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Executive Summary 1 

1 INTRODUCTION 

Traditionally infrastructure design codes, standards and practices have been based upon historical climate 
data, and engineers have relied on this information to provide for long-lasting infrastructure. The uncertainty 
caused by changing climatic conditions may be undermining the meteorological data used to design 
infrastructure. 
 
The City of Calgary (The City), in cooperation with Engineer’s Canada, embarked on a project to assess the 
potential vulnerability of its water supply infrastructure to climate change. This vulnerability assessment was 
conducted in partnership with Engineer’s Canada (the business name for the Canadian Council of 
Professional Engineers), who has established the Public Infrastructure Engineering Vulnerability Committee 
(PIEVC) to oversee a national engineering assessment of the vulnerability of Canadian public infrastructure 
to changing climatic conditions. 
 
PIEVC has developed a Protocol, based on standard risk assessment methodologies, to guide climate 
change vulnerability assessments. The Protocol provides a methodology to gather information and data, 
which are subsequently used to understand relevant climate effects and their predicted interactions with 
infrastructure.  
 
Water system upgrades are currently being conducted to gain sufficient capacity to meet the requirements 
of projected population growth up to at least 2021. The study addresses the potential impacts of future 
climate change for the years 2020 and 2050.  
 
The scope of the vulnerability risk assessment addresses the entire water supply infrastructure within the 
City of Calgary boundaries that is owned and operated by The City, including the current design, 
construction, operation and management of the infrastructure. In addition to the infrastructure within the city 
boundaries, the scope of work also includes the watersheds in terms of impacts on both the quality and 
quantity of water available at the intakes, as the source for the supply of the drinking water system. Within 
the watersheds, infrastructure, not owned or operated by The City, forms critical components to the water 
supply system, and are addressed in terms of their impact to the raw water source. 
 
2 INFRASTRUCTURE 

Calgary has two sources of drinking water: the Elbow River and Bow River. Source water is supplied to the 
drinking water treatment plants by three intakes. Two intakes and associated pump stations on the Bow 
River serve the Bearspaw Water Treatment Plant. The third intake located in The City’s Glenmore 
Reservoir and Dam serve the Glenmore raw water pump station and treatment plant. 
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Following treatment, the potable water flows to high-lift pumps. The pumps push water through 
transmission mains, which transport large volumes of water to strategically located storage reservoirs and 
pump stations. The City has developed 4,678 km of water pipe infrastructure in Calgary. Some of the 
transmission mains constructed in the early 1900s are still in use today. 
 
3 CLIMATE CHANGE 

The entire globe has experienced a changing climate over the past century.  Increases in greenhouse gas 
(GHG) emissions from both human activity and natural variations have attributed to these changes.  The 
Intergovernmental Panel on Climate Change (IPCC) has indicated that the warming is unlike anything 
experienced in the past 1300 years, and that if no action is taken to reduce GHG emissions, temperatures 
over the entire globe are expected to increase between 1.1ºC and 6.4ºC over the period 1990 - 2100 
(IPCC, 2007). 
 
In estimating the vulnerability of existing infrastructure to anticipated climate change, the PIEVC protocol 
requires information on various climatic elements.  Estimates of these climatic elements facilitate 
estimations of the exposure the infrastructure will face under future climate change, and highlights which 
element or climatic condition will have the greatest impact on its vulnerability.   
 
The primary objective of this section is to provide information on baseline parameters and how some of 
these are predicted to change in the future. The goal is to determine how these changes will impact the City 
of Calgary’s water supply infrastructure. Section 3 of this report highlights the baseline and future climate 
predictions for Calgary and the Bow and Elbow River Basins. 
 

3.1 Baseline Climate 

Observed weather data was obtained from Environment Canada’s Canadian Climate Normals and 
the Canadian Daily Climate Data (CDCD). Climate Normals or averages are used to summarize or 
describe the average climatic conditions of a particular location.  The stations used in this study 
were: 
 
• Calgary International Airport (id: 3031093) 
• Kananaskis (id: 3053600) 
• Banff (id: 3050520) 
• Lake Louise (id: 3053760). 
 
3.2 Future Climate 

This study used the most recently available information from an ensemble of Global Climate 
Models (GCMs), i.e., from the IPCC’s 4th Assessment Report (AR4), the A2 emission scenario 
outputs, and looked at the future climate periods centering on the 2020s (2011 - 2040) and 2050s 
(2041 - 2070) as compared to the 1971 - 2000 baseline period. Each parameter used in this study 
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was derived from a range of ensembles, ranging from a minimum of two ‘mean’ runs, up to an 
ensemble of 19 models. 
 
Some of the expected climate changes for the Calgary area and Bow and Elbow Basins include: 
 
• Increased temperatures 
• Decreased snowpack 
• Earlier melt and earlier onset of spring freshet 
• Shorter, warmer winters 
• Extended drought conditions 
• Changes in precipitation type 
• Decreased rain in the summer 
• Increased rain in the fall, winter and spring 
• Increasing frequency of extreme weather events. 
 
As climate research and climate models continuously develop and evolve, and further and larger 
GCM ensembles become available and outputs from CCCSN and PCIC in particular continually 
broaden the information they provide, such information and tools will continue to be useful and 
pragmatic in studies such as these.  In addition, as regional climate model (RCM) information 
continues to develop and become more readily available from organizations such as Ouranos, 
NARCCAP and the Earth System Grid, finer regionally based resolution outputs will become more 
and more available as well.  To date, RCM resolutions have been limited to few runs from few 
models, and would typically be driven by one GCM. RCM outputs have some advantages but 
acquiring these high resolution simulations remains very time consuming and hence costly.  
Therefore, the use of the largest ensemble of GCM models available to provide and capture the 
variability from each individual model, is the best available methodology to date in providing useful 
future climate data for climate change vulnerability and impacts assessments. 
 
Expanding the future scenarios to include the most recent IPCC Assessment Report (AR5) and 
model runs from this assessment once available, including the future period centering on the 2080s 
(2071 - 2100) and including other emission scenarios (e.g., A1B and B1) would further broaden and 
hence strengthen the anticipated future variability. Additionally, further research is needed in 
deriving extreme climatic events.   
 
These models are tools that provide values of anticipated climate change. As such, the goal is to 
capture the broad range of values outputted from the models. Although the models are continually 
evolving and improving with complex physical and mathematical formulas, there is always a level of 
uncertainty or possible error that could exist in the outputs, and as such, these values should 
always be interpreted with care.  The values derived in this study are meant only for the region of 
interest and should only be used within this area.   
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4 INFRASTRUCTURE ASSESSMENT 

The first assessment portion of the study is applying professional judgement and experience to conduct a 
qualitative assessment to determine the effect of climate events on components of the infrastructure. 
 

4.1 Watershed 

Both the Elbow and Bow River watersheds may be impacted by climate change in terms of quantity 
and quality of water available to the supply of the water treatment systems. Changes in 
precipitation, quantity and types (rain versus snow), and increased temperature may impact timing 
and quantity of stream flows. Increased rain may impact water quality from increased overland 
runoff with increased sedimentation and organics. Higher temperatures compounded with dryer 
conditions and increased storm events could result in more and larger forest fires.  A large fire 
could have a profound effect on raw water quality (especially in the small Elbow watershed) and the 
effect could last for years (S5). Water quality would be impacted with increased sediments, high 
levels of organic carbon, nutrients and heavy metals, from debris and increased soil erosion. 
 
4.2 Ghost and Bearspaw Dam and Reservoir 

The Ghost and Bearspaw Dam and Reservoir may be negatively impacted by temperature swings, 
increased precipitation (runoff), decrease in precipitation (drought), winds (soil erosion) and 
decrease in river flows. However, the risks associated with a performance response were 
considered in terms of the negative impact to The City’s water supply as a result, as opposed to a 
direct impact on the infrastructure. 
 
4.3 Glenmore Dam and Reservoir 

The Glenmore Dam and Reservoir may be negatively impacted by temperature swings, changes in 
timing of river flows, and flooding. The reservoir has limited storage capacity, and though not 
designed for the intent of providing flood control, The City has operational procedures in place to 
mitigate the effects of flooding downstream. 
 
4.4 Glenmore, and Bearspaw Raw Water Pump Stations and Intakes 

The raw water pump stations and intakes may be negatively impacted by temperature swings, 
increased precipitation (flooding), and decrease in precipitation (drought). 
 
4.5 Storage and Distribution (critical pump stations/reservoirs, feedermains) 

Focus of the impacts of climate change in the distribution system was given to the priority (critical) 
infrastructure components as identified by The City’s long range planning vulnerability study.  
Priority infrastructure was selected for assessment, as classified by The City as critical, where 
required to maintain a supply of water to consumers. 
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4.5.1 Pump Stations and Reservoirs - Operational 

Extreme temperatures typically result in increased demand, requiring increased flows and 
pressures (increased load on the pumps). The City’s long range planning identifies the 
need for upgrades before capacities are reached, and exceeding the operating demands is 
unlikely. All stations have redundant pumps and some with engine driven units to maintain 
operation. Continuous monitoring may identify a change in peak factors, however an 
overall change in supply is unlikely. 
 
4.5.2 Pump Stations and Reservoirs - Physical 

The physical components of the distribution pump stations may be impacted by changes in 
temperature and flooding.  In the past, operations have experienced breakers tripping 
during periods of high demands and high temperatures, requiring attention by staff. The 
City is conducting ongoing assessments of the pump stations and working towards 
corrective actions. Overheating could occur if corrections have not considered an increase 
in the extreme. All stations have redundant pumps and some with engine driven units to 
maintain operation, however, until operating staff can reach the station to install fans if 
required there would be a loss of some capacity and function. 
 
The basement of the Memorial Drive Pump Station (on the critical priority list) is located 
within the 1-in-100 year flood plain, and The City is currently conducting a study to further 
assess its vulnerability. The City has a FERM plan in place, however it is possible flooding 
could negatively impact the pump station. Flooding of a station with damage to electrical 
systems would result in a loss of the ability to operate the station. 
 

4.6 Water Treatment Plant (Process Components) 

In the past, increased runoff conditions had created increased turbidity and impacted/overloaded 
the conventional pretreatment systems. However, with the recent upgrades to Actiflo® 
pretreatment, the main process systems are designed to handle high turbidity events during runoff 
periods - therefore a negative interaction resulting from climate change is not anticipated in terms of 
process systems capacities or operations, other than a potential for an increase in residuals 
handling and chemical usages. Similarly, although an increase in temperature (and resulting water 
temperature) could result in algae growth and increased organics (disinfection by-product 
precursors and taste and odour compounds), the facilities now have some chemical systems in 
place to help mitigate taste and odour events.  
 
A large forest fire event would impact the source water quality. This in turn would have a significant 
impact on the water treatment process which would probably be able to address increased turbidity 
but could have problems addressing the high levels of organic carbon, nutrients and heavy metals 
that could be present. Additional treatment processes may be required to address the change in 
water quality to meet drinking water standards. 
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4.7 Supporting Systems 

4.7.1 Buildings 

The lab facilities have experienced HVAC overloads during previous heat wave conditions, 
and with continued increases in temperature it is probable it could happen again. The 
addition of fans requires a change in serviceability, but does not have a direct impact on 
the ability to supply water. 
 
4.7.2 Power Sources 

Temperature extremes result in increase in power consumption throughout the region and 
it is possible in the future to see a reduction in available power. Power outages could 
require a reduction in production capacity, and increased operation and maintenance of 
standby generators. 
 
4.7.3 Other Vulnerability Factors 

Some of the other factors affecting the functionality (load and capacity) of the water supply 
system include population and water demand increases, policies within the watershed, 
changes in policies and regulations regarding uses within the watershed, and changes in 
regulations regarding drinking water standards. 
 

5 CONCLUSIONS 

In general the City of Calgary is fortunate to have robust treatment processes in addition to two raw water 
sources and redundancy within the distribution system. Operation and management plans are in place to 
reduce both the probability and severity of negative climate-infrastructure interactions occurring. 
 
The climate changes identified as having a negative impact to infrastructure will be seen as gradual 
changes, and ongoing monitoring can identify trending of changes and be incorporated into long-range 
plans. The vulnerabilities judged as the highest priorities are those associated with extreme events such as 
flooding, drought, and compounding events. 
 

5.1 Water Source 

As climate change occurs, it is anticipated that the watersheds may change as well, in terms of the 
quantity of water available, when it is available and the quality of water. Changes in temperature 
and precipitation may both impact the water quality and level of contaminants from forest fires, 
algae, increased runoff, etc. in the raw water source to the drinking water facilities. Continued 
monitoring and studies to address the potential for change are recommended. Maintaining 
networks within the scientific community to learn from the experiences of others with new and 
emerging issues will help to mitigate potential impacts in the future. 
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The City of Calgary’s raw water intake system is fairly adaptable to the impacts of future climate 
changes, with two sources of raw water and three intakes. The redundancy provides some flexibility 
in shifting production from one source or intake to another in the event one becomes compromised. 
However, supply is still limited in terms of water quantity by water withdrawal licences and priorities 
of withdrawal rights. 
 
