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Executive Summary 

The Federal Government, through Natural Resources Canada, has committed to delivering 
a national-scale assessment of Canada’s public infrastructure vulnerability to climate change 
impacts. The assessment is being administered by Engineers Canada, which established a 
special committee to oversee the assessment’s planning and execution. This committee, 
known as the Public Infrastructure and Engineering Vulnerability Committee (PIEVC), 
identified four infrastructure priorities for review: 

1. Roads and Associated Infrastructures 
2. Buildings 
3. Storm Water and Waste Water Systems 
4. Water Resource Systems 

Several case studies are presently being carried out across Canada in the four priority areas 
as part of Phase III of the four-phase national assessment process. This report presents the 
results of the case study undertaken for the Quesnell Bridge in Edmonton, Alberta, 
representing the Roads and Associated Structures category. This case study, as well as the 
others being completed across Canada, will be incorporated into the First National 
Engineering Vulnerability Assessment Report in Phase IV of the national assessment 
process.  

This Quesnell Bridge case study was undertaken following the steps outlined in the PIEVC 
Engineering Protocol for Climate Change Infrastructure Vulnerability Assessment (October 2007) 
(the Protocol) which was developed by PIEVC for the purpose of providing a uniform 
platform in assessing infrastructure vulnerability to climate change. The five major steps in 
the protocol guide the practitioner in defining the project parameters and gathering relevant 
information, then, subsequently, in performing qualitative and indicator analyses to identify 
whether vulnerability exists in certain infrastructure components. If vulnerability is 
identified, the practitioner then provides recommendations and proposes actionable items 
for the particular infrastructure and/or for the design or evaluation of similar structure 
types in general. Since it is recognized that data may not always be accessible, the Protocol 
allows the practitioner to state any data gaps and propose methods to develop the data for 
future studies. 

The climatic information used in this assessment was obtained from Ouranos Consortium 
(Ouranos), which is a Montreal-based organization specializing in regional climate change 
and adaptation to climate change. Ouranos’ analysis, based on historical meteorological 
parameters and regional climate models, provides climate projection estimates for the North 
Saskatchewan River (NSR) Drainage Basin, within which the Quesnell Bridge is located. 
Ouranos’ climate projection estimates were then used in the vulnerability assessment. 

A unique feature of the Quesnell Bridge case study was that the structure is currently 
undergoing rehabilitation and upgrade in order to accommodate increased traffic loads. As 
a result, many of the components assessed in this case study are being currently evaluated 
for rehabilitation or replacement in the next 1 to 2 years. This provides an opportunity to 
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consider whether the design criteria being used in the rehabilitation are appropriate or 
whether the results of this vulnerability assessment indicate otherwise. 

Upon completion of the Quesnell Bridge case study, two infrastructure components were 
flagged as showing signs of vulnerability: the wearing surface of the deck system and the 
drainage system, which includes the deck drainage and the retention pond. As these 
components are being replaced as part of the bridge rehabilitation project, the vulnerability 
is not assessed in terms of existing components, but in terms of potential proposed 
alternatives, should they be designed according to current standards and processes using 
typical design climatic data. It is recommended that applicable design procedures and 
guidelines be reviewed and further study be conducted, so that design of these components 
will take into account changing or extreme climatic events. Although failure of these 
components will not lead to catastrophic failure of the bridge, it does constitute a public 
safety issue, as their performance (such as de-icing effects) can directly impact bridge traffic. 
Under changing climate conditions, the ability for these components to have consistent 
performance may be compromised and may require further re-evaluation.  

An additional finding from this study reveals that some of the climate data used in the 
current bridge design standard (S6-06) may not be very current, in some cases dating back 
to the 1960s. It is recommended that the relevant data used in affected code(s) be reviewed 
to assess how it may be updated to reflect not only more current data collection, but also 
potential climate change impacts. Although only two areas of potential vulnerability were 
identified for the Quesnell Bridge, other general areas of concern were identified that may 
be applicable to bridges of other type and/or geographic location. For a more 
comprehensive assessment of bridge infrastructure across the country, it would be prudent 
to undertake further assessments to capture a range of bridge types and locations across 
Canada. 

 



 

TB032008003VBC/361859A1PM iii 
COPYRIGHT 2008 BY CH2M HILL CANADA LIMITED • ALL RIGHTS RESERVED • COMPANY CONFIDENTIAL 

Contents 

Executive Summary.............................................................................................................................i 

1. Introduction.........................................................................................................................1-1 
1.1 Background .............................................................................................................1-1 
1.2 Purpose ....................................................................................................................1-2 
1.3 PIEVC Engineering Protocol for Climate Change Infrastructure 

Vulnerability Assessment......................................................................................1-2 
2. Quesnell Bridge Infrastructure Vulnerability Assessment........................................2-1 

2.1 Step 1 – Project Definition .....................................................................................2-1 
2.1.1 Identify the Infrastructure........................................................................2-1 
2.1.2 Identify Climate Factors of Interest ........................................................2-2 
2.1.3 Identify the Time Frame ...........................................................................2-5 
2.1.4 Identify the Geography ............................................................................2-5 
2.1.5 Identify Jurisdictional Considerations ...................................................2-7 
2.1.6 Assess Data Sufficiency ............................................................................2-8 

2.2 Step 2 – Data Gathering and Sufficiency.............................................................2-9 
2.2.1 State Infrastructure Components ............................................................2-9 
2.2.2 State Climate Baseline.............................................................................2-16 
2.2.3 State the Timeframe ................................................................................2-21 
2.2.4 State the Geography................................................................................2-22 
2.2.5 State Specific Jurisdictional Considerations ........................................2-22 
2.2.6 State Other Potential Changes that Affect the Infrastructure ...........2-22 
2.2.7 Site Visit to the Quesnell Bridge............................................................2-22 
2.2.8 Assess Data Sufficiency ..........................................................................2-23 

2.3 Step 3 – Qualitative Analysis ..............................................................................2-23 
2.3.1 Prioritization Methodology ...................................................................2-23 
2.3.2 Scale the Performance Response of the Infrastructure 

Components .............................................................................................2-24 
2.3.3 Scale the Climate Effects.........................................................................2-26 
2.3.4 Scale Other Change Effects ....................................................................2-26 
2.3.5 Prioritize Climate Effect and Performance Response 

Relationships............................................................................................2-27 
2.3.6 Prioritize Other Effect and Performance Response 

Relationships............................................................................................2-28 
2.3.7 Assess Data Sufficiency ..........................................................................2-28 
2.3.8 Quesnell Bridge Workshop....................................................................2-28 



CITY OF EDMONTON 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 
FOR THE QUESNELL BRIDGE 

iv TB032008003VBC/361859A1PM 
COPYRIGHT 2008 BY CH2M HILL CANADA LIMITED • ALL RIGHTS RESERVED • COMPANY CONFIDENTIAL 

2.3.9 Summary of Matrix Results................................................................... 2-30 
2.4 Step 4 – Indicator Analysis ................................................................................. 2-31 

2.4.1 Data Gaps................................................................................................. 2-33 
2.5 Step 5 – Recommendations................................................................................. 2-34 

2.5.1 Limitations ............................................................................................... 2-34 
2.5.2 Recommendations in Step 5 .................................................................. 2-34 
2.5.3 Further Recommendations .................................................................... 2-36 

3. Conclusions......................................................................................................................... 3-1 

4. References ........................................................................................................................... 4-1 

5. Acknowledgements ........................................................................................................... 5-1 

6. Limitations .......................................................................................................................... 6-1 
 

Exhibits 

Exhibit 2-1  Climate Effects And Potential Change Factor................................................... 2-3 
Exhibit 2-2  Location of Quesnell Bridge in Edmonton, Alberta......................................... 2-6 
Exhibit 2-3  Approximate Location of the Study Area ......................................................... 2-7 
Exhibit 2-4  Quesnell Bridge – Plan and Elevation Following Rehabilitation................. 2-11 
Exhibit 2-5  Infrastructure Components ............................................................................... 2-13 
Exhibit 2-6  Sources of Baseline Data .................................................................................... 2-16 
Exhibit 2-7  Extreme Climatic Events Since 1900s ............................................................... 2-21 
Exhibit 2-8  Design Life of Infrastructure Components...................................................... 2-22 
Exhibit 2-9  Performance Response ....................................................................................... 2-25 
Exhibit 2-10  Probability Scale Factor...................................................................................... 2-27 
Exhibit 2-11  Severity Scale Factor ........................................................................................... 2-28 
Exhibit 2-12  Participants Inspecting the Bridge Soffit and Piers from the South Side.... 2-29 
Exhibit 2-13  Participants Looking over the Bridge from the North End .......................... 2-29 
Exhibit 2-14  Relationships with PC>16................................................................................... 2-31 
 

Appendices 

Appendix A PIEVC Protocol 
Appendix B Completed Worksheets 
Appendix C Climate Data Request Form 
Appendix D Ouranos Report 
Appendix E Extreme Climate Events 
Appendix F Bridge Code (S6-06) Climate Data 
Appendix G National Building Code (’05) Climate Data 
Appendix H Workshop Presentation 

 



 

TB032008003VBC/361859A1PM 1-1 
COPYRIGHT 2008 BY CH2M HILL CANADA LIMITED • ALL RIGHTS RESERVED • COMPANY CONFIDENTIAL 

1. Introduction 

1.1 Background 
The Federal Government has identified a need to deliver a national-scale assessment of 
Canada’s public infrastructure vulnerability to climate change impacts and its capacity for 
adaptation to such impacts. This assessment is in response to recent trends suggesting that 
global climate has and will continue to change; thus, potentially affecting engineering 
infrastructure in adverse ways. Climate change effects, including climate variability and 
weather extremes, may impose loads or conditions on the infrastructure that it was not 
designed to sustain, resulting in an unacceptable increase in risk. Infrastructure may have 
inherent capacity to adapt to such adverse effects, or it may exhibit vulnerability response. 
In the context of climate change, engineering vulnerability is defined as the level of risk of 
destruction, disruption, or deterioration of engineered public infrastructure resulting from 
changes in climatic conditions. It is a function of the character, magnitude, and rate of 
climate variation to which a system is exposed, its sensitivity, and its adaptive capacity 
(PIEVC Protocol, 2007).  

To define and assess this potential vulnerability, Natural Resources Canada has collaborated 
with Engineers Canada1 in funding and establishing the Public Infrastructure Engineering 
Vulnerability Committee (PIEVC). PIEVC’s role is to oversee the planning and execution of 
a broad-based national engineering assessment of the vulnerability of Canadian public 
infrastructure to climate change. For its first National Engineering Assessment, PIEVC 
identified four priorities for review: 

1. Roads and Associated  Infrastructure 
2. Buildings 
3. Storm Water and Waste Water Systems 
4. Water Resource Systems 

PIEVC has adopted a four-phase approach in order to review Canada’s infrastructure in 
these four priority areas in a systematic and comprehensive manner: 

1. Phase 1 – Scoping Study: Scope and develop draft protocol (completed) 
2. Phase 2 – Pilot Study: Conduct assessment using draft protocol (completed) 
3. Phase 3 – Canada-wide Assessment: Conduct case studies (including current report) 
4. Phase 4 – National Assessment Report: Integrate findings from Phase 3 

The Phase 1 Scoping Study comprised a planning stage to define the boundaries of the 
project and to create a formalized assessment process that would be used consistently 
throughout the national assessment, the so-called draft engineering protocol.  

The purpose of Phase 2 was two-fold: first, to conduct a Pilot Study on relevant 
infrastructure using the draft engineering protocol, and second, to evaluate the applicability 

                                                      
1 Engineers Canada is the business name for the Canadian Council of Professional Engineers. 
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and effectiveness of the draft engineering protocol itself. The subject of this first Pilot Study 
was the assessment of the water resources infrastructure in the City of Portage la Prairie in 
Manitoba. The draft protocol was revised based on the outcomes of the Pilot Study and 
issued as the PIEVC Engineering Protocol for Climate Change Infrastructure Vulnerability 
Assessment (the Protocol) in October 2007 (see Appendix A).  

The Phase 3 Canada-wide Assessment includes the execution of several climate change 
vulnerability case studies on selected infrastructure across Canada, representing all four of 
the identified priority areas described above. The Quesnell Bridge in Edmonton, Alberta is 
the subject of one of these case studies in the priority category of Roads and Associated 
Infrastructure.  

The findings from the various, individual, climate change vulnerability case studies 
conducted as part of Phase 3 will be presented to PIEVC in March 2008 and, subsequently, 
will be integrated into a National Assessment Report, which represents the final phase of 
the assessment. 

1.2 Purpose 
The purpose of this case study is to assess the climate change vulnerability of a selected 
bridge infrastructure in the City of Edmonton – the Quesnell Bridge over the North 
Saskatchewan River (NSR). This bridge was selected because it is a heavily used, key 
crossing of the River, an integral part of the City’s roadway network. Also, as the bridge is a 
water-crossing, a greater number of climate factors may be considered. Coincidentally, the 
bridge is currently undergoing rehabilitation and upgrading for increase in traffic loads 
which introduces an added dimension to the study, and any resulting recommendations 
may find immediate practical application. Furthermore, Edmonton represents a geographic 
location that experiences a variety of extreme climate conditions and weather events. 

The case study is based upon the process defined and set out in the Protocol (Appendix A). 
This report will describe how the Protocol was implemented, present the results obtained, 
and provide recommendations applicable to the Quesnell Bridge. Additionally, a broader 
discussion will be presented for Canadian bridge infrastructure in general. Key observations 
and findings from this report will then be incorporated into the National Assessment Report 
by the PIEVC. 

1.3 PIEVC Engineering Protocol for Climate Change 
Infrastructure Vulnerability Assessment 

The Quesnell Bridge climate change vulnerability assessment follows the Protocol 
developed by PIEVC. The Protocol provides a framework to define, evaluate, and prioritize 
information and relationships regarding climate change impacts on the infrastructure. 
Findings supported by this framework are able to facilitate decision-making on future 
operations, maintenance, planning, and development or potential upgrading or 
rehabilitation of the infrastructure. 
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The Protocol outlines five steps in the assessment process, as follows: 

1. Step 1: Project Definition 
2. Step 2: Data Gathering and Sufficiency 
3. Step 3: Vulnerability Assessment 
4. Step 4: Indicator Analysis 
5. Step 5: Recommendations 

Each of the five steps has an associated worksheet that guides the practitioner through the 
assessment (see Appendix B for Protocol Worksheets). This report will closely follow the 
steps outlined in the Protocol, with any deviations stated within relevant subsections. The 
structure of the report, likewise, follows the five steps in order to present background 
information and results in a consistent and clear manner. 
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2. Quesnell Bridge Infrastructure 
Vulnerability Assessment 

The following sections are organized according to the five steps (Worksheets) defined in the 
Protocol.  

2.1 Step 1 – Project Definition 
Section 2.1 identifies general project parameters and provides background information on 
the infrastructure, potential climate factors of interest, and relevant boundary conditions, as 
well as assesses data sufficiency. This step sets the stage for streamlining relevant 
information for use in subsequent steps.  

2.1.1 Identify the Infrastructure 
The 315-m-long Quesnell Bridge is located in Edmonton, Alberta and is one of nine roadway 
bridges crossing the NSR in the City. The City of Edmonton, with a population of 
approximately 730,000, is one of the two major cities in the province. Located at 53° north 
latitude and 113° west longitude, Edmonton is also considered a gateway to Canada’s north.  

The Quesnell Bridge is a major river crossing originally constructed in 1968. At that time, 
the bridge was originally designed as a five-lane structure, with two lanes of traffic 
southbound, three lanes of traffic northbound, 3.0 m outside shoulders to the concrete 
barriers, and 0.6 m inside shoulders to the centre median. The east side of the deck was 
constructed with a 4.5-m-wide sidewalk for pedestrian and bridle path usage. The bridge 
widens to the south, where the Fox Drive ramp merges with Whitemud Drive, adding a 
third northbound lane from the south end of Quesnell Bridge to 149th Street. 

Currently, the Quesnell Bridge carries Whitemud Drive vehicle traffic, pedestrians, and 
cyclists over the NSR. This bridge is an important and heavily used component of the City 
of Edmonton’s inner ring road system, with an estimated 120,000 vehicles crossing per day 
(CH2M HILL, 2007). The bridge is a 315-m-long, six-span structure, consisting of a 
50-m-long single span, a three-span continuous structure with a total length of 164.7 m, and 
a two-span continuous structure of 53.3-m and 46.6-m spans. The bridge superstructure 
consists of 10 lines of parabolic, precast, pre-stressed, and post-tensioned girders with a cast-
in-place deck. The bridge carries six lanes of structure with three southbound lanes, three 
northbound lanes, and a 4.5-m sidewalk.  

Since the Bridge was constructed, Edmonton has experienced several growth spurts, 
particularly in the late 1970s, and more recently in the last 5 years. Commensurate with the 
growth of the City and changes in its land use, traffic volume has increased considerably, 
including over the Quesnell Bridge. In order to alleviate the traffic congestion currently 
experienced on the Bridge, the City is in the process of implementing a rehabilitation and 
upgrading project which includes widening the Bridge to accommodate two additional 
lanes. The proposed, widened Quesnell Bridge is due to be completed in 2010. The 
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upgraded bridge will be an eight-lane structure, with four southbound lanes and four 
northbound lanes, complete with an additional emergency shoulder lane in each direction 
and a 4.2-m pedestrian walkway. Whitemud Drive will also be expanded to accommodate 
the widened bridge structure. The Quesnell Bridge and associated Whitemud Drive 
widening will accommodate future traffic growth and improve current traffic flows 
throughout the City of Edmonton’s road system.  

A recent assessment has been carried out on the Bridge due to the current rehabilitation and 
widening project underway. The assessment noted a high probability of corrosion at the top 
mat of the steel reinforcement in the bridge deck, as well as joint leakage in certain areas of 
the deck, leading to deterioration at the ends of some bridge girders. The existing bridge 
girders were analyzed for load capacity for the proposed deck system, and the analysis 
noted that there are shear capacity deficiencies near the girders’ end-span, as well as 
overstressed flanges near the mid-spans. Furthermore, the pier beams used to support the 
girders will require additional reinforcement to carry additional dead and live loads. 
Adjacent components, such as the riverbank protection, have also seen loss of support and 
signs of erosion due to the existing deck drains and river conditions.  

The City’s mandate is to extend the existing Bridge’s life by at least 50 years, which is a key 
goal of the rehabilitation and widening project. Some of the proposed work on this Bridge to 
achieve this goal includes the replacement of the bridge deck, strengthening and addition of 
girders, strengthening and lengthening of the pier caps, and repair of the riverbank 
protection. Along with the replacement of the bridge deck, a new drainage system and 
expansion joint assembly will be installed. 

