 and accounts for 33% of the total length of the
network



Vitrified clay pipe was installed in its majority between 1890 and 1978, and accounts for 34% of
the total network length

3.1.2

Sewage Pumping Stations

Four sewage pumping stations (SPS) form part of the Town of Prescott’s sanitary sewage system: SPS
No. 3, SPS No. 4, SPS No. 5, and SPS No. 6. It should be noted that the naming convention for the
sewage pumping stations starts at SPS No. 3, i.e. there are no SPS 1 and 2. A small pumping station
servicing a low-laying area including five houses (one block) and some commercial development is
located at the intersection of Florence Street and Georgina Street (north of Wood St. East). The Florence
Street Pumping Station is planned to be decommissioned in 2011. Therefore, it will not be considered as
part of this Study.
Flows from the west drainage area (area south of train tracks, generally west of Edward St.) are pumped
by SPS No. 3 to the central drainage area (area south of train tracks between Edward St. and Duke St.).
SPS No. 4 pumps flows from the central drainage area and those from SPS No. 3 to the SPS No. 5
collection area (including the area north of the train tracks and areas east of Duke St.), and SPS No. 5
pumps to SPS No. 6 at the WPCC. The drainage areas are indicated in Figure 3-1 above.
The capacities of the sewage pumping stations are as follows:


Pumping Station 3 - 87.7 L/s, 13 m TDH (1 duty pump, 1 standby pump)



Pumping Station 4 – 109.8 L/s, 13.3 m TDH (1 duty pump, 1 standby pump)
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Pumping Station 5 – 161 L/s, 22.5 m TDH (2 duty pumps, 1 standby pump)



Pumping Station 6 – 200.6 L/s, 19.6 m TDH (2 duty pumps, 1 standby pump)

3.1.3

Prescott Water Pollution Control Center (WPCC)

The Prescott WPCC is located on the north side of Highway 2 in the Township of Edwardsburgh-Cardinal.
The plant, constructed in the 1970s, was recently upgraded to provide secondary treatment in 2007 for a
3
rated capacity of 4,728 m /d.
The plant includes the following process systems:


Inlet Works



Sequencing Batch Reactors



Effluent Equalization Tank



UV Disinfection System



Effluent Outfall Chamber and Sewer



Phosphorus Removal System



Aerobic Digester and Digested Sludge Storage Tank



Sludge Drying Beds



Standby Power System

3.2

Identify Climate Factors

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 (eastern 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 conference call was held between the project team
and Technical Advisory Committee members with expertise in climatology and meteorology to discuss
and agree on these climate parameters.
The following climate parameters were selected for analysis in this study:
 High Temperature

 Heavy 5-Day Total Rainfall

 Lightning

 Sustained High Temperature in Winter

 High Intensity, Short Duration

 Hail

 Low Temperature

 Heavy Winter Rain

 Hurricane/Tropical Storm

 Heat Wave

 Freezing Rain

 High Wind

 Cold Wave

 Ice Storm

 Tornado

 Extreme Diurnal Temperature

 Heavy Snowfall

 Drought/Dry Period

 Freeze Thaw

 Snow Accumulation

 Heavy Fog

 Heavy Rain

 Blowing Snow

with Snow on Ground

Variability
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Climate change was assessed by comparing historical data to forecasted future trends for each climate
parameter.
Sources of climate information consulted as part of the study included:

3.2.1

Historical

The historical climate analysis for Prescott’s sanitary sewage collection system was conducted using data
from a variety of sources as follows:


Environment Canada’s Canadian Climate Normals



Environment Canada Climate Data Online (Bulk CSV Data File)



Ontario Node of Environment Canada's Canadian Atmospheric Hazards Network



Canadian Daily Climate Data (CDCD V1.02) program



The National Building Code of Canada, Appendix C, Climate Information



Intensity – Duration – Frequency (IDF) curves for precipitation as rain



Regional/local scientific studies, trends in temperature and precipitation variables and other peerreviewed, published literature

For these data sources, where possible, climate data were collected from the climate station nearest
Prescott - Brockville PCC - as a result of the station’s close proximity to Prescott. For certain data
sources/climate parameters data were only available for major centres, the nearest of which included
Ottawa and Toronto International Airports.
It is noted that differences exist between the climate stations at Brockville, Ottawa and Toronto.
Specifically, Brockville provides daily values for certain temperature and precipitation variables, whereas
climate stations at Ottawa and Toronto report hourly data and records additional climate parameters.
Furthermore, geographically, Ottawa and Toronto not only represent different climatic environments than
Prescott (and one another), they also collect data that may be under-representative of their comparative
geographies by the very nature of the fact that they were selected as suitable locations for airports.
For certain climate parameters (i.e. ice storm, lightning, hurricane, and tornado) information was either not
available from Brockville PCC or Ottawa and Toronto International Airports or was not representative of
the same geographical area. 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.

3.2.2

Future

The future climate analysis for Prescott’s sanitary sewage collection system was conducted using data
from a variety of sources as follows:


Environment Canada’s Canadian Climate Change Scenarios Network (CCCSN) Scatter Plots and
Bioclimate Profiles



Intergovernmental Panel on Climate Change (IPCC) 4 Assessment Report (AR4, 2007)
Regional Climate Projections chapter (and others, where applicable)



Scientific journal articles presenting regional and local projections and predictions

th
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When using the CCCSN, output from all available IPCC-recognized AR4 global climate models was
extracted for the model grid cell encompassing the Prescott area for each of the three emissions
scenarios used, A2 (high) A1B (medium) and B1 (low). The median anomalies (change factors from
modelled historical baseline) were selected for each scenario. This removed the influence of outlying
model output. Following this, a mean of the medians was calculated to account for all scenarios equally. It
is recognized that this methodology tempers extreme projection values and allocates equal emphasis of
each available model and scenario used. It should be noted that not all climate parameters benefited from
having the same number of global climate models (output) available on CCCSN.
Scientific literature was used to support decisions to determine future changes in the frequency of climate
events, where applicable. That being said, challenges were experienced in identifying appropriate climate
projections from the literature for certain parameters, as information was often only available at global or
regional scales (i.e. not specific to the Prescott 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 encountered. In such cases, the
professional judgement of the project team was applied in determining the contribution the literature
should have in terms of altering future probability scores, 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 changing the
probability score between existing and future scenarios for a given parameter. In this sense, the term
“enough” meant having information in the form of 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 (at least in
terms of direction, and possibly in magnitude of the change). Alternatively, where a lack of relevant
projection information existed, scores remained unchanged.
When using the CCCSN, output from IPCC-recognized AR4 global climate models was extracted for the
model grid cell encompassing the Prescott area for each of the three emissions scenarios used, A2 (high)
A1B (medium) and B1 (low). The median anomalies (change factors from modelled historical baseline)
were selected for each scenario. This removed the influence of outlying model output. Following this, a
mean of the medians was calculated to account for all scenarios equally. It is recognized that this
methodology tempers extreme projection values and allocates equal emphasis of each available model
and scenario used. However, it should be noted that not all climate parameters benefited from having the
same number of global climate models (output) available on CCCSN. In the future, it is recommended
that a sensitivity analysis be conducted in future PIEVC studies to assess the impact of selecting the A2
and the B1 results.
Scientific literature was used to support decisions to determine future changes in the frequency of climate
events, where applicable. 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.
Challenges were also 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 Prescott Area), and/or by
referencing different benchmarked time periods or future planning horizons. 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 applied in determining the probability of
occurrence of the various climate parameters, which was considered reasonable given the level of
accuracy and precision required by the PIEVC Protocol.
Additional detail on the approach taken to analyze climate data is included in Section 5.1.1 below.

3.3

Identify the Time Frame

The study includes an assessment of the vulnerabilities of the above infrastructure systems to climatic
and meteorological phenomena both under existing/historical conditions and for a future changing
climate. More specific information regarding time frames used is provided in Section 4.3 below.
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3.4

Identify the Geography

The Town of Prescott is located in southeastern Ontario on the north shore of the St. Lawrence River
(approximately 20 km east of Brockville and 80 km south of the City of Ottawa). The Town is bounded by
Sophia Street to the west, Boundary Street to the east, Highway 401 to the north and the St. Lawrence
River to the south. The CN railway running west-east also crosses through the middle of the Town. The
sewer collection system south of the railway is older and has more significant problems.
The study area encompasses the entire municipality and is approximately 225 hectares. Land use within
the southern portion of the municipal boundary is mainly residential, with a small amount of institutional,
commercial and industrial. Northwest of the railway contains mainly commercial and industrial land use
whereas the land use northeast of the railway is mainly residential.
The topography of the Town of Prescott slopes south to the St. Lawrence River. The northern portion is
relatively flat with overall slopes of approximately 1.5%. The land becomes significantly steeper south of
the CN railway with slopes approximately 5% over a 0.5 km distance. The topography becomes flat again
in the vicinity of the St. Lawrence River.
The Prescott WPCC discharges treated effluent into the St. Lawrence River. The WPCC’s ability to
discharge is dependent on the surface water level in the River. The WPCC’s outfall is not located within
any Intake Protection Zones (IPZ) as determined by the South Nation Conservation Authority’s Source
Water Protection Study.

3.5

Identify Jurisdictional Considerations

The following jurisdictions are relevant to the infrastructure:


Town of Prescott



Province of Ontario



South Nation Conservation Authority (SNC)



Ministry of Natural Resources (MNR)



Ministry of Environment (MOE)

3.6

Site Visits

Several site visits were conducted during July and August 2010 to ensure the project team was familiar
with the various infrastructure systems, to photograph infrastructure components, and to document any
problems or deficiencies in advance of the risk assessment.
A summary of the findings from the interviews conducted with the operations personnel during the site
visit are as follows:


The Town is mainly serviced by a combined sanitary/storm sewage collection system with
components dating back to the early 1900s.



Problems with the sewer collection system are more severe in the older part of the Town, south of
the CN railway.



There is a history of basement flooding during significant rainfall/snowmelt events. The areas
which have most frequently reported flooding include sections of West Street, Edward Street,
East Street, Duke Street, Russell Street, Water Street, Linda Street, Park Street, James Street
and Dibble Street.



Following the recommendations of Ainley’s Sanitary Sewer Optimization Study, the Town initiated
works as part of a Combined Sewer Separation Project in 1999. Incidences of basement flooding
and overflows have since been significantly reduced.
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The sewage treatment plant and associated sewage pumping stations were originally constructed
in the 1970s.



The Prescott WPCC was upgraded to secondary treatment in 2007. SPS No. 6 was upgraded as
part of the project.



SPS No.3, 4 and 5 were upgraded in 2006.



The electrical and control equipment for SPS No. 3 and SPS No. 4 is installed within metal shed
enclosures without ventilation. Failure of this equipment has occurred during high temperature
conditions (over 30 degrees C). This is not an issue for SPS No. 5 and SPS No. 6 where
equipment is housed within buildings with proper ventilation.



The sewage pumping stations and the Prescott WPCC are in good condition.



It is understood that a significant percentage of the flows received at the WPCC are due to inflow
into the sanitary sewers from downspouts, foundation drains and connections with storm sewers.
That is during precipitation events rain/melted snow enters the sanitary collection system
potentially overloading the sewers and SPS’s and significantly increasing the flow to the WPCC.



The Town has in the past completed sewer separation projects on a street-by-street basis. These
have been limited due to budget limitations.



Hydraulic overloading of the collection system and treatment plant occurs as a result of significant
rainfall/snowmelt events. These events result in direct discharge of diluted raw sewage to the St.
Lawrence River through overflow structures located along the collection system. The most recent
overflow incident occurred on January 25, 2010 (total precipitation of 43.6 mm with 26 cm of
snow on the ground based on data from the Ottawa Station).



During January 2010 (average temperature of -10 degrees C based on data from the Ottawa
Station), there were several incidences of the aerobic digester freezing. These have resulted in
daily costs to cut through ice and mitigate potential damage to the decanter in the sludge tank.

3.7

Assess Data Sufficiency

There were no identified data gaps at this step of the Protocol.

4.

Step 2 – Data Gathering and Sufficiency

The objective of the second step is to further define the specific features/components 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, and steps must be taken to infill poor quality or
missing data. Step 2 includes several tasks as follows:


State Infrastructure Components



State Climate Baseline



State Climate Change Assumptions



State the Time Frame



State the Geography



State Specific Jurisdictional Considerations



State Other Potential Changes that May Affect the Infrastructure



Assess Data Sufficiency
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Each task, as applied to the vulnerability assessment of the Town of Prescott sanitary sewage system, is
described below.

4.1

State Infrastructure Components

4.1.1

Sanitary Sewer Network

For the purposes of this study, sewer components are defined by street name (location), pipe diameter,
material of construction, and year of installation. If any of the above criteria change on a given street
section, this section is considered an individual component. This definition obeys the fact that the risk of
failure of a sewer depends on its location, its size, its age and its material of construction.
Over 130 individual sewer components have been defined in accordance with the above criteria. The
sewer components are listed in the Appendices.

4.1.2

Sewage Pumping Stations

As determined in Step 1 above, the Prescott sanitary sewage system includes four sewage pumping
stations which convey sewage flows within the Town as follows:


SPS No. 3 services the western portion of the Town south of the CN Rail and conveys flows to
the SPS No. 4 drainage area.