The Glenmore Reservoir has limited storage capacity, and limited ability to mitigate potentials for 
flooding. The reservoir was not designed as a flood control structure, and The City currently has 
Flood Emergency Responses Plans in place to react in the event of flooding and mitigate flooding 
effects. However, as future climate projections predict a potential for increased storm events and 
increases in the maximum instantaneous flows for the Elbow River, The City should give some 
consideration to the functionality of the reservoir. During drought conditions The City has water 
conservation measures in place to reduce demands on the system. 
 
5.2 Treatment Facilities 

Recent and planned upgrades to the treatment facilities provide for robust systems, with adaptive 
capacities to withstand many of the potential impacts of climate change. Increased precipitation and 
storm events leading to a potential for decrease in water quality (increased turbidity, pathogens 
from runoff) are expected to be handled by the upgraded pretreatment systems. Additionally, 
ongoing upgrades include the provision of ultraviolet disinfection which will provide a multiple 
disinfection barrier against the potential for increased numbers of pathogens. However, in the event 
of a large forest fire, the treatment systems are likely able to handle the impacts of increased 
sedimentation, but increased organics, nutrients and metals may require additional treatment 
technologies to meet drinking water standards. 
 
The City has built-in redundancy within the distribution system with the ability to cross-serve 
pressure zones and move water within the system. City staff, however have identified concerns 
with The City’s definitions for level of service with regard to treated water storage capacities. Water 
conservation policies and management practices currently in place have helped reduce demand 
during critical periods, reducing the load on the distribution systems and downstream wastewater 
treatment plants. Vulnerabilities may exist with consecutive peak demand periods and the ability of 
the reservoirs to catch-up once the storage volumes are depleted. 
 
5.3 Storage and Conveyance 

Pump stations within the distribution system have experienced increased loadings, compounded 
with increased temperatures, resulting in overloads to MCCs, and tripping of breakers. The facilities 
themselves have built-in redundancies with standby engines or generators. However, increased 
operator/maintenance attention is required to install temporary fans during high heat periods. A 
review of the HVAC systems of some of the older facilities is recommended with remedial action to 
follow. 
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5.4 Supporting Systems 

Though some staff have been prevented from accessing facilities in the past due to storm events, 
The City has reduced risk of impacts to the water supply system, due to staff being unavailable or 
unable to get to the facilities as a result of cross training programs in place to ensure trained 
staff/system operators are available at all times. 
 
Similar to those impacts identified with the distribution pump stations, supporting facilities have also 
experienced increased loading of the HVAC systems during high temperature periods. As climate 
change models project an increase in the extreme daily temperatures and increased heat wave 
durations, consideration should be given to review of HVAC design codes and an assessment of 
existing facilities to identify remedial actions. 
 
An increase in temperature/heat duration presents potential impacts related to HVAC 
systems/electrical and controls and the availability of standby generation at all facilities including 
the water treatment plants. Glenmore Water Treatment Plant has limited operational capacity while 
functioning on standby power. A review of standby power capacity at critical facilities is 
recommended. 
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Executive Summary 2 

1 INTRODUCTION 

Climate is changing, and infrastructure will need to withstand new weather conditions. Engineers are 
responsible for designing long lasting, safe and reliable infrastructure. Traditionally infrastructure design 
codes, standards and practices have been based upon historical climate data, and engineers have relied on 
this information to provide for long-lasting infrastructure. Changing climatic conditions that differ from 
historical conditions may reduce the lifespan of infrastructure and increase risks to public health and safety. 
Engineers must consider the uncertainties caused by changing climate in the future development of design 
codes and operational practices, and impacts to existing infrastructure. 
 
The City of Calgary, in cooperation with Engineer’s Canada, embarked on a project to assess the potential 
vulnerability of its water supply infrastructure to climate change. This vulnerability assessment was 
conducted in partnership with Engineer’s Canada (the business name for the Canadian Council of 
Professional Engineers), who has established the Public Infrastructure Engineering Vulnerability Committee 
(PIEVC) to oversee a national engineering assessment of the vulnerability of Canadian public infrastructure 
to changing climatic conditions. 
 
PIEVC has developed a Protocol, based on standard risk assessment methodologies, to guide climate 
change vulnerability assessments. The Protocol provides a step by step process to gather information and 
data, which are subsequently used to understand relevant climate effects and their predicted interactions 
with infrastructure.  
 
The scope of the vulnerability risk assessment addresses the entire water supply infrastructure within the 
City of Calgary boundaries that is owned and operated by The City, including the current design, 
construction, operation and management of the infrastructure. In addition to the infrastructure within the city 
boundaries, the scope of work also includes the watersheds in terms of impacts on both the quality and 
quantity of water available at the intakes, as the source for the supply of the drinking water system.  
Within the watersheds, infrastructure, not owned or operated by The City, forms critical components to the 
water supply system, and are addressed in terms of their impact to the raw water source. Components of 
the water supply infrastructure supporting the regional system, although critical components to the regional 
supply systems, are not directly addressed in this study. 
 
Water system upgrades are currently being conducted to gain sufficient capacity to meet the requirements 
of projected population growth up to at least 2021. The study addresses the potential impacts of future 
climate change for the years 2020 and 2050. 
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2 INFRASTRUCTURE 

Calgary has two sources of drinking water: the Elbow River and Bow River. Source water is supplied to the 
drinking water treatment plants by three intakes. Two intakes and associated pump stations on the Bow 
River serve the Bearspaw Water Treatment Plant. The third intake located in The City’s Glenmore 
Reservoir and Dam serve the Glenmore raw water pump station and treatment plant. 
 
Following treatment, the potable water flows to high lift pumps. The pumps push water through transmission 
mains, which transport large volumes of water to strategically located storage reservoirs and pump stations. 
The City has developed 4,678 km of water pipe infrastructure in Calgary. Some of the transmission mains 
constructed in the early 1900s are still in use today. 
 
3 CLIMATE CHANGE 

The entire globe has experienced a changing climate over the past century. In estimating the vulnerability of 
existing infrastructure to anticipated climate change, the PIEVC protocol requires information on various 
climatic elements.  Estimates of these climatic elements facilitate estimations of the exposure the 
infrastructure will face under future climate change, and highlights which element or climatic condition will 
have the greatest impact on its vulnerability. A climate review was undertaken to provide baseline 
parameters and how some of these are predicted to change in the future. 
 
Baseline parameters were obtained from several Environment Canada weather stations within the 
watershed study area and the City of Calgary. The Climate Normals or averages are used to summarize or 
describe the average climatic conditions of a particular location. 
 
Several climate models are available for projecting future changes in climate conditions. The 
Intergovernmental Panel on Climate Change (IPCC) has indicated that the warming is unlike anything 
experienced in the past 1300 years, and that if no action is taken to reduce GHG emissions, the extreme 
result istemperatures over the entire globe are expected to increase between 1.1ºC and 6.4ºC over the 
period 1990 - 2100 (IPCC, 2007). 
 
This study used the most recently available information from a group of Global Climate Models (GCMs), to 
develop average climate change projections. Some of the expected climate changes for the Calgary area 
and Bow and Elbow Basins include: 
 
• Increased temperatures 
• Decreased snowpack 
• Earlier melt and earlier onset of spring freshet 
• Shorter, warmer winters 
• Extended drought conditions 
• Changes in precipitation type 
• Decreased rain in the summer 
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• Increased rain in the fall, winter and spring 
• Increasing frequency of extreme weather events. 
 
4 CONCLUSIONS 

In general the City of Calgary is fortunate to have robust treatment processes, in addition to two raw water 
sources and redundancy within the distribution system. Operation and management plans are in place to 
reduce both the probability and severity of some negative climate-infrastructure interactions occurring. 
 
The climate changes identified as having a negative impact to infrastructure will be seen as gradual 
changes, and ongoing monitoring can identify trending of changes and be incorporated into long-range 
plans. The vulnerabilities judged as the highest priorities are those associated with extreme events such as 
flooding, drought, and compounding events. 
 

4.1 Source Water 

As climate change occurs, it is anticipated that the watersheds may change as well, in terms of the 
quantity of water available, when it is available and the quality of water. Changes in temperature 
and precipitation may both impact the water quality, and level of contaminants from forest fires, 
algae, increased runoff, etc., in the raw water source to the drinking water facilities. Continued 
monitoring and studies to address the potential for change are recommended. Maintaining 
networks within the scientific community to learn from the experiences of others with new and 
emerging issues will help to mitigate potential impacts in the future. 
 
The City of Calgary’s raw water intake system is fairly adaptable to the impacts of future climate 
changes, with two sources of raw water and three intakes. The redundancy provides some flexibility 
in shifting production from one source or intake to another in the event one becomes compromised. 
However, supply is still limited in terms of water quantity by water withdrawal licences and priorities 
of withdrawal rights. 
 
The Glenmore Reservoir has limited storage capacity, and limited ability to mitigate potentials for 
flooding. The reservoir was not designed as a flood control structure, and The City currently has 
Flood Emergency Responses Plans in place to react in the event of flooding and mitigate flooding 
effects. However, as future climate projections predict a potential for increased storm events and 
increases in the maximum instantaneous flows for the Elbow River, The City should give some 
consideration to the functionality of the reservoir. During drought conditions The City has water 
conservation measures in place to reduce demands on the system. 
 
4.2 Treatment Facilities 

Recent and planned upgrades to the treatment facilities provide for robust systems, with adaptive 
capacities to withstand many of the potential impacts of climate change. Increased precipitation and 
storm events leading to a potential for decrease in water quality (increased turbidity, pathogens 
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from runoff) are expected to be handled by the upgraded pretreatment systems. Additionally, 
ongoing upgrades include the provision of ultraviolet disinfection which will provide a multiple 
disinfection barrier against the potential for increased numbers of pathogens. However, in the event 
of a large forest fire, the treatment systems are likely able to handle the impacts of increased 
sedimentation, but increased organics, nutrients and metals may require additional treatment 
technologies to meet drinking water standards. 
 
4.3 Storage and Conveyance 

The City has built-in redundancy within the distribution system with the ability to cross-serve 
pressure zones, and move water within the system. City staff, however, have identified concerns 
with The City’s definitions for level of service with regards to treated water storage capacities. 
Water conservation policies and management practices currently in place have helped reduce 
demand during critical periods, reducing the load on the distribution systems and downstream 
wastewater treatment plants. Vulnerabilities may exist with consecutive peak demand periods and 
the ability of the reservoirs to catch-up, once the storage volumes are depleted. 
 
Pump stations within the distribution system have experienced increased loadings, compounded 
with increased temperatures, resulting in overloads to MCCs, and tripping of breakers. The facilities 
themselves have built-in redundancies with standby engines or generators, however increased 
operator/maintenance attention is required to install temporary fans during high heat periods. A 
review of the HVAC systems of some of the older facilities is recommended with remedial action to 
follow. 
 
4.4 Supporting Systems 

Though some staff have been prevented from accessing facilities in the past due to storm events, 
The City has reduced risk of impacts to the water supply system, due to staff being unavailable or 
unable to get to the facilities as a result of cross training programs in place to ensure trained 
staff/system operators are available at all times. 
 
Similar to those impacts identified with the distribution pump stations, supporting facilities have also 
experienced increased loading of the HVAC systems during high temperature periods. As climate 
change models project an increase in the extreme daily temperatures and increased heat wave 
durations, consideration should be given to review of HVAC design codes and an assessment of 
existing facilities to identify remedial actions. 
 
An increase in temperature/heat duration presents potential impacts related to HVAC 
systems/electrical and controls and the availability of standby generation at all facilities including 
the water treatment plants. GWTP has limited operational capacity while functioning on standby 
power. A review of standby power capacity at critical facilities is recommended. 
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1 Introduction 

1.1 PROJECT BACKGROUND 

The City of Calgary (The City), in cooperation with Engineer’s Canada, embarked on a project to assess the 
potential vulnerability of its water supply infrastructure to climate change. This vulnerability assessment was 
conducted in partnership with Engineer’s Canada (the business name for the Canadian Council of 
Professional Engineers), who has established the Public Infrastructure Engineering Vulnerability Committee 
(PIEVC) to oversee a national engineering assessment of the vulnerability of Canadian public infrastructure 
to changing climatic conditions. 
 
PIEVC has developed a Protocol, based on standard risk assessment methodologies, to guide climate 
change vulnerability assessments. The Protocol provides a methodology to gather information and data, 
which are subsequently used to understand relevant climate effects and their interactions with 
infrastructure. The uncertainty caused by changing climatic conditions may be undermining the 
meteorological data used to design infrastructure. 
 
The City retained the Associated Engineering (AE) group of companies to conduct the climate change 
vulnerability assessment, working with the PIEVC risk assessment protocol. 
 