Sources of information for infrastructure data include: 

1. CH2M HILL. 2007. Draft Preliminary Engineering Report for Whitemud Drive & Quesnell 
Bridge Project. No. 01. Prepared for The City of Edmonton. December. 

2. City of Edmonton. 2008. Quesnell Widening Project – Project Issues and Solutions. 
http://www.edmonton.ca/RoadsTraffic/quesnell_wmd/05_ProjIssues+Solutions.pdf 
Accessed on March 26, 2008. 

 

3. Earth Tech. 2004. The Quesnell Bridge and Whitemud Bridge Over Fox Drive – Preliminary 
Investigation into Rehabilitation and Widening. Prepared for The City of Edmonton. May. 

4. Mark F. Pinet & Associates Limited. 2007. Quesnell Bridge Rehabilitation Winter 
Maintenance Mitigation: Warrant Analysis and Functional Design Report. Prepared for the 
City of Edmonton. December 7. 

5. McBride - Ragan Consulting Engineers Ltd. 1967. The City of Edmonton Contract Drawings 
for the Quesnell Bridge Project. Contract No. 362-364. Prepared for the City of Edmonton. 

2.1.2 Identify Climate Factors of Interest 
Edmonton is located near the geographical centre of Alberta at an elevation of 668 m and is 
bisected by the NSR valley. The City has a northern continental climate with extreme 
seasonal temperatures, with an average low of -16° C in January to an average high of 
22.8° C in July (Mark F. Pinet & Associated Limited, 2007). Summer typically lasts from late 
June until late August, and winter generally starts in November and ends in March; 
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however, the winter season can vary greatly in length and in severity. The spring and 
autumn seasons are short and variable in length. With a fairly dry climate, Edmonton 
receives approximately 480 mm of precipitation and 124 cm of snowfall every year (Mark F. 
Pinet & Associated Limited 2007). In the summer season, thunderstorms can be frequent 
and occasionally severe, and could produce hail, damaging winds, and even tornadoes.  

Two categories of climate change information were considered: 

1. Climate change projections based on model simulations from selected Environment 
Canada data  

2. Historical information based on local records or colloquial knowledge 

The climate change projections for this study are provided by the Ouranos Consortium, a 
Montreal-based organization specializing in regional climate change and adaptation to 
climate change. The data used by Ouranos was obtained from Environment Canada’s 
national archives for a specified area of interest, which, for this case, is the Saskatchewan 
River Drainage Basin. This archived data was screened in order to determine data 
sufficiency. The criteria for selection of data included a data series length of at least 20 years, 
with less than 10 percent missing data, and a final year of record no earlier than 1995. Using 
this data, Ouranos ran a regional climate model based on model parameters similar to the 
Canadian global climate model  to produce climate projection data for key parameters, as 
requested for this particular case study. 

A list of relevant climate parameters was identified that may influence the vulnerability of 
the Quesnell Bridge and, therefore, should be considered in the assessment; these are 
summarized in Exhibit 2-1. This list was included in the Climate Data Request Form 
(Appendix C) provided to Ouranos to guide them in generating the relevant climate change 
scenarios.  

EXHIBIT 2-1  
Climate Effects And Potential Change Factor 

Climate Elements Potential Change Factor 

● Rate of change 

● Mean values 

● Extremes 

− High summer 

Temperature 

− Low winter 

● Frequency (One-Day, Short Duration Less than 24 hours, Multi-Day) 

● Total annual/seasonal precipitation and rain2 

● Intensity of rain events (One-Day, Short Duration less than 24 hours) 

● Proportion of annual and seasonal precipitation as rainfall 

Precipitation as Rain 

● Drought conditions 
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EXHIBIT 2-1  
Climate Effects And Potential Change Factor 

Climate Elements Potential Change Factor 

● Frequency 

● Total annual/seasonal precipitation and snow 

● Magnitude of snow events 

● Frequency and intensity of rapid snow melt events 

Precipitation as Snow 

● Rain on snow events 

● Mean values (1 hour mean winds) 

● Monthly 

● Seasonal 

● Annual 

● Extremes/gusts 

● Thunderstorm winds 

Wind Speed 

● Changes in hurricane and/or tornado event frequency/intensity 

Fog ● Changes in frequency or intensity of event 

Ice ● River or lake ice build-up 

● Frequency of events Hail 

● Magnitude of events 

● Freeze thaw cycles Frost  

● Change in frost season 

● Change in frequency/intensity of ice storm events Ice Accretion 

● Ice build-up on infrastructure elements 

 

Other than the climate projection data provided by Ouranos, it was recognized that extreme 
climate events based on local knowledge also provide a crucial piece of information for the 
study. Thus, local extreme climate events and their impacts were also collected through 
sources from the City of Edmonton and from discussion with local residents. This 
information includes records or a timetable of disasters that have occurred in Edmonton 
since the early 1900s, stating the year, description, and magnitude of effects from such 
events. The timetable recorded such climatic events as major river flooding, snowstorms, 
hailstorms, tornados, etc. From discussion with local residents, further details of some of 
these extreme events can be described from a resident’s perspective. It is noted by Ouranos 
that the regional and global climate models are not as reliable in predicting extreme weather 
events, and it is preferred to take a “what-if” approach or a sensitivity analysis in assessing 
the impact of future events. 
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Sources of information for climate data include: 

1. CH2M HILL. 2008a. PIEVC Workshop. Presented to the City of Edmonton. February. 

2. City of Edmonton. Edmonton Disaster Timetable. 
http://www.edmonton.ca/EmergServ/EmergPreparedness/EdmontonDisasterTimeta
ble.pdf. Accessed on March 28, 2008. 

3. Environment Canada. 2008. National Climate Archive. 
http://climate.weatheroffice.ec.gc.ca. Accessed on March 26, 2008. 

2.1.3 Identify the Time Frame 
The S6-06 definition of design life is the period of time, specified by an owner, during which 
a structure is intended to remain in service. Section 1.4.2.3 of S6-06 stated that the design life 
of new structures is to be 75 years unless otherwise approved. Because this is a 
rehabilitation and widening project, the design life was specified by the owner of the bridge 
– The City of Edmonton.   

The City’s primary goals for the current bridge widening and rehabilitation project is to 
extend the existing Bridge’s design life by at least 50 years, with minimal maintenance 
required during this time, including no need for major deck repairs. Although regular 
maintenance cycles, such as replacement of some expansion joint components or the water-
proofing membrane can range from 5 to 25 years, it is expected that components with high 
replacement costs, such as the bridge deck or girders, will be designed to avoid such work 
for at least 50 years.  

The Ouranos modelling included three time horizons, 2020 (2011 - 2040), 2050 (2041 - 2070), 
and 2080 (2071 – 2100), which capture the relevant timeframe of 50 years (i.e., 2060, based on 
a construction completion date of 2010). 

2.1.4 Identify the Geography 
The Quesnell Bridge crosses the NSR in Edmonton just west of downtown on a relatively 
straight stretch of the river (Exhibit 2-2). Edmonton, located in central Alberta within the 
NSR Valley, is south of the permafrost region in a transition zone between prairie grassland 
to the south and northern boreal forests.  

The area around Edmonton is generally flat, with a gradual slope upwards towards the 
southwest. The valley features long, steep-sided slopes that include some relatively flat 
terraces (ASIC, 2001). Slopes range from 1 – 5 percent on terraces and up to 35 percent on 
the side slopes. The NSR Valley is recognized to be a nationally significant, environmentally 
sensitive area as it is a major river valley remaining relatively intact within an urban setting 
(Geowest, 1993). See Exhibit 2-2 for an aerial photograph of the site. 
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EXHIBIT 2-2  
Location of Quesnell Bridge in Edmonton, Alberta 

 

The NSR is located within the upper portion of the Saskatchewan River Drainage Basin. 
Exhibit 2-3 shows the location of the Quesnell Bridge and the study area within the 
approximate location of the drainage basin. The boundary shown schematically in the 
image represents the specified geographical boundary for the purposes of generating 
climate change scenarios. 

Quesnell 
Bridge 
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EXHIBIT 2-3  
Approximate Location of the Study Area  

 

Information on the geography of the Edmonton region can be found in the following 
sources:  

1. Alberta Research Council; Alberta Agriculture Food and Rural Development; 
Agriculture and Agri-Food Canada - Land Resource Unit. Alberta Soil Information 
Centre (ASIC). 2001. AGRASID 3.0: Agricultural region of Alberta soil inventory 
database (Version 3.0). J.A. Brierley, T.C. Martin, and D.J. Spiess, eds. February 14. 

2. Geowest Environmental Consultants Ltd. 1993. Inventory of Environmentally Sensitive 
Sites and Significant Natural Areas. Technical Report prepared for the City of Edmonton 
Planning & Development. 

2.1.5 Identify Jurisdictional Considerations 
The following government agencies have jurisdictional control over the Quesnell Bridge: 

• City of Edmonton: 
− Owner of bridge 
− Responsible for operations and maintenance (O&M) 
− Ensures development fits with overall City planning and environmental policies 

Quesnell 
Bridge 

Study Area within the 
Upper Portion 
of Saskatchewan 
River Drainage  
Basin 
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• Province of Alberta: 
− Provides guidelines and specifications on bridge design, rehabilitation, and 

construction 

• Environment Canada: 
− Applicable for any in-stream work that needs to be done 

• Department of Fisheries and Oceans (DFO): 
− Applicable for any work affecting the fish habitat 

• Transport Canada: 
− Applicable for any changes in water level affecting clearance (Navigable Waters 

Protection Act [NWPA]) 

Relevant standards or guidelines used for the design, operation, and maintenance of the 
infrastructure include: 

1. Canadian Standards Association. 1990. National Building Code. 

2. Canadian Standards Association. 2006. CAN/CSA-S6-06 Canadian Highway Bridge Design 
Code. November. 

3. Alberta Infrastructure and Transportation. 2002a. Bridge Construction Inspection Manual – 
2002. http://www.infratrans.gov.ab.ca/2652.htm. Accessed on March 28, 2008. 

4. Alberta Infrastructure and Transportation. 2002b. Engineering Consultant Guidelines for 
Highway and Bridge Projects Volume 1 – Design and Tender – 2002. 
http://www.infratrans.gov.ab.ca/915.htm. Accessed on March 28, 2008. 

5. Alberta Infrastructure and Transportation. 2005. Repair Manual of Concrete Bridge 
Elements. V2.0. http://www.infratrans.gov.ab.ca/565.htm Accessed on March 28, 2008. 

6. Alberta Infrastructure and Transportation. Bridge Inspection and Maintenance System – 
Inspection Manual– V3.0. http://www.infratrans.gov.ab.ca/2656.htm Accessed on March 
28, 2008. 

2.1.6 Assess Data Sufficiency 
2.1.6.1 Infrastructure Data 
In general, the infrastructure data set was considered to be complete and adequate and 
available readily from City of Edmonton records. However, it appears that maintenance 
records are not maintained in the same manner. A complete maintenance record of the 
specific frequency, approach, and quantity of snow removal used during each winter season 
would have been of interest in this assessment. This information could assist the practitioner 
in drawing a relationship between snowfall frequency or intensity and snow removal 
burden.  

2.1.6.2 Climate Data 
Climate data used for design and as input into climate models is based on observed weather 
station data which may not capture all extreme events. It was acknowledged that extreme 
weather events are of interest in this study; therefore, efforts would be made to collect 
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information on these. Whereas the source for observed weather station data is Environment 
Canada, extreme event information will likely come from diverse and, perhaps, informal 
sources. One way to capture as much information as possible was to interview local 
Edmonton residents and practitioners. 

2.2 Step 2 – Data Gathering and Sufficiency 
The purpose of this step is to gather the data for both the infrastructure and related climatic 
events from the sources identified. An assessment of the sufficiency of this data is also 
provided. 

2.2.1 State Infrastructure Components 
This study considers all components of the bridge, including: abutments, piers, and 
approach slabs (see Exhibit 2-4). 
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EXHIBIT 2-4  
Quesnell Bridge – Plan and Elevation Following Rehabilitation 
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Exhibit 2-5 presents a breakdown of the various infrastructure components. A discussion on 
each component will follow. 

EXHIBIT 2-5  
Infrastructure Components 

System Components 

Regular maintenance crew 
Maintenance equipment 
Snow removal personnel 

O&M 

Snow removal equipment/material 

Cast-in-place concrete 
Reinforcement 
Wearing surface 
Water-proofing membrane 

Deck 

De-icing system/approach 

Finger joint 
Trough and downspout system 
Modular joint 

Expansion Joints 

Seal 

Bearings Elastomeric bearing seats 

Existing pre-cast girders 
Exterior post-tension system 
Fibre wrap for shear reinforcement 

Girders 

NU pre-cast girders 

Concrete bearing seat, walls 
Approach slab (3.2 m) 
Steel H-piles (south) 

Abutment 

Cast-in-place concrete bell pile 

Concrete pier shafts (2 each) 
Concrete spread footings set into bedrock 
Existing post-tensioned concrete pier cap 

Piers – Columns 

New exterior post-tensioned system 

Deck drainage 
Retention pond 

Drainage System 

Stormsceptor 

Steel railing (for pedestrians) 
Barriers 

Accessories 

Lamp/lamp posts 

North bank River Bank 
South bank 

Adjacent Infrastructure Upstream dam 
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2.2.1.1 Operations and Maintenance 
The operations component of the bridge includes the regular maintenance crew and the 
snow removal personnel, along with their equipment or materials. This component is 
crucial to the performance of the infrastructure in that it affects not only the O&M, but also 
the functionality, emergency response risk, policies and procedures, and public health and 
safety relating to the Bridge.  

A regular maintenance crew, which may include any inspection personnel, is responsible for 
monitoring and ensuring that various components of the Bridge are meeting performance 
criteria. For example, regular checks are performed to monitor scouring of the bridge 
foundations.  

The snow removal personnel are critical in maintaining a reasonable level of public health 
and safety during the winter season. The Quesnell Bridge is located on a priority route for 
snow and ice control with 24-hour monitoring and control. However, there is a potential for 
frequent icing conditions on the Bridge which could result in adverse driving conditions, 
despite the frequency of the snow and ice control service, creating a mobility and safety 
concern during the winter. In the event of extreme climatic events, the performance of O&M 
activities may be adversely affected; therefore, it is identified in this section for further 
consideration during Step 3.  

2.2.1.2 Deck 
The deck component includes the cast-in-place concrete, reinforcement, wearing surface, 
and water-proofing membrane that are proposed to be used in the rehabilitation. The 
implementation of an automated deck de-icing system is still being considered, and it is 
expected that, at a minimum, provision will be made for necessary conduits within the deck. 
While the cast-in-place concrete and reinforcement are mainly designed to withstand bridge 
loads, such as dead and traffic live loads, the wearing surface and the water-proofing 
membranes are the primary layers that will be directly exposed to any climatic impacts. It is 
anticipated that these exposed components may demonstrate more vulnerability as a result. 

2.2.1.3 Expansion Joints 
Deck expansion joints are designed to accommodate relative longitudinal movements of the 
bridge structure components, as well as between the superstructure and its support. Such 
movements can be attributed to bridge expansions or contractions due to temperature 
change, as such extreme temperature events which give rise to excessive movements may 
have some impact on the capacity of this system. 

Since the design of the new deck is not finalized, two expansion joint types are listed in this 
category: finger joints and modular joints. The finger joints typically come with a trough 
and gutter system to catch and channel rainwater away from the deck to the bridge 
downspout system from joint areas. This system may be impacted by various types of 
precipitation, including excessive rainfall or jamming due to ice. The modular joints, on the 
other hand, are connected with seals that, ideally, prevent any water from passing through 
the joint assembly.  
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2.2.1.4 Bearings 
Elastomeric bearing pads act as support for the bridge girders, accommodating both linear 
and rotational structural movements and absorbing any vibrations or impacts. The material 
properties and design of these pads can be selected for cold weather applications. The 
bearings are designed to accommodate linear and rotational movements arising from, 
among other things, temperature changes. Therefore, extreme climate changes in 
temperature may impact the performance of the bearings.  

2.2.1.5 Girders 
The rehabilitated bridge will likely consist of a combination of existing girders and new 
girders. Due to changes in code requirements since the original 1968 design and the current 
condition of the girders, additional reinforcement is proposed for the existing girders, 
including exterior post-tensioning to increase moment capacity and fibre wrap to increase 
shear reinforcement. The new proposed girders will be pre-cast, pre-stressed, concrete 
girders, alongside existing pre-stressed girders.  

2.2.1.6 Abutments 
The abutments support the end-spans of the girders and the approach slabs, as well as 
retain the soil in the road leading up to the Bridge. Components related to this category are 
the concrete bearing seats, the approach slabs, the steel H-piles (south abutment), and the 
cast-in-place concrete bell piles. Although it is not anticipated that these components are 
vulnerable to climate change, the stability of the slope may be; discussion of slope or 
riverbank stability is included in Section 2.2.1.10, Riverbank. 

2.2.1.7 Piers 
Five concrete piers support the superstructure, all of similar construction. Each pier 
comprises the existing post-tensioned concrete pier cap, two concrete pier shafts, and 
concrete spread footings set into bedrock. Additional external post-tensioning is anticipated 
as part of the rehabilitation to accommodate increase of two girders in each direction. In 
addition to supporting the bridge loads, the piers are also subject to ice forces and hydraulic 
loading from the NSR. Also, scour on the riverbed could potentially undermine the support 
capacity of the Bridge, causing failure, although a scour report from December 2001 
(Hydroconsult, 2001) recommended that no protective measures were required, as the piers 
are considered to be at a very low risk for undermining during the design 1:100-year flood 
event.  

2.2.1.8 Drainage System 
The new drainage system will be designed to divert water away from the bridge deck. The 
water is proposed to be stored in holding areas near the structure in order to avoid 
discharge into the river system. In CH2M HILL’s 2007 Draft Preliminary Engineering 
Report, there are two designs considered to capture and provide treatment for a ‘first-flush’ 
flow (60 L/s), which is a 6-month rainfall event. The first alternative comprises the deck 
drainage inlets along the bridge, including either a storm water treatment structure (i.e., 
Stormceptor, Vortech, etc.) or storm water management facility. The second alternative 
excludes deck drainage inlets on the Bridge, and the runoff is to be captured at the sag 
location between the Fox Drive Overpass and the Quesnell Bridge. Under this option, the 
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100-year rainfall event will create a flow path width of 6 m, allowing 1.5 lanes exposed for 
emergency vehicle passage. Climatic events such as flooding or precipitation will affect the 
performance of the drainage system. 