SPS No. 4 services the central portion of the Town south of the CN Rail and conveys flows to the
SPS No. 5 drainage area



SPS No. 5 services the eastern portion of the Town south of the CN Rail as well as the all areas
north of the CN Rail and conveys flows to SPS No. 6 located at the WPCC.

Pumping stations include several subsystems (e.g. pumps, piping, valves, electrical equipment, etc.).
However, for the purposes of this study, each pumping station has been defined as a single infrastructure
component.

4.1.3

Prescott Water Pollution Control Centre (WPCC)

The key treatment processes at the Prescott WPCC are illustrated in Figure 4-1 below. Although each
process system consists of various equipment and components, for the purposes of this study, each
process system will be considered a single component.
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Figure 4-1

Prescott WPCC Process Diagram

Other types of infrastructure not included in the above process groupings such as personnel, access to
the facility (siteworks) and emergency paging systems, etc., were also considered for the risk
assessment.

4.2

State the Geography

The Town of Prescott is located in southeastern Ontario on the north shore of the St. Lawrence River,
which as a major waterway, influences the microclimate of the area. Typical of a southeastern Ontario
town, Prescott enjoys four seasons throughout the year.

4.3

State the Time Frame

4.3.1

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 a baseline climate of 1961 to 1990 or 1971 to
2000. The time frame of 1971 to 2000 was also 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) (i.e. 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 (e.g. Lightning). These cases are clearly identified within the specific sections of
this chapter.
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4.3.2

Future

Wherever possible, the time frame used for future projections was the 30-year climate normal period of
2041 to 2070, more commonly expressed as “the 2050s”. Assessment of vulnerability beyond this horizon
was not conducted as it was agreed (among the study team, client and members of the Technical
Advisory Committee) that the assessment would not be relevant given that this period would be beyond
the design life of the infrastructure. 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
validity of the results.

4.4

State Climate Baseline

The following climate parameters were selected for analysis in this study:
 High Temperature

 Heavy 5-Day Total Rainfall

 Lightning

 Sustained High Temperature in
Winter with Snow on Ground

 High Intensity, Short
Duration Rainfall

 Hail

 Low Temperature

 Heavy Winter Rain

 Hurricane/Tropical
Storm

 Heat Wave

 Freezing Rain

 High Wind

 Cold Wave

 Ice Storm

 Tornado

 Extreme Diurnal Temperature
Variability

 Heavy Snowfall

 Drought/Dry Period

 Freeze Thaw

 Snow Accumulation

 Heavy Fog

 Heavy Rain

 Blowing Snow

Historical extreme or phenomenal climate events that have had an impact on the Town’s sanitary sewage
system based on anecdotal information provided by operations staff are listed below.
Table 4-1

Recent Climate Events Resulting in Infrastructure Vulnerability

Climate Event

Date of Occurrence

Frequency of
Occurrence

Result

Heavy Winter Rain and
Snowmelt (43.6 mm with
26 cm of snow on the
ground)

January 25, 2010

Multiple occurrences per
year

Bypass at Sewage
Pumping Stations; WPPC
Operation in Storm Mode

Heavy Rain, High Intensity
Short Rainfall (19.6 mm
and 21.2 mm, respectively)

June 16, 2010

Multiple occurrences per
year

Bypass at Sewage
Pumping Stations

Cold Wave (sustained
temperatures of less than 10 degrees C)

January/February 2010

Multiple occurrences per
year

Freezing of Aerobic
Digester at the Prescott
WPCC

High Temperature
(temperature over 30
degrees C)

Unknown

Rare

Overheating of Electrical
Equipment within SPS No.
3 and SPS No. 4

September 30, 2010

Where possible, these events were used to determine magnitude thresholds within applicable climate
parameter definitions. This is discussed further as part of Step 3 – Risk Assessment.
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Definitions for the climate parameters were established by GENIVAR’s climate team in conjunction with
members of the Technical Advisory Committee and were based on three factors: a) the perceived
correlation between the climate parameter defined and the determining vulnerability; b) the availability of
information; and c) the ability to relate this information to a probability.
In most cases, only the extreme aspects of a climate event were considered given that in the absence of
extremes, vulnerability may not exist. In some instances, the mere occurrence of an event was deemed to
lead to vulnerability (e.g. tornado, hurricane). The former case 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, client and members of the Technical Advisory Committee and
set, where possible, at the point in which vulnerability was known or believed likely to occur (i.e. from past
experiences or records).
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. This often prevented the use of climate data in its original
recorded form (e.g. 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.

4.5

State Climate Change Assumptions

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 Prescott 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 applied in
the ranking of existing and future frequency, which was considered reasonable given the level of
accuracy and precision required by the protocol.
The way that this was managed was by providing justification for each decision 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. Alternatively, where a lack of projection information existed to allow developing a conclusion,
frequencies remained unchanged from existing and future conditions.

4.6

State Specific Jurisdictional Considerations

As required by the PIEVC Protocol, this section provides a list of jurisdictions, laws and bylaws,
regulations, standards, guidelines, and administrative processes that are relevant to the infrastructure.
The Certificates of Approval for the various facilities dictate the operational requirements for each system
(which generally are set so that they comply with the various acts and regulations) and thus for the
purpose of this assessment they will be used to gage non-compliances resulting from the infrastructure’s
vulnerability to climate change.
Table 4-2

Standards and Regulations Relevant to the Prescott Sewage System
Regulation

Navigable Waters Protection Act

Federal

Fisheries Act

Federal

Species at Risk

Federal
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Regulation
Facility Certificate of Approvals

Provincial

Ontario Water Resources Act

Provincial

Building Code Act

Provincial

Environmental Assessment Act

Provincial

Lakes and Rivers Improvement Act

Provincial

Emergency Management and Civil Protection Act

Provincial

4.7

State Other Potential Changes that May Affect the Infrastructure

Factors that may impact the load on the existing infrastructure include:


Increase in service population due to intensification and additional development



Increase in industrial, institutional or commercial flows due to new development in the area



Additional flows from neighbouring municipalities (e.g. Edwardsburg-Cardinal)



More stringent treatment effluent criteria requirements

Aging and condition deterioration of the infrastructure may result in a change in the capacity of the
existing infrastructure. This is true for the equipment in the various facilities. However, this is not true for
the sewers for which their conveyance capacity is a function of the diameter, length and slope of the pipe,
and thus its performance is generally not affected by wear and tear.

4.8

Assess Data Sufficiency

4.8.1

Infrastructure Data

The amount of infrastructure data gathered was sufficient in this step, and appears to be of good quality
and accuracy. No data gaps were identified at this stage.

4.8.2

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 further in Appendix D. A summary of
the data sources used is provided in Table 4-3 below.
Table 4-3

Reference Documentation for Climate Trending
Referenced Documentation

Historical

Future

Environment Canada’s Canadian Climate Normals

Environment Canada’s Canadian Climate Change
Scenario Network

Climate Data Online

Intergovernmental Panel on Climate Change

Ontario Node of the Canadian Atmospheric Hazards
Network

Various Scientific Journal Articles

Canadian Daily Climate Data
Various Scientific Journal Articles
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5.

Step 3 – Risk Assessment

In this step, the infrastructure’s response (vulnerability) to the climate parameters is identified and
quantified. The risk assessment process described by the PIEVC Protocol involves defining events which
would affect the performance of the infrastructure components, and assessing their probability and
severity to obtain a risk value that can be used to prioritize risk mitigation activities. In general, the
methodology outlined in the Protocol was followed for this Study. However, some modifications were
made.
The PIEVC Protocol uses the following expression for risk:

R  PS
Where P is the probability of a climate event having a negative impact on an infrastructure component,
and S is the severity of the impact.
The risk assessment was completed in two stages. The first stage involved identifying potential failure
modes that could be related to climate events and identifying whether interactions between the climate
events considered and the infrastructure component failure in question were possible. In the risk
assessment spreadsheet, under the Y/N column, interactions deemed relevant were identified. Those
interactions that were considered not relevant for the specific component/climate event interaction were
not considered further in the assessment.
The second stage involved assessing the interaction between climate events and infrastructure
vulnerability (assigning the probability values), and assigning severity (S) values. This second stage was
conducted in a workshop setting by leveraging the experience and knowledge of the members of the
Technical Advisory Committee, which includes a cross-section of expertise ranging from operators to
engineers and climate change specialists.
th

th

Two risk assessment workshops were conducted on September 30 , 2010 and on October 28 , 2010.
During the workshops an overview of the PIEVC protocol was provided along with the proposed risk
assessment approach, and a description of the infrastructure components being assessed. The workshop
materials are included as Appendix A. Due to time limitations, the spreadsheet for future conditions was
not completed during the workshops. It was filled out after the workshop and submitted for review and
comment from the Technical Advisory Committee.
Prior to the workshops, site visits to the various facilities were conducted. All the facilities were visited with
a focus on the general layout of the plants and key process components. In addition, all relevant
documents (as discussed in the previous sections) were used to assist in the identification and
assessment of risks.
The Protocol includes a spreadsheet that can be used to document the interactions between
infrastructure components and climate parameters. The header row of the spreadsheet lists climate
events and the first column lists the relevant infrastructure components to be assessed. This spreadsheet
was modified to clearly define performance responses (hazardous events) associated with each climate
event, to identify any existing preventive mitigation measures, to reflect the new risk calculations, and to
provide space to add observations and comments.
Two separate spreadsheets were developed: one for existing climate conditions and one for future
climate conditions. Each of the spreadsheets was used to assess the vulnerability of over 160
infrastructure components to 25 different climate events. Due to time constraints, only the existing climate
conditions matrix was completed during the workshops. The future conditions matrix was completed
based on the input provided by the Technical Advisory Committee on the implications of climate change
on the potential vulnerabilities identified.
A sample spreadsheet is provided in Figure 5-1 below. The completed risk assessment matrices for
existing climate conditions and future climate conditions can be found in Appendix B and Appendix C
respectively.
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Figure 5-1

Sample Risk Assessment Spreadsheet

The approach taken to determine the values of probability and severity is described in the sections below.

5.1

Probability Analysis

The Protocol uses a qualitative approach to establish the values of these variables using scales relating
descriptive information about the frequency or probability (likelihood) of the event and the nature of the
consequences (severity) to numerical values ranging from 0 to 7.
For this study climate data and projection models were used to quantitatively estimate the probability of a
particular climate event occurring to reflect historical and future conditions. 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 (the time frame defined above as part of
Steps 1 and 2 of the PIEVC Protocol).
This probability was calculated as follows:

Pc (t )  (1  e  t )
where:
PC(t) is the probability at time t of the infrastructure component failing given the occurrence of a
climate event
λ is the frequency of the climate event (rate of occurrence)
However, given that the probability of a climate event occurring will not necessarily result in damage or
failure of a particular infrastructure component; it is important to evaluate the probability of the
infrastructure component failing given that the climate event occurred.
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P  PC  PF
where:
PC is the probability at time t of the infrastructure component failing given the occurrence of a
climate event as defined above
PF is an estimate of the probability that failure of the infrastructure component will occur as a
result of the climate event
The probability of the climate event occurring (PC) is expressed as a cumulative distribution function using
one parameter, lambda, the frequency of the climate event. The exponential distribution describes events
which occur continuously and independently of each other at a constant average rate. This probability
distribution is illustrated for various values of lambda in Figure 5-2 below.
Figure 5-2 The Exponential Cumulative Distribution Function

It is noted that the overall intent of this exercise was to use readily available information to the extent
possible to satisfy the study objectives. 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 work was beyond the scope of this study. 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; evidenced by the
variance that presently exists between models for different parameters and scenarios, and the
uncertainties arising from the variability of the specific climate system, and the future greenhouse gas and
aerosol emission projections as indicated on the CSA IDF Guideline.
When considering the future scenario (2050s), frequency values were assigned by changing (increasing
or decreasing) or maintaining the previously established historical values. Frequency values 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 frequencies were re-evaluated for each parameter and sometimes adjusted. Where
projection information was not available, frequencies remained unchanged between historical and future
scenarios. Once the frequency score was established, the probability of the event occurring was
calculated using the exponential CDF (cumulative distribution function) as explained above.
Since most of the climate frequency data for the historical timeframe was obtained from studies dating in
the late 2000s; a value of t = 5 years was used to calculate probabilities for the historical/existing
conditions scenario. For the future conditions scenario, a value of t = 50 years was used.
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To calculate the probability of failure due to a climate event, the probability of the climate event occurring
was multiplied by the probability of failure due to the climate event occurring (Pf). This is a correction
factor that accounts for the fact that failure does not always ensue when a climate event occurs. For
simplicity, discrete values between 0 and 1 were used for the PF correction factor as illustrated in Figure
5-3 below. A PF value of 0 indicates that there is no interaction between the climate event and the
vulnerability of the infrastructure component. A value of 1 indicates certainty that the climate event will
bring forth failure of the infrastructure component. These values were assigned based on the input
provided by Town of Prescott staff belonging to the Technical Advisory Committee.
Figure 5-3

0

0.1

PF Correction Factor

0.25

0.5

0.75

0.9

1

The P value obtained is then correlated to a score between 0 and 7 using Method B of the Protocol’s
Probability Scale Factors (shown below).
Table 5-1

PIEVC Protocol Probability Scale Factors, Taken from PIEVC Engineering Protocol for Climate
Change Infrastructure Vulnerability Assessment, Canadian Council of Professional Engineers,
April 2009

Method B was chosen since it was the most appropriate to relate calculated probabilities to probability
scales set by the Protocol. The probability formula used above provides a percentage that is easily
related to a score of 0 to 7.
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To facilitate the correlation between probability scores and the corresponding ratings, the probability
range defined in Method B above was expanded to include a range of values for each probability scale
value. These ranges are shown in
Table 5-2 below.
Table 5-2

Protocol Probability Scale Factors and Mechanism Used to Consistently Assign Probability
Scores
PIEVC Probability Score

Calculated Probability of Failure Given a Climate
Event

0

0% to 5%

1

>5% to 20%

2

>20% to 35%

3

>35% to 50%

4

>50% to 65%

5

>65% to 80%

6

>80% to 95%

7

>95% to 100%

The sections below explain the approach followed to determine the frequencies of the various climate
events.