1.1.1 Objectives 

The project has three overall objectives: 
 
1 Provide information that The City can use in its planning and policy development exercises. 
2 Contribute valuable information to PIEVC and its database regarding the broad vulnerability 

of Canada’s infrastructure to climate change. 
3 Provide an opportunity to test the Protocol application to real-world situations as part of a 

second round of PIEVC co-funded study projects and, based on lessons learned, will 
provide insights to PIEVC for further Protocol refinement. 

 
This report addresses the first objective. The principal purpose of this project is to conduct a 
vulnerability risk assessment to identify those components of the potable water supply system that 
are vulnerable to future extreme climatic events or significant changes to baseline climate design 
values.  
 
The infrastructure identified as vulnerable through this study will be considered by The City for 
future engineering assessment, and assist The City to effectively incorporate climate change 
adaption into design, development and management of their existing and planned infrastructure. 
 
As a joint project with Engineer’s Canada, the results of this case study will be incorporated into a 
national knowledge base and analyzed with other case studies to develop recommendations 

1 
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around reviews of codes, standards and engineering practices, and provide PIEVC insights to the 
Protocol requiring refinement.  Considerations for further development or refinement of the protocol 
are included in Appendix F. 
 

1.2 PIEVC PROTOCOL 

The PIEVC Engineering Protocol for Climate Change Infrastructure Vulnerability Assessment (the Protocol) 
provides a guide to gather information to determine relevant components of infrastructure and climate 
events that may interact with a negative effect on the infrastructure. 
 
The protocol describes a step-by-step process of risk assessment and engineering analysis for evaluating 
the impact of climate change on infrastructure. The observations, conclusions, and recommendations 
derived from the application of this protocol provide a framework to support effective decision-making about 
infrastructure operation, maintenance, planning and development. 
 
The key steps to the protocol are as follows: 
 
1. Project Definition 
2. Data Gathering and Sufficiency 
3. Risk Assessment 
4. Engineering Analysis 
5. Recommendations 
 
The results of each step are discussed in the various sections of this report. 
 
1.3 PROJECT SCOPE AND TIME FRAME 

The scope of the vulnerability risk assessment addresses the entire water supply infrastructure within the 
City of Calgary boundaries that is owned and operated by The City, including the current design, 
construction, operation and management of the infrastructure. In addition to the infrastructure within the city 
boundaries, the scope of work also includes the watersheds in terms of impacts on both the quality and 
quantity of water available at the intakes, as the source for the supply of the drinking water system. Within 
the watersheds, infrastructure, not owned or operated by The City, forms critical components to the water 
supply system, and are addressed in terms of their impact to the raw water source. Components of the 
water supply infrastructure supporting the regional system, although critical components to the regional 
supply systems, are not directly addressed in this study. 
 
The study is to address potential impacts of future climate change for the years of 2020 and 2050. 
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1.3.1 Raw Water Source 

1.3.1.1 Watershed 

Calgary has two sources of drinking water: the Elbow River and Bow River. For the 
purposes of this study, the watersheds are included in determining impacts on 
infrastructure in the sense that they affect the quantity and quality of water available at a 
given time at the intakes to the water supply system and also affect the Glenmore Dam. 
 
1.3.1.2 Raw Water Storage and Intakes 

Source water is supplied to the drinking water treatment plants by three intakes. Two 
intakes and associated pump stations on the Bow River. Raw No. 1 located within the 
Bearspaw Reservoir (dam and reservoir owned and operated by TransAlta), and Raw No. 2 
located downstream of the Bearspaw Reservoir - serve the Bearspaw Water Treatment 
Plant. The third intake located in The City’s Glenmore Reservoir and Dam serve the 
Glenmore raw water pump station and treatment plant. 
 

1.3.2 Water Treatment 

The water supply system includes two drinking water treatment plants - Glenmore Water Treatment 
Plant (GWTP) and Bearspaw Water Treatment Plant (BWTP). The facilities are composed of many 
components including structural, mechanical, electrical, instrumentation/control, and civil works 
systems (e.g., on-site roads, buried pipes).  
 
The Glenmore Water Treatment Plant, located on the Elbow River, was constructed in 1933 and 
expanded in 1957 and 1965. The Bearspaw Treatment Plant, located on the Bow River, was built in 
1972 and expanded in 1984. 
 
Upgrades are currently being conducted at both treatment facilities to gain sufficient capacity to 
meet the requirements of projected population growth up to at least 2021 and are expected to be 
substantially completed this year (2011). Upon completion, the combined production capacity of the 
treatment plants will be 950 million litres of potable water, per day, available for delivery to the 
Calgary region. Currently, average daily demand in Calgary is 460 ML, with a peak day demand of 
680 ML in 2009. 
 
1.3.3 Treated Water Storage and Distribution 

Following treatment, the potable water flows to high lift pumps. The pumps push water through 
transmission mains, which transport large volumes of water to strategically located storage 
reservoirs and pump stations. The City has developed 4,678 km of water pipe infrastructure in 
Calgary. Some of the transmission mains constructed in the early 1900s are still in use today. 
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1.4 PROJECT TEAM 

This project was a jointly funded initiative of Engineers Canada (through PIEVC) and the City of Calgary.  
The following table outlines the Project Team participants. 

Table 1-1 
Project Team 

Organization Role of Organization Key Individuals 

City of Calgary Infrastructure Owner 
Funding Partner 

Kate Murray 
Paul Fesko 
Natasha Kinoloch 

Public Infrastructure Engineering 
Vulnerability Committee (PIEVC) 

National Engineering Assessment 
Funding Partner 

David Lapp 

Associated Engineering Prime Consultant 
Infrastructure Assessment 

Ian Wright 
Dean Shiskowski 
Doug Olson 
Duane Strayer 
Samantha Marcy 
Ed Westerbeek 

Summit Environmental A Member of the Associated 
Engineering Group of Companies 
Climate Change and Hydrology Data 

Brian Guy 
Martin Lacroix 

Project Advisory Committee Climate Advisory Group Heather Auld 
(Environment Canada) 
Pam Kertland 
(Natural Resources Canada) 
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Murray, who managed the project for the City of Calgary. 
 
In addition to the Project Advisory Committee whom provided insightful comments, the project team 
would also like to acknowledge Dr. Barrie Bonsal (National Water Research Institute, Environment 
Canada), Dr. Stephen Déry (University of Northern British Columbia), Dr. Neil Comer (Adaptation 
and Impacts Research Section (AIRS), Environment Canada) and Mr. Trevor Murdoch (Pacific 
Climate Impacts Consortium (PCIC), University of Victoria) for their enlightening discussions on 
climate change research.   
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The project team also acknowledges the support of the City of Calgary staff, who participated in the 
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2 Infrastructure 

2.1 INTRODUCTION AND OBJECTIVES 

Steps 1 and 2 of the PIEVC protocol are Project Definition and Data Gathering and Sufficiency. The first 
two steps are used to set the boundary conditions for the study and determine the infrastructure to be 
assessed and the climate parameters to be considered. This section of the report covers the first two steps 
as they relate to the infrastructure. 
 
The objectives of these steps are to understand how the infrastructure functions and to sub-divide the 
overall system into logical components that can be further assessed. 
 
Appendix B contains the PIEVC Protocol worksheets that the AE team completed. The worksheets 
captured initial information, and infrastructure inventory collected, during the data collection period. 
However, as the project evolved, additional details of the infrastructure developed that are not fully captured 
in the worksheets but rather in the report text. This approach was most efficient to ensure capture of the up 
to-date data. Further details of the infrastructure are provided in the sections that follow. 
 

2.1.1 City of Calgary’s Water Supply System 

The water supply system includes the fresh water supply in terms of quality and quantity of water 
available at the intakes. With the two water treatment plants, Calgary has two sources of drinking 
water: 
 
• The Elbow River and Elbow valley watershed 
• The Bow River and Bow River watershed. 
 
River stream flows at the intakes on the Bow River are directly affected by the operation of dams 
upstream owned and operated by TransAlta for the purposes of power generation. Although not a 
direct component of The City’s infrastructure these structures are critical to the water supply system 
and are addressed as an input to the system. 
 
The City’s water supply infrastructure includes: 
 
• Storage at Glenmore Reservoir 
• Raw water intakes 
• Raw water pump stations at Glenmore (Elbow River) and Bearspaw (Bow River) 
• Bearspaw and Glenmore Water Treatment Plants 
• Pump stations 
• Secondary pump stations and water storage reservoirs around the city 
• Treated water reservoirs 
• Feeder main network, plus water mains critical to hydraulic conveyance. 

2 
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2.2 INFRASTRUCTURE COMPONENTS 

Figure 2-1 is a map of The City’s water supply system showing the infrastructure components including the 
river water sources, the water treatment plants, pump stations and reservoirs, and the main feedermain 
network. The components selected for study are described in the sections that follow. 
 

2.2.1 Water Source (watershed, quality/quantity, dams and reservoirs) 

2.2.1.1 Watersheds 

Calgary has two sources of drinking water: 
 
• The Elbow River, which is 120 km long and passes through four sub-climates 

before it enters the Glenmore Reservoir, is the source for nearly half of The City’s 
water supply. The Elbow valley watershed covers an area of 1,210 km2.  

• The Bow River originates on the Bow Glacier north of Lake Louise and is one of 
the three main tributaries of the South Saskatchewan River. The Bow River 
watershed covers an area of 7,770 km2. 

 
The water quality is typical of Eastern Slopes waters. During winter, the turbidity is low and 
water temperature is near freezing. During spring, there are two runoffs. The first is an 
initial “lowlands” runoff in March or April due to melting snow in the foothills and rangeland 
which are a mix of grassland and forest. Turbidity and flows are moderately elevated. The 
second is the “highlands” runoff in early June due to snowmelt in the Rocky Mountains from 
forested and non-vegetated areas. Turbidity and flows can be greatly elevated, especially if 
rainfall events occur during the same period. 
 
2.2.1.2 Glenmore Dam and Reservoir 

The Glenmore Dam and reservoir was constructed in 1933 consisting of an 18 m high 
concrete dam, and 16 - 20 billion litre reservoir. The road across the dam is closed to motor 
vehicles, and Glenmore Trail crosses the reservoir on a causeway and bridge. The 
reservoir is connected to the waterworks through two 900 mm diameter pipelines. The 
intake is located 6.1 m below the crest of the dam. The City has procedures in place to 
control the operation of the dam and water levels in the reservoir. The dam and reservoir 
operation was not designed for flood control, however water levels in the reservoir are 
varied over time in response to spring runoff (snow melt) and demand. Figure 2-2 illustrates 
historical water levels in the reservoir. 
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Figure 2-2 
Water Level of Glenmore Reservoir, 1976 - 1987 

 
 
 
 
 
 
 
 
 
 
 
 

(Source: Environment Canada 1976 - 1987). 
 

2.2.1.3 Ghost and Bearspaw Dams and Reservoirs 

TransAlta Utilities Corporation owns and operates the Ghost Dam and Reservoir and 
Bearspaw Dam and Reservoir for the purposes of generating electrical power. The Ghost 
Dam, a concrete dam originally constructed in 1929, is regulated to maintain a minimum 
riparian flow within the Bow River. The Bearspaw Dam (concrete) and reservoir was built in 
1954, primarily to reduce the possibility of winter flooding and ice packing on the Bow River 
through the City of Calgary. The operation of dams upstream of The City’s intakes can 
directly impact the supply of fresh water. 
 

2.2.2 Raw Water Intakes and Raw Water Pump Stations 

2.2.2.1 Glenmore Intake and Raw Water Pump Station 

The raw water pumping facilities at the Glenmore Water Treatment Plant are comprised of 
a Raw Water Pump Station (RWPS) located at the Glenmore Dam with the intake drawing 
water from the Glenmore Reservoir. The RWPS was constructed in 1933 and in 
subsequent years additional pumps were installed. 
 
Three turbine pumps and six electric motor pumps ranging in capacity from 26 - 154 ML/d 
withdraw water from the reservoir and deliver it to the water treatment plant. During the 
1994 Glenmore Upgrade Study (GUS), a comprehensive review of the RWPS was carried 
out. The review concluded that the pumps and valves were in good condition. 
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2.2.2.2 Bearspaw Intakes and Raw Water Lift Stations 

The raw water pumping facilities at the Bearspaw Water Treatment Plant is comprised of 
two raw water facilities. 
 
Both raw water facilities draw water from the Bow River. The Raw Water Pump Station 
No. 1 (Raw No. 1) located at the Bearspaw Dam was constructed in 1972 and Raw Water 
Pump Station No. 2 (Raw No. 2), located about 2 km downstream of the Bearspaw Dam 
was constructed in 1976. 
 
The Raw No. 1 pump station has seven pumps installed ranging in capacity from 
50 - 163 ML/d, with a maximum output of 500 ML/d. There is space within the pump station 
for one additional pump. The raw water pump station operates on 4160 V and is served by 
one substation located just west of the BWTP. 
 