2.2.1.9 Accessories 
Components in this category include steel railing for pedestrians, barriers, and lamp/lamp 
posts. These components are identified to capture any loss in bridge performance in terms 
of serviceability or possibly safety if exposed to extreme climatic events. 

2.2.1.10 Riverbank 
The stability and integrity of the riverbank may have an effect on the foundations of the 
Bridge. Site inspections indicate that, over the last 39 years, roadway drainage has 
penetrated around and beneath the existing north abutment seat in some locations, resulting 
in major erosion channels being created in multiple locations. It is anticipated that during 
the rehabilitation and widening of the Bridge, a new sub-drain system will be constructed 
within the abutment fill to prevent drainage from passing beneath the abutment. Also, the 
bridge deck drainage system should be modified to prevent any discharge directly onto the 
north riverbank. Bank erosion remains a concern, and the rehabilitation is considering 
incorporation of protection measures along the unprotected bank in the vicinity of the 
Bridge to maintain the existing bank stability under high water conditions. 

2.2.1.11 Adjacent Infrastructure 
One item that was brought up early in the preliminary discussions with local engineers is 
the presence of an upstream dam. The performance of this dam may affect the amount of 
water flow or flooding that occurs along the NSR. As such, this structure is considered as a 
component of the bridge infrastructure for the purposes of this vulnerability assessment and 
is being identified for further analysis. 

2.2.2 State Climate Baseline 
2.2.2.1 Design Code Values 
The current bridge design code (CAN/CSA-S6-06) specifies several design parameters that 
are based either directly or indirectly on climatic data, including: wind, temperature, 
relative humidity, ice load, ice accretion, water loads, and rainfall. In some cases, the code 
prescribes equations based on numerical values for the climatic data. These numerical 
values define the baseline climatic data used in bridge design. When references for this data 
were checked, it was found that a number of these sources are quite dated. Exhibit 2-6 
summarizes the sources for this data. 

EXHIBIT 2-6  
Sources of Baseline Data 

Parameter Description of Baseline Information Source 

Wind Design wind pressures for over 600 locations are 
referenced from the 1990 version of the Supplement to 
National Building Code (NBC ’90). 

CAN/CSA-S6-06, Annex A3.1 
(Commentary Annex CA3.1, 
references wind data to NBC 
1990) 
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EXHIBIT 2-6  
Sources of Baseline Data 

Parameter Description of Baseline Information Source 

Temperature Maximum and minimum mean daily air temperature 
isotherms are based on 30-year records up to 1970. 

CAN/CSA-S6-06, figure A3.1.1 
and A3.1.2 (Commentary Annex 
CA3.1, references temp data to 
Environment Canada 1975) 

Relative 
Humidity 

Annual mean relative humidity isolines are based on 10 
years of data from 1957 to 1966, inclusive. 

CAN/CSA-S6-06, figure A3.1.3 
(Commentary Annex CA3.1, 
references relative humidity data 
to Canadian Normals Vol 4 of 
Environment Canada 1968) 

Ice Load Provisions for ice load calculations are based on the 
1974 edition of the S6 code, with changes based on 
work done in 1976 (with provisions updated selectively). 
Data relating to ice load is to be derived based on field 
surveys and records of measurements. 

CAN/CSA-S6-06, 3.12 
(Commentary C3.12) 

Ice Accretion Provisions refer to 1974 Environment Canada 
publications for 20-year return period. 

CAN/CSA-S6-06, A3.1.4 
(Commentary CA3.1) 

Water Loads Local conditions at the site will be considered in all 
cases, including: wave action, scour action, and debris 
torrents. 

CAN/CSA-S6-06, 3.11 

Rainfall Record of rainfall Intensity, Duration, Frequency (IDF) 
curves recorded from 1914 to 1995 at the Edmonton 
Municipal Airport 

City of Edmonton Design and 
Construction Standards, Volume 
3, Drainage, 2004  

 

The temperature parameter, for example, is based on data records up to 1970. This means 
that design based on the current code utilizes data that is already out of date. If, 
additionally, there are any projected changes to temperature due to climate change, the 
design may be based on even less appropriate values. A similar situation exists for code 
calculations for relative humidity, ice load, and ice accretion.  

Some jurisdictions will define their own criteria, policies, or guidelines for specified design 
situations. The City of Edmonton, as indicated in Exhibit 2-6, has developed guidelines for 
drainage design which are being used for the Quesnell Bridge. Although some climatic data 
referenced in the Code may be dated, the Code does require that local conditions, such as 
climate or weather effects, be considered on a site-specific basis and that the designer to 
perform structure-specific analyses. The Code recognizes the unpredictable nature of 
environmental and climate effects, and, in many cases, includes provisions for the engineer 
to conduct unique studies or analyses. These provisions are made for certain wind loads, ice 
loads, ice accretion, and water loads.  

Wind Loads 
The hourly mean reference wind pressures specify wind design parameters to be between 
10- and 100-year return periods, depending on the component of the bridge, and may 
further be increased depending on the type of topography at the bridge site. The wind 
pressures referred to by the Code is based on the 1990 National Building Code Canada data. 
For bridge structure types that are more sensitive to wind, such as those that are flexible, 
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slender, lightweight, long span, or of unusual geometry, the Code requires the engineer to 
conduct supplementary studies, such as wind tunnel testing (S6-06 3.10.5). 

Temperature Loads 
The maximum and minimum daily mean temperature isotherms are based on available 
30-year records up to 1970. To take into account possible variances to the daily mean, the 
code requires an addition of up to 40° C to the range between the maximum and minimum 
temperatures (S6-06 3.9.4).  

Relative Humidity 
Relative humidity affects shrinkage and creep in concrete, and also affects creep losses in 
pre-stressed concrete. The annual average relative humidity provided in the S6-06 (Figure 
A3.1.3) is obtained from data collected between 1957 and 1966 (CA3.1). The commentary of 
the S6-06 states that relative humidity in particular locations may exhibit seasonal variations 
and points towards sources from Environment Canada 1968 for further information.  

Ice Loads 
Ice loads may require different design considerations, depending on whether the structure 
is located in freshwater or in sea water. For the case of sea water, specialist advice is 
required. For the case of freshwater (i.e., river and lakes), prevailing site conditions and the 
expected form of ice action are to be determined by the engineer. Data for ice load 
considerations include anticipated thickness of ice, its direction of movement, its speed of 
impact, and the height of action on the substructure elements. This information is to be 
derived from field surveys or historical records gathered at or near the bridge site 
(S6-06 3.12.1).  

Ice Accretion 
Ice accretion loads are to be considered for exposed surfaces of the bridge’s superstructure 
members, such as: structure supports, traffic signals, luminaires, railings, sign panels, bridge 
girders, and barriers. The commentary for S6-06 noted that for locations where ice accretion 
may be an important consideration, such as in mountainous regions, the designer should 
exercise caution when using Code-referenced values. In such cases, site-specific information 
should be sought (S6-06 CA3.1). 

Water Loads 
The Code requires that local conditions be considered under all cases of water loads, 
including: wave action, scour action, and debris torrents (S6-06 3.11). Wave action is a 
function of wave height, and site-specific conditions must be obtained. Scour action also 
varies depending on local conditions and past records of floods. Thus, the Code requires 
that historical records of extreme flood events, as well as site-specific information, are to be 
consulted when scour action is expected to occur. Similarly, bridge sites that are subject to 
heavy rainfall of short duration, earthquakes, landslides, and rockfalls may be affected by 
debris torrent loads. Local conditions or field experts are to be consulted for bridge 
structures located in these sites. (Note that some of these conditions, such as heavier 
rainfalls, may become increasingly common due to climate change.) In addition to these 
water loads, changes in water conditions could affect general slope stability, compromising 
foundations of the bridge substructure and also affecting adjacent riverbanks.  
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Rainfall 
For storm water runoff systems, the designer is to refer to the City of Edmonton Design and 
Construction Standards, Volume 3, Drainage, 2004. Note that the S6-06 does not have 
specific design provisions for drainage. Under the City’s standards, storm drainage systems 
are designed for between 5- to 100-year floods, depending on the type of system designed. 
Rainfall parameters used were obtained from the Edmonton Municipal Airport IDF records 
over a maximum of 63 years, between 1914 and 1995. Since the Quesnell Bridge is located 
within 10 km of the Edmonton Municipal Airport, data obtained from the airport can be 
considered local.  

Other Effects and Combinations 
Other considerations in association with changing climate effects include the changes in 
chloride content as a result of de-icing chemicals due to changing snow/ice conditions. 
Possible increases in chloride ingress can degrade reinforced concrete by corroding the steel 
reinforcement, leading to cracking and spalling of concrete.  

In addition to evaluating the loads separately, the combination of these load effects is to be 
considered. For example, the combination of wind and ice may contribute to additional 
overturning moments on bridge foundations or on superstructure members, such as 
overhead sign support structures.  

2.2.2.2 Climate Modelling Inputs 
As described in Step 1 (Section 2.1.2), Ouranos was provided with a Climate Data Request 
for indicated climate variables for the Saskatchewan River Drainage Basin (included in 
Appendix C). Ouranos’ final report (February 2008) is included as Appendix D to this 
report.  

Nine weather stations were identified within the study area that met the criteria established 
by Ouranos for quality and quantity of data (Section 2.1.2). All nine stations provided 
temperature data, eight of the nine provided precipitation data, and five of the nine 
provided snow data. Three future time horizons were included in the climate change 
analysis: horizon 2020 (2011 – 2040), horizon 2050 (2041 – 2070), and horizon 2080 (2071 – 
2100). The horizon of interest for the Bridge is approximately 2060, based on the mandated 
50-year requirement, which is adequately captured by the analysis. The changes in climate 
indices are relative to 1961 – 1990, which is the period upon which typically-used data is 
based. 

Of the climate elements requested of Ouranos, several could not be satisfactorily 
numerically modelled. Precipitation (both rain and snow) frequency indices were requested 
for 5-mm, 10-mm, and 20-mm cut-offs. The future changes predicted by the model appear 
erratic in some cases, and Ouranos indicates that, in fact, the results are not statistically 
reliable. This is most likely due to the fact that the Edmonton area experiences very low 
levels of precipitation, in general (observed frequencies between 0.01 and 0.06 and between 
0.001 and 0.02 for rain and snow, respectively), which results in a significant reduction in 
sample size. Ouranos recommends that if these indices are necessary for vulnerability 
assessment, further in-depth modelling and analysis should be undertaken. 

The study also requested Ouranos provide projections for changes in wind (including 
tornadoes, thunderstorms, hurricanes, wind/gusts), ice (ice build-up, ice accretion), and 
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rapid snow melt events. These parameters were considered relevant, as past extreme events 
have occurred and are likely to occur with greater frequency in the future. These situations 
are the ones most likely to impose conditions on the Bridge that may result in 
vulnerabilities, particularly if in combination or if occurring sequentially. Unfortunately, as 
Ouranos describes in their report, these types of extreme events are difficult to model, as 
they are either very localized or are involved, complex, and inter-related processes. Ouranos 
is, however, able to make some generalized comments which can be considered in the 
vulnerability assessment: 

Wind (hurricanes, tornadoes, thunderstorms, wind gusts) 
In general, the trend is toward increased instability in the atmosphere, especially in mid-
latitude regions (such as Edmonton), which create conditions that may increase overall 
storm-type effects, both in magnitude and/or frequency (including tornadoes, hurricanes, 
etc.). 

Ice (ice build-up, ice accretion, freezing rain) 
Ice build-up refers to ice in waterways and the process by which it forms and then breaks 
up in the spring. Although it is generally expected that winters will become warmer, this 
does not necessarily mean that ice build-up will decrease. The formation and then the break 
up of ice in waterways can be affected by the pattern of temperature cycles, by early break 
up followed by heavy rain, by instability in underlying melting layers, etc. For instance, if 
break up occurs earlier in the season, it may be that the actual mass of ice is greater; thus, 
there is potential to lead to greater forces on bridge piers or other structures in the 
waterway, or greater incidence of scour. 

Ice accretion refers to the build-up on ice layers on structures; again, this is a parameter that 
cannot satisfactorily be modelled. Although increases in temperatures are expected, it is 
possible that increases in freeze/thaw cycles may affect the total build-up of ice on 
structures.  

Snow (rapid melt events) 
Rapid snow melt events are, likewise, very difficult to predict. The concern is that rapid 
snow melt, followed by extreme rainfall, may load the system, leading, potentially, to 
flooding events.  

The unpredictable nature of the three categories described above requires a more qualitative 
vulnerability assessment. Ouranos suggests that conducting “what if” scenarios in 
conjunction with consideration of local historical events may allow sensitivity analyses to be 
carried out to screen for conditions to which the structure may be vulnerable. 

2.2.2.3 Local Historical Extreme Weather Events 
Although some climatic data for baseline conditions are provided in design standards, the 
codes do require the designer to consider site-specific conditions, including historical 
records in some cases. For example, Section 3.11.6 of S6-06 requires that the designer consult 
local conditions and past records of floods in designing foundation elements when scour is 
expected to occur. In the case of the City of Edmonton, a relevant source of record for 
climatic extremes can be found in the disaster timetable posted on the City’s website, which 
broadly highlights general disaster events in the City since the early 1900s. This timetable 
provides a specific and relevant picture of the key climatic factors of interest affecting local 
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infrastructure. A list of recorded extreme climatic events that occurred over the last century 
is extracted from the broader disaster list and is shown in Exhibit 2-7. 

EXHIBIT 2-7  
Extreme Climatic Events Since 1900s 

Year Incident Cost/Impact 

1901 Thunderstorm: Hail the size of pigeons N/A 

1915 Flood: NSR  2,000 homeless 

1942, 1957, 1964, 1972 Blizzard/Snowstorm 4 dead (1964) 

1944, 1952, 1953 Flood N/A 

1949 Tornado: Outskirts of Edmonton N/A 

1953, 1972, 1978, 1986 Flood: 1978 – high local rainstorm $4 - 8 M 

1987, 1989  Tornado: 1989 most severe $665 M, 27 dead 

1979, 1982, 1989, 1997 Blizzard/Snowstorm: 1982 severe $1.7 M, 2 dead 

1992, 1993, 1995, 1904 Hailstorm: 2004 most severe $21 - 74 M  

 

Further to this City of Edmonton record, another valuable source is the colloquial form of 
information that was partially captured through conversations with locals during the 
workshop and site visit. This colloquial form of information supplements some of the 
historical records listed in the disaster timetable. For example, the 2004 hailstorm had hail 
up to a foot deep in isolated areas. The hail plugged up the storm drains such that flooding 
occurred in low areas of the Whitemud Freeway, in the section that leads up to the Quesnell 
Bridge. As a result, some cars were submerged and the freeway was shut down for several 
hours due to the flooding. The cost of this hailstorm, including damages to other buildings, 
was estimated to be $74 M. 

2.2.3 State the Timeframe 
Since the mandate for the current design work is for the Bridge to be operational for another 
50-year period without any major rehabilitation work, this timeframe is identified as the 
safe operational period. The design life of various infrastructure components is shown in 
Exhibit 2-8. 
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EXHIBIT 2-8  
Design Life of Infrastructure Components 

Infrastructure Components Design Life 

Seals (in Expansion Joint) 5* 

Joint assembly (in Expansion Joint) 25* 

Water-proofing system 20* 

Other bridge components 50** 

* Components may require replacement within the 50-year timeframe, depending on regular condition 
assessment; however, replacement of these components is part of regular bridge maintenance work and does 
not constitute the bridge’s major rehabilitation work. 

** Existing components such as piers, footings, and abutments have been in place for 40 years. This 50 year 
design life is to express the extended service life expected from the current rehabilitation/widening project 
without other major work. 

2.2.4 State the Geography 
Geography considerations are identified in Step 1, including aerial photos of the region and 
the site. 

2.2.5 State Specific Jurisdictional Considerations  
As generally identified in Step 1, agencies and departments at the federal, provincial, and 
municipal levels have jurisdictional control and influence on the Quesnell Bridge 
(Section 2.1.5). 

2.2.6 State Other Potential Changes that Affect the Infrastructure 
In addition to changes in climatic loads due to climate change or the increased occurrence of 
extreme climate events, a number of other change effects may influence the design and 
O&M of the infrastructure. These changes could be a result of increased demand caused by 
growth in the population and transportation network, in fact, this is the driver for the 
rehabilitation and widening project currently underway for the Quesnell Bridge. Because 
the current upgrading mitigates the potential for changes in use in the specified 50-year 
horizon, it is anticipated that this is not a high risk issue for this particular bridge.  

It is also possible that O&M practice changes, such as the frequency of or changes to snow 
clearing or de-icing, may influence the structure’s capacity in localized areas, such as the 
integrity of the deck or wearing surface.  

2.2.7 Site Visit to the Quesnell Bridge 
A site visit was conducted with participants on the date of the Workshop (February 8, 2008) 
to gain a field perspective of the Bridge and to gather further information from discussions 
arising from the visit. Preliminary impressions from participants noted that the 40-year old 
bridge is in relatively good condition. Signs of distress due to water leakage and corrosion 
were noted in some areas, confirming observations documented in the Preliminary 
Engineering Report with respect to two areas in particular (CH2M HILL, 2007). First, the 
original trough and downspout system at the expansion joints at two piers are severely 
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corroded and no longer functioning (Earth Tech, 2004). Second, results of a 2004 
investigation found a high probability of moderate amounts of active corrosion in the top 
mat of deck steel (CH2M HILL, 2007). Both the drainage system and the deck are being fully 
replaced as part of the current rehabilitation, and the susceptibility to corrosion is being 
taken into account in the design. 

2.2.8 Assess Data Sufficiency 
No gaps are identified in the data accessed or reference that pertains to the structure itself. 
The current rehabilitation project has required the evaluation and assessment of all 
components of the structure, and this has provided a comprehensive baseline which this 
project has taken advantage of.  

With respect to climatic factors of interest, there is higher certainty on data sufficiency with 
some climatic elements than with others. For example, data regarding changes with 
temperature can be accessed with higher levels of accuracy than precipitation data or wind 
data.  

2.3 Step 3 – Qualitative Analysis 
2.3.1 Prioritization Methodology 
The vulnerability assessment as defined by the Protocol is a qualitative evaluation where the 
interactions or relationships between infrastructure components and extreme climatic 
events are identified and prioritized. The purpose of this assessment is to scale or prioritize 
the climatic effect on each component by calculating a numerical value representing the 
Priority of the Relationship (Pc) and, subsequently, to determine the level of vulnerability 
based on experience and professional judgment. 