5.1.1

Climate Analysis and Projections

5.1.1.1

High Temperature

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 33°C in a given year. As the highest temperature ever
recorded at the Brockville PCC weather station was 35.6°C (July 30, 1960) (Environment Canada, n.d.a),
a threshold of 33°C was considered representative of extreme or phenomenal high temperature. As
described in Section 1.1.3 of this chapter, this parameter is a tier one definition.

Historical Climate
Findings
Analysis tools available on the Canadian Climate Data program were used to find the occurrence of high
temperature from 1971 to 2000 based on the above definition. The Climate Normals could not be used as
the data source for this parameter as there was no day between 1971-2000 that exceeded the highest
normal threshold of 35°C. The next highest normal threshold (30°C) did not seem logical given that the
definition of heat wave uses a higher temperature (32°C). As such, it was agreed that 33°C would be
used as this was the highest temperature for which data was available.
It was determined that 6 days with greater than 33°C temperature occurred during this 30-year period
(Environment Canada, 2007). This translates to an average of 0.2 days per year (6/30).
Table 5-3

High Temperature Results for the Period 1971-2000*

Description

Number of days with a maximum temperature > 31°C *
Number of days with a maximum temperature > 33°C *
Number of days with a maximum temperature > 35°C **
* (Environment Canada, 2007)
** (Environment Canada, n.d.a)
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Frequency of Climate Event
Based on the findings above, 0.2 (days per year with a maximum temperature greater than 33°C) was
established to be the frequency of this climate event.
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
st
th
th
to the lower and higher percentiles of daily minimum and maximum temperature distribution (1 , 5 & 10
th
th
th
percentile for extreme low and 90 , 95 & 99 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.
th

Vincent and Mekis (2006) showed that the number of annual warm events (days above the 90
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
o
increased by 0.9°C in southern Canada (south of 60 N), 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
th
th
the 34 percentiles and above the 66 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 Prescott area and do not define high
temperature the same as GENIVAR (i.e. the number of days with maximum temperature greater than
33°C). In addition, some of the trends assessed annual data, which prevented the findings from being
directly comparable to daily maximums.

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
33°C. A study by Kharin, Zwiers, Zhang and Hegerl (2007) indicated that changes in warm extremes
generally follow changes in the mean summertime temperature.
Projections for both Toronto and Ottawa (no data was available for Prescott) 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 for both cities. Although not
directly indicated, this finding would suggest the potential for the number of days with temperatures
greater than 33°C to increase as well.
IPCC recognized climate model outputs available on the CCCSN project a mean maximum summer air
temperature increase of 2.28°C for the grid cell encompassing the Prescott area (methods presented in
Section 1.1.4.2).
Frequency of Climate Event
Based on the above, the frequency of this event is 1.67 days per year. In order to evaluate the number of
days that are likely to be over 33°C in the future, the team assessed the current number of days per year
greater than 31°C. This number was chosen because with the projected change factor of +2.28°C, an
increase in the number of days over 33°C would result (1.67 in fact). It is recognized that assessing
historical data and applying projected future change factors is not necessarily reflective of future
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conditions, however this methodology was selected as a general analytical tool to provide support in
assessing potential changes in future climate and calculating frequencies.
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 33°C. As a result, it was decided that an increase in the number of days
above 33°C would be large enough to justify an increase to 1.67 days per year.

5.1.1.2

Sustained High Temperature in Winter

Definition
For the purposes of this study, this parameter was defined as the number of days in a given year where
the maximum daily temperature is greater than 10°C and the minimum daily temperature is greater than
5°C (same day) during the months of January, February and March (assumed to represent conditions
whereby snow is present on the ground or frozen ground conditions exist). Originally, this parameter’s
definition was intended to reference snow accumulation data, however the historical record for Prescott
with respect to snow accumulation was missing 99% of the data between 1971-2000. As described in
Section 1.1.3 of this chapter, this parameter is a tier one definition.

Historical Climate
Findings
Analysis tools available on the Canadian Climate Data program were used to find the occurrence of days
with a maximum daily temperature of greater than 10°C and a minimum daily temperature of greater than
5°C (same day) during the months of January, February and March from 1971 to 2000.
It was determined that 15 out of a total of 2,708 winter days satisfied the above definition during this 30year period (Environment Canada, 2007). This translates to an average of 0.50 days per year (15/30).
Frequency of Climate Event
Based on the findings above, the frequency of this climate event (a maximum daily temperature of greater
than 10°C and a minimum daily temperature of greater than 5°C (same day) during the months of
January, February and March) is 0.50 days per year.

Trends
Trends in historical temperatures for southern Canada from the years 1900 to 1998 were examined by
Bonsal, Zhang, Vincent, and Hogg (2001). Their research presents significantly increasing trends to the
st
th
th
lower and higher percentiles of daily minimum and maximum temperature distribution (1 , 5 & 10
th
th
th
percentile for extreme low and 90 , 95 & 99 percentile for extreme high).
th

Vincent and Mekis (2006) showed that the number of annual warm events (days above the 90
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
o
increased by 0.9°C in southern Canada (south of 60 N), 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
th
th
the 34 percentiles and above the 66 percentiles), indicated that southern Canada has not become
hotter, but rather less cold.
It is noted that these studies are not specific to the Prescott area and do not specifically deal with
sustained high temperature in the winter or with snow on the ground. In addition, some of the trends
assessed annual data, which prevented the findings from being directly comparable to daily maximums
and minimums.

GENIVAR

24

Climate Change Vulnerability Assessment of the Town of Prescott's Sanitary Sewage System
- Final Case Study Report

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 sustained high
temperatures in the winter.
IPCC recognized climate model outputs available on the CCCSN project increases in mean annual
maximum temperature (2.32°C) and mean annual minimum temperature (2.59°C) for the grid cell
encompassing the Prescott area (methods presented in Section 1.1.4.2).
Frequency of Climate Event
The frequency of this climate event was increased to 0.75 days per year based on the above-noted
climate projections and trends, which indicate general increases in temperatures throughout the year.
This was considered appropriate as the historical probability score was already at 0.5 days per year.
However, it should be noted that other considerations counteract (lessen) this parameter’s potential
impact on the systems’ vulnerability. While sustained high temperatures during the winter (or when snow
is on the ground) creates potential for run-off, in the future, increased temperatures (discussed in
previous section) are likely to result in a reduction of frozen or snow-covered ground, thus lessening the
potential for significant run-off issues. As such, these may eventually cancel one another out as the same
warm temperatures contributing to the snowmelt also contribute to the reduced potential for, and
magnitude of frozen or snow-covered ground.

5.1.1.3

Low Temperature

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
Brockville PCC weather station was -35°C (January 4, 1981) (Environment Canada, n.d.a), a threshold of
-30°C was considered representative of extreme or phenomenal low temperature. As described in
Section 1.1.3 of this chapter, this parameter is a tier one definition.

Historical Climate
Findings
The information yielded from the Canadian Climate Normals for the Brockville PCC weather station
relating to low temperature is shown in Table 1-3 below. On average there were 0.29 days per year with a
minimum temperature below -30°C for the years 1971 to 2000.
Table 5-4

Low Temperature Results for the Period 1971-2000*

Description

Number of days with a minimum temperature < -20°C**
Number of days with a minimum temperature < -30°C**
Number of days with a minimum temperature < -33°C*
* (Environment Canada, 2007)
** (Environment Canada, n.d.a)

Days/Year
10.8
0.29
0.10

Frequency of Climate Event
Based on the findings above, the frequency is 0.29 days per year with a minimum temperature
below -30°C.
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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
th
temperature less than 5 percentile) from 1900 to 1998 during winter. Vincent and Mekis (2006) showed
th
that the number of annual cold events (days below the 10 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
o
in southern Canada (south of 60 N) 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
th
th
34 percentiles and above the 66 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 Prescott 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.

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 model (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 and 45% in Ottawa 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 a mean minimum winter air
temperature increase of 3.57°C for the grid cell encompassing the Prescott area (methods presented in
Section 1.1.4.2).
Frequency of Climate Event
The frequency of the climate event for the future was adjusted from the historical value of 0.29 days per
year to a revised frequency of 0.05 based on the above-noted climate projections, trends and the
following rationale.
Similar to the analysis conducted for high temperature and discussed in Section 1.2.1.4, in order to
evaluate the number of days that are likely to be less than -30°C in the future, the team assessed the
current number of days per year less than -33°C. This number was chosen because with the projected
change factor of +3.57°C a decrease in the number of days with temperatures less than -30°C would
result (0.1 in fact). It is recognized that assessing historical data and applying projected future change
factors is not necessarily reflective of future conditions, however this methodology was selected as a
general analytical tool to provide support in assessing potential changes in future climate and calculating
frequencies.
This assessment is also supported by the literature, which projects both a decrease in the number of
extreme cold days as well as overall warming temperatures.
It was decided to decrease the score to 0.05 (rather than 0.1, as roughly calculated above) because it
was rationalized that the frequency of low temperature events should decrease by at least an amount

GENIVAR

26

Climate Change Vulnerability Assessment of the Town of Prescott's Sanitary Sewage System
- Final Case Study Report

proportion to that of high temperature frequency increases, given the applicable projection and trend
information provided.

5.1.1.4

Heat Wave

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 1.1.3 of this chapter, this parameter is a tier one
definition.

Historical Climate
Findings
Daily temperature data for the Brockville PCC weather station, 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 no heat waves occurred during this
30-year period. This translates to an average of 0 heat waves per year (0/30).
Frequency of Climate Event
Based on the findings above, the frequency of this event is 0 heat waves per year.

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 1.2.1.3 of this chapter.

Climate Projections
Findings
th

The Global Climate Projections chapter of the IPCC 4 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 Prescott 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 and for
Ottawa. This finding, along with the projected mean maximum summer air temperature increase of
approximately 2.28°C (climate model output for the grid cell encompassing Prescott, as discussed in
1.2.1.4) suggests that the number of days with temperatures greater than or equal to 32°C (temperature
component of threshold for heat waves) is likely to increase, thereby increasing the number of days
where heat wave conditions are possible.
Climate model outputs available on the CCCSN (for Prescott area) also project that the maximum heat
wave duration will increase by approximately 27 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.
Frequency of Climate Event
The frequency for the future was adjusted from the historical value of 0 to a revised frequency of 0.67
based on the above-noted climate projections. Additional support for increasing this probability score was
provided by conducting a similar analysis to that in section 1.2.1.4 above, whereby the projected change
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factor for mean maximum summer air temperature (+2.28°C) was applied to a historical temperature data
set of 2°C less than the climate parameter’s defined threshold. This allowed for a rough estimation of
possible future occurrences. As such, the team assessed the current number of consecutive days (3 or
more) per year greater than 30°C (which, with the change factor, would trigger heat wave conditions).
When this was conducted, 0.67 heat wave occurrences per year resulted. It is recognized that assessing
historical data and applying projected future change factors is not necessarily reflective of future
conditions, especially when consecutive days are involved, however this methodology was selected as a
general analytical tool to provide support in assessing potential changes in future climate and calculating
frequencies.
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 32°C (potentially consecutively). As a result, it was decided that an increase
in the number of days above 30°C would be large enough to justify an increase to 0.67 in the frequency.
The frequency was not increased more than this because it did not seem reasonable to increase this
parameter greater than that of high temperature (which experienced a frequency increase to 1.67).

5.1.1.5

Cold Wave

Definition
Vincent and Mekis (2005) define a cold wave as 3 or more consecutive day with the minimum
th
temperature less than the 10 percentile. This definition was excluded from this study because it could
have occurred any time of year (including summer) and did not represent absolute extremes as it would
relate to vulnerability. Environment Canada issues cold wave warnings for south central Ontario when
minimum temperature are expected to fall below -20°C and the maximum temperature is not expected to
rise above -10°C (MSC - Ontario Region, 2005a). For the purpose of this study a hybrid definition was
used such that a cold wave was defined as 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 is more reflective of extreme cold
temperatures, relates better to the “heat wave” definition (Section 1.2.3.1), and differentiates this
parameter from “low temperature” (Section 1.2.2.1). As described in Section 1.1.3 of this chapter, this
parameter is a tier one definition.

Historical Climate
Findings
Daily temperature data for the Brockville PCC weather station, 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 17 cold waves occurred during this
30-year period. This translates to an average of 0.57 cold waves per year (17/30).
Frequency of Climate Event
Based on the findings above, 0.57 (cold waves per year) was established as the frequency for this event.

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 1.2.1.3 of this chapter.