The Raw No. 2 pump station was constructed to supplement Raw No. 1. It is generally 
operated in the summer months during peak demands. The pump station was designed for 
six pumps but only three are currently installed. The three pumps have a total pumping 
capacity of 465 ML/d. While the pump station has a capacity of more than 450 ML/d, the 
current output is limited to 310 ML/d due to surge problems. Frazil ice continues to be a 
problem at the Raw No. 2 pump station in the winter. 
 
An emergency power generation station provides emergency power to Raw No. 2 and the 
rest of the BWTP. There is no emergency power available to Raw No. 1. 
 

2.2.3 Treatment Processes 

The City of Calgary’s water treatment processes are similar at both plants, and the process flow for 
Bearspaw and Glenmore are shown in Figures 2-3 and 2-4. The differences between the two being 
that the Glenmore Water Treatment Plant does not have UV disinfection installed, but does have an 
on-site sodium hypochlorite generation facility. The main treatment processes are as follows: 
 

2.2.3.1 Pretreatment Facility 

The pretreatment systems are a robust, high-rate process known as sand ballasted 
flocculation clarification (Actiflo®). The Actiflo® settling process is adept for treating turbidity 
spikes seen at both the BWTP and GWTP during runoff, to produce clarified water turbidity 
less than 1 NTU under extreme turbidity conditions (>1200 NTU) in the raw water. The 
system process is very stable and can handle large changes in raw water turbidity. 
Provided proper coagulation (chemical addition) is maintained, the clarification 
performance and operation remains substantially unchanged during high turbidity 
conditions. 
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2.2.3.2 Filtration 

Since their construction, all filters have been upgraded to dual media filters utilizing 
anthracite and sand. The GWTP has three sets of eight dual media filters utilizing 
anthracite and sand. The filters were originally constructed in 1933, 1957 and 1965, and 
have undergone various upgrades since. The BWTP was constructed in two stages. 
Stage I, built in 1972, has two banks of seven filters. Stage II, built in 1984, has two banks 
of five filters.  
 
2.2.3.3 Disinfection (gaseous chlorine/sodium hypochlorite/UV disinfection) 

The BWTP currently uses gaseous chlorine for disinfection and the GWTP uses on-site 
generated sodium hypochlorite. As part of the ongoing upgrade program, Ultraviolet (UV) 
disinfection and on-site generated sodium hypochlorite are being added at the Bearspaw 
WTP and the use of gaseous chlorine will be discontinued. The City is currently reviewing 
the addition of UV disinfection at the GWTP. 
 
 



Figure 2-3: Glenmore Water Treatment Plant Processes



Figure 2-4: Bearspaw Water Treatment Plant Processes
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2.2.3.4 Storage 

The BWTP currently operates with two clearwells and one reservoir. The treated water 
storage reservoir has a total capacity of 17.8 ML. The reservoir level is maintained to meet 
potable water demand. The lead operator located at the GWTP determines the demand 
and relays this information to the operators at the BWTP. The potable water demand 
governs the operation of the BWTP. The GWTP operates with an 11 ML clearwell and 
50 ML clearwell. 
 
2.2.3.5 High Lift Pumping 

The BWTP operates two high lift pumping facilities located at the Stage I and Stage II 
plants. Within the two stations, there are currently three pumps with capacity to supply 
150 ML/d to the north transmission main, two pumps with the capacity to supply 90 ML/d to 
the northwest transmission main, and eight pumps have a combined capacity in excess of 
460 ML/d to supply the south transmission main. 
 
The GWTP high lift pump station houses six high lift pumps with a nominal total capacity of 
450 ML/d. Available capacity varies depending on the system head conditions. 
 
2.2.3.6 Chemical Feed Systems 

The chemical feed systems and storage facilities include batch mixing systems, storage 
and feed pumps for the following chemicals: 
 
• Coagulant (Alum/PACl) 
• Coagulant aid (Polymer) 
• Carbon dioxide (pH depression) 
• Filter aid and backwash aid (Polymer) 
• Chlorination (Chlorine gas or Sodium Hypochlorite) 
• Dechlorination (Sodium Bisulphite) 
• Potassium permanganate 
• Powdered Activated Carbon (GWTP only). 
 
2.2.3.7 Residuals Treatment 

Both water treatment plants have been upgraded to include residual treatment facilities 
(RTFs). The objective of the RTFs is to eliminate discharge of untreated wastes, and 
minimize discharge (aim of zero liquid discharge) back to the rivers. The City is working 
towards ‘zero liquid discharge’ by recycling dewatering liquids or discharging to the sanitary 
sewer those small waste streams not suitable for reuse. The facilities consist of 
equalization basins, high rate plate settler/thickeners and centrifuges. The thickened and 
dewatered sludge is trucked to landfill. The GWTP’s RTF is being constructed in two 
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phases. The phase I capacity of 43 ML/d will serve the current capacity of the water 
treatment plant (400 ML/d), and can be easily expanded to 54.6 ML/d to serve the ultimate 
water treatment plant capacity (550 ML/d). BWTP’s RTF has a firm capacity of 80 ML/d to 
serve the ultimate plant capacity of 550 ML/d. 
 
2.2.3.8 Valves/Pipelines (on-site) 

The BWTP has three main discharge headers that are used to distribute the potable water 
to the distribution system. Both GWTP and BWTP have pipes and valves on-site 
connecting the main system processes. 
 

2.2.4 Storage and Distribution (critical pump stations/reservoir, feedermains with river 
crossings) 

The City’s distribution system includes transmission mains, storage reservoirs and pump stations. 
The distribution system was grouped into components, with focus given to the priority (critical) 
infrastructure components as identified by The City’s long range planning vulnerability study. 
 

2.2.4.1 Pump Stations and Reservoirs 

The City has several storage reservoirs with associated pump stations and many individual 
pump stations within the distribution system. The complete listing of reservoirs and pump 
stations is provided in Tables 2-1 and 2-2. The City has identified critical stations in terms 
of the number of people they serve, the importance of the station in the ability to maintain 
average day supply, and the age of the station as it requires increased maintenance 
attention. Pump stations and reservoirs may be impacted differently by climate events in 
terms of their physical and operating components. 
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Table 2-1 
Reservoirs and Associated Pump Stations 

Reservoirs Name Year Associated Pump 
Station 

103 and 104 Currie 1954/1954 8 - Currie 

108 and 109 Cairn 1955/1961 34 - Sarcee Trail 

118 and 119 North Hill 1959/1957 23/24/32 - North Hill 

121 and 123 Spy Hill West 1964/1978 30/40 - Big Hill West 

122 and 124 Spy Hill East 1970/2001 21 - 80th Avenue 

106 and 107 Saddle Ridge 1974/1980 46/47 - Saddle Ridge 

110 and 111 Glendale 1975/1998 42/43 - 26th Avenue 

114 and 115 Lower Sarcee 1977/2003  

125 Big Hill West 1978 27 - Mountain View 

129 and 130 Top Hill 1990/2003  

120 Beddington 1994 36 - Spy Hill North 

105 South Glenmore 1996 25 - Upper Sarcee 

113 Broadcast Hill 2004  

Table 2-2 
List of Pump Stations 

Pump Station Number Station Name Year Constructed 

1 Glenmore Raw 1933 

2 Glenmore High Lift 2002 

3 Raw I Bearspaw 1972 

4/12/20 Filtered 1972/1984 

5 Memorial Drive 1967 

6 Hillhurst 1955 

7 Nose Creek 1961 

8 Currie 1954 

9 Lincoln Park 1965 

10 Sunalta 1968 

11 Evergreen Ridge 2003 

13 33rd Avenue 1983 
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Pump Station Number Station Name Year Constructed 

14 Palliser Drive 1968 

15 Southland Drive 1971 

16 Midnapore 1983 

17 Britannia 1957 

18 Mayfair 1957 

19 Eagle Ridge 1960 

21 80th Avenue 1980 

22 University Heights 1966 

23/24/32 North Hill 1995 

25 Upper Sarcee 1996 

27 Mountain View 2001 

28 Bearspaw Raw II 1998 

30/40 Big Hill West 1976 

31 Capri Avenue 1962 

33 Simons Valley 1979 

34 Sarcee Trail 1959 

35/53 Shaganappi S/N 1978 

36 Spyhill North 2003 

39 Royal Oak 2000 

41 Valley Ridge 1999 

42/43 26th Avenue 1982 

44/45 Broadcast Hill 1978 

46/47 Saddle Ridge 1975 

50 Nose Hill 1978 

54 Niven Road 1982 

Flow Control Stations 

29 Currie Booster 1972 

37 Discovery Ridge 2003 

 
The City has identified the following pump stations as the highest priority in terms of 
delivery (water supply): 
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Table 2-3 
Critical Pump Stations 

Pump Station Number Pump Station Name 

35, 53 Shaganappi North 

8 Currie 

35, 53 Shaganappi South 

44, 45 Broadcast Hill 

42, 43 26th Avenue SW 

23, 24, 32 North Hill 

39 Royal Oak 

19 Eagle Ridge 

41 Valley Ridge 

54 Niven Road 

11 Evergreen Ridge 

5 Memorial Drive 

24 Beddington 

 
2.2.4.2 Linear Infrastructure 

The City has developed over 4,670 km of water pipe infrastructure in Calgary. Smaller 
water mains, though required for local supply, typically have a limited impact on the overall 
supply system and as such are not considered critical to the system. A disruption to major 
feeder/transmission mains (500 mm in diameter or greater), although accounting for 
approximately 200 km of the water pipe infrastructure, can significantly affect the water 
supply system. In Table 2-4 The City has identified a list of critical feeder mains based on 
the capacity of the main, and the importance of the area served. This includes transmission 
mains servicing the regional supply system. The mains outside The City’s boundary, not 
owned/operated by The City, though critical to those regions, are not included in the scope 
of this study and therefore have not been considered further. 
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Table 2-4 
Critical Feedermains (Source: City of Calgary Long Range Vulnerability Study) 

Feedermain Name Size (mm) Location Areas Serviced by 
Feedermain 

South Feeder - 
FM_F0260_BEARSPAW S 

1200 - 1950 From Bearspaw WTP to 
Shaganappi PS 

Push water from BP to 
GM PZ 

Glenmore South Feeder - 
FM_F0500_S GLENMORE 

1500 From Glenmore WTP to 
South Glenmore 
Reservoir 

Push water to the south 
of the city 

Glenmore North Feeder 1350 From Glenmore WTP to 
North Glenmore 

Push water to Glenmore 
North, single main split 
into three big feedermains

Shaganappi discharge - 
FM_F0280_SHAG NW 

1050 - 1200 From Shaganappi pump 
station discharge to North 
Hill Reservoir 

Biggest pump station 
servicing North Hill PZ 

Crosstown FM - 
FM_F0010_CROSSTOWN 

1050 - 1200 From North Reservoir to 
Falcon Ridge 

Push water to the NE part 
of the city 

Cranston FM - 
FM_F0810_CRANSTON 

1200 From south of McKenzie 
Lake Way on along 
Deerfoot TR SE to North 
of Cranberry PL SE 

Servicing Aubernbay and 
Mahogany communities 

Bearspaw North West Feeder - 
FM_F0200_NORTHWEST 

900 - 1350 From BP WTP to Big Hill 
West Reservoir 

Supply water to Big Hill 
West PZ 

Bearspaw North Feeder - 
FM_F0230_BEARSPAW N 

1350 From BP WTP to Spy Hill 
West Reservoir 

Supply water to Spy Hill 
West, Crestmont and Big 
Hill South PZs 

Downtown FM - 
FM_F0320_10 AV SW DT 

900 - 1200 From 11 ST SW to 5 ST 
SE along 10 Ave SW/SE 

Supply water to Central 
Business District 
(Downtown Business 
Area) 

Airdrie FM 900 Major main that supplies 
water to Airdrie 

 

Pump Statin 35 Discharge - 
FM_F0290_SHAG S DIS 

1050 From Pump Station 35 to 
Pump Stations 44 and 45 

Supply water to Glendale 
PZ 

Glenmore FM - 
FM_F0680_80 AV SE 

900 - 1200 From Blackfoot TR along 
Glenmore TR to 52 ST 
SE 

Supply water to pressure 
reduced sub-zones and to 
Strathmore and 
Chestermere 

 
The components above have been grouped together, with consideration of the impacts to 
infrastructure recognized as high priority to maintaining service of the water supply system. 
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2.2.5 Supporting Systems (administration, power, SCADA) 

The City has two divisions (Water Resources and Water Services) that manage the quality and 
delivery of Calgary’s water supply - from the river, to the taps and back to the river. The City 
protects public health by ensuring a clean and reliable supply of water and by treating wastewater, 
managing storm water drainage, responding to floods, and contributing to the conservation of 
Calgary’s precious water supply. 
 