The approach defined by the Protocol in Step 3 is summarized in the Matrix included in 
Appendix B which captures in tabular form all of the steps included in the prioritization 
process, which include the following: 

1. Determine which Performance Response Factors apply to each infrastructure component 
(see Section 2.3.2). 

2. Indicate in the Matrix where a relationship between infrastructure component and 
extreme climate event exists (see Matrix column headed “Y/N”). 

3. For each relationship that has been identified, assign a Probability Scale Factor (Sc) 
(defined in Section 2.3.5). 

4. For each relationship that has been identified, assign a Severity Scale Factor (Sr) (defined 
in Section 2.3.5). 

5. For each relationship that has been identified, calculate the Priority of the Climate Effect 
as the product of the Scale Factor for Climate Effect (Sc) and the Scale Factor for 
Performance Response (Sr).  

Pc = Sc x Sr 
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Once the Matrix is populated as described above, the Matrix is complete. The purpose of the 
Workshop, described later in this section, was to arrive at this stage. The next step was to 
review the Matrix and sort the identified relationships according to Pc value into three broad 
categories which determined how Steps 4 and 5 would be executed. The Pc ranges assigned 
to each category were based on the Protocol, with some modification as noted below. 

Levels of vulnerability are categorized as follows: 

• Pc < 16 : No vulnerability identified  

The climatic effect is not considered to have a significant impact on the infrastructure 
component; therefore, no further evaluation required.  

Note that the Protocol’s suggested cut-off for this category is 12. However, upon 
discussion during the Workshop and subsequent evaluation, it was agreed based on 
professional judgment that a scale factor of 16 or below would not pose any 
vulnerability to an infrastructure component. 

• 17 < Pc < 36 : Potentially vulnerable  

Further analysis required – go to Step 4. 

• Pc > 36: Vulnerability is indicated 

Recommendations are required – go to Step 5. 

2.3.2 Scale the Performance Response of the Infrastructure Components 
Components of the infrastructure may exhibit vulnerability in a variety of ways. Based on 
suggested performance response factors in the Protocol, the following potential 
performance response categories were identified for the Quesnell Bridge: 

• Structural integrity 
• Serviceability 
• Functionality 
• Operations and maintenance 
• Emergency response risk 
• Insurance considerations 
• Policies and procedures 
• Economics 
• Public health and safety 
• Environmental effects 

Using engineering judgment, a qualitative assessment was made as to which performance 
response factor could impact each component of the Bridge. The results of this assessment 
are summarized in Exhibit 2-9, where a check mark indicates there may be a potential 
impact. This table was used to provide guidance for the Workshop table-top exercise, as 
participants were encourage to base their assessment on a holistic consideration of all 
potential performance response factors, using their local knowledge, as well as their 
technical and/or managerial expertise. 
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EXHIBIT 2-9  
Performance Response 
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Operations & Maintenance
Regular Maintenance Crew
Maintenance Equipment
Snow Removal Personnel
Snow Removal Equipment / Material

Deck
Cast-in-place Concrete
Reinforcement
Wearing Surface
Water-proofing Membrane
De-icing system/approach

Expansion joints
Finger Joint
Trough & downspout system
Modular Joint
Seal

Bearings
Elastomeric bearing pads

Girders 
Existing Pre-cast Girders
Exterior Post-Tension System
Fibre Wrap for Shear Reinforcement
NU Precast Girders

Abutments
Concrete bearing seat, walls
Approach slab 3.2 m 
Steel H-piles (South)
Cast-in-place Concrete Bell Pile

Piers - Columns
Concrete pier shafts (2 each)
Concrete spread footings set into bedrock
Existing Post-Tensioned Concrete Pier Cap
New Exterior Post-Tensioned System

Drainage system
Deck Drainage
Retention Pond
Storm Sceptor

Accessories 
Steel Railing (for Pedestrians)
Barriers
Lamp/Lamp Posts

River bank
North Bank
South Bank

Adjacent Infrastructure
Upstream Dam

Additional Items

 



CITY OF EDMONTON 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 
FOR THE QUESNELL BRIDGE 

2-26 TB032008003VBC/361859A1PM 
COPYRIGHT 2008 BY CH2M HILL CANADA LIMITED • ALL RIGHTS RESERVED • COMPANY CONFIDENTIAL 

2.3.3 Scale the Climate Effects 
The climate effects that were considered were as follows: 

• Average Daily High Temp 
• Average Daily Low Temp 
• Extreme Temperature Range 
• Rainfall – Frequency 
• Rainfall – Intensity 
• Freeze/Thaw Cycles 
• Ice Accretion: The layer of ice that accretes on all components. 
• Ice Force: The ice force on the river that acts upon the piers. 
• Snow – Intensity/Frequency 
• Extreme Wind/Storm/Tornado (including debris) 
• Flooding: Flooding of the NSR. 
• Fog: Added after the workshop to capture possible safety concerns resulting in any 

changes to fog events affecting visibility. 

In addition to individual climate effects, the committee has noted that the combined climatic 
effects were found to have a more significant impact than individual effects based on 
findings in the previous pilot study. Some of the combined effects for this case are identified 
and discussed below. 

2.3.3.1 Live Combo_1 (Temperature + Relative Humidity) 
This combination is meant to capture components that are likely vulnerable to the combined 
changes to relative humidity and temperature. One such component would be the pre-
stressing system, where changes to relative humidity would increase the pre-stress losses; 
therefore, lowering a girder’s strength. 

2.3.3.2 Live Combo_2 (Heavy Winter Snow + Early Spring + Heavy Rain = Major Flooding) 
(including debris) 

This combination was added as a result of global warming trends, where early spring rain 
combined with existing heavy snow would cause a sudden increase in water loading the 
catch basins, resulting in heavy flood. This combination also takes into account any damage 
or vulnerability from the debris that usually comes along with major flood events. 

2.3.3.3 Live Load Combo_3 (Snow/Ice + Rain + Freeze Temp = Heavy/Dense Snow) 
This combination allows for the possible increased fluctuation or instability in the climate 
where heavy or dense snow would result. This may cause additional loading on bridge 
components and may have a higher impact on accessories such as luminaires or sign 
structures that were not originally designed for such load. 

2.3.4 Scale Other Change Effects 
There were no additional change effects considered in Step 3. 
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2.3.5 Prioritize Climate Effect and Performance Response Relationships 
The Protocol defines a Probability Scale Factor, Sc, to express the probability of the loss of 
functionality, or adverse reaction in its performance, of the infrastructure component if it is 
exposed to a severe or extreme climatic condition. Several methods were available to rank 
the probability, as shown in Exhibit 2-10. In the Quesnell Bridge case study, Method A was 
chosen as most appropriate because judgment will be involved in determining the scale. 

EXHIBIT 2-10  
Probability Scale Factor 

 

 

The Protocol also defines a Severity Scale Factor, SR, to express the severity of the 
consequences of loss of performance or functionality of the infrastructure component. One 
or more performance responses may apply to each. There are a couple of methods to scale 
this factor, shown in Exhibit 2-11. For this case study, Method E was chosen because there is 
a high degree of judgment involved in the evaluation. 
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EXHIBIT 2-11  
Severity Scale Factor 

 

 

2.3.6 Prioritize Other Effect and Performance Response Relationships 
There were no additional change effects or performance responses considered in the Matrix. 

2.3.7 Assess Data Sufficiency 
Other than climatic data, one area where data could be developed includes the maintenance 
of the Bridge. A 10- to 20-year record of the dates, specific components, costs, and/or level 
of effort used for specific maintenance items would help the participants gain a better 
understanding of where components might be vulnerable. 

2.3.8 Quesnell Bridge Workshop 
The Quesnell Bridge Workshop was held by CH2M HILL on February 8, 2008 in Edmonton. 
City of Edmonton personnel who may have direct or indirect impact on the Quesnell 
Bridge, ranging from managers, engineers, planners, O&M staff, and traffic personnel were 
invited to participate. There were about 15 participants from the City of Edmonton, as well 
as representatives from environmental, geotechnical, structural, and material science 
disciplines. In general, it was considered that a good representation of departments and 
disciplines attended. 

The Workshop began with an introduction of the national PIEVC study and with an 
overview of the specific Quesnell Bridge case study. The participants were then given an 
opportunity to have a site visit (Exhibits 2-14 and 2-15), where the consultant’s project 
manager provided further information regarding the condition of the Bridge. Note that the 
duration of the site visit was shortened due to cold temperature on the date of the visit. 
Temperature was said to be around -20° without the wind chill.  
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EXHIBIT 2-12  
Participants Inspecting the Bridge Soffit and Piers from the South Side 

 

EXHIBIT 2-13  
Participants Looking over the Bridge from the North End 
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After having familiarized themselves with various bridge components and considered the 
climatic effects that may impact them, the participants returned to the Workshop for the 
hands-on exercise of working through Step 3 using the Matrix described earlier in 
Section 2.3 (see also Appendix B, Worksheet 3).  

The participants were separated into four groups of four and were assigned a quadrant of 
the Matrix worksheet which they were requested to complete in its entirety. This 
assignment of Matrix quadrant was utilized in order to ensure that the entire Matrix was 
completed within the limited time available during the Workshop, as the study team was 
advised by those experienced with earlier workshops that shortage of time frequently 
prevented full completion of the Matrix. However, participants were also encouraged to 
look to the other sections of the Matrix once their quadrant was completed. The key 
advantage of separating the Matrix this way was that all cells of the Matrix received 
sufficient attention within the time available. By the end of the 2 hours available for the 
hands-on portion of the Workshop, most of the groups were only able to finish their own 
quadrant.  

This approach generally worked well, with the exception of one group that consisted of 
mostly junior staff who may not necessarily have sufficient experience to make judgments 
on vulnerability of bridge components. This group ended up having a higher ranking 
because they wanted to err on the safe side. Conversely, groups with a higher average level 
of experience tended to have lower average rankings overall. The approach could be fine-
tuned by taking the time during the Workshop to re-assign participants to groups to create 
balanced teams.  

To reconcile some of the differences, or to understand the rationale behind the scale factors, 
the results were compiled at the end of the session, and a discussion was held to review the 
numbers. The consensus from the discussion was that each group recognized that the 
ranking were based on judgment and that they are open to have their scales adjusted for 
consistency. By agreement with all participants, consensus was reached that some of the 
numbers assigned to scale factors could justifiably be revised. Based on the final workshop 
discussion, the Matrix was adjusted to reflect consistency and a common level of 
professional judgment throughout. Resulting scale factors that were applicable were further 
carried into the Indicator Analysis in Step 4 or Recommendations in Step 5. 

2.3.9 Summary of Matrix Results 
Exhibit 2-14 summarizes the results for the relationships which will be considered in Steps 4 
and 5. 
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EXHIBIT 2-14  
Relationships with PC>16 

Infrastructure 
Components 

Freeze/Thaw 
Cycles Ice Accretion 

Snow – Intensity/ 
Frequency 

Live Load Combo_2 
(Heavy Winter Snow + 
Early Spring + Heavy 

Rain = Major Flooding)
(including debris) 

Deck Y/N SC SR PC Y/N SC SR PC Y/N SC SR PC Y/N SC SR PC 

Cast-in-place 
concrete 

                

Reinforcement                 

Wearing 
surface 

Y 6 6 36 Y 7 6 42 Y 4 5 20 Y 4 5 20 

Water-proofing 
membrane 

Y 6 6 36 Y 6 6 36         

 

Infrastructure 
Components Rainfall – Intensity Flooding 

Live Load Combo_2 
(Heavy Winter Snow + 
Early Spring + Heavy 

Rain = Major Flooding) 
(including debris) 

 

Deck Y/N SC SR PC Y/N SC SR PC Y/N SC SR PC  

Deck drainage Y 6 3 18     Y 6 5 30  

Retention pond Y 6 2 8 Y 6 5 30 Y 6 5 30  

        16 < Pc < 36 

        Pc > 36 

2.4 Step 4 – Indicator Analysis 
The indicator analysis further evaluates the relationship between the Performance Response 
loads placed on the infrastructure and its capacity, and subsequently determines if a 
component is vulnerable or resilient to the changing climatic effects. This analysis requires 
an assessment of the factors affecting the climatic loading and infrastructure component 
capacities.  

Since the data required for the indicator analysis may not be readily available, the Indicator 
Analysis is not a definitive quantitative or numerical measure. Rather, the objective of this 
exercise is to obtain a set of parameters that are ranked relative to each other, and are 
continued to be based on the professional judgment and experience of the practitioner or 
consultant.  

The climate data projected for the loadings is provided by Ouranos, and shows projections 
from for three time horizons: horizon 2020 (2011 - 2040), horizon 2050 (2041 - 2070), and 
horizon 2080 (2071 - 2100). Since the mandate for the current rehabilitation and widening 
work is for the Bridge to perform for 50 years without major rehabilitation (until 2060), the 
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horizons used for this indicator analysis will be limited to the 2020 and 2050 horizons. 
Furthermore, from the two climate model scenarios provided by Ouranos, the more 
conservative scenario is selected for assessing the loads. For example, if one scenario 
suggests an increase of 1 percent for certain loading and another suggests 2 percent, the 
latter will be used for the load increase assessment. 

Relationships that are evaluated in this step are derived from those identified in the 
qualitative assessment in the Matrix in Step 3, where 16 < Pc < 36 applies. The two main 
systems identified for the Indicator Analysis are the Deck System and the Drainage System. 
Refer to the Appendix B for the Worksheet 4 table that captures most of the sections from 
the corresponding section in the Protocol. 

Deck System – Wearing Surface 
The deck system of the Quesnell Bridge will be entirely replaced during the rehabilitation. 
Although a final decision has not yet been made, the deck system will likely comprise a cast-
in-place concrete deck, topped by a water-proofing membrane, and then an asphalt-wearing 
surface. The integrity of the membrane, which protects the concrete deck, is not considered 
likely to be compromised if installed correctly. The wearing surface, however, is exposed 
directly to the weather elements, as well as to regular vehicle loads and maintenance vehicle 
loads (such as snow plows). If the integrity of the wearing surface is compromised, then, 
potentially, the deck may be affected. Because it is also the direct interface between vehicle 
tires and bridge surface, it can also become a safety issue for road users. With some of these 
considerations, this component is identified as one that is vulnerable to a couple of climatic 
factors: Snow Intensity/Frequency and Major Flooding from Live Load Combination 2.  

Snow Intensity/Frequency 
Since the impact of a higher intensity snow would only likely affect the Bridge by increasing 
the live load, and as snow load does not govern in the structural design of the Bridge (as is 
typical for bridge structures), the Snow Intensity/Frequency is effectively taken as the Snow 
Frequency in this assessment.  

The performance of the wearing surface will be affected indirectly by increased snow 
intensity/ frequency by potential changes in the O&M of the Bridge in response to such 
climate changes. For example, if the frequency of snowfall increases, the use of snow plows 
and other de-icing measures may increase, leading to more rapid degradation of the 
wearing surface. In addition, where snowfall is more frequent, the possibility of it affecting 
traffic safety may increase because of the hazards of driving in snow and the increased 
likelihood of delays in clearing the snow off the driving surface. 

The 1-day frequency with 5-mm cut-off loading data is used as the baseline for analysis. The 
projected changes to this scenario show that for 2020 and 2050, there will be a decrease in 6 
percent to 8 percent in snow frequency. Thus, given the lower frequency, it is assumed that 
the wearing surface will have sufficient capacity or adaptive capacity to withstand the 
change in snow frequency.  

Combination 2 – Major Flooding 
This major flooding scenario is the result of a heavy snowfall, followed by an early spring, 
with subsequent heavy rain. This combination is identified because it is believed that such 
phenomenon is increasing in frequency due to recent climate change trends. Based on 
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projected climatic loads, the wearing surface may be vulnerable to such events in 2020. 
Further recommendations are discussed in Step 5. 

Drainage System – Drainage and Retention Pond 
The proposed drainage system includes the deck drainage system, as well as the retention 
pond, where water is retained and treated. This loading and capacity of the system is 
governed by a similar set of engineering principles, and is assessed together under one 
category. 

Rainfall Intensity 
Rainfall intensity, also correlating to flooding potential, is ranked high on the Sc scale, 
indicating a high probability that this will affect the deck drainage. Upon examining the 
Ouranos data, it is noted that rainfall intensity will increase by about 4 percent in 2020 and 
7 percent in 2050. The minor increase by the 2020 horizon may pose an insignificant impact 
because of the low magnitude. However, by the 2050 horizon, the incremental increase in 
intensity towards the end of the 50-year lifecycle (7 percent increase) is a more significant 
impact, especially when taking into account the possible data gaps (discussed in the next 
section) that may further increase this value. Further recommendations to this interaction 
will be discussed in Step 5. 

Combination 2 - Major Flooding 
This major flooding scenario, as discussed in the deck wearing surface design, may see an 
increased level of occurrence in the 2020 horizon. A further discussion on the vulnerability 
and related recommended action is presented in Step 5.  

2.4.1 Data Gaps 
In the determination of the existing load, observed climate data from Environment Canada 
that Ouranos compiled was used. This data series is based on a minimum of 20 years and a 
final year being no earlier than 1995. There are two areas where data gaps are identified 
when using this observed data for the existing load. First of all, the data may not be based 
on the same period of data used in design standards. Secondly, data that is only up to 1995 
may still be 13 years old and not completely representative of the current changing climate. 
Although these gaps exist, using the observed data as the existing load is suitable for this 
case because it is able to provide the practitioner with a consistent baseline for comparison. 
Furthermore, it is the relative change and magnitude of change in climate factors that will 
likely affect the professional judgment on a component’s vulnerability. For further studies 
or review work that is identified, a more comprehensive set of data is recommended to be 
developed to close the data gap and to more accurately determine the climate change 
magnitudes. 