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).
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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 and 45% in Ottawa, demonstrating a warming
of extreme low temperature.
IPCC recognized climate model outputs available on the CCCSN project a mean minimum winter air
temperature increase of 3.57°C for the grid cell encompassing the Prescott area (methods presented in
Section 1.1.4.2).
Frequency of Climate Event
The frequency for the future was adjusted from the historical value of 0.57 (cold waves per year) to a
revised frequency of 0.1 based on the above-noted climate projections. Additional support for decreasing
this probability score was provided by conducting a similar analysis to that in section 1.2.4.4 above,
whereby the projected change factor for mean minimum winter air temperature (+3.57°C) was applied to
a historical temperature data set of 3°C less than the climate parameter’s defined thresholds. This
allowed for a rough estimation of possible future occurrences. As such, the team assessed the current
number of consecutive days (3 or more) per year with a minimum temperature below -23°C and a
maximum temperature below -13°C (which, with the change factor, would trigger cold wave conditions).
When this was conducted, 0.17 cold wave occurrences per year resulted. It is recognized that assessing
historical data and applying projected future change factors is not necessarily reflective of future
conditions, especially when consecutive days are involved, however this methodology was selected as a
general analytical tool to provide support in assessing potential changes in future climate and calculating
frequencies.
This assessment is also supported by the literature, which projects both a decrease in the number of
extreme cold days as well as overall warming temperatures.
It was decided to decrease the score to 0.1 (rather than 0.17, as roughly calculated above) because it
was rationalized that the frequency of cold wave events should decrease further to reflect the projection
and trend information provided for heat wave events.

5.1.1.6

Extreme Diurnal Temperature Variability

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 recorded at Brockville PCC between the years 1971 to 2000 was
31.7°C (January 25, 1976) (Environment Canada, 2008), a threshold range of 25°C was considered
representative of extreme or phenomenal diurnal temperature variation. As described in Section 1.1.3 of
this chapter, this parameter is a tier one definition.

Historical Climate
Findings
Daily temperature data for Brockville PCC, 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 16 occurrences of
extreme diurnal temperature variability during this 30-year period. This translates to an average of 0.53
occurrences per year (16/30).
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Frequency of Climate Event
Based on the findings above, the frequency of this event is 0.53 extreme diurnal temperature variability
occurrences per year.

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 Prescott
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).

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 Prescott area (methods presented in Section 1.1.4.2), project
an annual mean maximum air temperature increase of approximately 2.32°C and an annual mean
minimum air temperature increase of approximately 2.59°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 2.00°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.
Frequency of Climate Event
The frequency for the future was adjusted from the historical value of 0.53 to a revised frequency of 0.2
based on the above-noted climate projections and trends, which indicate a decrease in the diurnal and
annual temperature variability.

5.1.1.7

Freeze Thaw

Definition
For the purposes of this study, freeze thaw was defined as the average number of days (65 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 1.1.3 of this chapter, this parameter is a tier two
definition.

Historical Climate
Findings
Daily temperature data for the Brockville PCC weather station, 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
1,921 days with freeze thaw occurred during this 30-year period (10,813 days, accounting for missing
data). This translates to an average of 65 days per year (1,921 / 10,813 x 365).
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Frequency of Climate Event
Based on the above findings, the frequency of this climate event is 65 days per year.

Trends
The only identified trend information relating to freeze thaw was for the Toronto area, which has limited
applicability to Prescott. 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. 65 days with a maximum temperature greater than 0°C and a minimum temperature less than 0°C).

Climate Projections
Findings
nd

th

Ho and Gough (2006), using predictive capacities of the 2 and 6 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. It
is noted that these findings may be of little use to the Prescott area.
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 58 freeze thaw days per year based on an average of the three emission
scenarios (SR-A1B, SR-A2, and SR-B1).
Frequency of Climate Event
The frequency for the future was adjusted from the historical value of 65 freeze thaw days per year to a
revised frequency of 58 based on the above-noted climate projections, which accounts for the decrease
in the number of freeze thaw cycles identified in the bioclimate profile analysis. As freeze thaw was
classified as a tier two definition, the frequency of its occurrence in relation to the historical average was
considered.

5.1.1.8

Heavy Rain

Definition
For the purposes of this study, heavy rain was defined as the number of occurrences, in a given year,
experiencing rainfall greater than or equal to 50mm within a 12-hour period. This is the trigger for when
Environment Canada issues a rainfall warning in the warm season (MSC-Ontario Region, 2009e). As
such, it was considered to represent extreme or phenomenal rainfall conditions. As described in Section
1.1.3 of this chapter, this parameter is a tier one definition.

Historical Climate
Findings
The IDF (Intensity Duration Frequency) curve (Table 2 return period rainfall amounts) from Environment
Canada (based on data from 1967 – 2003) for Brockville shows that for the duration of 12 hours, rainfall
will exceed 50mm (56.7mm) once every 5 years (Environment Canada, 2010). As such, the occurrence
was calculated as 0.2 per year (1/5).
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Frequency of Climate Event
Based on the findings above, the frequency of rainfall greater than or equal to 50mm within a 12-hour
period is 0.2 days per year.

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
th
1998, while Zhang et al. (2001) found no identifiable trends in extreme precipitation (90 percentile,
maximum and 20 year return values of annual daily precipitation) over the same period.
It is noted that some of these studies are not specific to the Prescott 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 12 hour period).

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 Prescott (methods presented
in Section 1.1.4.2) project an increase in the annual mean total precipitation by 5.54% by the 2050s (with
a winter mean total precipitation increase of 11.67% and a summer mean total precipitation increase of
th
1.59%). The model outputs also project that by the 2050s, days with precipitation greater than the 95
percentile will increase by 2.58% and the simple daily intensity will increase by 0.39mm/d.
Frequency of Climate Event
The frequency for the future was adjusted from the historical value of 0.2 days per year to a revised
frequency of 0.75 days per year based on the above-noted climate projections. Although trends do not
show an increase in daily precipitation extremes, future projections suggest an increase in overall
precipitation as well as the frequency and intensity of extreme daily precipitation events.

5.1.1.9

Heavy 5-Day Total Rainfall

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
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100mm total rainfall threshold was chosen subjectively to represent a substantial amount of rainfall in a
relatively short period of time. As described in Section 1.1.3 of this chapter, this parameter is a tier one
definition.

Historical Climate
Findings
Daily rainfall data for Brockville PCC weather station, obtained from Environment Canada’s Climate Data
Online (Environment Canada, 2008), was analyzed for the occurrence of heavy 5-day total rainfall from
1971 to 2000 based on the above definition. 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 30-year time frame, three
occurrences of a 5-day total rainfall exceeding 100mm were identified. This translates to an average of
0.10 occurrences per year (3/30).
Frequency of Climate Event
Based on the findings above, the frequency of this event is 0.1 heavy 5-day total rainfall occurrences per
year.

Trends
Trends in rainfall extremes were examined in Section 1.2.8.3 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 5day maximum.

Climate Projections
Findings
Projections in precipitation were examined in Section 1.2.8.4 (Findings), identifying increases in
precipitation, frequency of extremes and intensity. Projection information specific to 5-day total rainfall
was identified in the CCCSN (for Prescott grid cell) with model outputs expressing an increase for the
maximum 5-day total precipitation. For this index, an increase of 2.21mm was projected for the 2050s.
Frequency of Climate Event
The frequency for the future was adjusted from the historical value of 0.1 occurrences per year to a
revised probability score of 0.2 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.

5.1.1.10

High Intensity, Short Duration Rainfall

Definition
For the purposes of this study, high intensity, short duration rainfall was defined as the number of
occurrences, in a given year, experiencing rainfall greater than or equal to 50mm within a 1-hour period.
This was considered to represent a significant amount of rainfall in very little time (e.g. Environment
Canada issues a rainfall warning in the warm season for 50mm within a 12-hour period (MSC-Ontario
Region, 2009e)). As described in Section 1.1.3 of this chapter, this parameter is a tier one definition.
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Historical Climate
Findings
The IDF (Intensity Duration Frequency) curve (Table 2 return period rainfall amounts) from Environment
Canada (based on data from 1967 – 2003) for Brockville shows that for the duration of 1 hour, rainfall will
exceed 50mm (51.3mm) once every 50 years (Environment Canada, 2010). As such, the occurrence was
calculated as 0.02 per year (1/50).
Frequency of Climate Event
Based on the findings above, the frequency of this event is 0.02 days per year with rainfall greater than or
equal to 50mm within a 1-hour period.

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
th
1998, while Zhang et al. (2001) found no identifiable trends in extreme precipitation (90 percentile,
maximum and 20 year return values of annual daily precipitation) over the same period.
It is noted that these studies are not specific to the Prescott area and do not define high intensity, short
duration rainfall the same as GENIVAR (i.e. the number of days that experience rainfall greater than or
equal to 50mm within a 1-hour period).

Climate Projections
Findings
Projections in precipitation were examined in Section 1.2.8.4 and 1.2.9.4 (Findings), identifying increases
in precipitation, frequency of extremes and intensity. It is noted however that none of the projections
specifically referenced high intensity, short duration rainfall in the same terms as GENIVAR (i.e. 50mm in
1-hour).
Frequency of Climate Event
The frequency for the future was adjusted from the historical value of 0.02 to a revised frequency of 0.075
based on the above-noted climate projections. Although trends do not show an increase in daily
precipitation extremes, future projections suggest an increase in overall precipitation as well as the
frequency and intensity of extreme daily precipitation events.

5.1.1.11

Heavy Winter Rain

Definition
For the purposes of this study, heavy winter rain was defined as the number of days, in a given year,
where greater than or equal to 25mm of rain fell in a day 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 sodden with little 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
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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 1.1.3 of this chapter, this parameter is a tier
one definition.

Historical Climate
Findings
Daily precipitation data for the Brockville PCC weather station, 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 16 heavy winter rain events of greater than
25mm occurred during the 30-year study period. This translates to an average of 0.53 occurrences per
year (16/30).
Frequency of Climate Event
Based on the findings above, the frequency of this event is 0.53 days per year with winter rain.

Trends
Trends previously examined in Section 1.2.7.3 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 Prescott 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).

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 1.2.2.4,
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).
The model outputs available on the CCCSN for the grid cell encompassing Prescott (methods presented
in Section 1.1.4.2) project an increase in the winter mean total precipitation by 11.67% by the 2050s. The
th
model outputs also project that by the 2050s, days with precipitation greater than the 95 percentile will
increase by 2.58% and the simple daily intensity will increase by 0.39mm/d. It is noted that these outputs
represent precipitation and not necessarily rainfall. However, if trends deducing a decrease in the ratio
between snowfall and total precipitation are assumed to continue, a large percentage of this precipitation
may be expressed as rainfall.
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Frequency of Climate Event
The frequency for the future was adjusted from the historical value of 0.53 days per year to a revised
frequency of 1.5 based on the above-noted climate projections and trends. Future projections suggest an
increase in overall precipitation (especially during the winter season) as well as the frequency and
intensity of extreme daily precipitation events.
It is noted that there would likely be a point in the future where other considerations counteract (lessen)
this parameter’s potential impact on the systems’ vulnerability. Typically winter rain presents challenges
when falling on frozen or light snow-covered ground as the potential for run-off is greatly increased.
However, in the future, increased temperatures (discussed in Section 1.2.1 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. This would occur because 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 snowcovered ground.

5.1.1.12

Freezing Rain

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 number of days within a given year, where freezing rain or
drizzle, equal to or greater than 0.2mm (MSC-Ontario Region, 2009g), occurred. As described in Section
1.1.3 of this chapter, this parameter is a tier one definition.

Historical Climate
Findings
As no data was directly available for the Brockville PCC, available data was reviewed from both Toronto
and Ottawa. 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), while during the years 19712000, while the Ottawa MacDonald-Cartier Airport experienced an average of 17 days per year with
freezing rain, based on the above definition. As “ice storm” is also a climate parameter considered in this
study and is seen to represent persistent and/or higher magnitude freezing rain events, it was agreed that
there was little value in trying to apply the tier two definition process to this parameter, but rather look at it
as a single event. As either of 8.8 or 17 events per year is greater than the “>2” threshold on the scoring
mechanism, a score of 7 was given.
Frequency of Climate Event
Based on the findings above, the frequency of this event is 12.9 days per year with freezing rain. This
frequency was taken as an average between the frequencies of freezing rain of Toronto Pearson
International Airport and Ottawa MacDonald-Cartier Airport which were 8.8 and 17 (days per year with
freezing rain), respectively.
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, however identified a non-significant increasing trend in the total number of seasonal freezing rain
hours and days for Ottawa.
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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. For the Ottawa region, the same study indicated that freezing rain events could increase by 60%
by the 2050s for December to February, while the warmer months are expected to stay the same as
present time (no change) for freezing rain by the 2050s.
Frequency of Climate Event
In the Ottawa region, the frequency of freezing rain events could increase by up to 60% whereas in
Toronto it could increase by 40%; therefore, the historical frequency was assumed to increase by 50% to
account for this potential increase at an average of the two regions. The frequency for the future was
therefore increased from 12.9 days per year with freezing rain to 19.4 days per year.

5.1.1.13

Ice Storm

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 1.1.3 of this chapter, this parameter is a tier one definition.