Under this definition we included staff, buildings and housed process equipment, power supply, 
standby power generators, records, SCADA systems, telephone and internet. Buildings, tankage 
and housed process equipment, have been separated from treatment “processes”, which are 
discussed in the earlier sub-section. This allows focus of treatment aspects from a quality/quantity 
perspective separate from the buildings/structures that house the treatment processes. 
 
Under this component, supporting systems is broken into four categories and sub-components as 
follows: 
 
• Supporting Physical Infrastructure 

• On-site piping 
• Buildings tankage, housed process equipment 

• Administration/Operations 
• Personnel 
• Facilities/equipment (e.g., Works Yard) 
• Records 

• Electrical Power and Communications 
• Power Sources 
• Power Lines 
• Standby Power/Generators 
• Telephone/Telemetry (SCADA) 
• Two-way Radio 
• Email/Internet 

• Transportation 
• Vehicles 
• Roadway Infrastructure. 

 
2.3 JURISDICTIONAL AND OTHER CONSIDERATIONS 

The PIEVC protocol recognizes that laws, regulations, standards and guidelines, policies and practices and 
other changes may affect the functionality of infrastructure components. The City of Calgary’s water supply 
system is a regional system serving not only the City of Calgary but also surrounding communities. In the 
recent past, The City has experienced high population growth which has caused increased stress on 
Calgary’s limited water and land resources. Withdrawal of raw water requires a licence, and The City is 
currently withdrawing 46% of its total annual licence allocation. As indicated in the above sections, flows 
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upstream of the Bow River are directly affected by operation of TransAlta’s power utilities, which also have 
withdrawal rights on the river. The unused portion of Calgary’s water allocation is valid only if there is 
sufficient water available in the rivers to divert. 
 
Key factors affecting infrastructure capacity include: 
 
• Water sources and licenses 
• Water quality standards 
• Plant capacity limitations, including seasonal limitations 
• Water conservation 
• Calgary Metropolitan Plan and potential growth in regional servicing. 
 
2.4 DATA SUFFICIENCY 

The first step of the protocol “Project Definition” is to collect general information and identify the 
components of the infrastructure, and their functionality. The second step is to determine the components to 
be assessed and their functionality within the system as they are influenced by climatic events. Recent 
study reports for the water treatment plants, system maps, and GIS data provided sufficient details of the 
major components of the water supply system. Additional information was provided by City of Calgary staff 
and operational reports. The information available to identify the components of the infrastructure was 
sufficient for the purposes of the study, with no identifiable data gaps. 
 
The purpose of the second step of the protocol “Data Gathering” is to define the components of the 
infrastructure and document the current age, capacities, loads and design basis for the selected 
infrastructure components. Significant information was available from The City in terms of GIS databases, 
design drawings, reports and operation logs. However, given the time frame for the project and the extent of 
the infrastructure system, collection of the detailed information for the components was limited. However, 
for the purposes of this study, the information collected was considered sufficient to gain an understanding 
of the function of the infrastructure components and level of detail required for defining the components to 
be studied. 
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3 Climate Analysis and Future Projections 

3.1 INTRODUCTION 

In estimating the vulnerability of existing infrastructure to anticipated climate change, the PIEVC protocol 
requires information on various climatic elements. Estimates of these climatic elements facilitate 
estimations of the exposure the infrastructure will face under future climate change, and highlights which 
element or climatic condition will have the greatest impact on its vulnerability.   
 
The primary objective of this section is to provide information on baseline parameters and how some of 
these are predicted to change in the future. The goal is to determine how these changes will impact the City 
of Calgary’s water supply infrastructure. 
 

3.1.1 Background 

The climate over the past century has been changing quite significantly over the entire globe. Some 
of the changes can be attributed to natural variations that have been taking place over millions of 
years, but human activity has also been contributing by increasing greenhouse gas (GHG) 
emissions into the atmosphere. As indicated by the Intergovernmental Panel on Climate Change, 
warming over the past century is unlike anything experienced in the past 1300 years. If no action is 
taken to reduce GHG emissions, the globe’s temperature is expected to increase between 1.1ºC 
and 6.4ºC over the period 1990 - 2100 (IPCC, 2007). 
 
For example, some of the expected climate change effects that could be seen in the Calgary area 
and Bow and Elbow Basins include: 
 
• Increased temperatures 
• Decreased snowpack 
• Earlier melt and earlier onset of spring freshet 
• Shorter, warmer winters 
• Extended drought conditions 
• Changes in precipitation type 
• Decreased rain in the summer 
• Increased rain in the fall, winter and spring 
• Increasing frequency of extreme weather events. 
 
Mitigation and adaptation are complementary actions required in addressing climate change. In 
Canada, municipalities have demonstrated leadership in mitigating greenhouse gas emissions 
through energy efficiency measures and the use of alternative energy sources, but the challenges 
of adapting to climate change have received far less attention. Studies such as these, including 
involvement from Engineers Canada’s PIEVC, are definitely steps towards incorporating adaptive 
measures while assessing infrastructure vulnerabilities.   

3 
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3.1.2 Climate Change Adaptation 

Adaptive capacity is the degree to which a municipality is able to deal with the impacts of climate 
change. The IPCC defines adaptation as ‘the ability of a system to adjust to climate change 
(including climate variability and extremes) to moderate potential damages, to take advantage of 
opportunities, or to cope with the consequences’ (IPCC, 2007).   
 
Engineers currently use historical climate records while designing most urban water drainage 
systems; but, if future climatic elements likely differ or exceed historical values, urban water 
infrastructure could fail. In evaluating current infrastructure capacity and estimating the capacity 
required under future climate change impacts, it is the goal of studies such as these to identify 
infrastructure components that may lack adaptive capacity prior to this capacity to stop working.   
 
3.1.3 Other Climate Effects 

Climate change can be further compounded by other large-scale oscillations that could occur in this 
area. Those could include: 
 
• El Niño/La Niña Southern Oscillation (ENSO);  
• Pacific Decadal Oscillation (PDO); and 
• Arctic Oscillation (AO). 
 
Such effects on climate and hydrology have been studied by various researchers (e.g., Murdoch 
and Werner, 2010; Rodenhuis et al., 2007; Hamlet and Lettenmaier, 1999). 
 
ENSO is a climate pattern that occurs across the tropical Pacific Ocean. It is characterized by 
variations in the temperature of the surface of the tropical eastern Pacific Ocean, i.e., warming (El 
Niño) or cooling (La Niña), along with air surface pressure in the tropical western pacific known as 
Southern Oscillation. The warm oceanic phase (El Niño) accompanies high air surface pressure in 
the western Pacific, and the cold phase (La Niña) accompanies low air surface pressure, causing 
extreme weather (e.g., floods and droughts) in many regions of the world. In general over North 
America, winters are warmer and drier during El Niño phases, while the opposite occurs during La 
Niña phases. The following summers tend to be warmer and drier (El Niño), or opposite during La 
Niña. 
 
The Pacific Decadal Oscillation (PDO) is a pattern of Pacific climate variability which shifts on an 
inter-decadal time scale, i.e., anywhere from 20 - 35 years. A warm (positive) PDO is characterized 
by below normal sea surface temperatures in the central and western north Pacific, with unusually 
warm sea surface temperatures along the western coast of North America. The opposite occurs 
during a cool (negative) phase of the PDO. 
 
The Arctic Oscillation (AO), with no particular periodicity, is characterized by pressure anomalies 
(i.e., positive or negative) in the Arctic with opposite anomalies centering about 37 - 45ºN. During a 
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positive AO index, surface pressure is low in the polar region allowing mid-latitude jet streams to 
blow strongly and consistently from west to east, thus keeping cold Arctic air in the north.  The 
opposite occurs during a negative AO index, whereby with weaker west to east zonal winds and 
higher surface pressure in the polar regions, giving greater occurrences of cold Arctic air into the 
mid-latitudes. 
 
These oscillation patterns are linked to atmospheric circulation patterns over North America and the 
North Pacific. These cycles can affect temperature and precipitation (e.g., extremes, rain, snow, 
spatial distribution) and streamflow (e.g., timing and magnitude). As these oscillations are 
continually studied, these patterns should be considered when conducting climate change 
research. Such phenomena could exacerbate future climate predictions, or offset them. For the 
purpose of this study, future climate change impacts were considered to be operating on a 
stationary baseline climate in order to not over-amplify the predicted changes. Further studies could 
be performed to predict the potential extremes which may be of value when establishing future 
infrastructure design criteria. 
 

3.2 GEOGRAPHY OF STUDY AREA 

The study area, i.e., Calgary and Bow and Elbow River Basins, are located in the southwestern portion of 
Alberta.  The city itself is located in the grassland region of Alberta, while portions of the Bow and Elbow 
Basins extend westward into the foothills and Rocky Mountains (Figure 3-1). The airport elevation is at 
1083 metres (m) above sea level (asl), while downtown is 1048 m asl. Calgary experiences a dry humid 
continental climate (Köppen climate classification Dfb) with long, cold, dry, but highly variable winters and 
short, moderately warm summers.   
 
Climate variability occurs frequently due to its elevation and proximity to the Rocky Mountains and Chinook 
winds are a common occurrence during the winter. Chinooks have been known to raise winter temperatures 
from below -20ºC to over 10ºC in a matter of hours, and lasting several days. Extremes are also known to 
occur in this area. For example, temperatures have ranged from a record low of -45ºC in 1893 to a record 
high of 36.1ºC in 1919 (see Canadian Climate Normals). Average January temperatures are -9ºC and 16ºC 
in July; and while temperatures fall below -30ºC for about 4.8 days/year and are above 30ºC for around 
4.5 days/year these spells typically do not last very long. The city experiences cool summer evenings and 
its humidity is on average 55% in the winter, and 45% in the summer. 
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Figure 3-1 
Study Location, Highlighting Climate Stations (Calgary Airport, Kananaskis, Banff, Lake 

Louise), City of Calgary Boundary, Dams (Ghost, Bearspaw, Glenmore), Hydrometric 
Stations (05BG010; 05BJ004; 05BJ010; 05BJ001; 05BH004; 05BH008), outline (in pink) 

Showing Area Covered from Outputs by the Global Climate Models (GCMs) and Outlines of 
the Bow and Elbow River Basins 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Calgary is one of the sunniest cities in Canada with an average 2400 hours of annual sunshine, and the 
airport receives an average of 412.6 mm of precipitation annually, with 320.6 mm falling as rain and 
126.7 cm falling as snow.  Most precipitation occurs from May to August, with June receiving the most 
monthly rainfall (i.e., 79.8 mm). 
 
The Bow River, including the Elbow River, is the largest tributary of the South Saskatchewan River Basin 
and is the most populated basin in Alberta. Water uses include domestic requirements, agriculture, industry, 
electricity generation and recreation for more than 1.12 million people. The Bow River stretches a length of 
645 km, accounting for around 21% of the drainage area that flows in the South Saskatchewan River, 
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contributing nearly 43% of its average annual flows (BRBC, 2010; City of Calgary, 2005). Both systems 
have modified flow regimes from regulation, although the Elbow River above Glenmore Dam remains 
natural. For example, since regulation effects occur frequently along the Bow River upstream from Calgary, 
winter flows at Calgary are now greater than what would occur under natural conditions and spring and 
summer flows are less than natural.  Both the Bow and Elbow Rivers are typical of snow dominated basins 
with spring freshet occurring in late spring and early summer. Although glacial melt can contribute to flows 
in early to late fall for the Bow River, high flows in the Elbow River which tend to occur in June, The City’s 
wettest month, are usually from rain events (City of Calgary, 2005). For example, the June 2005 flooding 
was caused by three rain events which were three times June’s monthly average (i.e., 248 mm of rain).  
 
3.3 METHODOLOGY 

The overall methodology comprised of compiling baseline or historical climate information, as well as 
deriving future climate scenarios for the study area for a variety of parameters and climate instances that 
could impact the City of Calgary’s water supply infrastructure.   
 

3.3.1 Climate Parameters 

Based on considerations of The City’s water supply infrastructure, available baseline climate data 
and outputs from the various climate sources, the following climate parameters were identified as 
being significant: 
 

3.3.1.1 Temperature and Temperature Derived Parameters 

• Mean monthly maximum 
• Mean monthly minimum 
• Daily extreme high 
• Daily extreme low 
• Frost free days 

• i.e., total number of frost-free days 
• Frost free period 

• i.e., continuous frost-free period 
• Heat wave duration 

• i.e., maximum period >5 consecutive days with Tmax >5ºC above baseline 
Tmax 

• Freeze-thaw days 
• i.e., Tmax >= 0ºC and Tmin <0ºC, per day 

• Days with maximum temperature above a threshold (e.g., 25ºC; 30ºC) 
• Days with maximum temperature below a threshold (e.g., 0ºC; -10ºC; -20ºC). 
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3.3.1.2 Precipitation and Precipitation Derived Parameters 

• Total precipitation 
• Total rain and snow 
• Very wet days 

• i.e., fraction of annual total precipitation exceeding the baseline 95th 
percentile 

• Frequency of precipitation 
• Frequency of rain 
• Frequency of snow 
• Consecutive dry days 

• i.e., days where precipitation is <1 mm 
• Maximum 5-day precipitation total 

• i.e., highest 5-day precipitation amount 
• Precipitation days >10 mm/day 

• i.e., number of days with precipitation greater than or equal to 10 mm/day 
• Simple daily intensity index (SDII) 

• i.e., mean annual total rain/number of days greater than or equal to 
1 mm/day 

• Snow depth. 
 