CITY OF EDMONTON 
CLIMATE CHANGE VULNERABILITY ASSESSMENT 
FOR THE QUESNELL BRIDGE 

2-34 TB032008003VBC/361859A1PM 
COPYRIGHT 2008 BY CH2M HILL CANADA LIMITED • ALL RIGHTS RESERVED • COMPANY CONFIDENTIAL 

2.5 Step 5 – Recommendations 
2.5.1 Limitations 
The climate change parameters that were most significant in contributing to potential 
vulnerabilities in components of the infrastructure include: 

• Freeze/Thaw Cycles 
• Ice Accretion 
• Snow - Intensity/Frequency 
• Rainfall – Intensity 
• Flooding 
• Live Load Combo_2 (Heavy Winter Snow + Early Spring + Heavy Rain = Major 

Flooding) (including debris) 

All of these parameters rely upon climate change projections that Ouranos identified as 
being the most challenging to predict and, therefore, unreliable for use in this application. 
Historic extreme weather events were also identified as most likely to challenge the 
response of the infrastructure. Such extreme events are also impossible to predict at this 
time. The reasons are similar for both situations and are a function of limited empirical data 
and the complexity of the inter-related climate conditions. Climate event combinations are 
another category of impact that, potentially, the infrastructure is not designed to 
accommodate. This study proposed a few combinations based on local historical evidence 
and professional judgment. It is acknowledged that the individual components that make 
up the combinations should be scaled, as they will not all occur at the same intensity level 
simultaneously. However, it is beyond the scope of this assignment to quantify the 
appropriate scaling factor, and, conservatively, they were combined at full value. 

2.5.2 Recommendations in Step 5 
Climate event vs. component interaction identified for recommendations are derived from 
two sources: Qualitative Assessment in Step 3 (Matrix), or Indicator Analysis in Step 4. From 
these two steps, the deck system and the drainage system are shown to have vulnerabilities 
requiring recommendations. 

Deck System – Wearing Surface and Water-proofing Membrane 
In this structure, the wearing surface and the water-proofing membrane are essentially the 
same layer because the material used can serve both functions. This wearing surface within 
the deck system, being the interface between the vehicles and the bridge, is also a layer that 
has a lower lifecycle (20 - 25 years). From the Qualitative Assessment and the Indicator 
Analysis, it is shown to be vulnerable to Freeze-Thaw, Ice-Accretion, and Combination 2 
(major flood).  

Freeze-Thaw 
The Freeze-Thaw vulnerability is identified through the Qualitative Assessment. From the 
Ouranos data, it is shown that Freeze-Thaw cycles may see an 8 percent increase over the 
2020 to 2050 horizon. It is possible that this increase in cycles may lead to additional cracks 
or strain on the wearing material due to additional expansion and contraction cycles. It is 
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recommended that further study be conducted to evaluate the effects of an 8-10 percent 
increase in freeze-thaw cycles on bridge wearing surfaces. 

Ice Accretion 
Ice Accretion on the wearing surface is the other climatic event identified through the 
Qualitative Assessment. Although no data is available through Ouranos, it is likely that Ice 
Accretion is identified because of both the high probability of it affecting the surface (i.e., 
black ice) and that the impact of having ice on the deck is significant to traffic safety. It is 
recommended that the City review any available records of ice conditions on the bridge that 
have caused accidents. Depending on the results of that review, procedures identifying ice 
conditions on the bridge and ice removal methods may need to be re-examined.  

Combination 2 (Major Flood) 
Flood events arising from the combination of heavy snow, followed by early spring and 
heavy rain are likely to wash away some of the wearing surfaces. This possibility of washing 
away of wearing surfaces was discussed during the Workshop. Some of the participants in 
the Workshop mentioned that one of the plausible explanations for this to happen was 
because of poor installation of the wearing surface. Based on this observation, it is 
recommended that proper installation procedures or quality assurance procedures be 
reviewed by the City to determine areas of improvement throughout the installation. 

Participants at the Workshop identified at least one event that occurred in recent years that 
imposed a load on local structures that ultimately made all but one bridge unusable for a 
period of 1 hour. After a 24-hour low intensity rain, an extreme intensity rain fell in a 1-hour 
period in the middle of the day. All but one bridge became effectively closed to traffic for a 
couple of hours. It is reasonable to expect that this kind of sequencing of events may occur 
more frequently with the increased instability that is expected with climate change. Neither 
event, if they had occurred independently, even if the duration or intensity was extreme, 
would have created this situation, but the infrastructure becomes vulnerable when they 
occur in sequence. 

Drainage System – Deck Drainage and Retention Pond 
The drainage system, including the deck drainage and the retention pond, are determined to 
be vulnerable to both rainfall intensity and combination 2 (major flood). For current 
drainage system designs, the drainage engineer would follow the City guidelines, which 
stipulates the design flow to be from a certain return period. It is common practice to design 
for that return period to meet the serviceability requirement without making additional 
provisions for future changes in loading. Note that the data used in practice is based on IDF 
curves dated between 1914 and 1995.  

Rainfall Intensity 
The projected increase in rainfall intensity, if not taken into account in the design, may cause 
the drainage system to overflow or flood above the allowed level. This may, in turn, pose 
safety concerns for bridge traffic. It is recommended that the City review its drainage design 
guidelines and consider the feasibility of including provisions for 7-10 percent increases in 
rainfall intensity data for new constructions. Furthermore, it is also recommended that 
updated IDF curves be referenced from applicable design guidelines. 
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Combination 2 (Major Flood) 
Flooding events from this combination may be different from flooding events derived from 
an increase in rainfall intensity. In this event, it is assumed that the heavy snow/ice has 
blocked the catch basin of the drains. With an early warming, followed by heavy rain, the 
drains may not be able to function at all in channelling water away. It is recommended that 
further study be performed to more comprehensively understand the effects that this 
phenomenon has on the drainage system. 

2.5.3 Further Recommendations 
Investigation from the codes and guidelines used for a current bridge design reveal that a 
number of climate data used are quite dated (Refer to Section 2.2.2, State Climate Baseline). 
Some are dated back 50 or 60 years. As the climate is shown to have changed, and will 
continue to change, it is recommended that the data referenced in the Code be updated to 
reflect current information. It may also be prudent for the codes or standards developing 
organizations to investigate the feasibility of providing additional provisions to climate data 
(e.g., a load factor) to account for potential change effects. Alternatively, code requirements 
may be modified to require a site-specific climate assessment to determine whether in-depth 
analysis is necessary for the infrastructure being designed or evaluated. 
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3. Conclusions 

A bridge infrastructure is typically designed to be structurally robust and to have a design 
life spanning a number of decades (75 years in the current Code). The Quesnell Bridge, 
constructed in 1968, has undergone a number of extreme climatic events in its 40 years and 
has responded well under those conditions. The goal for the current rehabilitation design is 
to ensure a 50-year design life for the bridge, such that it maintains its performance level 
without any significant rehabilitation works in this horizon. The assessment carried out 
using the Protocol indicates that the bridge, when rehabilitated in the manner expected, will 
be generally robust and resilient to changing climate effects that may occur within this time 
horizon 

The two components of the bridge that are flagged as showing signs of potential 
vulnerability to extreme climatic events are the wearing surface of the deck system and the 
drainage system. As these systems are currently being designed as part of the rehabilitation 
works, there is an opportunity to incorporate into the design process a review of the input 
climate data being used. Firstly, the review can confirm that the input climate data reflects 
current data. Secondly, sensitivity analysis (contemplating ‘what if’ scenarios) can be done 
to consider the potential climate change effects that may occur over the next 50 years. There 
may be opportunities to consider these effects in product specification or by proposing 
alternatives or improvements to current operation and maintenance procedures, possibly in 
the form of increased monitoring and improved record keeping. 

The results obtained for the Quesnell Bridge showing low levels of vulnerability are not 
unexpected, given the type of infrastructure and its geographical location. It is noted, 
however, that there are scenarios in bridge evaluation and design that could be vulnerable if 
exposed to the kinds of climate change that are being predicted in many parts of the 
country.  

One example is scour around bridge pier foundations. Failure due to scour has been a 
common reason for bridge failures historically (Transportation Association of Canada 2004). 
It is easy to conceive that potential for scour could be directly impacted by increases in ice 
loads around piers or changing hydrology of the water course (for example, due to more 
severe or changing patterns of precipitation and flooding), leading to more debris flow 
around piers. The piers of the Quesnell Bridge have not exhibited signs of scour after 
decades of monitoring; in part, due to the local geology (all are located on shales) and in 
part, by being located on a relatively straight stretch of the river.  

It is conceivable that other bridges located in more severe situations may exhibit 
vulnerabilities to climate change, particularly if they cross waterways prone to extreme ice 
break forces, if they are founded on permafrost soils, or if they are located in coastal areas 
where pier loads may increase as a result of water level increases, perhaps in combination 
with increased ice loads.  

The current bridge design code does require engineers to consider environmental effects 
(hydrological loads, ice loads, wind, etc.) on a bridge on a site specific basis and to apply 
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engineering judgement as to the appropriate design loads to use. This includes 
consideration of local historic extreme events and their impact on the specific type of 
structure being designed or rehabilitated. Some bridge types are inherently susceptible to 
certain environmental effects; for example, site specific analysis for wind effects are required 
for slender or flexible structures such as cable stayed bridges. Since the existing code 
already contemplates the need to assess each structure in its unique environmental and 
geographical context, the only additional recommendation that may be required with 
respect to climate change is that the engineer is cognisant of using the appropriate climate 
design values and should consider whether it may be appropriate to incorporate a 
sensitivity analysis into the design and analysis process.  

Generally, it is recommended that the climatic data upon which the Bridge Code is based is 
reviewed to ensure that, at the very least, the information is current, even if future climate 
change is not taken into consideration. It is also recommended that a broader review of 
bridge types in more geographical and geological situations is undertaken, particularly of 
bridges which inherently are susceptible to environmental forces due to their design and 
location.  

A bridge’s adaptive capacity can be compromised by a number of factors, including 
unexpected increases in traffic loads and traffic volumes, changes to the use of the structure 
due to demographic or planning demands (e.g. increased transit or freight movement), poor 
maintenance practices, as well as climate change effects. A bridge may be robust in resisting 
any one factor, but it is the combination of effects that increase its vulnerability. A holistic 
life-cycle and transportation planning based approach to asset management coupled with 
an awareness of potential climate change effects can support good design and serviceability 
outcomes. 
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6. Limitations 

The findings and recommendations in this report represent the professional opinion of the 
consultant and their best judgment under the limitations imposed by the Scope of Work. 
This report is limited in scope to the items specified in this report. There may be existing 
conditions that are not recorded in this report and are not apparent to the consultants due to 
the limitations imposed by the scope of work. The consultants accept no liability for any 
costs incurred for the subsequent discovery, manifestation, or rectification of such 
conditions.  
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Ouranos, a research consortium on regional climatology and adaptation to climate change, is a joint 
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participation of UQAM, Université Laval, McGill University, and the INRS. Valorisation Recherche Québec 
collaborated on the establishment and financing of Ouranos. The opinions and results presented in this 
publication are the sole responsibility of Ouranos and do not reflect in any way those of the aforementioned 
organizations. 
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1. Introduction 
 
The Canadian Council of Professional Engineers set up the Public Infrastructure 
Engineering Vulnerability Committee (PIEVC) to examine the vulnerability of public 
infrastructure to climate change across the nation. A series of case studies serve to 
assess infrastructure vulnerability with the protocol proposed in Phase 1 of the PIEVC 
initiative and provide feedback on the state of different categories of infrastructure 
throughout the country. The current study is located in the Edmonton region (Alberta) 
and focuses on roads and associated infrastructure. 
 
 
The draft engineering protocol requires information on a variety of climatic elements to 
use as input towards estimating the vulnerability of infrastructure to climate change. 
Estimates of climatic elements enable quantitative estimations of the exposure of the 
infrastructure and help identify which changes in climatic conditions will have the most 
impact on its vulnerability. 
 
 
In order to provide coherent and comparable results for all of the case studies, the 
vulnerability analyses must be based on plausible and equi-probable scenarios of 
climate change for the various regions of the country where the case studies are being 
conducted. Ouranos has been mandated to provide this data. 
 
This report provides historical climate data and climate change scenarios for the 
Edmonton region on the vulnerability of the City’s roads and associated infrastructure, 
more specifically on the Quesnell Bridge that crosses the North Saskatchewan River. 
 
 
 
The data provided in this report is intended for the use of this case study only and 
should not be used for any other purpose because the results are specific to the 
characteristics of this project (location, timeframe, etc.). 
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2. Methodology 
 
2.1. Selection of weather stations 
 
Observed weather station data was obtained from Environment Canada’s national 
archives for the area of interest. Archived data were screened in order to select stations 
deemed to have a sufficiently long/complete record. Selection criteria included: a data 
series minimum length of 20 years, with less than 10% missing data and a final year 
being no earlier than 1995. A summary of the selected stations is presented in Table 2.1. 
The distribution of the stations within the study region is shown in Figure 2.1. 
 
 

Table 2.1 Selected Environment Canada station data for variables of Temperature, 
Precipitation, Snow and Wind 

 (Selection was based on the criteria of a minimum record length of 20 years 
and a maximum of 10% missing data, and final year no earlier than 1995). 

 

 

 
Climatic Variables 

 
ID TMAX TMIN PRECIPITATION SNOW ON GROUND 
3010830 yes yes yes yes 
3011120 yes yes yes no 
3012205 yes yes yes yes 
3012208 yes yes yes yes 
3012210 yes yes yes yes 
3012230 yes yes yes no 
3017595 yes yes yes yes 
3054845 yes yes yes no 
3056272 yes yes no no 
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Figure 2.1 Canadian Regional Climate Model (CRCM4) grid and location of selected climate 

stations within the study area. 

 
 
2.2. Choice of climate model 
 
Impacts and adaptation projects should be based on projections of multiple climatic 
simulations in order to ensure that uncertainty of future climate projections is fully 
explored and incorporated in decision-making processes. Furthermore, in a regional 
context, such as the current PIEVC case study, downscaling of coarse resolution Global 
Circulation Model (GCM) output is desirable. Regional climate modeling employing the 
commonly termed approach of dynamical downscaling is one area of expertise covered 
by the Ouranos consortium and its research partners. Ouranos has contributed to the 
development of the Canadian Regional Climate Model (CRCM; Caya and Laprise, 1999) 
which, like other regional climate models (RCMs), uses principles of conservation on 
energy, mass and movement to generate temporal series of physically coherent climatic 
variables. Developed using the same physical principles as GCMs, RCMs concentrate 
on a portion of the globe and allow production of simulations at higher spatial resolution 
(approximately 45km for the CRCM compared to the several hundred seen with typical 
GCMs). Dynamical downscaling can have a particular advantage in simulating meso-
scale weather events when compared with global models. As such, extreme events 
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(particularly precipitation events) are typically better reproduced by regional modeling 
efforts. Plummer et al. (2006) showed that general observed patterns of precipitation and 
temperature are relatively well reproduced over North America by the CRCM (version 
3.7.1). In a study by Mailhot et al. (2007), regional comparison of CRCM precipitation 
output (again version 3.7.1) and corresponding intensity-duration-frequency curves 
showed favourable results versus observed values for southern Quebec. Mailhot et al. 
(2007) also state that there is good indication that CRCM results are statistically 
consistent with observations in terms of extreme rainfall estimates. 
 
In general the majority of CRCM simulations produced by Ouranos for impacts and 
adaptation purposes focus on the future period of 2041-2070 (termed horizon 2050). 
However, due to increasing demand for climatic scenarios for different future periods a 
small number of continuous simulations have been produced for the period 1961-2100. 
Two of these simulations have been selected for use in this case study. The simulations 
were produced using the CRCM, version 4.2.0 (Music and Caya, 2007; Brochu and 
Laprise, 2007). This selection was based on the advantages of having increased spatial 
resolution (compared to GCMs), the availability of continuous future daily series for the 
period 1961-2100 (the future horizons of interest in the case study being horizons 2020, 
2050 and 2080). The choice was also due to the time constraints imposed for completion 
of the project. 
 
 
 
NB - It is important to note that, due to the restricted number of simulations, 
caution is required in the interpretation of any modeling effort or analysis based 
on the scenarios provided. Use of only 2 simulations is sufficient for sensitivity 
analyses but lacks the robustness provided by the use of a large ensemble of 
simulations (recommended for decision-making or policy planning; see 
Conclusions - section 4 of this report). 
 
 
 
The two simulations (CRCM 4.2.0 ADJ; CRCM 4.2.0 ADL) were carried out for a domain 
covering North America with a horizontal grid-size mesh of 45 km (true at 60 degrees 
north latitude) for the period 1961-2100. The simulations were driven at their boundaries 
by atmospheric fields taken from simulation output of the 4th and 5th members of the third 
generation coupled Canadian Global Climate Model (CGCM3) (Scinocca and 
MacFarlane, 2004). Both global and regional simulations were performed using the 
IPCC SRES A2 greenhouse gas (GHG) and aerosol projected evolution1.  Figure 2.2 
shows the simulated mean global temperature evolution according to the multiple GCM 
output grouped under various SRES different scenarios. It is interesting to note that the 
emissions scenarios diverge very little before approximately 2050. 

                                                 
1 “The A2 storyline and scenario family describes a very heterogeneous world. The underlying 
theme is self-reliance and preservation of local identities. Fertility patterns across regions 
converge very slowly, which results in continuously increasing population. Economic development 
is primarily regionally oriented and per capita economic growth and technological change more 
fragmented and slower than other storylines.” (Nakicenovic et al., 2000) 
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Figure 2.2  Mean global temperature evolution according to the multiple GCM output grouped 
under various SRES different scenarios. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.3. Climate model simulations and time periods 
 
A total of 25 CRCM grid cells fell within the study area boundaries (see Figure 2.1). 
Corresponding grid cell data from the two CRCM 4.2.0 simulations described in section 
2.2 (ADJ and ADL) were extracted and used to calculate the climate indices listed in 
section 2.4. Future changes in indices were determined for three future periods or 
horizons: horizon 2020 (2011 – 2040); horizon 2050 (2041-2070); and horizon 2080 
(2071-2100) with respect to the present period (1961-1990). 
 
Changes (or deltas) in indices are calculated as either the difference or ratio between 
simulated future conditions and simulated present day conditions. Deltas can then be 
applied to calculated observed values either through addition (difference) or 
multiplication (ratio). 
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2.4. Description of climate indices 
 
The choice and priority of climate indices was made in consultation with the client in 
terms of project needs as well as in terms of the limitations of the climate model 
simulations. Calculated indices were chosen from those having been known and used in 
the climate literature in the past. 
 