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 eastern Ontario. 2 regional storms were identified
between the years 1971-2000. This translates to an average of 0.07 ice storms per year (2/30).
Frequency of Climate Event
Based on the findings above, the frequency of this event is 0.07 days per year with freezing rain amounts
of 25mm or more.
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, however for the same time period, identified a non-significant increasing trend in the total number
of seasonal freezing rain hours and days for Ottawa. It is noted that this is not necessarily representative
of ice storm events with greater than or equal to 25 mm of freezing rain nor is it necessarily representative
of the Prescott area.

Climate Projections
Findings
As mentioned previously in Section 1.2.12.4 (Findings), freezing rain was predicted to increase in the
winter by approximately 40% (Toronto) and 60% (Ottawa region) by the 2050s. In addition, Cheng et al.
(2007b) indicates that the greatest percent change of freezing rain will likely occur for long duration
events.
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Frequency of Climate Event
The frequency for the future was adjusted from the historical value of 0.07 days per year to a revised
frequency of 0.11 days per year based on the above-noted climate projections and trends, which
indicates an increase in freezing rain (winter) and an increase in the longer duration of freezing rain
events (Ottawa).

5.1.1.14

Heavy Snow

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 25cm of snowfall. The 25cm snowfall threshold was chosen subjectively to
represent a substantial amount of snowfall in a day. As described in Section 1.1.3 of this chapter, this
parameter is a tier one definition.

Historical Climate
Findings
Based on the number of days with snowfall over 25 cm from 1971 to 2000, yielded from the Climate
Normals for Brockville PCC, the average snowfall frequency was determined to be 0.44 days per year. It
is noted that the highest daily snowfall ever recorded at Brockville PCC was 44.5 cm (March 22, 1977)
(Environment Canada, n.d.).
Frequency of Climate Event
Based on the findings above, the frequency of this event is 0.44 days per year with heavy snow.
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
th
decrease in the total annual snowfall in the southern regions of Canada during the second half of the 20
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 Prescott 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 25cm).

Climate Projections
Findings
Projected increases in minimum temperatures (as discussed in Section 1.2.2.4) 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 Prescott area.
Frequency of Climate Event
The frequency for the future was left unchanged from the historical value of 0.44 based on the fact that
limited projection information was available.
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5.1.1.15

Snow Accumulation

Definition
For the purposes of this study, snow accumulation was defined as the number of days, in a given year,
where 50cm or more of snow exists on the ground. The 50cm snow accumulation threshold was chosen
subjectively to represent a substantial amount of snow on the ground. As described in Section 1.1.3 of
this chapter, this parameter is a tier one definition.

Historical Climate
Findings
As the historical record for the Brockville PCC weather station with respect to snow accumulation was
missing 99% of the data between 1971-2000, it was decided that the Ottawa MacDonald-Cartier Airport
would be referenced as the most representative data source. It is recognized that based on historical
snowfall data, Ottawa receives more snow on average than Prescott (Environment Canada, n.d.a,b) and
as such, users of results for this parameter need to take this into consideration. As described in Section
1.1.3 of this chapter, this parameter is a tier one definition.
Daily snow depth data for Ottawa MacDonald-Cartier 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 429 days had snow accumulation during this 30 year period. This translates to an
average of 14.3 days per year (429/30).
Frequency of Climate Event
Based on the findings above, the frequency of snow accumulation is 14.3 days per year.
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 1.2.14.3 of this chapter.

Climate Projections
Findings
Projected increases in minimum temperatures (as discussed in Section 1.2.2.4) 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
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 50cm or
more of snow on the ground, the findings suggest that having this amount of snow on the ground may
become increasingly unlikely.
Frequency of Climate Event
The frequency for the future was not adjusted from the historical value of 14.3 days per year due to the
fact that insufficient historical and future data was available for the Prescott area to apply any logical
rationale. This being said, the above projection information does suggest the potential for a reduced
number of days with snow accumulation of greater than 50cm to exist in the future.
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Blowing Snow/Blizzard
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 indicator 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 number of days in
which blowing snow occurred within a given year was considered. As described in Section 1.1.3 of this
chapter, this parameter is a tier one definition.

Historical Climate
Findings
As no data was available for blowing snow for the Brockville PCC weather station, it was decided that the
Ottawa MacDonald-Cartier Airport would be referenced as the most representative data source. It is
recognized that based on historical snowfall data, Ottawa receives more snow on average than Prescott
(Environment Canada, n.d.a,b) and as such, users of results for this parameter need to take this into
consideration. As described in Section 1.1.3 of this chapter, this parameter is a tier one definition.
Data obtained from Environment Canada’s Ontario Hazards website (Environment Canada, Snowdayswithblowingsnow-e.xls) indicated that the Ottawa MacDonald-Cartier Airport experienced 12.2 days
per year with blowing snow during the years 1971-2000 based on the above definition.
Frequency of Climate Event
Based on the findings above, the frequency of this event is 12.2 days per year with blowing snow.
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 1.2.14.3 of this chapter.

Climate Projections
Findings
No studies specifically analysing projections of blowing snow/blizzard were identified, although
projections related to snowfall and snow accumulation are discussed in Sections 1.2.14.4 and 1.2.15.4 of
this chapter, respectively.
Frequency of Climate Event
The frequency for the future was left unchanged from the historical value of 12.2 days per year based on
the lack of directly relatable information. Although trends and projections in snowfall and snow
accumulation were 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.

Lightning
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 average annual flash density from cloud-toground lightning. As described in Section 1.1.3 of this chapter, this parameter is a tier one definition.
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Historical Climate
Findings
Data obtained from the Named Place Details feature on the Atmospheric Hazards Website (Environment
Canada, 2009b) revealed that the average annual lightning density for the area encompassing the
2
Brockville PCC weather station is 0.90 flashes/km , for the years 1999 to 2008 (Burrows et al., 2002).
Frequency of Climate Event
2

Based on the findings above, the frequency of this event is 0.90 flashes of lightning per year per km .
Trends
No trend information was found for lightning.

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,
st
Trapp et al. (2007) projected a net increase in the number of days during the late 21 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 Prescott area.
Frequency of Climate Event
The frequency for the future was left unchanged from the historical value of 0.9 flashes of lightning per
2
year per km 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
frequency.

5.1.1.16

Hailstorm

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 a day with hail. As described in Section 1.1.3 of this chapter, this parameter is a
tier one definition.

Historical Climate
Findings
As no data was available for hail for the Brockville PCC weather station, it was decided that the Ottawa
MacDonald-Cartier Airport would be referenced as the most representative data source. It is recognized
that data obtained from Ottawa are unlikely to accurately represent historical hail conditions in Prescott
and as such, users of results for this parameter need to take this into consideration. As described in
Section 1.1.3 of this chapter, this parameter is a tier one definition.
Data obtained from Environment Canada’s Ontario Hazards website (Environment Canada. HailDayswithhail-e.xls) indicated that the Ottawa MacDonald-Cartier International Airport experienced an
average of 0.69 days per year with hail during the years 1971-2000 based on the above definition.
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Frequency of Climate Event
Based on the findings above, the frequency of hail is 0.69 days per year.

Trends
No trend information was found for hail.

Climate Projections
Findings
No projection information was found for hail.
Frequency of Climate Event
The probability score for the future was left unchanged from the historical value of 0.69 days per year
based on the fact that no projection information on hail was available.

5.1.1.17

Hurricane/Tropical Storm

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.
Tropical storms have maximum sustained surface wind speeds of greater than or equal to 63 km/hour.
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 this parameter was defined as a tropical
storm occurring in Ontario (MSC-Atlantic, 2005). The number of hurricanes/tropical storms within a given
year was considered. No hurricanes have affected Ontario in recorded history (1886-1998), included
“Hazel”, which although often referred to as a hurricane, was downgraded to tropical storm status upon
reaching southern Ontario (MSC-Ontario Region, 2009f).

Historical Climate
Findings
Data obtained from Environment Canada’s Ontario Hazards website (MSC-Ontario Region, 2009f)
indicated that Ontario experienced an average of 0.13 days per year with tropical storms for the years
1971-2000 (MSC-Atlantic, 2005).
Frequency of Climate Event
Based on the findings above, the frequency of this event is 0.13 tropical storms per year.
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 Prescott area.
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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 Prescott area.
Frequency of Climate Event
Trends seem to indicate a decrease in the future frequency of tropical storms. However, since the data
available is not specific to the Prescott region, the historical value of 0.13 tropical storms per year is used
for the future scenario. 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 Prescott area in the future as
they are projected to have greater intensities, even though storm tracks have not been resolved in climate
models.

5.1.1.18

High Wind

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 number of days with wind recorded at or greater
than 63km/hour in a given year. As described in Section 1.1.3 of this chapter, this parameter is a tier one
definition.

Historical Climate
Findings
As no data was available for days with wind for the Brockville PCC weather station, it was decided that
the Ottawa MacDonald-Cartier Airport would be referenced as the most representative data source. A
review of Appendix C: Climatic Information in the National Building Code of Canada (2010) indicated that
the hourly wind pressures for the 1 in 10 and 1 in 50 return periods are almost identical between Ottawa
and Prescott. As such, Ottawa was determined to be a reasonable reference for this parameter.
High wind data from 1971 to 2000 was obtained from the Climate Normals for Ottawa MacDonald-Cartier
International Airport. On average, there were 1.7 days per year with a wind speed equal to or exceeding
63km/hour. The highest wind speed ever recorded at MacDonald-Cartier International Airport was
135km/hour (May 11, 1959) (Environment Canada, n.d.b).
Frequency of Climate Event
Based on the findings above, the frequency of this event is 1.7 days per year greater than or equal to 63
km/hr.

Trends
No trend information was found for high wind.
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Climate Projections
Findings
No projection information was found for high wind.
Frequency of Climate Event
The frequency for the future was left unchanged from the historical value of 1.7 days per year based on
the fact that no projection information on high wind was available.

5.1.1.19

Tornado

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 (buffer surrounding the Prescott
area). Figure 1 outlines the buffer area selected (50km radius) around Prescott. As described in Section
1.1.3 of this chapter, this parameter is a tier one definition.

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. Using Geographic Information
Systems, these tornadoes were plotted on a map with the buffer area overlaid. In order to determine
which tornadoes presented threatening conditions for Prescott, a 50km buffer was applied (subjectively)
2
around Prescott (7,854km ) to ensure that various regional tornadoes were captured. Results indicated
that 10 tornadoes were observed within this area. This translates to approximately 0.12 tornadoes per
year (10/86). Figure 1 illustrates the location and strength of the tornadoes that passed through this area.
2
As it would be a vast overestimation to assume that the tornadoes observed within the 7,854km search
area represent the actual risk to the infrastructure, the following methodology was applied.
1) As Prescott is a border town with the United States of America (U.S.) and observed tornado data
was not obtained from U.S. sources, the buffer area was reduced by half (since approximately
2
half of the buffer falls within U.S. territory) (3,927km ).
2) This search area was then divided by the area determined to comprise the total of the 3 Prescott
2
drainage areas under study (3.28km ). This allowed for a more appropriate search area. As such,
the 0.12 tornadoes per year (established above) for the original search area was divided by
2
1,197km (3927/3.28), which yielded 0.0001 tornadoes per year for Prescott.
Frequency of Climate Event
Based on the findings above, the frequency of this event is 0.0001 tornadoes per year within the
prescribed search area.
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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 Prescott area.

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).
Frequency of Climate Event
The frequency for the future was left unchanged from the historical value of 0.0001 tornadoes per year
based on the fact that no specific projection information on tornadoes was available.

5.1.1.20

Drought/Dry Period

Definition
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 day period, meaning; within a given year (from May to September), 10
days occurring in a row where no measurable precipitation fell (i.e. greater than 0.2mm) (Klaassen, 2008)
Paper) A 10 day period was selected for this parameter as it represented a prolonged dry period and had
relevant information readily available. As described in Section 1.1.3 of this chapter, this parameter is a tier
one definition.

Historical Climate
Findings
Daily temperature data for the Brockville PCC weather station, obtained from Environment Canada’s
Climate Data Online (Environment Canada, 2008), was analyzed for the occurrences of consecutive 10
day dry periods from 1971 to 2000 based on the above definition. It was found that between 1971 and
2000, there was an annual average of 1.2 drought/dry day occurrences for the warm months (defined as
May through September) (36/30). There are 15 possible occurrences for the warm months (i.e. 150 days).
Frequency of Climate Event
Based on the findings above, the frequency of this event is 1.2 drought/dry periods per year.

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 Prescott 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).
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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 0.61 days for the grid cell encompassing the Prescott area (methods
presented in Section 1.1.4.2). It is noted that this does not necessarily represent 10 consecutive days.
Frequency of Climate Event
The frequency for the future was adjusted from the historical value of 1.2 drought/dry periods per year to
a revised frequency of 2 based on the above-noted climate projections, which indicates an increase in the
maximum number of consecutive dry days for Prescott. 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.

5.1.1.21

Heavy Fog

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 number of days during which
visibility is reduced to less than one kilometre (due to presence of fog). As described in Section 1.1.3 of
this chapter, this parameter is a tier one definition.

Historical Climate
Findings
Data obtained from the Named Place Details feature on the Atmospheric Hazards Website (Environment
Canada, 2009b) revealed that Brockville PCC experienced an average of 30 fog days per year during the
years 1971-2000 based on the above definition.
Frequency of Climate Event
Based on the findings above, the frequency of this event is 30 days with fog per year.