3.3.1.3 Other Parameters 

• River flows 
• River and lake ice 
• Glaciers 
• Drought 
• Extreme climatic events. 
 

3.3.2 Baseline Climate 

Observed weather data was obtained from Environment Canada’s Canadian Climate Normals 
(http://climate.weatheroffice.gc.ca/climate_normals/index_e.html) and the Canadian Daily Climate 
Data (CDCD - ftp://arcdm20.tor.ec.gc.ca/pub/dist/CDCD/). Climate Normals or averages are used 
to summarize or describe the average climatic conditions of a particular location. The stations used 
in this study were: 
 
• Calgary International Airport (id: 3031093); 
• Kananaskis (id: 3053600); 
• Banff (id: 3050520); and 
• Lake Louise (id: 3053760). 
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As climate is quite variable, especially in this region, the baseline observed data was calculated 
and is shown for Calgary Airport, and the Bow River Basin, which includes an average from all four 
stations. In addition, Calgary and Kananaskis climate stations each follow World Meteorological 
Organization (WMO) standards for temperature and precipitation (i.e., follows WMO standards for 
published data for standard official 30-year periods as well as updating the Climate Normals at the 
end of each decade). Environment Canada updates its Climate Normals at the end of each decade 
for many locations across the country and for as many climatic characteristics as possible. The 
stations used had at least 15 years of data for the period 1971 - 2000.   
 
Additionally, river flow data was obtained by the Water Survey of Canada archived hydrometric 
records http://www.wsc.ec.gc.ca/applications/H2O/index-eng.cfm) to derive flows (i.e., average, 
minimum, maximum and maximum instantaneous). 
 
3.3.3 Future Climate 

Future climatic scenarios were compared to the 1971 - 2000 observed baseline, i.e., the most 
recent, or if unavailable the next most recent baseline period was used, i.e., 1961 - 1990. We used 
the most recently available information from an ensemble of models, i.e., from the IPCC’s 4th 
Assessment Report (AR4), the A2 emission scenario outputs, and looked at the future climate 
periods centering on the 2020s (2011 - 2040) and 2050s (2041 - 2070).   
 
Table 3-1 shows all the potential models used in deriving the various parameters, along with the 
centres and countries from where the models originate. The ensembles of models used depended 
on what parameters were being derived, and on the practicality of retrieving these variables. But 
the aim was to use the largest ensembles available in order to capture the variability of outputs and 
average these values. A total of 21 models were used from 16 countries and centres (and various 
runs of each of these models). Each parameter used in this study was derived from a range of 
ensembles, ranging from a minimum of two ‘mean’ runs, up to an ensemble of 19 models. 
 
Figure 3-2 shows the different emission scenarios (IPCC, 2007). The A2 scenario describes a very 
heterogeneous world, captures a larger range of global surface warming and is the highest 
warming scenario typically used in climate change studies (i.e., indicative of highest potential 
warming).   
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Table 3-1 
Global Climate Models (and various runs used), and Centres and Countries from Where the 

Models Originate 

Model Centre Country 

BCM2.0 (Run 1) Bjerknes Centre for Climate Norway 

CGCM3T47 
(Mean) 

CGCM3T63 
(Runs 1, 4 & 5) 

Canadian Centre for Climate Modelling and 
Analysis 

Canada 

CNRMCM3 (Run 1) 
Centre National de Recherches 

Meteorologiques 
France 

CSIROMk3.0 (Run 1) 
CSIROMk3.5 (Run 1) 

Australia’s Commonwealth Scientific and 
Industrial Research Organization 

Australia 

ECHAM5OM (Mean) Max Planck Institute für Meteorologie Germany 

ECHO-G (Mean) 
Meteorological Institute, University of Bonn 
Meteorological Research Institute of KMA 

Model and Data Group at MPI-M 

Germany (Bonn & 
MPI-M) & Korea 

(KMA) 

GFDLCM2.0 (Run 1) 
GFDLCM2.1 (Run 1) 

Geophysical Fluid Dynamics Laboratory USA 

GISS-AOM (Mean) 
GISS-ER (Run 1) 

NASA Goddard Institute for Space Studies USA 

HADCM3 (Run 1) 
HADGEM1 (Run 1) 

UK Meteorological Service UK 

INGV-SXG (Run 1) 
National Institute of Geophysics and 

Volcanology 
Italy 

INMCM3.0 (Run 1) Institute for Numerical Mathematics Russia 

IPSLCM4 (Run 1) Institut Pierre Simon Laplace France 

MIROC3.2 medres 
(Run 2 & Mean) 

National Institute for Environmental Studies Japan 

MRI-CGCM2.3.2a 
(Mean) 

Meteorological Research Institute, Japan 
Meteorological Agency 

Japan 

NCARPCM (Mean) 
NCARCCSM3 (Mean) 

National Center for Atmospheric Research 
Parallel Climate Model (PCM) & Community 

Climate System Model (CCSM) 
USA 
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Figure 3-2 
Multi-Modal Averages and Assessed Ranges for Surface Warming (from IPC 2007) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Notes: 
Solid lines are multi-model global averages of surface warming (relative to 1980 - 1999) for the scenarios A2, A1B and 
B1, shown as continuations of the 20th century simulations.  Shading denotes the ±1 standard deviation range of 
individual model annual averages.  The orange line is for the experiment where concentrations were held constant at 
year 2000 values.  The grey bars at right indicate the best estimate (solid line within each bar) and the likely range 
assessed for the six SRES (Special Report on Emissions Scenarios; IPCC, 2000) marker scenarios.  The assessment 
of the best estimate and likely ranges in the grey bars includes the AOGCMs (Atmospheric and Oceanic Global Climate 
Models) in the left part of the figure, as well as results from a hierarchy of independent models and observational 
constraints  (Source:  IPCC, 2007).   
 

3.3.4 Data Sources 

Four predominant data sources were used in deriving the climate parameters. These are 
highlighted in the following sections.   
 

3.3.4.1 Climate WNA 

ClimateWNA (i.e., Climate Western North America) is a program developed by the 
University of British Columbia, the University of Alberta and the British Columbia Ministry of 
Forest. The program extracts and downscales PRISM (Daly et al., 2002) and ANUSPLINE 
monthly data (2.5 x 2.5 arcmin) to scale-free point data for the 1971 - 2000 reference 
period (or either the 1961 - 1990 or 1951 - 1980 reference periods), and calculates 
seasonal and annual climate variables for exact locations based on latitude, longitude and 
elevation within western North America, i.e., coverage is from latitude 24.5ºN - 80.0ºN and 
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longitude 100.0ºW - 179.0ºW (Figure 3-3). The program calculates historical monthly, 
seasonal and annual climate variables for individual years from the period 1901 - 2009 
using the scale-free data as baseline in combination with monthly variability data (Mitchell 
and Jones, 2005; Mbogga et al., 2009). The program is described in more detail in Wang et 
al. (2006) and Hamann and Wang (2005).   
 
PRISM, or Parameter-elevation Regressions on Independent Slopes Model, was 
developed at Oregon State University and is a unique knowledge-based system that uses 
point measurements of precipitation, temperature, and other climatic factors to produce 
continuous, digital grid estimates of monthly, yearly, and event-based climatic parameters. 
This unique analytical tool incorporates point data, a digital elevation model, and expert 
knowledge of complex climatic extremes, including rain shadows, coastal effects, and 
temperature inversions and is continuously updated. PRISM data sets are recognized 
world-wide as high quality spatial climate data sets currently available. Since different 
climate change models use different prediction locations and different resolution, PRISM 
interpolates these coverage’s and standardizes them to 1° latitude by 1° longitude grid 
using ANUspline (Hutchinson, 1989). The Australian National University (ANU) developed 
ANUSPLINE with the aim to provide a facility for transparent analysis and interpolation of 
noisy multi-variety data using thin plate smoothing splines. 
 
In this study, the current version of ClimateWNA used an ensemble of five models from the 
IPCC AR4, and was downscaled to the exact locations of Calgary Airport, Ghost Dam, 
Bearspaw Dam and Glenmore Dam. The predicted changes shown from the outputs using 
this tool are for Calgary Airport (only), and for the average of the four sites (i.e., Calgary 
Airport, Ghost Dam, Bearspaw Dam and Glenmore Dam).   

Figure 3-3 
Climate WNA Coverage of Western North America 
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3.3.4.2 Canadian Climate Change Scenario Network (CCCSN) 

The Canadian Climate Change Scenarios Network (CCCSN) is a partner interface for 
distributing climate change scenarios and adaption research. It is managed and maintained 
by Environment Canada’s Adaptation and Impact Research Section (AIRS), in partnership 
with the University of Regina, University of Toronto, the Global Environmental and Climate 
Change Centre, McGill University, Ouranos, the University of British Columbia, Yukon 
College, York University and the University of Prince Edward Island. The tools and data 
can be accessed via this site: 
 
http://prairie.cccsn.ca/?page=main 
 
Climate change scenarios are provided from several international research centres, and 
from the various IPCC assessments, i.e., the Second Assessment Report (SAR), the Third 
Assessment Report (TAR) and the Fourth Assessment Report (AR4). It includes the choice 
between the 1961 - 1990 and 1971 - 2000 baselines, and provides simulations for the 
2020s, 2050s and 2080s. It also allows you to select various models, as well as outputs 
from differing emission scenarios (i.e., A2; A1B; B1). You can choose an area (area 
selection) or a specific point (point selection) to derive climate scenarios at these locations. 
A variety of tools exist that provide information, namely ‘Scenario Maps’, ‘Scatterplots’, 
‘Timeseries’, ‘Bioclimatic Profiles’, or ‘Localizer’. Each tool provides data in a slightly 
different manner, both quickly and efficiently.   
 
3.3.4.3 Pacific Climate Impacts Consortium (PCIC) 

The Pacific Climate Impacts Consortium (PCIC) is a regional climate service centre at the 
University of Victoria. In collaboration with climate researchers and regional stakeholders, 
they provide relevant climate research along with various tools in support of long-term 
planning for the Pacific Northwest. The various tools, information and reports can be found 
at the following site: 
 
http://pacificclimate.org/ 
 
The tool used in this study was the ‘Regional Analysis Tool’ which generates maps, plots 
and data describing projected future climate conditions. It also uses a large set of GCMs, 
and allows the user to select differing baseline and future periods (i.e., 1961 - 1990; 2020s; 
2050s; 2080s), as well as varying emission scenarios (i.e., A2; B1; A1B). This tool also 
allows users to select point specific locations or area locations.   
 
3.3.4.4 Literature 

A variety of literature and web-based information was used in evaluating past trends and 
future climatic scenarios applicable to the region of interest. 
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3.4 CLIMATE PARAMETERS 

The climate parameters selected were highlighted in the earlier section (i.e., 3.3.1). This section of the 
report will list all climate variables analyzed for both the baseline period (when available, using the default 
baseline period of 1971 - 2000, otherwise 1961 - 1990) and future periods, i.e., 2020s and 2050s. The 
future projected parameters were obtained and derived from either ClimateWNA, CCCSN, PCIC or the 
literature.   
 
As ClimateWNA allowed for downscaling at precise locations for the parameters it provided, we show the 
average values from the exact locations of The City’s infrastructure of interest, i.e., Ghost Dam, Bearspaw 
Dam and Glenmore Dam, in addition to Calgary Airport as this is the main location with the longest records 
and is most commonly chosen for comparison. These sites in the tables are referred to as ‘4 Sites’. The 
other two tools used, i.e., CCCSN and PCIC, used the broader spatial coverage as shown by the pink 
shaded area in Figure 3-1, encompassing the whole Bow River Basin, and as such the values in the tables 
are shown for Calgary Airport and for the Basin average.  These changes can be applied to the observed 
baseline values shown, or if other data exists within this study area (e.g., from other various climate stations 
within the Calgary area), a user can calculate the various observed baseline values of interest, and apply 
the changes to these values. The inclusion of both the Calgary Airport and the Basin observed baseline 
data is given in this study to show how some of the climate varies within the Basin.  
 