Temperature indices 
 

a. Monthly average maximum temperature (Monthly AVG TMAX): 
- Average daily maximum temperature for a given month over the time period 
 

b. Monthly average minimum temperature (Monthly AVG TMIN): 
- Average daily minimum temperature for a given month over the time period 

 
c. Average annual daily maximum temperature (annual_max): 

 

Iitannual
I

i
/)365max(max_

1
⎟
⎠

⎞
⎜
⎝

⎛
= ∑

=

 

Calculated as the sum of it 365max  for years i through I divided by the 
number of years. Where it 365max is the highest daily temperature for a 
given year i  

 
d. Average annual daily minimum temperature (annual_min): 
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Calculated as the sum of it 365min  for years i through I divided by the 
number of years. Where it 365min is the lowest daily temperature for a given 
year i 

 
 
Precipitation indices 
*Precipitation indices refer in all cases to total precipitation (liquid and solid 
combined) 

 
a. Precipitation Frequency 1 day (1day_frequency) 

- cutoff values of 5, 10 and 20 mm 
- frequency of events that are greater than cutoff(s) 
 

b. Yearly Max. Precipitation (annual_max_prec):  
 

- average maximum yearly precip event for 1, 2 and 5-day periods 
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Calculated as the sum of ixprec365  for years i through I divided by the 
number of years. Where ixprec365 is the highest precipitation amount for a 
given year i summed over period of x days. 
 

c. Average total annual / seasonal precipitation  (Avg_total_prec) 
- average sum of precip for the year and 4 seasons (DJF, MAM, JJA, SON) 

 
d. Simple Daily Intensity Index (SDII) 

- mean precipitation amount per wet day (wet day > 1mm) 
 

e. Drought :  Average maximum annual dryspell length (Avg_max_dryspell 
- average yearly maximum number of consecutive ‘no wet days’ (< 1mm) for 
the season April 1 – Oct 31st 
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Calculated as the sum of dSPELLi  for years i through I divided by the 
number of years. Where dSPELLi is the maximum dryspell length for a given 
year i. 

 
f. Wetspell:  Average maximum annual wetspell length (Avg_max_wetspell) 

- average yearly maximum number of consecutive ‘wet days’ (> 1 mm) for the 
season April 1 – Oct 31st 

 

IwSPELLiwetspellMAXAvg
I

i
/)(__

1
⎟
⎠

⎞
⎜
⎝

⎛
= ∑

=

 

  
Calculated as the sum of wSPELLi  for years i through I divided by the 
number of years. Where wSPELLi is the maximum wetspell length for a 
given year i. 

 
 
Rain indices 
*Rain indices refer in all cases to precipitation in liquid form  

 
 

g. Rainfall Frequency 1 day (1day_frequency) 
- cutoff values of 5, 10 and 20 mm 
- frequency of events that are greater than cutoff(s) 
 

h. Yearly Max. Rainfall (annual_max_rain):  
 

- average maximum yearly rainfall event for 1, 2 and 5-day periods 
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Calculated as the sum of ixrain365  for years i through I divided by the 
number of years. Where ixrain365 is the highest rainfall amount for a given 
year i summed over period of x days. 
 

i. Average total annual / seasonal rainfall  (Avg_total_rain) 
- average sum of liquid precip for the year and 4 seasons (DJF, MAM, JJA, 
SON) 

 
j. Simple Daily Intensity Index (SDII) 

- mean rainfall amount per wet day (wet day > 1mm) 
 

k. Drought :  Average maximum annual dryspell length (Avg_max_dryspell 
- average yearly maximum number of consecutive ‘no rain days’ (< 1mm) for 
the season April 1 – Oct 31st 
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Calculated as the sum of dSPELLi  for years i through I divided by the 
number of years. Where dSPELLi is the maximum dryspell length for a given 
year i. 

 
l. Wetspell:  Average maximum annual wetspell length (Avg_max_wetspell) 

- average yearly maximum number of consecutive ‘rain days’ (> 1 mm) for the 
season April 1 – Oct 31st 
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Calculated as the sum of wSPELLi  for years i through I divided by the 
number of years. Where wSPELLi is the maximum wetspell length for a 
given year i. 

 
 

Snow indices 
*Snow index values in mm indicate values of Snow Water Equivalent (SWE) in all 
cases.   
**Observed snowfall values from EC stations had units of cm of snow and were 
converted to SWE using an assumed conversion ratio of 10:1 (i.e. 10 mm of fresh 
snow = 1mm SWE) 

 
a. Snowfall Frequency 1 day (1day_frequency) 

- cutoff values of 5, 10 and 20 mm 
- frequency of events that are greater than cutoff(s) 
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b. Yearly Max. Snowfall (annual_max_snow):  
- average maximum yearly rainfall event for 1, 2 and 5-day periods 
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Calculated as the sum of ixsnow365  for years i through I divided by the 
number of years. Where ixsnow365 is the highest rainfall amount for a given 
year i summed over period of x days. 
 

c. Average Total annual / seasonal rainfall  (Avg_total) 
- average sum of solid precipitation for the year and 4 seasons (DJF, MAM, 
JJA, SON) 

 
d. Simple Daily Intensity Index (SDII) 

- mean snowfall amount per wet day (wet day > 1mm) 
 

e. Rain on snow events 
- occurrence defined as presence liquid precipitation > 1mm combined with 
presence of snow on ground (> 0) 
- cutoff values of 1, 5 and 10 mm 
- frequency of events that are greater that cutoff(s) over 1-day period 

 
 

Wind indices 
** NB – wind indices are unavailable as simulated wind data is not available (at 
time of production of this report) for use for the CRCM 4.2.0 (ADJ & ADL) 
simulations 

 
 

Frost indices 
 

a. Frost Season (fr_seas_dys) 
-Average annual max length in days that the 30 day moving average of daily 
average temperature remains consecutively below 0 degrees celsius 

 
b. Freeze Thaw Cycles (frz_thw_freq) 

- Frequency of days where tmax > 0 degrees C and tmin < 0 degrees C 
 
 
2.5. Additional clarifications on precipitation indices 
 
The Edmonton case study area covers a portion of the North Saskatchewan River 
drainage basin. The region is relatively mountainous, particularly in the western portion. 
As mentioned previously, climate model grid cells have a resolution of 45km x 45km and 
use the average topography within each cell. However, the different weather stations 
selected for the purposes of this study (the ones with sufficient data) are all located in 
relatively low-lying areas (even the ones in the western portion of the region). Higher 
average elevations in the climate model affect the proportion of projected snow vs. rain 
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compared to the observed values since the climate model elevation is typically higher 
than the station values. 
 
A similar situation occurred with a previous PIEVC case study (ref: Climate scenario 
report for the Metro Vancouver stormwater and wastewater infrastructure case study). 
Issues were encountered when delta fields of future snow and rainfall change, calculated 
as the ratio of simulated future conditions compared to simulated present conditions, 
were applied to observed station values and recombined in order to obtain a future Total 
Precipitation value. The low observed snowfall values suggest that even large changes 
(reductions) in snowfall amounts have moderate impacts on “reconstructed” total future 
precipitation conditions. Conversely, predicted delta change in rainfall has a stronger 
influence in the calculation. As a result of these problems, it was deemed more useful to 
provide revised precipitation scenarios based solely on Total Precipitation as opposed to 
scenarios separated by type of precipitation (rain and snow). 

 
In the current case study, climate indices and observed station values have been 
provided for rain and snow, as well as for total precipitation. The consultants specified 
that the split between rain and snow was essential for the project in order to properly 
assess impacts on various aspects of the infrastructure: maintenance activities, de-icing, 
life cycle of the bridge, etc. Theses indices have therefore been provided but it is 
recommended that some additional caution be used in the interpretation of results for the 
reasons mentioned above. Moreover, any analysis or inference based on future change 
of total precipitation should be made using the Total Precipitation tables and not through 
a recombination of future snow and rain conditions. 
 
 
Furthermore, there is significant variability in the results for Total Precipitation, Rain and 
Snow indices (both increases and decreases are predicted). Some uncertainties in the 
climate model results for these specific climate variables remain and are associated with 
the current levels of precipitation in the region. The relatively low values for precipitation 
result in calculated delta values that are subject to reduced sample size, that is, a 
reduced number of precipitation events above the cutoff limits. The projected changes, 
particularly for higher cutoff values (e.g. 10, 20mm), could be partly due more to random 
reasons rather than because of systematic changes in the precipitation regime. It is 
therefore suggested that the thresholds presented in the tables (for example 5, 10 and 
20mm cutoffs for rain events) be revised for studies requiring more in-depth analyses of 
future precipitation trends as they may not be the most appropriate levels for this 
particular area. 
 
 
 
2.6. Regionalization of climate indices 
 
Climate indices listed in section 3.1 were calculated for each climate station and each 
RCM grid cell individually. A regional value for each index is then determined by taking 
the average of all stations (grid points) within the study area. These regional values are 
presented in the results section of this report. 
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3. Results 
 
3.1 Climate scenarios for Temperature, Rain, Snow and Frost indices 
 
TEMPERATURE indices 
 
  
TEMPERATURE : Monthly AVG TMAX 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 Month Observed 

(°C) 
(°C) (°C) (°C) (°C) (°C) (°C) 

January -6.67 2.44 3.40 5.55 2.07 3.01 4.35
February -3.04 2.66 2.93 3.08 1.82 4.06 4.32
March 1.64 1.31 1.85 3.12 0.38 0.83 2.55
April 9.94 0.53 1.34 2.17 1.07 1.22 2.28
May 16.32 0.64 1.07 2.20 0.42 0.90 1.76
June 19.71 0.04 1.18 2.60 0.85 2.25 3.06
July 22.05 0.95 3.01 5.13 1.58 2.51 4.49
August 21.21 0.65 2.98 4.80 1.83 2.67 5.01
September 16.29 1.28 2.82 4.88 1.26 2.99 4.11
October 10.29 2.22 2.41 2.88 1.08 2.05 3.70
November 0.36 1.86 2.02 3.94 1.62 2.21 2.97
December -5.02 1.75 2.67 4.70 1.76 3.91 5.33
 
  
TEMPERATURE : Monthly AVG TMIN 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 Month Observed 

(°C) 
(°C) (°C) (°C) (°C) (°C) (°C) 

January -17.97 2.72 3.79 5.94 2.39 3.48 4.83
February -15.38 2.72 3.07 3.25 1.97 4.19 4.55
March -10.39 1.38 2.02 3.35 0.29 0.84 2.66
April -2.93 0.50 1.30 2.03 1.01 1.16 2.25
May 2.40 0.71 1.13 2.25 0.45 0.90 1.78
June 6.48 0.05 1.18 2.50 0.87 2.15 3.02
July 8.67 1.11 2.94 4.79 1.55 2.54 4.28
August 7.49 0.73 2.82 4.41 1.66 2.55 4.65
September 2.81 1.35 2.83 4.68 1.22 2.93 4.11
October -2.32 2.28 2.54 3.18 1.13 2.07 3.86
November -10.10 2.23 2.44 4.60 1.83 2.55 3.68
December -15.81 1.95 3.03 5.18 2.20 4.37 5.90
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TEMPERATURE : annual max /annual min 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 Month Observed 

(°C) 
(°C) (°C) (°C) (°C) (°C) (°C) 

annual maximum 30.53 0.08 3.46 5.46 2.54 3.37 6.08
annual minimum -37.04 2.99 3.31 5.19 2.32 4.72 6.43

 
 
TOTAL PRECIPITATION indices 
 
  
TOTAL PRECIPITATION : 1day_Frequency 
  

Cutoff Future Change ADJ Future Change ADL 
(mm) 2020 2050 2080 2020 2050 2080 

  

Observed 
(frequency) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
5 0.08 1.11 1.14 1.22 1.05 1.15 1.24
10 0.03 1.23 1.14 1.27 1.01 1.25 1.38
20 0.01 1.26 1.03 1.00 0.94 1.50 1.48

 
 
  
TOTAL PRECIPITATION: Avg_Max_prec 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Period 
(days) 

Observed 
(mm) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
1 42.07 1.05 0.99 1.06 0.99 1.15 1.11
2 54.65 1.05 1.00 1.05 0.97 1.18 1.12
5 68.02 1.10 1.03 1.09 0.97 1.18 1.09

 
 
  
TOTAL PRECIPITATION : Avg_total_prec 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Total 
Precipitation 

Observed 
(mm) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
Annual 476.15 1.07 1.08 1.11 1.04 1.11 1.15
DJF 63.14 1.02 1.15 1.26 1.12 1.23 1.32
MAM 95.52 1.10 1.12 1.14 0.99 1.06 1.17
JJA 233.94 1.10 0.99 0.95 1.00 1.10 1.03
SON 88.38 1.03 1.16 1.26 1.08 1.10 1.23
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TOTAL PRECIPITATION : Simple Daily Intensity Index (SDII) 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Observed 
(mm/day) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
6.30 1.04 1.03 1.06 1.00 1.05 1.08 

 
 
  
TOTAL PRECIPITATION : Dry spells / Wet_spells 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

  

Observed 
(days) 

(days) (days) (days) (days) (days) (days) 
Avg MAX Dryspell 10.84 -0.75 -1.37 -1.07 0.23 -1.04 -1.11
Avg MAX Wetspell 2.84 0.97 0.15 0.06 0.10 0.13 -0.21
 
 
RAIN indices 
 
  
RAIN : 1day_Frequency 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Cutoff 
(mm) 

Observed 
(frequency) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
5 0.06 1.23 1.24 1.37 1.14 1.31 1.48
10 0.03 1.40 1.27 1.43 1.14 1.46 1.63
20 0.01 1.36 1.13 1.08 1.00 1.63 1.65

 
 
  
RAIN: Avg_Max_rain  
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Period 
(days) 

Observed 
(mm) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
1 42.69 1.08 1.03 1.11 1.01 1.20 1.18
2 55.96 1.09 1.03 1.10 1.00 1.22 1.17
5 70.05 1.12 1.07 1.14 1.00 1.22 1.13
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RAIN : Avg_total_rain 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 Total rain Observed 

(mm) 
(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 

Annual 372.37 1.20 1.21 1.29 1.11 1.27 1.39
DJF 2.80 2.23 4.56 6.31 2.31 3.93 6.73
MAM 60.62 1.31 1.37 1.58 1.08 1.25 1.67
JJA 250.29 1.13 1.05 1.02 1.04 1.16 1.11
SON 59.70 1.37 1.69 2.10 1.42 1.67 2.24
 
 
  
RAIN : Simple Daily Intensity Index (SDII) 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Observed 
(mm/day) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 

7.27 1.04 1.01 1.03 1.01 1.07 1.07
 
 
  
RAIN : Dry spells / Wet_spells 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

  

Observed 
(days) 

(days) (days) (days) (days) (days) (days) 
Avg MAX Dryspell 12.71 -1.25 -2.00 -2.89 -0.04 -2.31 -3.23
Avg MAX Wetspell 2.98 1.27 0.23 0.41 0.32 0.60 0.33
 
 
SNOW indices 
 
  
SNOW : 1day_Frequency 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

SWE cutoff 
(mm) 

Observed 
(frequency) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
5 0.020 0.91 0.94 0.98 0.92 0.94 0.92
10 0.006 0.88 0.93 0.94 0.78 0.87 0.91
20 0.001 0.87 0.84 0.65 0.76 0.92 0.70
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SNOW`: Annual_Max_snow 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Period 
(days) 

Observed 
(mm) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
1 18.97 0.95 1.00 0.97 0.92 0.96 0.95
2 23.49 0.94 0.98 0.93 0.93 0.96 0.97
5 28.67 0.96 0.99 0.96 0.96 0.98 1.00

 
 
  
SNOW : Avg_total_snow 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Total snowfall 
(SWE) 
(mm) 

Observed 
(mm) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
Annual 132.19 0.93 0.93 0.90 0.95 0.94 0.87 
DJF 61.12 0.98 1.06 1.12 1.09 1.15 1.14 
MAM 39.11 0.99 0.98 0.90 0.94 0.95 0.87 
JJA 0.06 0.74 0.29 0.19 0.56 0.41 0.16 
SON 32.53 0.85 0.88 0.81 0.91 0.82 0.73 
 
 
  
SNOW : Simple Daily Intensity Index (SDII) 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Observed 
(mm/day) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
4.29 1.00 1.02 1.04 0.97 1.00 1.02

 
 
  
SNOW : Rain_on_Snow_events 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Rain cutoff 
(mm) 

Observed 
(frequency) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
1 0.005 1.03 1.03 1.08 0.97 0.98 1.08 
5 0.001 1.08 0.98 1.13 0.92 0.95 1.16 
10 0.000 N/A N/A N/A N/A N/A N/A 
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FROST indices 
 
FROST SEASON LENGTH : fr_seas_dys 

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Observed 
(days) 

(days) (days) (days) (days) (days) (days) 
143.44 -17.04 -21.16 -28.26 -6.09 -18.41 -23.01 

 
 
  
FREEZE THAW EVENTS: fr_thw_freq 
  

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 

Observed 
(frequency) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
0.31 1.08 1.08 1.10 1.01 1.04 1.02
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3.2 Literature review for other climate indices 
 
While climate scenarios for temperature changes and changes in precipitation patterns 
are quite reliable, there is far greater uncertainty linked to projections for relatively small-
scale or very localized atmospheric phenomena. Most authors agree that GHG 
concentrations do have an effect on these events; however, it remains difficult to find 
reliable projections that indicate future trends of intensity, direction or frequency for 
events such as storms, intense winds or other extreme events (Maarten, 2006). Climate 
scenarios are therefore difficult to produce for certain very localized events (wind gusts, 
tornadoes, thunderstorms) or events where processes are complex and depend on a 
number of factors (hurricanes, ice storms). The observed data is insufficient to validate 
the model outputs for these events. 
 
Moreover, any seemingly apparent trend stemming from the observed data must be 
interpreted carefully as an increase could result from a combination of factors such as: 

- increased weather station coverage 
- improved quality of the data collected 
- changes in land use (and corresponding increases in damage claims). 

 
 
Consequently, among the list of climate elements that were requested for the Edmonton 
case study, it is not possible to provide sound numerical climate scenarios that could be 
used for the infrastructure vulnerability assessment. The following is the list of climate 
variables that fall under this category with a review of the literature explaining possible 
changes. 
 
 
WIND (hurricanes, tornadoes, thunderstorms, winds gusts) 
 
According to the Fourth Assessment Report of the Intergovernmental Panel on Climate 
Change (IPCC, 2007), it is “more likely than not” that the observed trend of hurricane 
intensification since the 1970s is linked to human-induced greenhouse gas emissions. 
The report also claims that “it is likely that future tropical cyclones (typhoons and 
hurricanes) will become more intense, with larger peak wind speeds and more heavy 
precipitation associated with ongoing increases of tropical sea surface temperatures.” 
However, there is no clear trend in terms of the frequency of tropical cyclones. Although 
some authors claim that there has been an increase in the frequency of hurricanes, 
namely in the North Atlantic (Holland et al. 2007, Webster et al. 2005), there remains 
much debate as to the possible mechanisms explaining this. 
 