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 Prescott area.

Climate Projections
Findings
No projection information was found for heavy fog.
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Frequency of Climate Event
The frequency for the future was left unchanged from the historical value of 30 days with fog per year
based on the fact that no projection information on heavy fog was available.

5.1.1.22

Climate Event Frequency Summary

A summary of the historical and future frequencies are provided in Table 5-5 below. The analysis
conducted to develop the frequencies is included as Appendix D.
Table 5-5

Frequencies Summary
Climate Parameter

Current Frequency (per year)*

Future Frequency (per year)

Climate Parameters for which the frequency increased
High Temperature

0.2

1.67

Sustained High Temperature in Winter

0.5

0.75

Heat Wave

0

0.67

Heavy Rain

0.2

0.75

Heavy 5-Day Total Rainfall

0.1

0.2

High Intensity, Short Duration Rainfall

0.02

0.075

Heavy Winter Rain

0.53

1.5

Ice Storm

0.07

0.11

Freezing Rain

12.9

19.4

Drought/Dry Period

1.2

2

Low Temperature

0.29

0.05

Cold Wave

0.57

0.1

Extreme Diurnal Temperature Variability

0.53

0.2

65

58

Climate Parameters for which the frequency decreased

Freeze Thaw

Climate Parameters for which the frequency remained the same
Heavy Snow

0.44

0.44

Snow Accumulation

14.3

14.3

Blowing Snow/Blizzard

12.2

12.2

Lightning

0.9

0.9

Hailstorm

0.69

0.69

High Wind

1.7

1.7

Hurricane/Tropical Storm
Tornado
Heavy Fog

0.13

0.13

0.0001

0.0001

30

30

It is important to note that the climate parameters and associated frequencies were applied consistently
across all infrastructure components.

5.2

Severity Analysis

The severity scale provided by the Protocol was adapted to reflect the Town’s risk tolerance and to
provide more descriptive information that would facilitate the scoring. The severity values were assigned
using a scale of 0 to 7, with 0 corresponding to no negative consequences, and 7 corresponding to a
catastrophic event. The severity scale is shown in Table 5-6 below.
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Table 5-6

Severity Scale

Severity

Description

Rating

Negligible

No impact

0

Insignificant

No injuries or illness OR no environmental impact; population is unaffected;
minor investment required (current O&M budget); no loss of Town’s reputation.

1

Minor

Potential injuries or illness; minor environmental impact; low or no impact to
population; unplanned investment would be required to repair / replace but
could be covered by current budget; no loss of the Town’s reputation.

2

3

Significant

Minor injuries or illness; easily reversible environmental impact; small
population affected for short period of time; unplanned investment would be
required to repair / replace ($25,000-$50,000); non-compliance, some potential
loss of Town’s reputation - easily regained.
Major injuries or illness; easily reversible environmental impact; small
population affected for short period of time; unplanned investment would be
required to repair / replace ($50,000-$75,000); non-compliance, some potential
loss of Town’s reputation - easily regained.

4

Major

5

Serious

Serious injuries or illness; easily reversible environmental impact; small
population affected for short period of time; unplanned investment would be
required to repair / replace ($75,000-$100,000); non-compliance, some
potential loss of Town’s reputation - easily regained.

6

Critical

Severe injury or health hazards; significant and/or not easily reversible
environmental impact; small population affected for extended period of time or
large population affected for minimal amount of time; unplanned investment
would be required to repair / replace ($100,000-$150,000), basement flooding,
severe loss of Town’s reputation.

7

Catastrophic

Death or serious injury; severe and irreversible contamination; large population
affected for extended period of time; significant unplanned investment would be
required to repair/replace (greater than $150,000); significant loss of Town’s
reputation.

5.3

Risk Tolerance Threshold Definition

The Protocol provides sample threshold values to classify risks as low, medium and high. Each
classification has an associated response, i.e. no immediate action is required for low risks; medium risks
might require proceeding to the Engineering Analysis step of the Protocol, and high risks require
immediate action. The thresholds must be defined to reflect the owner’s specific risk tolerance.
The following risk classification thresholds were used to guide the decision-making process for the
Prescott Sanitary Sewage System. To determine the upper and lower risk values constituting the ranges
for the various thresholds, the possible probability and severity combinations were determined. So for
example, a value of 18 corresponds to an event with “occasional” probability of occurrence (a probability
value of 3) and “critical” consequences (a severity value of 6), or to an event considered “probable” or
“certain” (probability values of 6 or 7) and “significant” (a severity value of 3). Any combination of
probability and severity ratings resulting in a risk value exceeding 18 was considered to be high priority.
Thus, 18 was considered the upper limit of the medium risk threshold. A similar approach was used to
establish the lower limit.
Table 5-7

Risk Tolerance Thresholds

Risk Range

Threshold

Response

1- 12

Low Risk

No immediate action necessary

14 – 18

Medium Risk

Action may be required
Engineering Analysis may be
required
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Risk Range

Threshold

Response

> 18

High Risk

Immediate action required

5.4

Risk Prioritization

The completed risk assessment matrices for existing and future climate conditions have been included in
Appendix B and Appendix C, respectively. Table 5-10 below provides a summary of the highest risks
identified.
Table 5-8

Top Risks for the Prescott Sanitary Sewage System

Climate Event

Infrastructure
Component

Hazardous Event

Risk
Rating

Risk
Classification

Existing
(Future)

Existing
(Future)

Response

1

High
Temperature

Pumping Station 3

Electrical
equipment failure
resulting in bypass
to river

16 (28)

Medium (High)

Immediate Action
Required

2

High
Temperature

Pumping Station 4

Electrical
equipment failure
resulting in bypass
to river

16 (28)

Medium (High)

Immediate Action
Required

3

Sustained High
Temperature in
the Winter with
Snow on the
Ground

Pumping Station 3

Increased
wastewater
generation
resulting in
excessive flow
beyond capacity
resulting in bypass
to river

24 (28)

Medium (High)

Immediate Action
Required

4

Sustained High
Temperature in
the Winter with
Snow on the
Ground

Pumping Station 4

Increased
wastewater
generation
resulting in
excessive flow
beyond capacity
resulting in bypass
to river

24 (28)

Medium (High)

Immediate Action
Required

5

Sustained High
Temperature in
the Winter with
Snow on the
Ground

Pumping Station 5

Increased
wastewater
generation
resulting in
excessive flow
beyond capacity
resulting in bypass
to river

30 (35)

High (High)

Immediate Action
Required

6

Sustained High
Temperature in
the Winter with
Snow on the
Ground

Pumping Station 6

Increased
wastewater
generation
resulting in
excessive flow
beyond capacity
resulting in bypass
to River

30 (35)

High (High)

Immediate Action
Required

7

Low
Temperature

Aerobic Digester

Freezing

25 (30)

High (High)

Immediate Action
Required
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Table 5-8

Top Risks for the Prescott Sanitary Sewage System

Climate Event

Infrastructure
Component

Hazardous Event

Risk
Rating

Risk
Classification

Existing
(Future)

Existing
(Future)

Response

8

Heat Wave

Pumping Station 3

Electrical
equipment failure
resulting in bypass
to river

0 (28)

Low (High)

Immediate Action
Required

9

Heat Wave

Pumping Station 4

Electrical
equipment failure
resulting in bypass
to river

0 (28)

Low (High)

Immediate Action
Required

10

Cold Wave

Aerobic Digester

Freezing

30 (35)

High (High)

Immediate Action
Required

11

Heavy Rain

Pumping Station 3

Excessive flow
beyond capacity
resulting in bypass
to river

16 (28)

Medium (High)

Immediate Action
Required

12

Heavy Rain

Pumping Station 4

Excessive flow
beyond capacity
resulting in bypass
to river

16 (28)

Medium (High)

Immediate Action
Required

13

Heavy Rain

Pumping Station 5

Excessive flow
beyond capacity
resulting in bypass
to river

20 (35)

Medium (High)

Immediate Action
Required

14

Heavy Rain

Pumping Station 6

Excessive flow
beyond capacity
resulting in bypass
to river

20 (35)

Medium (High)

Immediate Action
Required

15

Heavy 5-day
Total Rainfall

Pumping Station 4

Excessive flow
beyond capacity
resulting in bypass
to river

8 (20)

Low (High)

Immediate Action
Required

16

Heavy 5-day
Total Rainfall

Pumping Station 5

Excessive flow
beyond capacity
resulting in bypass
to river

10 (25)

Low (High)

Immediate Action
Required

17

Heavy 5-day
Total Rainfall

Pumping Station 6

Excessive flow
beyond capacity
resulting in bypass
to river

10 (25)

Low (High)

Immediate Action
Required

18

High Intensity,
Short Duration
Rainfall

Duke Street
(Dibble Street to
MH 5049 north of
tracks) - 400 mm ACP - 1960

Sewer capacity
exceeded due to
increased
infiltration and
inflow resulting in
overflow or
backflow

5 (35)

Low (High)

Immediate Action
Required

19

High Intensity,
Short Duration
Rainfall

Russell Street
(King Street to
Dibble Street) 250 mm - 1987 PVC

Sewer capacity
exceeded due to
increased
infiltration and
inflow resulting in

5 (35)

Low (High)

Immediate Action
Required
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Table 5-8

Top Risks for the Prescott Sanitary Sewage System

Climate Event

Infrastructure
Component

Hazardous Event

Risk
Rating

Risk
Classification

Existing
(Future)

Existing
(Future)

Response

overflow or
backflow
20

High Intensity,
Short Duration
Rainfall

Linda Street
(Duke Street to
Boundary Street) 200 mm - 1955 ACP

Sewer capacity
exceeded due to
increased
infiltration and
inflow resulting in
overflow or
backflow

Low (High)

Immediate Action
Required

21

High Intensity,
Short Duration
Rainfall

Wood Street West
( Duke Street to
Boundary Street) 200 mm - 1960 ACP

Sewer capacity
exceeded due to
increased
infiltration and
inflow resulting in
overflow or
backflow

5 (35)

Low (High)

Immediate Action
Required

22

High Intensity,
Short Duration
Rainfall

Park Street (Duke
Street to
Boundary Street) 200 mm - 1920 Vitrified Clay

Sewer capacity
exceeded due to
increased
infiltration and
inflow resulting in
overflow or
backflow

5 (35)

Low (High)

Immediate Action
Required

23

High Intensity,
Short Duration
Rainfall

James Street East
(Duke Street to
Boundary Street) 200 mm - 1950 ACP

Sewer capacity
exceeded due to
increased
infiltration and
inflow resulting in
overflow or
backflow

5 (35)

Low (High)

Immediate Action
Required

24

High Intensity,
Short Duration
Rainfall

Dibble Street East
(Duke Street to
Boundary Street) 400 mm - 1960 ACP

Sewer capacity
exceeded due to
increased
infiltration and
inflow resulting in
overflow or
backflow

5 (35)

Low (High)

Immediate Action
Required

25

High Intensity,
Short Duration
Rainfall

Dibble Street East
(Duke Street to
Boundary Street) 200 mm - 1900 Vitrified Clay

Sewer capacity
exceeded due to
increased
infiltration and
inflow resulting in
overflow or
backflow

5 (35)

Low (High)

Immediate Action
Required

26

High Intensity,
Short Duration
Rainfall

King Street East
(Top of Fort Hill to
Russell Street) 675 mm - 1970 Concrete

Sewer capacity
exceeded due to
increased
infiltration and
inflow resulting in
overflow or
backflow

5 (35)

Low (High)

Immediate Action
Required
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Table 5-8

Top Risks for the Prescott Sanitary Sewage System

Climate Event

Infrastructure
Component

Hazardous Event

Risk
Rating

Risk
Classification

Existing
(Future)

Existing
(Future)

Response

27

High Intensity,
Short Duration
Rainfall

King Street East
(Russell Street to
Boundary Street) 450 mm - 1970 Concrete

Sewer capacity
exceeded due to
increased
infiltration and
inflow resulting in
overflow or
backflow

5 (35)

Low (High)

Immediate Action
Required

28

High Intensity,
Short Duration
Rainfall

King Street East
(Boundary Street
to SPS 5) - 750
mm - 1970 Concrete

Sewer capacity
exceeded due to
increased
infiltration and
inflow resulting in
overflow or
backflow

5 (35)

Low (High)

Immediate Action
Required

29

High Intensity,
Short Duration
Rainfall

Pumping Station 3

Excessive flow
beyond capacity
resulting in bypass
to river

3 (21)

Low (High)

Immediate Action
Required

30

High Intensity,
Short Duration
Rainfall

Pumping Station 4

Excessive flow
beyond capacity
resulting in bypass
to river

4 (28)

Low (High)

Immediate Action
Required

31

High Intensity,
Short Duration
Rainfall

Pumping Station 5

Excessive flow
beyond capacity
resulting in bypass
to river

5 (35)

Low (High)

Immediate Action
Required

32

High Intensity,
Short Duration
Rainfall

Pumping Station 6

Excessive flow
beyond capacity
resulting in bypass
to river

5 (35)

Low (High)

Immediate Action
Required

33

Heavy Winter
Rain

Pumping Station 4

Excessive flow
beyond capacity
resulting in bypass
to river

24 (24)

High (High)

Immediate Action
Required

34

Heavy Winter
Rain

Pumping Station 5

Excessive flow
beyond capacity
resulting in bypass
to river

30 (30)

High (High)

Immediate Action
Required

35

Heavy Winter
Rain

Pumping Station 6

Excessive flow
beyond capacity
resulting in bypass
to river

30 (30)

High (High)

Immediate Action
Required

In general, the highest risks identified corresponded to sewer overflows/bypasses and backflows
associated with high precipitation events. This comes as no surprise given that infiltration and inflow into
the sanitary sewer system are recognized problems within the Town.
Figures 5-4 and 5-5 show the sanitary sewer components and pumping stations that were identified as
medium risks and/or high risks through this methodology for the existing conditions and the future
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conditions, respectively. The medium risks are shown in blue and the high risks are shown in purple. The
components with reported failures in the past are highlighted in yellow.
Figure 5-4 Vulnerable Wastewater Collection System Components in the Existing Conditions
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Figure 5-5 Vulnerable Wastewater Collection System Components in the Future Conditions

At this point, the Protocol calls for an evaluation of the risks to determine whether additional investigation
is required by proceeding to Step 4 – Engineering Analysis, or whether sufficient information is available
to develop a recommendation. Recommendations may involve proposing additional investigation,
implementing a mitigating measure, or declaring that the infrastructure component is not vulnerable.