3.4.1 Temperature 

This section highlights temperature and temperature derived parameters. These are all shown in 
Tables 3-2 – 3-10 for both historical and future climate periods. 
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Table 3-2 
Average Predicted Change in Mean Monthly Maximum Temperature 

Month 

1971 - 2000 
Baseline 

(ºC) 

2020s 
Predicted Change 

(ºC) 

2050s 
Predicted Change 

(ºC) 

Calgary 
Airport 

Basin 
Calgary 
Airport 

4 Sites 
Calgary 
Airport 

4 Sites 

January -2.8 -4.0 0.6 0.6 1.4 1.4 

February -0.1 -0.5 1.0 1.0 1.5 1.6 

March 4.0 3.9 0.2 0.3 0.9 1.0 

April 11.3 9.4 0.3 0.4 0.7 0.7 

May 16.4 14.5 0.8 0.8 1.3 1.3 

June 20.2 18.4 1.8 1.9 2.4 2.5 

July 22.9 21.6 2.2 2.2 3.4 3.4 

August 22.5 21.2 1.9 1.9 3.0 3.0 

September 17.6 16.2 1.6 1.5 2.8 2.8 

October 12.1 10.2 1.9 1.9 2.6 2.6 

November 2.8 0.9 1.4 1.4 1.9 2.0 

December -1.4 -3.8 0.7 0.9 2.2 2.3 

Notes: 
• Source: Climate Normals, CDCD and ClimateWNA 
• Four Sites include Calgary Airport, plus the three dam locations (i.e., Ghost, Bearspaw and Glenmore) 
• ClimateWNA ensemble used: 

• AR4_BCCR_BCM20_A2-run1_2020MSY 
• AR4_CCCMA_CGCM3_A2-run4_2020MSY 
• AR4_cccma_cgcm3_A2-run5_2020MSY 
• AR4_gfdl_cm21_A2-run1_2020MSY 
• AR4_MIROC32_MEDRES_A2-run2_2020MSY. 
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Table 3-3 
Average Predicted Change in Mean Monthly Minimum Temperature 

Month 

1971 - 2000 
Baseline 

(ºC) 

2020s 
Predicted Change 

(ºC) 

2050s 
Predicted Change 

(ºC) 

Calgary 
Airport 

Basin 
Calgary 
Airport 

4 Sites 
Calgary 
Airport 

4 Sites 

January -14.6 -15.8 0.7 0.8 1.7 1.8 

February -11.6 -13.2 1.0 1.0 1.7 1.7 

March -7.7 -9.1 0.4 0.5 1.4 1.4 

April -2.1 -3.6 0.5 0.6 0.9 1.0 

May 3.0 1.1 0.8 0.7 1.4 1.4 

June 7.0 4.9 1.3 1.3 2.0 2.0 

July 9.1 6.8 1.9 1.8 2.9 2.9 

August 8.4 6.2 1.3 1.4 2.4 2.4 

September 3.9 2.0 1.5 1.4 2.5 2.5 

October -1.3 -2.4 1.6 1.6 2.1 2.1 

November -8.5 -9.7 1.5 1.6 2.0 2.1 

December -12.9 -14.7 0.9 1.1 2.5 2.6 

Notes: 
• Source: Climate Normals, CDCD and ClimateWNA 
• Four Sites include Calgary Airport, plus the three dam locations (i.e., Ghost, Bearspaw and Glenmore) 
• ClimateWNA ensemble used: 

• AR4_BCCR_BCM20_A2-run1_2020MSY 
• AR4_CCCMA_CGCM3_A2-run4_2020MSY 
• AR4_cccma_cgcm3_A2-run5_2020MSY 
• AR4_gfdl_cm21_A2-run1_2020MSY 
• AR4_MIROC32_MEDRES_A2-run2_2020MSY. 
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Table 3-4 
Extreme Daily Maximum Temperature 

Month 

1971 - 2000 
Baseline 

(ºC) 

2020s 
Change 

(ºC) 

2050s 
Change 

(ºC) 

Calgary 
Airport 

Basin 
Calgary 
Airport 

Basin 
Calgary 
Airport 

Basin 

January 16.5 13.9 1.1 1.1 2.4 2.3 

February 22.6 17.3 1.2 0.9 2.4 1.6 

March 22.8 19.0 1.1 0.9 2.3 1.5 

April 29.4 26.9 0.8 1.3 1.3 2.2 

May 32.4 30.8 1.2 1.3 1.9 2.3 

June 35.0 32.6 1.3 1.5 2.0 2.5 

July 36.1 34.7 1.4 1.4 2.6 2.9 

August 35.6 33.8 1.5 1.5 2.7 3.0 

September 33.3 31.1 1.4 1.3 2.7 3.0 

October 29.4 27.3 0.9 1.0 1.8 2.3 

November 22.8 19.3 0.7 0.9 1.4 1.9 

December 19.5 15.1 1.1 1.1 2.3 2.2 

Notes: 
• Source: Climate Normals; CCCSN Bioclimate Profiles 
• CCCSN sites used: Calgary A; Kananaskis; Banff; Lake Louise 
• CCCSN ensemble used: 

• CGCM3T47 (Mean) A2 
• MIROC3.2 medres (Mean) A2. 
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Table 3-5 
Extreme Daily Minimum Temperature 

Month 

1971 - 2000 
Baseline 

(ºC) 

2020s 
Change 

(ºC) 

2050s 
Change 

(ºC) 

Calgary 
Airport 

Basin 
Calgary 
Airport 

Basin 
Calgary 
Airport 

Basin 

January -44.4 -48.5 1.4 1.6 3.0 3.0 

February -45.0 -46.0 1.8 1.5 3.3 2.8 

March -37.2 -40.7 1.6 1.3 3.1 2.4 

April -30.0 -30.6 1.1 1.2 2.1 2.2 

May -16.7 -21.0 1.1 1.3 1.9 2.4 

June -3.3 -6.4 1.1 1.4 2.1 2.4 

July -0.6 -3.0 1.2 1.2 2.5 2.5 

August -3.2 -4.8 1.0 1.2 2.5 2.6 

September -13.3 -17.3 0.9 1.0 2.1 2.3 

October -25.7 -28.4 1.0 1.1 1.7 2.1 

November -35.0 -39.2 1.2 1.3 2.2 2.5 

December -42.8 -45.7 1.3 1.6 3.0 3.0 

Notes: 
• Source: Climate Normals; CCCSN Bioclimate Profiles 
• CCCSN sites used: Calgary A; Kananaskis; Banff; Lake Louise 
• CCCSN ensemble used: 

• CGCM3T47 (Mean) A2 
• MIROC3.2 medres (Mean) A2. 
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Table 3-6 
Yearly Frost 

Frost 

1971 - 2000 
Baseline 

2020s 
Predicted Change 

(days) 

2050s 
Predicted 
Change 
(days) 

Calgary Basin Calgary 4 Sites Calgary 4 Sites 

Number of Frost Free Days1 118 153* 13.6 14.1 21.2 21.8 

Frost Free Period2 107* 101* 13.2 13.0 23.2 23.7 

Beginning of Frost Free Period May 23 May 31* -5.8 -5.3 -10.0 -9.8 

End of Frost Free Period Sept 16 Sept 9* 7.4 7.7 13.2 13.9 

Notes: 
• Source: Calgary Airport observed values shown are for 1961 - 1990 period and are derived from 

(http://www1.agric.gov.ab.ca/$department/deptdocs.nsf/all/agdex10); ClimateWNA 
• Modelled baseline shown (i.e., observed baseline not calculated) for period 1971 - 2000; changes displayed 

can be applied to any known observed values within the study area 
• 1Total number of days with no frost for the year 
• 2Continuous period without frost 
• Sites include Calgary Airport, plus the three dam locations (i.e., Ghost, Bearspaw and Glenmore) 
• ClimateWNA ensemble used: 

• AR4_BCCR_BCM20_A2-run1_2020MSY 
• AR4_CCCMA_CGCM3_A2-run4_2020MSY 
• AR4_cccma_cgcm3_A2-run5_2020MSY 
• AR4_gfdl_cm21_A2-run1_2020MSY 
• AR4_MIROC32_MEDRES_A2-run2_2020MSY. 
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Table 3-7 
Heat Wave Duration 

1971 - 2000 
Baseline 

(days) 

2020s 
Predicted Change 

(days) 

2050s 
Predicted Change 

(days) 

Calgary Basin Calgary Basin Calgary Basin 

20 18* 8.5 9.2 26.6 26.6 

Notes: 
• Source: CDCD and CCCSN Scatter Plots. 
• Basin average calculated using Calgary, Kananaskis and Lake Louise. 
• One caveat of this index is that it is an annual measure of days with maximum temperature 

greater than 5ºC above normal, thus even days outside of what is considered ‘summer’ is 
counted, i.e., even in the winter, if maximum temperature greater than 5ºC over the baseline 
normal occurs, it is counted in the heat wave total.  Nonetheless, it is indicative of an 
increasing change. 

• CCCSN ensemble used: 
• AR4 (2007) - CNRMCM3(Run 1) - SR-A2 
• AR4 (2007) - GFDLCM2.0(Run 1) - SR-A2 
• AR4 (2007) - GFDLCM2.1(Run 1) - SR-A2 
• AR4 (2007) - INMCM3.0(Run 1) - SR-A2 
• AR4 (2007) - IPSLCM4(Run 1) - SR-A2 
• AR4 (2007) - MIROC3.2 medres(Mean) - SR-A2 
• AR4 (2007) - NCARPCM(Mean) - SR-A2. 
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Table 3-8 
Freeze-Thaw Days 

Month 

1971 - 2000 
Baseline 

2020s 
Change 
(days) 

2050s 
Change 
(days) 

Calgary 
Airport 

Basin 
Calgary 
Airport 

Basin 
Calgary 
Airport 

Basin 

January 13.9 10.7 0.5 0.7 0.8 1.4 

February 14.8 13.4 0.1 0.2 -0.5 0.4 

March 20.2 21.0 -0.8 -0.4 -2.6 -1.3 

April 18.4 21.9 -3.4 -2.7 -6.6 -5.8 

May 5.0 13.9 -2.5 -3.7 -3.6 -6.6 

June 0.2 5.1 -0.2 -1.0 -0.2 -1.8 

July 0.0 3.4 0.0 -0.3 0.0 -0.6 

August 0.2 3.9 -0.1 -0.5 -0.2 -1.1 

September 3.9 10.6 -1.6 -1.9 -3.0 -4.7 

October 16.3 19.1 -2.3 -1.6 -5.2 -4.7 

November 18.3 15.1 -0.1 0.2 -0.8 0.4 

December 15.1 10.7 0.6 0.5 0.7 1.6 

Year 126.3 149.1 -9.4 -10.5 -21.0 -23.0 

Winter 43.8 34.8 1.2 1.4 0.9 3.3 

Spring 43.6 56.8 -6.5 -6.8 -12.8 -13.7 

Summer 0.4 12.4 -0.2 -1.8 -0.3 -3.5 

Fall 38.5 44.8 -3.8 -3.2 -8.8 -9.0 
Notes: 
• Source:  CDCD; CCCSN Bioclimatic Profiles 
• CCCSN ensemble used: 

• CGCM3T47 (Mean) A2 
• MIROC3.2 medres (Mean) A2. 
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Table 3-9 
Days with Maximum Temperature above Threshold 

Month 

1971 - 2000 
Baseline 

(days) 

2020s 
Change 
(days) 

2050s 
Change 
(days) 

Calgary 
Airport 

Basin 
Calgary 
Airport 

Basin 
Calgary 
Airport 

Basin 

25ºC 30ºC 25ºC 30ºC 25ºC 30ºC 25ºC 30ºC 25ºC 30ºC 25ºC 30ºC 

Year 31.1 4.5 21.3 2.1 14.0 6.0 11.0 4.3 23.0 9.0 22.2 9.0 

Winter 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Spring 2.5 0.1 1.1 0.0 2.0 0.0 1.3 0.0 3.0 0.0 2.5 1.0 

Summer 24.3 4.2 18.0 2.0 10.0 5.0 8.8 3.3 17.0 8.0 16.4 6.8 

Fall 4.3 0.2 2.3 0.1 2.0 1.0 1.0 1.0 3.0 1.0 3.3 1.2 

Notes: 
• Source: Climate Normals; CDCD; CCCSN Bioclimatic Profiles 
• CCCSN ensemble used: 

• CGCM3T47 (Mean) A2 
• MIROC3.2 medres (Mean) A2. 
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Table 3-10 
Days with Maximum Temperature below Threshold 

 1971 - 2000 
Baseline 

(days) 

2020s 
Change 
(days) 

2050s 
Change 
(days) 

Calgary 
Airport 

Basin 
Calgary 
Airport 

Basin 
Calgary 
Airport 

Basin 

0 
(ºC) 

-10 
(ºC) 

-20 
(ºC) 

0 
(ºC) 

-10 
(ºC) 

-20 
(ºC) 

0 
(ºC) 

-10 
(ºC) 

-20 
(ºC) 

0 
(ºC) 

-10 
(ºC) 

-20 
(ºC) 

0 
(ºC) 

-10 
(ºC) 

-20 
(ºC) 

0 
(ºC) 

-10 
(ºC) 

-20 
(ºC) 

Year 196.0 76.4 26.0 219.8 85.6 31.9 -5.0 -2.0 -1.0 -5.8 -1.3 -0.5 -11.0 -3.5 -3.0 -13.6 -3.3 -1.2 

Winter 87.1 53.1 21.7 87.0 56.4 25.4 -2.5 -2.0 -1.0 -3.3 -1.3 -0.5 -6.5 -3.0 -3.0 -8.4 -2.9 -1.2 

Spring 55.9 10.6 1.8 66.8 14.3 3.0 -0.5 0.0 0.0 -0.6 0.0 0.0 -2.0 -0.5 0.0 -1.6 -0.3 0.0 

Summer 0.4 0.0 0.0 6.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 

Fall 52.4 12.6 2.4 60.1 14.9 3.5 -2.0 0.0 0.0 -2.0 0.0 0.0 -2.5 0.0 0.0 -3.6 -0.1 0.0 

Notes: 
• Source: Climate Normals; CCCSN Bioclimatic Profiles 
• CCCSN ensemble used: 

• CGCM3T47 (Mean) A2 
• MIROC3.2 medres (Mean) A2. 
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3.4.2 Precipitation 

This section highlights precipitation and precipitation derived parameters. These are all shown in 
Tables 3-11 - 3-21 for both historical and future climate periods. 