Results from some model simulations suggest that the atmosphere over mid-latitude 
land areas could become more unstable in the future, suggesting that an increase in 
convective activity is quite probable (Balling et al. 2003). However, researchers have 
been unable to identify significant increases in overall severe storm activity as measured 
in the magnitude and/or frequency of thunderstorms, hail events, tornadoes, hurricanes, 
and winter storm activity in North America. Increasing trends in damages caused by 
these events seem to be more closely linked to changes in demography and land use 
(Balling et al. 2003) 
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ICE (ice build-up, ice accretion, freezing rain) 
 
Ice build-up, caused by melting blocks of ice that accumulate and obstruct water ways or 
pile up around infrastructure components, can be triggered by: 
- rapid melt events when there is a significant accumulation of snow and ice 
- heavy precipitation events in spring when there is still a cover of ice 
- heavy rain on snow events 
 
Warmer average temperatures throughout the year (see climate scenarios in section 
3.1) suggest that the length and severity of the cold season will decrease. However, 
depending on precipitation patterns, this could mean either an increase or decrease in 
river or lake ice build-up, because of the nature of the precipitation as well as the 
intensity of the events that cause ice build-up. 
 
 
Very few studies have been conducted on the possible impacts of climate change on 
freezing rain events and ice storms. A study conducted over northern and eastern 
Ontario (Cheng et al. 2007) suggests that freezing rain events could move further north 
as the boundary between snowfall and rainfall shifts northward. However, as the 
temperatures increase in the Fall and Spring (beginning and end of the winter season), 
freezing rain events could decrease since precipitation falling as freezing rain could fall 
as liquid rain under warmer conditions. At present, it remains unknown how climate 
change could affect the frequency and severity of freezing rain events and ice storms 
(Irland, 2000, Cheng et al. 2007). 
 
 
 
SNOW (rapid melt events) 
 
Variations and trends in temperature significantly influence snow covered areas, namely 
by determining whether precipitation falls as snow or rain and determining snowmelt 
(IPCC, 2007). However rapid snowmelt events are difficult to predict because they 
depend on a number of factors, including: 
- temperature and precipitation conditions at the time of the melt 
- total amount of snow on the ground 
 
Because these events occur as the result of a combination of factors and can be very 
localized (in both time and space), it is difficult to establish reliable scenarios of change 
in future climate conditions. Moreover, the inherent variability of the climate makes it 
difficult to predict whether this type of event will occur more frequently or more intensely, 
as a change in only one of the determining factors can determine whether rapid 
snowmelt will happen or not. 
 
Nevertheless, it is recognized that changes in average temperature will impact 
precipitation and wind patterns and influence the change in probability distributions of 
many atmospheric processes. Indeed, a warmer atmosphere increases the chances for 
convective activity. This is already the case in warmer regions of the world during 
warmer seasons (Balling et al. 2003). This will impact the frequency, intensity, duration 
and direction of extreme events such as tornadoes, hailstorms, thunderstorms. However, 
it remains difficult to determine quantitatively precisely how these events will change. 
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Climate change will also influence the variability of the climate, including inter-annual 
events such as El Nino. However, climate scenarios on this type of climate phenomenon 
or event have not yet been developed. 
 
 
To assess the vulnerability of infrastructure to changes in these parameters where 
numerical scenarios are not reliable, it can be useful to conduct “what if” scenarios, 
using a plausible factor of change to add to historical trend data and local knowledge of 
climate events. These sensitivity analyses help to determine at what threshold the 
infrastructure can become vulnerable to climatic events and estimate the likelihood of 
such events happening based on the physics of climate change and on local 
observations of climate events. 
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4 Conclusion 
 
The case studies carried out within the PIEVC initiative to assess infrastructure 
vulnerability to climate change using the protocol developed in Phase 1 of the initiative 
require plausible and reliable climate scenarios based on similar methodologies in order 
to compare the relative vulnerability of various infrastructures throughout the country. 
 
This report provides historical climate data and climate change scenarios for the 
Edmonton region case study on the vulnerability of the City’s roads and associated 
infrastructure, specifically the Quesnell Bridge. 
 
 
Caution is required in the interpretation of analyses based on the future scenarios 
provided. Climate scenario production was limited to the use of only 2 simulations. 
Furthermore, these simulations were produced by the same regional climate model 
(CRCM 4.2.0), driven by two runs of the same GCM (CGCM3) and the same GHG 
emissions scenario (SRES A2). In short, the predicted changes cover only a small 
portion of the spectrum or envelope of changes that would be produced via the use of 
multiple SRES scenarios and multiple driving models (or even multiple RCMs). As such, 
it is recommended that any decision or policy making activities be based on an 
expanded version of the present case study. 
 
 
At present, large ensemble analyses using strictly RCM output are not possible over 
North America. However, Ouranos continues to produce RCM simulations, and is also 
actively involved in the North American Regional Climate Change Assessment Program 
(NARCCAP http://www.narccap.ucar.edu/), an international program that will serve the 
high resolution climate scenario needs of the United States, Canada, and northern 
Mexico, using regional climate model, coupled global climate model, and time-slice 
experiments. The needs of the PIEVC (i.e. simulations with a fine spatial resolution, and 
inclusion of a number of extreme indices) would be best addressed using an ensemble 
of multiple RCM driven by multiple pilot GCMs such as will be produced with NARCCAP 
project This approach would allow a large inclusion of possible futures and thus better 
cover the envelope of uncertainty. Further research continues to be needed in climate 
modeling and climate scenarios in order to provide reliable data for climate change 
vulnerability and impacts assessments. 
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Appendix E - Extreme Climate Events 
 



Edmonton Disaster Timetable 
 

Year Incident 
1892 Smallpox: Health inspectors inspected incoming trains and placed 

restrictions on travel from infected areas. Infected households 
quarantined. Led to creation of first Board of Health on July 23, 
1892. During 1908-1911 there was obligatory smallpox vaccination 
for all school-aged children. 

 Estimated Cost: n/a 
  
1901 Thunderstorm: Hail the size of pigeon eggs 
 Estimated Cost: n/a 
  
1903 The Great Prairie Blizzard: Thousands stranded. Bright sunlight 

reflected off snow causing snow blindness for human and animals 
 Estimated Cost: n/a 
  
1911-1913 Scarlet Fever: Vigorous campaign to educate housewives on 

disease transmission and how to “swat flies.” 
 Estimated Cost: n/a 
  
1912 Typhoid Fever Outbreak: Filtration and chlorination of the north 

side water plant and completion of the south side water treatment 
plant helped to prevent future outbreaks. 

Cases: 264 Estimated Cost: n/a 
  
1912-1913 Measles epidemic 
 Estimated Cost: n/a 
  
1915 Flood: North Saskatchewan River overflowed its banks leaving 

2,000 people without a home 
 Estimated Cost: n/a 
  
1918 Pandemic Influenza: The Spanish Flu killed 262 and thousands ill 

(Edmonton population at the time was 53,846) 
Dead: 262 Estimated Cost: n/a 
  
1918-1920 Scarlet Fever 
Cases: 623 Estimated Cost: n/a 
  
1919-1921 Smallpox 
 Estimated Cost: n/a 
  
1925-1927 Polio: 23 dead and numerous cases of paralysis 
Dead: 23  
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Year Incident 
1927 Smallpox: 54 cases (all but three had not been vaccinated). 

Twelve thousand residents immunized in a few weeks 
 Estimated Cost: n/a 
  
1929 Plane crash: A Tiger Moth crashed into the Calder yards, narrowly 

missing several rail cars. 
 Estimated Cost: n/a 
  
1932 Measles 
 Estimated Cost: n/a 
  
1942 Blizzard: Left 49.53 cm of snow and derailed seven streetcars and 

delayed milk and bread delivery. Snow drifts of 91.44 cm. 
Snowplow equipment available in southern Alberta was sent to 
Edmonton 

 Estimated Cost: n/a 
  
1944 Winter Storm: Closed trails in outlying areas preventing coal 

delivery. 
 Estimated Cost: n/a 
  
1944 Flood 
 Estimated Cost: n/a 
  
1949 Tornado: A “baby” tornado touched down on the outskirts of 

Edmonton but did little damage. 
 Estimated Cost: n/a 
  
1952 Flood 
 Estimated Cost: n/a 
  
1952-1953 Polio: 322 cases and 33 dead. Salk vaccine introduced in 1954. All 

grade one children vaccinated in 1955. 
Dead: 33 Estimated Cost: n/a 
  
1953 Flood 
 Estimated Cost: n/a 
  
1954 Plane Crash: Plane crashed into Calder Yards knocking several 

railcars off the tracks 
 Estimated Cost: n/a 
  
1955 Snowstorm: 41.9 cm snow fell in April 
 Estimated Cost: n/a 
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Year Incident 
1957 Asian Flu 
 Estimated Cost: n/a 
  
1957 Blizzard:  
 Estimated Cost: n/a 
  
1962 Measles: 2.817 cases. Immunization against measles began in 

1966 and the number of cases dropped dramatically. 
 Estimated Cost: n/a 
  
1962 Thunderstorm: Storm with tornadoes and hail. Flooded exhibition 

grounds and cut electrical service to many areas. 
Injured: 2 Estimated Cost: n/a 
  
1963 Thunderstorm: Three violent thunderstorms with 80 km/hr winds in 

close succession between 0100 hrs and 0600 hrs dumping seven 
inches of rain. Two thousand homes left without power. 

 Estimated Cost: n/a 
  
1964 Blizzard 
Dead: 4 people Estimated Cost: n/a 
  
1965 Bomb: Edmonton AB, Jan 2 1965. Two U.S. jets (F-84s) being 

overhauled by Northwest Industries in Edmonton were destroyed 
and a third damaged when a left-wing group protesting the 
Vietnam War dynamited the planes; a security guard was killed 
during the incident. 

Dead: 1 Estimated Cost: n/a 
  
1968 Natural Gas Explosion: Dunston Apartments 
Dead: 2 
Injured: 9 

Estimated Cost: n/a 

  
1968 Hong Kong Flu 
 Estimated Cost: n/a 
  
1969 Hailstorm: Edmonton AB, Aug 4 1969. Some of the largest 

hailstones to that date. 
 Estimated Cost: $106,372,000 
  
1972 Flood 
 Estimated Cost: n/a 
  
1972 Snowstorm: 15.24 cm of wet, sticky snow downed power lines 

leaving parts of the City without power for up to 12 hours 
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Year Incident 

1978 Flood: Edmonton AB, Jul 10-11 1978. A highly localized rainstorm 
and subsequent runoff exceeded the capacity of Edmonton's 
sewer system, causing a severe urban flood. Approximately 90 
mm of rain was dumped in 16-18 hours although most of the rain 
fell within a 4-hour period. Roads and bridges were damaged, soil 
was eroded, basements were flooded and sewers were backed 
up. Brief telephone and power failures were also reported. The 
areas of Raymond, Lethbridge, Milk River and Coutts were also 
affected. 

 Estimated Cost: $7,977,000 
  
1978 Hazardous Materials Incident: Gasoline tanker spilled 39,550 litres 

of gas into the sewer system at 98 Street and 85th Avenue. Forty 
homes were evacuated, natural gas was shut off and crews 
extinguished two flash fires in the sewer. 

 Estimated Cost: n/a 
  
1979 Measles 
Cases: 2,012 Estimated Cost: n/a 
  
1979 Blizzard: Storm downed power lines leaving many residents 

without power for 40 minutes 
 Estimated Cost: n/a 
  
1979 Oil and Gas: heavy equipment cuts through a 50 cm diameter 

pipeline spilling crude oil into the River Valley. Oil flowed for six 
hours until containment efforts were successful 

 Estimated Cost: n/a 
  
1979 Pipeline Rupture: Major liquid propane pipeline ruptures. Another 

major pipeline ruptured spewing crude oil into the river. Millwoods 
Evacuated: 17,000 Estimated Cost: $798,000 
  
1980 Explosion: at the Boardwalk sent 10 firefighters to hospital 
Injured: 10  
  
1980 Hazardous Materials Incident: 270 litres of 2-4D spilled at 125 

Avenue and 82nd Street 
 Estimated Cost: n/a 
  
1980 Plane Crash: A twin engine plane crashed in to the Royal 

Alexandra Hospital leaking 100 gallons of fuel into the hospital. 
Dead: 2 Estimated Cost: n/a 
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Year Incident 
1981 34,000 litres of gasoline and diesel spilled and caught fire at 92nd 

Avenue and 39 Street when a truck and train collided 
 Estimated Cost: n/a 
  
1981 A thunderstorm dropped 56 mm of rain in less than 3 hours 

causing severe and widespread flooding; the flooding resulted in 
washouts, mudslides and 4 deaths. 

Dead: 4 Estimated Cost: $2,057,000 
  
1982 Blizzard: -30 C weather resulted in 11 car pile-up. 45.3 cm of snow 

fell in the first 19 days of January.  Broken water mains flooded the 
streets. Two people died from hypothermia. Schools closed. 
Periods of ice fog made driving difficult. 

Dead: 2 Estimated Cost: $1,700,000 
  
1982 Explosion: explosion at CIL Plant was heard and felt 30 kms away 
 Estimated Cost: n/a 
  
1982 Hazardous Materials Incident: 38 railcars carrying sulphur residue 

caught fire at the Calder Yards creating a potentially hazardous 
toxic gas 

 Estimated Cost: n/a 
  
1982 Giardiasis Outbreak: North Saskatchewan River water 
Cases: 895 Estimated Cost: n/a 
  
1982-1983 Respiratory problems from a hydrogen sulphide gas leak at 

Lodgepole 
 Estimated Cost: n/a 
  
1983 Storm: Regina SK and Edmonton AB, Jun 24 1983. 
 Estimated Cost: $66,908,000 
  
1983 Windstorm 
 Estimated Cost: $34,462,000 
  
1984 Civil Disorder: Stanley Cup celebrations on Jasper Ave led to 

windows being broken, litter strewn, large crowds 
 Estimated Cost: n/a 
  
1985 Plane Crash: Two Canadian Forces planes collide in mid-air just 

north of the City. The plane crashes into a building and flames 
shot up over 300 metres. 

Dead: 10 people  
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Year Incident 
1986 Flood: Worst flood in 71 years. Flood affected 300 homes in 

Rossdale, Riverdale and Cloverdale. City required 500 extra 
employees to cope. 

Evacuated: 900 Estimated Cost: Over $4,000,000 
  
1987 Tornado: widespread heavy rainfall from a powerful tornado hit 

Edmonton on July 31,1987; 300 mm of rain fell in 3 days; the 
Smoky, Wapiti, Simonette, and Kakwa Rivers rose up to 7-8 
metres in some areas; the tornado touched down in Edmonton 
and moved northeast; hailstorms were reported during the 
tornado; much of the damage was caused by hailstorms 
accompanying the tornado. 

27 dead, 600 
injured, 1700 
homeless 

Estimated Cost: $665,483,000 

  
1989 Tornado: Edmonton had a small tornado touch down in the west. 
Injured: 2 Estimated Cost: $500,000 
  
1989 Gas explosion at Holyrood damaged 35 homes 
Dead: 1  
  
1989 Snowstorm: 15 cm of wet, heavy snow snapped trees and caused 

100 power outages 
 Estimated Cost: n/a 
  
1989 A 22 litre pail of dimethylaniline spilled near a school at Wagner 

Rd and 86 Street. Seven people admitted to University of Alberta 
Hospital complaining of headaches and nausea. 

Injured: 7 Estimated Cost: n/a 
  
1990 Pertussis (whooping cough): 615 cases compared to 66 in 

previous year 
Cases: 615 Estimated Cost: n/a 
  
1992 Plane Crash: A suicidal man circled Edmonton for several hours 

trying to gain the attention of his former girlfriend before 
deliberately crashing his plane into the side of a house. 

  
1992 Hailstorm: Two hailstorms in August and September 
 Estimated Cost: $20,170,000 (August) 
  
1992 Hailstorm 
 Estimated Cost: : $22,522,000 
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Year Incident 
1993 Hailstorm 
 Cost: $21,095,000 
  
1995 Hailstorm 
 Estimated Cost: 34,511,000 
  
1996 Hazardous Materials Incident: Aqua ammonia release in the 

Millwoods Recreation Centre sent a number of patrons and staff to 
hospital. 

 Estimated Cost: n/a 
  
1997 Snowstorm: Storm left 25,000 people without power, broke 16,000 

trees, damaged buildings and caused major problems on 
highways 

 Estimated Cost: n/a 
  
1997 Oil and Gas: Evacuation caused by a backhoe rupturing a natural 

gas line at 101 Avenue and 101 Street 
 Estimated Cost: n/a 
  
1998 Oil and Gas: Trencher hit an 8 cm diameter natural gas line at 73 

Ave and 180 Street resulting in a second alarm response. 
 Estimated Cost: n/a 
  
1999 Landslide: Riverview home slides down the bank of the North 

Saskatchewan River. Seven other homes threatened. 
 Estimated Cost: n/a 
  
1999-2001 Meningococcal Disease 
Cases: 60 Estimated Cost: n/a 
  
2001 Civil Disorder: Canada Day celebrations led to crowds on Whyte 

Ave. 37 arrests, 93 charges laid, 7 people transported to hospital 
and unknown number of injured made their own way to hospital. 

Injured: 7+ Estimated Cost: Over $1,000,000 
  
2001 Hazardous Materials Incident: A cloud of unknown substance at 

the Waste Recycling Centre at Clover Bar. The Dangerous Goods 
Team could find no trace of the substance but several staff 
members required medical attention. 

 Estimated Cost: n/a 
  
Oct 2001 to April 
2002 

City of Edmonton responded to nearly 100 false anthrax scares 

 Estimated Cost: n/a 
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Year Incident 
2004 Fire: Lilydale Chicken Processing Plant The main concern was a 

large ammonia tank used in building’s refrigeration unit. If it were 
to catch fire, toxic smoke could spread throughout the 
neighbourhood. The tank was secured mid-morning. There was an 
evacuation of 30 blocks around the south end of the building – 
mostly in an industrial area. 

 Estimated Cost: 
  
2004 Hailstorm: Severe hail and rain battered parts of Edmonton, 

causing extensive flooding of basements and streets and forcing 
the evacuation of 30,000 people from the world’s largest shopping 
mall – the West Edmonton Mall. 

 Estimated Cost: $74,000,000 
  
2004 Oil and Gas: Acclaim Well blowout west of City. 700 people 

evacuated. Though the well is not in Edmonton, noxious fumes 
could be smelled in the City. 