6.

Step 4 – Engineering Analysis

Previous studies completed for the Town of Prescott sanitary sewage system have indicated that
approximately 37% of the flows received at the WPCC are caused by inflow into the sanitary sewers from
downspouts, foundation drains and connections with storm sewers. This limits the Town’s ability to
service future growth and intensification with the existing infrastructure system. Treating additional flows
due to I&I is also costly to the municipality and is not environmentally sustainable.
The PIEVC Protocol calls for additional analysis for climate-infrastructure interactions which have a
medium risk associated to them, and for which additional investigation is required to clearly define and
understand the vulnerability.
Risks classified as “Medium” corresponded in general to high precipitation events causing the hydraulic
capacity of a sewer or a sewage pumping station to be exceeded.
The Sanitary Sewer Optimization Study completed by Ainley Consultants in 1996 documents the finding
of a comprehensive study to assess infiltration and inflow. As a result, the Town implemented a sewer
separation program which included the replacement of several sewer sections in the high risk areas
identified. Thus, given that the medium risks identified correspond to well known and documented
concerns, additional engineering analysis as proposed by the PIEVC Protocol will be completed as part of
a separate Sewer Optimization Study. it is recommended that the risk areas identified be studied further
when implementing corrective measures.
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7. Step 5 - Recommendations
An infrastructure vulnerability assessment following the PIEVC Protocol was completed to determine the
impact of climate change on the Prescott Sanitary Sewage System. The vulnerability assessment process
proved to be a powerful tool that can be used to assist in prioritization of projects and expenditures based
on the most critical needs (the highest risks). Furthermore, this project demonstrates to key stakeholders
that due diligence is done to minimize the overall level of risk to the Town and to strive for continuous
improvement.
A total of 1,036 risks were identified and assessed, under both future climate conditions. The majority of
the risks assessed were deemed to be low (were considered negligible since they were deemed to have
no significant interactions). Of all the risks identified and evaluated, 35 risks were considered high (10
under existing climate conditions and 25 additional risks under future conditions). These results are
summarized in Table 7-1 below. The complete risk spreadsheets are included in Appendices B and C.
Table 7-1

Climate Change Vulnerability Assessment of the Town of Prescott's Sanitary Sewage System
Category Description

Risk Category

Existing Climate
Conditions

Future Climate
Conditions

Total Number of Risks Identified and Assessed

580

1036

High Risks

10

35

Medium Risks

11

20

Low Risks

559

981

The key findings of the project are listed below:


Precipitation related events have the most significant impact on the Town of Prescott’s sanitary
sewage system.



Temperature related events have limited impacts on the Town of Prescott’s sanitary sewage
system, save when there is a combination of sustained high temperature during winter rain
conditions resulting in snow melt



All of the other climate events considered generally result in low risk to the system.



The sanitary sewers are susceptible to high intensity, short duration rainfall events and snowmelt
conditions (sustained high temperature in the winter with snow on the ground)



The top risks identified were for the sewage pumping stations. Sewage pumping stations are
susceptible to precipitation events in account to the large amount of inflow into the sanitary sewer
system. The most significant being heavy 5 day total rainfall, heavy rain, heavy winter rain, high
intensity short duration rainfall, and sustained high temperature in the winter with snow on the
ground.



Sewage Pumping Station No. 3 and 4 are susceptible to electrical equipment failure during high
temperature and heat wave conditions. This is due to lack of ventilation within the shed enclosure
building structures.



The Prescott WPCC has the ability to handle current and projected flows due to climate change.
However, flows due to precipitation related events limit the Town’s ability for additional growth.



The aerobic digester at the Prescott WPCC is susceptible to freezing during low temperature
conditions (less than 10 degrees C) and cold waves.



The sludge beds at the WPCC are very sensitive to climate conditions. Their proper functioning
depends on having dry conditions prior to the farming season to have sufficient time to dry the
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sludge. Otherwise, sludge cannot be transported to farmers’ fields and wet sludge stored in the
sludge storage tank has to be sent to a landfill.


It is forecasted that high temperature, heat wave, heavy rain and heavy 5-day total rainfall events
will increase in frequency in the future.

Based on a review of the background information referenced, and the findings of the risk assessment, the
following is recommended.
1. The top risks identified corresponded generally to overflow events at the sewage pumping station
due to limited capacity to handle the flows. Given that these events are caused by infiltration and
inflow issues within the system (i.e. the capacity of the pumping stations is sufficient to handle
normal and peak dry weather flow operating conditions), it is not recommended that the capacity
of the sewage pumping stations be expanded. Instead, it is recommended that the sources of
inflow and infiltration be eliminated.
2. Ainley’s 1996 Sanitary Sewer System Optimization Study concluded that service connections and
maintenance holes in poor condition were a significant source of infiltration. Roofleaders, sump
pumps and foundation drains located on private property were considered the main source of
inflow. It is recommended that a program be initiated to identify and eliminate such connections to
the sanitary sewer system.
3. It is recommended that a flow monitoring program be conducted and that a sanitary/stormwater
system model be developed to assess the effectiveness of the previous sewer separation works,
to determine whether eliminating/reducing the infiltration and inflow in the system is practical, and
to develop an action plan to address the infiltration and inflow issues.
4. It is recommended that insulation be installed on the walls of the existing digester tanks to
mitigate the incidence of freezing events. The possibility of covering the tanks should also be
investigated.
5. It is recommended that this risk assessment be reviewed yearly to incorporate the results of the
above recommendations. It is further recommended that a risk assessment be conducted
including other types of risks (in addition to climate-related events) as part of an asset
management and capital planning program.
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Disclaimer

This report has been prepared by GENIVAR Inc. 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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Workbook Material for the Risk
Assessment Workshops

AGENDA

AGENDA
Climate Change Vulnerability Assessment of the Town of Prescott's Wastewater
Collection System
Workshop Agenda
Town of Prescott, 360 Dibble Street West
Community Room, September 30, 2010, 9:30 a.m.

1. Welcome and Introductions

9:30 a.m.

2. Overview/Purpose of Workshop

9:45 a.m.

3. Review of infrastructure Components
and Vulnerability Assessment Approach

10:00 a.m.

4. Overview of Risk Assessment Matrix

10:50 a.m.

5. Group Discussion

11:00 a.m.

LUNCH

12:00 p.m.

6. Resume Group Discussion

12:30 p.m.

7. Wrap Up

MARKHAM

600 Cochrane Drive, 5th Floor, Markham, Ontario L3R 5K3

4:30 p.m.

Tel.: (905) 475-7270 Fax: (905) 475-5994

S:\MA\10\MA-10-048-00-MA - Prescott PIEVC Climate Change Assessment\Risk Assessment\Workshop\Workshop Agenda.doc

PIEVC Protocol Sample Probability Scale Factors

Proposed Probability Scale Factors
Probability
Negligible or not
applicable
Improbable

Description
Occurrence is not possible

Rating
0

Occurrence is possible but highly unlikely

1

Rare

May occur in exceptional circumstances, and has
not occurred in the past OR equipment is new (within
warranty period)

2

Unlikely

Could occur at some time. Historically, has occurred
less than once every 10 years OR component is
refurbished or rebuilt.

3

Possible

Has occurred or may occur once or more every 5 years OR
equipment is approaching the end of its life cycle.

4

Has occurred or may occur on an annual basis

5

Has occurred or may occur on a monthly to quarterly basis.

6

One or more occurrences on a monthly or more
frequent basis OR equipment has exceeded its life cycle.

7

Likely
Very Likely
Imminent

PIEVC Protocol Sample Severity Scale Factors

Proposed Severity Scale Factors
Severity

Negligible

Description

Rating

No impact

0

Insignificant

No injuries or illness; no environmental impact; population is
unaffected; minor investment required (current O&M budget);
no loss of Town’s reputation.

1

Minor

Potential injuries or illness; minor environmental impact; low or no
impact to population; unplanned investment would be required
to repair / replace but could be covered by current budget; no loss
of the Town’s reputation.

2

Significant

Minor injuries or illness; easily reversible environmental impact;
small population affected for short period of time; unplanned
investment would be required to repair / replace ($25,000-$50,000);
non-compliance, some potential loss of Town’s reputation - easily
regained.

3

Major

Major injuries or illness; easily reversible environmental impact;
small population affected for short period of time; unplanned
investment would be required to repair / replace ($50,000-$75,000);
non-compliance, some potential loss of Town’s reputation - easily
regained.

4

Serious

Serious injuries or illness; easily reversible environmental impact;
small population affected for short period of time; unplanned
investment would be required to repair / replace ($75,000$100,000); non-compliance, some potential loss of Town’s
reputation - easily regained.

5

Critical

Severe injury or health hazards; significant and/or not easily
reversible environmental impact; small population affected for
extended period of time or large population affected for
minimal amount of time; unplanned investment would be required to
repair / replace ($100,000-$150,000), basement flooding, severe
loss of Town’s reputation.

6

Catastrophic

Death or serious injury; severe and irreversible contamination;
large population affected for
extended period of time;
significant unplanned investment would be required to
repair/replace (greater than $150,000); significant loss of Town’s
reputation.

7

Process Hydraulic Limits
2009 Max Day Flow
(8,197 m3/d)

Peak Wet Weather Flow
(15,750 m3/d)

Low Lift Pumping Station (PS
6)

2009 Average Day Flow
(2,730 m3/d)

January 25, 2010 Bypass
(18,114 m3/d)

Prescott WPCP Process Systems

Inlet Works - Vortex Grit
Separators
Average Dry Weather Flow
(5,866 m3/d)

Inlet Works - Grinder

Peak Dry Weather Flow
(11,732 m3/d)

Sequencing Batch Reactors

Effluent Equalization Tank

UV Disinfection System

Effluent Outfall

Plant Bypass/Overflow

2,600

4,600

6,600

8,600

10,600
Capacity (m3/d)

12,600

14,600

16,600

18,600

National Engineering Vulnerability Assessment of Public Infrastructure to Climate Change

Prescott Sanitary System

Risk Assessment Workshop

September 30, 2010

Workshop Overview
•
•
•
•
•
•
•
•

Welcome / Introductions
Project Overview
The PIEVC Protocol
Overview of Infrastructure
Overview of Climate Analysis
Risk Assessment Methodology
Structure of Workshop
Next Steps

Project Overview
• Engineers Canada and its partners established the Public Infrastructure
Engineering Vulnerability Committee (PIEVC)
• The PIEVC is conducting the National Engineering Vulnerability
Assessment project

– To assess vulnerability of public infrastructure to impacts of climate change
to provide recommendations to amend infrastructure codes, standards, and
engineering practices

• The PIEVC is studying four categories of infrastructure:
–
–
–
–

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

• The PIEVC has developed an engineering protocol to ensure the
various pilot studies follow the same general methodology and produce
consistent results

Objective of the Project
• To identify components of the Town of Prescott Sanitary System which
are at an increased risk from potential future climate changes using the
PIEVC Protocol

The PIEVC Protocol
• The PIEVC Protocol is a step by
step process to assess the impacts
of climate change on infrastructure
• The objective of the Protocol is to
assist infrastructure owners and
operators to incorporate climate
change
adaptation
into
design, development and decisionmaking

The PIEVC Protocol
• The PIEVC Protocol is
iterative, FIVE step process:
1.
2.
3.
4.
5.

Project Definition
Data Gathering & Sufficiency
Risk Assessment
Engineering Analysis
Conclusions and
Recommendations

an

PIEVC Protocol: Step 1
Project Definition
– Establish the study area
– Define the infrastructure system
– Define the boundary conditions for the vulnerability assessment

Step 1:
Project Definition

Step 2:
Data Gathering &
Sufficiency

Step 3:
Risk Assessment

Step 4:
Engineering
Analysis

Step 5:
Conclusions &
Recommendations

Study Area
• The Town of Prescott’s sanitary sewage system consists of:
– A network of sanitary sewers (including maintenance holes)
– Four sewage pumping stations
– The Prescott Water Pollution Control Centre (WPCC)

Step 1:
Project Definition

Step 2:
Data Gathering &
Sufficiency

Step 3:
Risk Assessment

Step 4:
Engineering
Analysis

Step 5:
Conclusions &
Recommendations

PIEVC Protocol: Step 1
• The Town of Prescott’s sanitary sewage system
consists of:
– A network of sanitary sewers (including maintenance holes)
– Four sewage pumping stations
– The Prescott Water Pollution Control Centre (WPCC)

PIEVC Protocol: Step 2
• Data Gathering and Sufficiency
– Define infrastructure systems to be assessed
– Determine climatic factors to be considered
– Define interactions to be evaluated

Step 1:
Project Definition

Step 2:
Data Gathering &
Sufficiency

Step 3:
Risk Assessment

Step 4:
Engineering
Analysis

Step 5:
Conclusions &
Recommendations

Infrastructure Component: Sewers
• Sewer components have been
defined by street name (location of
installation)
• Components include sewer pipe and
connecting manholes
• Sewer components have common
pipe diameter, material of
construction and year of installation

Infrastructure Component: Sewers

Concrete Pipe
5 % of Total Sewer Components
Installed during 1970

Asbestos Cement Pipe (ACP)
29 % of Total Sewer Components
Installed from 1950 to 1988

PVC Pipe
33 % of Total Sewer Components
Installed from 1978 to 2006

Vitrified Clay Pipe
34 % of Total Sewer Components
Installed from 1890 to 1978

Infrastructure System: Pumping Stations
• Pumping Stations 3, 4, and 5 convey flows consecutively from Prescott
to the Town of Prescott WPCP
• Pumping Station 6 is a Low Lift Pumping Station located at the WPCP

Pumping Station
3

Pumping Station
4

Pumping Station
5

Pumping Station
6

Infrastructure System: Pumping Stations
• Pumping Stations include several subsystems
• However, for the purposes of this study, each pumping station will be
considered a single component

Infrastructure Components: PS 3 & PS4

Station Building

Wet Well Access (To Pumps)

Pump Starters

Standby Generator

Infrastructure Component: PS 5

Motor Control Center
(MCC)

Standby Generator

Station Building

Wetwell
Access Hatch to Wetwell

Infrastructure Component: PS6
Access to Dry Well

Station Building

Motor Control Center (MCC)

Infrastructure Component: Forcemains
From: Pumping Station 3

To: Discharge Manhole, Water Street

Length: 332 m

Size: 150 mm

Material: PVC

Year of Installation: 2006

From: Pumping Station 4

To: Discharge Manhole, Fort Hill

Length: 308 m

Size: 300 mm

Material: PVC

Year of Installation: 2006

From: Pumping Station 5

To: Discharge Manhole 51

Length: 1,334 m

Size: 400 mm

Material: PVC

Year of Installation: 1970

From: Pumping Station 6

To: Headworks

Length: 150 m

Size: 350 mm

Material: PVC

Year of Installation: 2006

Infrastructure System: WPCP
• WPCP has been divided into 9 Process Systems
• For this study, each Process System will be considered a single
component
WPCC Infrastructure Major Process Areas
Inlet Works
Phosphorus
Removal System

Sequencing Batch
Reactors

Aerobic Digester &
Digested Sludge
Storage Tank

Sludge Drying Beds

Effluent Equalization
Tank

Power Supply

UV Disinfection
System

Effluent Outfall
Chamber & Sewer

Infrastructure Component: Headworks
Vortex Grit Separator

Inlet Channel

Vortex Grit Separator

Infrastructure Component: Sequencing
Batch Reactors (SBR)
Sequencing Batch
Reactor

Sequencing Batch
Reactor

Blowers

Infrastructure Component: Effluent
Equalization Tank

Infrastructure Component: UV Disinfection
System

Control Panel

UV Channels

Water Sampler

Infrastructure Component: Effluent Outfall

Infrastructure Component: Aerobic Digester

Infrastructure Component: Sludge Drying
Beds

Infrastructure Component: Standby Power
Standby Generator
Fuel Storage Tanks

Infrastructure Component - Other
• Other Facility Components
– Personnel
– Facility Access
– Paging System

Climate Analysis & Projections - Objectives
• To establish a set of climate parameters relevant to Prescott
• To establish a probability score for each relevant climate
parameter using available data sources
– Existing/historical
– Future (2050s)
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Step 5:
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Climate Analysis & Projections – Data Sources
•
•

Where possible, climate data were collected from the climate station nearest
Prescott - Brockville PCC
For certain data sources/climate parameters data were only available for major
centres, the nearest of which included Ottawa & Toronto (Int’l Airports)
Historical

EC – Canadian Climate Normals
EC – Ontario Node of Canadian Atmospheric Hazards Network
EC – Climate Data Online: Daily Data Report [Bulk CSV Data File]
EC – Canadian Daily Climate Data (CDCD) (Version 1.2)
Regional/local studies, trends and other literature

Future

EC – Canadian Climate Change Scenarios Network (mean of medians using Ensemble
Scenarios for A2, A1B and B1 or “low”, “medium” and “high”, respectively)
Regional/local studies and other literature
Intergovernmental Panel on Climate Change (IPCC) AR4

Climate Analysis & Projections - Parameters
21 climate parameters identified
High Temperature
Low Temperature
Heat Wave
Cold Wave
Extreme Diurnal
Temperature Variability

Heavy 5-Day Total
Rainfall
Heavy Winter Rain
Freezing Rain
Ice Storm
Blowing Snow/Blizzard

Freeze/Thaw

Heavy Snowfall

Heavy Rain

Snow Accumulation

Lightning
Hail
Hurricane/Tropical Storm
High Wind
Tornado
Drought/Dry Periods
Heavy Fog

Climate Analysis & Projections - Definitions
•

For the purpose of this study, definitions were chosen based on their:

– potential for causing vulnerability
– relation to available indices (historical and/or future)
– ability to relate to probability

Heat Wave
3 consecutive
days >= 32°C

Extreme Diurnal
Temperature Variability
diurnal temperature
variation >= 25°C

Freeze/Thaw

Heavy Rain

> average no. of days
(65) with max temp >
0°C AND min temp <
0°C

>= 50mm of rain falling
within 12 hours

Probability of a climate event was defined in terms of the number of times
an event is expected to occur in a given year (number of days)

Climate Analysis & Projections - Definitions
•

Two tiers of climate parameter definitions were established
1) ‘Extreme’ or ‘phenomenal’ climate events where a single event
may cause vulnerability (e.g. tornado) OR where persistence of
the event does not significantly increase the potential for
vulnerability compared with a single event (e.g. Heavy Fog). (20
parameters)
2) Common climatic events where vulnerability is mostly or only
related to persistence (e.g. freeze/thaw cycles). (1 parameter)
• Defined in terms of comparison to the historical average

Climate Analysis & Projections – Data Gathering
• As study evaluates changes in climate referenced from
existing conditions, both historical and future climate
data were used
• Where possible, historical data were represented by
1971-2000
• Future climate projections were for the 2050s (20412070 period)
• Change in climate between these periods is represented
by the change of probability scores between “historical”
and “future”
• Purpose of establishing probability scores for climate
parameters is to assist in completing Protocol’s Step 3
Risk Assessment

PIEVC Protocol: Step 3
• Risk Assessment
– Identify interactions between infrastructure, climate and other factors
leading to vulnerability (for historical and future [2050s])
R=PxS

where,
P = Pc x Pf
therefore, R = (Pc x Pf) x S
Pc =
Pf =
P =
S =

Probability score representing climate event’s occurrence
Probability of same climate event causing vulnerability to infrastructure component
Probability of climate event causing vulnerability
Severity
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Protocol’s Probability Scale Factors

Risk Assessment – Determining Historical Pc
•
•
•

Established known historical frequency
Related frequencies to PIEVC Protocol Probability Scale Factors
(Method A) via developed scoring mechanism
Assigned 0-7 score to matrix
PIEVC Probability Score

Method A

Calculated Number of
Occurrences per Year (range)

0

Negligible or not applicable

0

1

Improbable / highly unlikely

>0 – 0.05

2

Remote

>0.05 – 0.1

3

Occasional

>0.1 – 0.25

4

Moderate / possible

>0.25 – 0.5

5

Often

6

Probable

7

Certain / highly probable

>0.5 – 1
>1 – 2
>2

Risk Assessment – Determining Historical Pc
Example: High Temperature
•
•
•
•

Definition selected with threshold that is both reflective of high
temperature yet still achievable (to avoid a historical value of “0”)
Maximum temperature >=33oC (Max temp ever recorded was 35.6°C - July 30,1960)
0.2 days per year (6 events / 30 years) with max temp of >= 33°C from
1971-2000 (Brockville PCC)
Translates to a probability scale factor of “3”
PIEVC Probability
Score
3

Method A

Occasional

Calculated Number of
Occurrences per Year
(range)
>0.1 – 0.25

Risk Assessment – Determining Future Pc
• Re-evaluated/adjusted scores from historical for each
parameter (future matrix)
• Analysis of CCCSN model output conducted and utilized
where possible
–
–

Median anomalies selected for each ensemble scenario (i.e. A2, A1B
and B1) - removes influence of outlying model output
Mean of medians – accounts for all scenarios equally

• Scientific literature used to support decisions
• Score not changed in absence of information

Risk Assessment – Determining Future Pc
Example: High Temperature
•

Output projects a mean max summer air temperature increase of
2.28°C for grid cell encompassing Prescott (2050s)

•

High temperature change factor of +2.28°C was back referenced to
number of days in historical period (1971-2000) with maximum
temperature >= to 31°C (as 31°C + 2.28°C = >33°C).

•

1.97 days per year (59 events / 30 years) identified, which translates
to a probability scale factor of “6” for future
PIEVC Probability
Score
6

Method A

Probable

Calculated Number of
Occurrences per Year
(range)
>1-2

Risk Assessment – Determining Pf

0 0.1

Probability of failure
is negligible or not
applicable

0.25

0.5

0.75

0.9 1

Probability of failure
is certain

Risk Assessment – Determining S
Severity
Negligible

Insignificant

Description

No impact
No injuries or illness; no environmental impact; population is unaffected; minor investment
required (current O&M budget); no loss of Town’s reputation.

Rating
0
1

Potential injuries or illness; minor environmental impact; low or no impact to population;
unplanned investment would be required to repair / replace but could be covered by current
budget; no loss of the Town’s reputation.

2

Significant

Minor injuries or illness; easily reversible environmental impact; small population affected for
short period of time; unplanned investment would be required to repair / replace ($25,000$50,000); non-compliance, some potential loss of Town’s reputation - easily regained.

3

Major

Major injuries or illness; easily reversible environmental impact; small population affected for
short period of time; unplanned investment would be required to repair / replace ($50,000$75,000); non-compliance, some potential loss of Town’s reputation - easily regained.

4

Serious injuries or illness; easily reversible environmental impact; small population affected for
short period of time; unplanned investment would be required to repair / replace ($75,000$100,000); non-compliance, some potential loss of Town’s reputation - easily regained.

5

Minor

Serious

Critical

Catastrophic

Severe injury or health hazards; significant and/or not easily reversible environmental impact;
small population affected for extended period of time or large population affected for minimal
amount of time; unplanned investment would be required to repair / replace ($100,000$150,000), basement flooding, severe loss of Town’s reputation.
Death or serious injury; severe and irreversible contamination; large population affected for
extended period of time; significant unplanned investment would be required to repair/replace
(greater than $150,000); significant loss of Town’s reputation.

6

7

PIEVC Protocol: Step 3
• Risk Assessment
– Identify interactions between infrastructure, climate and other factors
leading to vulnerability (for historical and future [2050s])
R=PxS

where,
P = Pc x Pf
therefore, R = (Pc x Pf) x S
Pc =
Pf =
P =
S =

Probability score representing climate event’s occurrence
Probability of same climate event causing vulnerability to infrastructure component
Probability of climate event causing vulnerability
Severity
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PIEVC Protocol: Step 3
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Process Hydraulic Limits
2009 Max Day Flow
(8,197 m3/d)

Peak Wet Weather Flow
(15,750 m3/d)

Low Lift Pumping Station (PS
6)

2009 Average Day Flow
(2,730 m3/d)

January 25, 2010 Bypass
(18,114 m3/d)

Prescott WPCP Process Systems

Inlet Works - Vortex Grit
Separators
Average Dry Weather Flow
(5,866 m3/d)

Inlet Works - Grinder

Peak Dry Weather Flow
(11,732 m3/d)

Sequencing Batch Reactors

Effluent Equalization Tank

UV Disinfection System

Effluent Outfall

Plant Bypass/Overflow

2,600

4,600

6,600

8,600

10,600
Capacity (m3/d)

12,600

14,600

16,600

18,600

Structure of Workshop
• Identify hazardous events/interactions causing vulnerability
between climate events and infrastructure components
– Spreadsheet has been pre-populated to facilitate discussion

• Other hazardous events to consider
–
–
–
–

Fire
Employee Strike
Chemical Shortage
Population growth

• For each hazardous event
– Assign a value of Pf and S
– Calculate P = Pc X Pf
– Determine R = P X S

• Document existing preventive measures

Next Steps
• Document findings of workshop
• Conduct Engineering Analysis on medium risks
• Develop Conclusions and Recommendations
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Appendix B
Risk Assessment Spreadsheet –
Existing Conditions

Appendix C
Risk Assessment Spreadsheet Future Conditions