Injured: 2 Estimated Cost: $45,000,000 
  
2005 Hazardous Materials Incident: an uncontrolled fire began during 

waste handling activities at Custom Environmental Services 
Limited (CES); measured ammonia, carbon monoxide, total 
polycyclic aromatic hydrocarbons, oxides of nitrogen, ozone, 
particulate matter, reduced sulphur compounds, temperature, 
relative humidity, wind speed and wind direction. All of the 
contaminants measured by the MAML were detected below 
applicable Alberta Ambient Air Quality Objectives (AAAQO) 

 Estimated Cost: n/a 
  
2006 Norovirus Outbreak: University of Alberta The virus causes 

vomiting and diarrhea for a few hours before a person begins to 
recover 

Cases: 123 Estimated Cost: n/a 
  
2007 Hazardous Materials Incident: an ammonia solution spill (20672) 

at the CN Rail Yards at 111800 Yellowhead Trail. About a quarter 
of an 87,000 kg tank spilled. There were no injuries and no 
evacuation. CN Hazmat Team contained the spill. 

 Estimated Cost: n/a 
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Appendix F - Bridge Code (S6-06) Climate Data 



















 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix G - National Building Code ('05) Climate Data 
 





 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Appendix H – Workshop Presentation 
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1

Workshop Presentation

Climate Change Infrastructure Vulnerability 

Assessment for 

The Quesnell Bridge

February 8, 2008

Edmonton

2

Workshop Agenda

• Presentation 8:30 am – 10:00 am

– Introduction: Participants, Background, Context

– Quesnell Bridge

– Climate Change and Engineering

– Protocol: Vulnerability assessment process

– Workshop Overview 

• Site Visit 10:00 am – Noon

• Lunch Noon – 1:00 pm

• Workshop 1:00 pm – 2:30 pm

• Break 2:30 pm – 2:45 pm

• Closing 2:45 pm – 3:00 pm
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3

Workshop Agenda

• Presentation 8:30 am – 10:00 am

– Introduction: Participants, Background, Context

– Quesnell Bridge

– Climate Change and Engineering

– Protocol: Process for conducting vulnerability 

assessment 

– Workshop Overview

• Site Visit

4

Workshop Participants -

Introductions

• Adam Laughlin City of Edmonton

• Hugh Donovan City of Edmonton

• Don Lewycky City of Edmonton

• Wanda Goulden City of Edmonton

• Shiraz Kanji City of Edmonton

• Allan Manson City of Edmonton

• Byron Nicholson City of Edmonton

• Carole Cej City of Edmonton

• Steven Schmidt City of Edmonton

• Doug Wong Millennium EMS Solutions 

• Ken Rebel CH2M HILL 

• Raymond Porter CH2M HILL

• Howard Thomas CH2M HILL

• Paul Carter CH2M HILL

• Alex Chan CH2M HILL facilitator

• Efrosini Drimoussis CH2M HILL facilitator
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5

Purpose: Assess the vulnerability of Canada’s 
public infrastructure to climate change

• Climate change is happening 

• Climate change is affecting 

infrastructure

• Climate change could call into 

question the current standards of 

design

• Engineers must build, maintain 

resilient infrastructure

• Mitigation: standard engineering 

practice

• Adaptation: must become engineering 
practice

• Current design codes, standards, and 

engineering practices are challenged

• Need to understand climate change 

and account for it in design and 
retrofitting of public infrastructure

• Need to develop or revise policies, 

standards, and tools to guide this 

effort

Climate Change and
Engineering

Strategies to Deal with 
Climate Change

6

PIEVC National Assessment

• Committed to delivering a national 
scale assessment of climate 
change impacts and adaptation in 
Canada

• Identified need to consult with 
engineers, scientists, and 
communities for broad 
understanding of vulnerability

• Leads federal government 

partnership activities

• Develops standards of 

practice and ethics 

guidelines

• Established PIEVC

Federal
Government

(Natural 
Resources 

Canada)

• Oversees the planning and execution 

of this broad-based national 

engineering assessment 

• Completed a Pilot Study to assess 

vulnerability of water supply system 
to impacts of potential climate 

changes

• Four priorities for review: 

(1) Roads & associated infrastructure, 

(2) buildings, 

(3) storm water/ wastewater, 

(4) water resource systems

• Study is part of national assessment overseen by 

the Public Infrastructure Engineering Vulnerability 

Committee (PIEVC)

PIEVC

Engineers Canada
(Canadian Council

of Professional
Engineers)
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National Assessment Process

PIEVC
(Public Infrastructure Engineering Vulnerability Committee)

National Assessment Process

Scoping

Study

Portage La Prairie

Water Resource 

Infrastructure

Quesnell Bridge (Edmonton)

Thermosyphon foundations (Yellowknife)

Roads study (Sudbury)

Sea level rise study (Newfoundland)

Scoping

Study

Consultant

Pilot Study

Consultant

Canada-wide

Assessment

Consultant

Phase I Phase II Phase III Phase IV

National 

Assessment

Report

Expert Working Groups

• Buildings

• Roads and Associated Infrastructure (e.g., Bridges)

• Storm Water and Wastewater Systems

• Water Resources

8

Engineering Vulnerability

• > the level of risk of destruction, disruption, or 

deterioration of engineered public infrastructure 
resulting from changes in climate conditions

To assess vulnerability to climate change, we 

need to consider:

– The infrastructure

– The climate (historic, recent, projected)

– Response of infrastructure to climate (historic, 

projected)
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Climate and Infrastructure 

Interactions

• There are relevant 

interactions between 
climate and 

infrastructure that need 

to be accounted for

Vulnerability = f ( Exposure, Adaptive Capacity)

Susceptibility 

(to Harm)

Risk

Hazard

Stimulus

Coping Ability

Resilience

10

Climate and Infrastructure 

Interactions (continued)

Infrastructure Attributes
Quesnell Bridge

Climate Elements
Edmonton, Alberta Region

• Asphalt

• Membrane

• De-icing system

• Bearings

• Abutment

• Riverbank

• Upstream Dam

• Storm water management

• Operations/maintenance 

crew (snow removal: 
people/ equipment)

• Temperature range

• Rainfall frequency / 

intensity

• Freeze/thaw cycle

• Ice accretion

• Snow fall

• Extreme events 

(wind/storm/– increased 

frequency and intensity

• Hydrology

• Combination of events

• Sequencing of events
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Workshop Agenda

• Presentation 8:30 am – 10:00 am

– Introduction: Participants, Background, Context

– Quesnell Bridge

– Climate Change and Engineering

– Protocol: Process for conducting vulnerability 

assessment 

– Workshop Overview

• Site Visit

12

Host City: City of Edmonton has agreed to 
act as Host City for Roads and Associated 

Infrastructure Assessment

• Quesnell Bridge

– Links Whitemud Dr. and access road to Fort Edmonton Park

– Constructed in 1968

– 315 m long

– 6-span over North Saskatchewan River 

– 3 lanes each direction

– 114,000 vehicles per day

– Parabolic pre-cast concrete girders, with cast-in-place deck
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Quesnell Bridge Site

14

Bridge Rehab: Bridge to undergo rehab 
and widening to meet traffic demands and current 

design standards

• Widening with one additional traffic lane in each 

direction

• Replacement of bridge concrete deck

• Widening of existing pier caps and abutments

• Addition of new concrete girders on each side
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15

Bridge Cross-Section After 

Widening

16
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17

18
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19

20
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21

22

Bridge Mandate

• Mandate is for bridge to be serviceable for 50 

years without any major rehabilitation

• Other proposed work includes:

– New water proofing system, along with new deck

– New drainage system and holding pond

– New expansion joints

– Exterior post-tensioning for existing girders 

– Fibre wrap for shear reinforcement for existing girders

– Exterior post-tensioning for pier caps

– Possibly new de-icing system
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23

Workshop Agenda

• Presentation 8:30 am – 10:00 am

– Introduction: Participants, Background, Context

– Quesnell Bridge

– Climate Change and Engineering

– Protocol: Process for conducting vulnerability 

assessment 

– Workshop Overview

• Site Visit

24

Climate Baseline

• Wind Pressure Load – 600 locations, 1990 latest 

update

• Temperature (Daily Max and Min) – 30 years of 

record up to 1970

• Relative Humidity (Annual Mean) – 10 years of 

data, 1957 to 1966 inclusive

• Ice Load – based on a 1976 update to the 1974 

edition of the NBC
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Source:  IPCC

Global Climate Models: Appear to 
Accurately Characterize Temperature Changes

26

But None are “Pretty”…

Source:  IPCC
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…And Will Result in Significant 

Precipitation Changes!

Source:  IPCC

28

Modelling Approach for 

Quesnell Bridge Study

• Global Climate Model (GCM)

• Supplemental Data

– Topography of Upper Saskatchewan River Basin

– Available historical meteorological data

• Regional Climate Model (RCM)

• Forecast Trends for 2050
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Upper Saskatchewan Drainage 

Basin

Quesnell
Bridge

Upper Portion

of 

Saskatchewan

River Drainage 
Basin

30

And Climate Will Continue to 

Become More Variable

• “Hotter” hots but 

the same “colds”

• Greater day-to-day 

and through-the-

day temperature 

variations

• More droughts

• More floods

• More hurricanes
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Extreme Weather Events 

Impact Canadian Infrastructure

West Don River, Ontario

Stampede Park, Calgary Flood 2005,  

Alberta

Ice Storm, Ontario and Quebec

Calgary Flood 2005, Alberta

32

In Edmonton: A number of extreme
climatic events have been recorded

since the 1900s

$21-$74M Hailstorm: 2004 most severe’92, ’93, ’95, ’04

$1.7M, 2 deadBlizzard/Snowstorm: ’82 severe’79, ’82, ’89, ’97

$665M, 27 deadTornado: 1989 most severe’87, ’89 

$4-8MFlood: 1978 – high local rainstorm’53, ’72, ’78, ’86

N/ATornado: Outskirts of Edmonton1949

N/AFlood’44, ’52, ’53

4 dead (1964)Blizzard/Snowstorm’42, ’57, ’64, ’72

2,000 HomelessFlood: North Sask. River 1915

N/AThunderstorm: Hail the size of pigeons1901

Cost/ImpactIncidentYear

Source: City of Edmonton
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• Current research and available data provides 

approximate trend lines, though there are still 
many unknowns

– Climate change is evident  

(e.g., global warming)

– Extreme events will become 

more frequent 

– Snowfall followed by early 

spring and rain causing 

flooding is more plausible

– Rate of climate change

– Magnitude of climate change

– Exact local impact

– Comprehensive historical 

data

Current Research 
Climate Change

Unknowns

Current Research and 

Available Data

34

Workshop Agenda

• Presentation 8:30 am – 10:00 am

– Introduction: Participants, Background, Context

– Quesnell Bridge

– Climate Change and Engineering

– Protocol: Process for conducting vulnerability 

assessment 

– Workshop Overview

• Site Visit



18

35

How Climate Change Will Affect 

Engineering

• Premature weathering and deterioration

• Higher maintenance/repair costs

• Reduced performance

• Reduced lifespan/lifecycle 

• Minimize impact on public 
infrastructure

• Account for climate change in 
design, retrofit (e.g., new design 
approach)

• Develop policies, standards, tools 
to guide engineers

• Evaluate current situation and to 
raise awareness among disciplines

Impact on Engineering 
Engineering

Responsibility

Maintenance annually
Resurface concrete 20-25 yrs

Reconstruction 50-100 yrs
Bridges

Refurbishment 20-30 yrs
Reconstruction 50 yrs

Dams/ 
Water Supply

Major upgrade 50 yrsSewer

Retrofit/alterations 15-20 yrs
Demolition 50-100 yrs

Houses/
Buildings

Expected LifecycleStructures
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Protocol Objective

• The objective of the protocol is to draw the 

relationship between climate change and 
infrastructure response
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Consistent, Cross-discipline 

Assessment

• In order to develop a consistent and cross-

discipline assessment, a protocol mechanism was 
developed

Step 1
Project 

Description

Step 2
Select Variables

Data Gathering

Step 3
Vulnerability 

Assessment

Step 4
Indicator Analysis

Step 5
Recommendations

WORKSHOP

TODAY

38

City of La Portage Pilot Study

• Some conclusions/recommendations from the 

water resources infrastructure assessment 
include:

– City Personnel: Review their emergency preparedness 

for wind and tornado events

– Facilities: Vulnerabilities related to high temperature, 

floods, ice jams, ice build-up/storms, intense winds, 

tornado

– Source Water: Additional study is required for some 

reservoirs; City to work with Province for further 

assessment
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Workshop Agenda

• Presentation 8:30 am – 10:00 am

– Introduction: Participants, Background, Context

– Quesnell Bridge

– Climate Change and Engineering

– Protocol: Process for conducting vulnerability 

assessment 

– Workshop Overview

• Site Visit
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Vulnerability Assessment

• Do this by prioritizing a number of climate-

infrastructure interactions, or relationships

• Use infrastructure and site-specific knowledge

• Apply judgment to qualitative exercise:

– significance

– likelihood

– response

– uncertainty
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Vulnerability Assessment 
(continued)

Step 1

Review Matrix

Infrastructure Components

Performance Response

Weather Events

Event Combinations

Step 2

Identify Relationships

Step 3

Apply SC

(Probability Scale Factor)

Step 4

Apply SR

(Severity Scale Factor)

Step 5

Calculate PC
(Priority of Climate Effect)

PC = SR x SC

42

Infrastructure Components have 

Different Performance Criteria

• Sample Performance Response

– Structural Integrity

– Serviceability

– Functionality

– Operations and Maintenance

– Emergency Response Matrix

– Insurance Considerations

– Policies and Procedures

– Economics

– Public Health and Safety

– Environmental Effects
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Qualitative Vulnerability 

Assessment – Step 1

Infrastructure Components High Temp Low Temp

Y/N SC SR PC Y/N SC SR PC

Operations

Regular Maintenance Crew

Maintenance Equipment

Snow Removal Personnel

Snow Removal Equip/Material

Deck

Concrete CIP

Concrete CIP (construction)

Asphalt 

Membrane

De-icing system/approach

Expansion joints

Seal

Joint Assembly

Bearings

Elastomeric bearing pads

Girders 

Concrete

P/S system

Ext. P/T system

Girders 

Girders (construction)

Sika fibre wrap for shear reinf.

44

Step 1 – Review/Validate Matrix
(continued)

Infrastructure Components High Temp Low Temp

Y/N SC SR PC Y/N SC SR PC

Abutment - South

Concrete bearing seat, walls

Approach slab 3.2 m 

Steel H-piles

Abutment - North

East half - conventional

West half : longitudinal P/C "FC" girders & slab; H-piles

Piers - Columns

Concrete pier shafts (2 ea)

Concrete spread footings set into bedrock

P/T concrete pier cap

Ext. P/T system

Drainage system

Deck Drainage

Holding Pond

Adjacent Geo. System

River bank

Soil Behind Abutment

Accessories 

Steel Railing and/or Parapet

Lamp Posts

Adjacent Infrastructure

Upstream Dam
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Step 1 – Review/Validate Matrix
(continued)

High/Low Temp Temperature 

Range

Rainfall - 

Frequency

Rainfall - Intensity Freeze/Thaw 

Cycles

Ice Accretion* 

Y/N SC SR PC Y/N SC SR PC Y/N SC SR PC Y/N SC SR PC Y/N SC SR PC Y/N SC SR PC

Snow - Intensity Extreme Wind/ 

Storm/ Tornado 

(incl. debris)

Hydrological Combination 1 

(Temperature + 

Relative Humidity)

Combination 2 

(Heavy Winter 

Snow + Early 

Spring + Heavy 

Rain = Major 

Flooding) (incl. 

debris)

Combination 3 

(Snow/Ice + Rain + 

Freeze Temp = 

Heavy/Dense 

Snow)

Y/N SC SR PC Y/N SC SR PC Y/N SC SR PC Y/N SC SR PC Y/N SC SR PC Y/N SC SR PC
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Step 2 – Definition of Y/N 

Variable

Applicable event on component

Indicate whether this Extreme Climate Event is applicable 

to the Infrastructure Component being considered.

Y/N

Infrastructure Components High Temp Low Temp

Y/N SC SR PC Y/N SC SR PC

Expansion joints

Seal Y 6 6 36 Y 4 6 24

Joint Assembly Y 6 6 36 Y 4 3 12

Bearings

Elastomeric bearing pads Y 6 5 30 Y 4 3 12
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Step 3 – Definition of SC Variable

Probability scale factor for climate effect 

The probability of loosing functionality, or adverse reaction in

performance, of the infrastructure component if it is exposed 

to a severe or extreme climatic condition. 

SC

Probable6

Certain/Highly Probable7

Often5

Moderate/Possible4

Occasional3

Remote2

Improbable/Highly Unlikely1

Negligible/Not Applicable0

ProbabilityScale
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Step 4 – Definition of SR Variable

Scale factor for response effect

The severity of the consequences of loss of performance or 

functionality of the infrastructure component. One or more 

performance responses may apply to each.

SR

Extreme / Frequent / Continuous / Loss of asset

Major / Likely / Critical / Loss of function

Likely regular / Loss of capacity and some function

Moderate – Loss of some capacity

Occasional – Loss of some capacity

Low / Seldom / Marginal / Change in serviceability

Very low / Unlikely / Rare / Measurable change

Negligible or not applicable

Severity of Consequences and Effects

6

7

5

4

3

2

1

0

Scale
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Final PC Factor 

• The final “PC” factor determines whether a 

vulnerability is identified or whether further 
analysis is recommended

PC

PC

PC < 12 12 < PC < 36 PC > 36

No Action
Further 
Analysis

Recommend

Priority of climate effect (PC = SC x SR)
PC < 12 – Component + Climatic Effect eliminated from further evaluation

12 < PC < 36 – Potential vulnerability, further quantitative analysis required

PC > 36 – Vulnerability identified, recommendations required
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Workshop Agenda

• Presentation 8:30 am – 10:00 am

– Introduction: Participants, Background, Context

– Quesnell Bridge

– Climate Change and Engineering

– Protocol: Process for conducting vulnerability 

assessment 

– Workshop Overview

• Site Visit
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Vulnerability Assessment

Step 1

Review Matrix

Infrastructure Components

Performance Response

Weather Events

Event Combinations

Step 2

Identify Relationships

Step 3

Apply SC

(Probability Scale Factor)

Step 4

Apply SR

(Severity Scale Factor)

Step 5

Calculate PC
(Priority of Climate Effect)

PC = SR x SC