Table 3-11 
Total Precipitation 

Month 

1971 - 2000 
Baseline (mm) 

2020s Change 
(ratio) 

2050s Change 
(ratio) 

Calgary 
Airport Basin Calgary 

Airport 4 Sites Calgary 
Airport 4 Sites 

January 11.6 30.2 1.29 1.22 1.40 1.33 

February 8.8 24.4 1.16 1.14 1.22 1.20 

March 17.4 30.7 1.05 1.04 1.13 1.11 

April 23.9 33.6 1.10 1.13 1.16 1.18 

May 60.3 63.5 0.87 0.87 0.97 0.97 

June 79.8 71.3 0.98 0.96 1.01 0.99 

July 67.9 62.1 0.94 0.93 1.00 0.98 

August 58.8 61.5 0.91 0.92 0.92 0.92 

September 45.7 49.4 0.96 0.94 0.99 0.96 

October 13.9 28.6 1.12 1.10 1.11 1.11 

November 12.3 31.4 1.02 0.97 1.08 1.06 

December 12.2 36.5 1.20 1.18 1.30 1.29 

Year 412.6 523.0 0.98 0.98 1.03 1.03 

Winter 32.6 91.1 1.21 1.18 1.31 1.28 

Spring 101.6 127.7 0.95 0.96 1.04 1.04 

Summer 206.5 194.8 0.95 0.94 0.98 0.97 

Fall 71.9 109.5 0.99 0.97 1.02 1.01 
Notes: 
• Source: Climate Normals; ClimateWNA 
• Sites include Calgary Airport, plus the three dam locations (i.e., Ghost, Bearspaw and Glenmore) 
• ClimateWNA ensemble used: 

• AR4_BCCR_BCM20_A2-run1_2020MSY 
• AR4_CCCMA_CGCM3_A2-run4_2020MSY 
• AR4_cccma_cgcm3_A2-run5_2020MSY 
• AR4_gfdl_cm21_A2-run1_2020MSY 
• AR4_MIROC32_MEDRES_A2-run2_2020MSY. 
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Table 3-12 
Yearly Total Rain and Snow 

 1971 - 2000 
Baseline 

2020s Change 
(ratio) 

2050s Change 
(ratio) 

Calgary 
Airport 

Basin 
Calgary 
Airport 

4 Sites 
Calgary 
Airport 

4 Sites 

Rain (mm) 320.6 316.2 0.97 0.97 1.04 1.04 

Snow (cm) 126.7 232.7 1.01 0.99 0.97 0.96 
Notes: 
• Source: Climate Normals; ClimateWNA 
• Sites include Calgary Airport, plus the three dam locations (i.e., Ghost, Bearspaw and Glenmore) 
• ClimateWNA ensemble used: 

• AR4_BCCR_BCM20_A2-run1_2020MSY 
• AR4_CCCMA_CGCM3_A2-run4_2020MSY 
• AR4_cccma_cgcm3_A2-run5_2020MSY 
• AR4_gfdl_cm21_A2-run1_2020MSY 
• AR4_MIROC32_MEDRES_A2-run2_2020MSY. 

 

Table 3-13 
Fraction of Time Precipitation is > 95th Percentile (i.e., very wet days) 

1971 - 2000 
Baseline 

(days) 

2020s 
(%) 

2050s 
(%) 

Calgary Airport Basin Calgary Airport Basin Calgary Airport Basin 

11* 19* 6.4 1.1 15.8 2.1 
Notes: 
• Source: CCCSN Scatter Plots 
• Sites include Calgary Airport, plus the three dam locations (i.e., Ghost, Bearspaw and Glenmore) 
• Modelled baseline shown (i.e., observed not calculated) for period 1971 - 2000; changes displayed 

can be applied to any known observed values within the study area 
• Used the following ensemble: 

• AR4 (2007) - MIROC3.2 medres(Mean) - SR-A2 
• AR4 (2007) - IPSLCM4(Run 1) - SR-A2 
• AR4 (2007) - INMCM3.0(Run 1) - SR-A2 
• AR4 (2007) - GFDLCM2.1(Run 1) - SR-A2 
• AR4 (2007) - GFDLCM2.0(Run 1) - SR-A2 
• AR4 (2007) - CNRMCM3(Run 1) - SR-A2 
• AR4 (2007) - NCARPCM(Mean) - SR-A2. 



City of Calgary 
Water Supply Infrastructure 

3-24 
p:\20103191\00_clim_cng_rsk_assm\engineering\03.00_conceptual_feasibility_design\report\final working docs\rpt_ccvs_final_20110518.doc 

Table 3-14 
Frequency of Precipitation Events (i.e., days with precipitation) 

 

Precipitation 

1971 - 2000 
Baseline 

2020s 
Change 
(days) 

2050s 
Change 
(days) 

Calgary Airport Basin Calgary Airport Basin Calgary Airport Basin 

Year 103.2 112.3 0.0 -1.1 3.5 1.4 

Winter 20.8 24.5 1.0 0.7 3.0 1.0 

Spring 10.1 9.7 1.0 1.0 2.0 2.1 

Summer 34.2 37.7 -2.0 -2.8 -1.5 -2.3 

Fall 21.0 24.9 0.0 -0.1 0.0 0.6 

 
 

Table 3-15 
Frequency of Rain Events (i.e., days with rain) 

 

Rain 

1971 - 2000 
Baseline 

2020s 
Change 
(days) 

2050s 
Change 
(days) 

Calgary Airport Basin Calgary Airport Basin Calgary Airport Basin 

Year 59.4 62.0 7.0 8.8 9.5 11.6 

Winter 0.7 0.4 2.0 2.2 3.0 2.6 

Spring 11.9 10.6 5.0 6.4 6.0 7.6 

Summer 32.8 36.3 -2.0 -2.8 -1.5 -2.3 

Fall 12.3 13.8 2.0 2.9 2.0 3.7 
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Table 3-16 
Frequency of Snow Events (i.e., days with snow) 

 

Snow 

1971 - 2000 
Baseline 

2020s 
Change 
(days) 

2050s 
Change 
(days) 

Calgary 
Airport Basin Calgary 

Airport Basin Calgary 
Airport Basin 

Year 47.4 48.9 -7.0 -9.8 -6.0 -10.2 

Winter 20.6 22.7 -1.0 -1.5 0.0 -1.6 

Spring 0.1 0.3 -4.0 -5.3 -4.0 -5.5 

Summer 0.1 0.2 0.0 0.0 0.0 0.0 

Fall 10.5 11.4 -2.0 -3.0 -2.0 -3.1 
Notes: 
• Source:  CDCD; CCCSN Bioclimatic Profiles 
• CCCSN ensemble used: 

• CGCM3T47 (Mean) A2 
• MIROC3.2 medres (Mean) A2. 
 

Table 3-17 
Days Consecutive Dry 

1971 - 2000 
Observed 

(days) 

2020s 
Predicted Change 

(days) 

2050s 
Predicted Change 

(days) 

Calgary Basin Calgary Basin Calgary Basin 

63 56 -0.03 -0.30 0.22 0.40 
Notes: 
• Source:  CDCD; CCCSN Scatter Plots 
• Basin average derived using Calgary, Kananaskis and Banff 
• CCCSN ensemble used: 

• AR4 (2007) - CNRMCM3(Run 1) - SR-A2 
• AR4 (2007) - GFDLCM2.0(Run 1) - SR-A2 
• AR4 (2007) - GFDLCM2.1(Run 1) - SR-A2 
• AR4 (2007) - INMCM3.0(Run 1) - SR-A2 
• AR4 (2007) - IPSLCM4(Run 1) - SR-A2 
• AR4 (2007) - MIROC3.2 medres(Mean) - SR-A2 
• AR4 (2007) - NCARPCM(Mean) - SR-A2. 
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Table 3-18 
Maximum 5-day Precipitation Total 

Observed Baseline 
(mm) 

2020s 
Predicted Change 

(mm) 

2050s 
Predicted Change 

(mm) 
Calgary 
Airport Basin Calgary 

Airport Basin Calgary 
Airport Basin 

102.1 98.7 1.56 0.31 4.26 2.43 

 
 

Table 3-19 
Precipitation - Days with >10 mm/day 

Observed Baseline 
(mm) 

2020s 
Predicted Change 

(mm) 

2050s 
Predicted Change 

(mm) 
Calgary 
Airport Basin Calgary 

Airport Basin Calgary 
Airport Basin 

9.83 12.75 0.39 0.48 1.24 1.25 

 
 

Table 3-20 
Precipitation - Simple Daily Intensity Index (i.e., mean precipitation amount per wet day; 

wet day >1 mm) 

Observed Baseline 
(mm/day) 

2020s 
Predicted Change 

(mm/day) 

2050s 
Predicted Change 

(mm/day) 
Calgary 
Airport Basin Calgary 

Airport Basin Calgary 
Airport Basin 

6.05 6.18 0.06 0.06 0.19 0.17 
Notes: 
• Source: CDCD; CCCSN Scatter Plots 
• CCCSN ensemble used: 

• AR4 (2007) - CNRMCM3(Run 1) - SR-A2 
• AR4 (2007) - GFDLCM2.0(Run 1) - SR-A2 
• AR4 (2007) - GFDLCM2.1(Run 1) - SR-A2 
• AR4 (2007) - INMCM3.0(Run 1) - SR-A2 
• AR4 (2007) - IPSLCM4(Run 1) - SR-A2 
• AR4 (2007) - MIROC3.2 medres(Mean) - SR-A2 
• AR4 (2007) - NCARPCM(Mean) - SR-A2. 
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Table 3-21 
Snow Depth 

 

1971 - 2000 
Observed 

(cm) 

2020s 
Predicted 

Change Range 
(cm) 

2050s 
Predicted 

Change Range 
(cm) 

Calgary 
Airport Basin Basin Basin 

Year 20 42 -1.1 to 0 -2.6 to 0 

Winter 14 29 -3.2 to 0 -7.4 to 0 

Spring 4 9 -5.8 to 0 -10.5 to 0 

Summer 0 0 nc nc 

Fall 2 5 nc nc 
Notes: 
• nc = no change 
• Observed baseline for Basin calculated using Calgary, Kananaskis and Banff 
• Modelled future for Calgary not calculated using PCIC tool 
• PCIC ensemble used: 

• SRES AR4 - CCCMA_CGCM3 A2-run1 
• SRES AR4 - CCCMA_CGCM3 A2-run2 
• SRES AR4 - CCCMA_CGCM3 A2-run3 
• SRES AR4 - CCCMA_CGCM3 A2-run4 
• SRES AR4 - CCCMA_CGCM3 A2-run5 
• SRES AR4 - GISS_ER A2-run1 
• SRES AR4 - INMCM30 A2-run1 
• SRES AR4 - MIUB_ECHOG A2-run1 
• SRES AR4 - MIUB_ECHOG A2-run2 
• SRES AR4 - MIUB_ECHOG A2-run3 
• SRES AR4 - NCAR_CCSM30 A2-run1 
• SRES AR4 - NCAR_CCSM30 A2-run2 
• SRES AR4 - NCAR_CCSM30 A2-run3 
• SRES AR4 - NCAR_CCSM30 A2-run4 
• SRES AR4 - NCAR_CCSM30 A2-run5 
• SRES AR4 - NCAR_PCM1 A2-run1 
• SRES AR4 - NCAR_PCM1 A2-run2 
• SRES AR4 - NCAR_PCM1 A2-run3 
• SRES AR4 - NCAR_PCM1 A2-run4. 
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Bruce (2010) noted that April 1st snowpacks declined 20% during the period (1950 - 1997) and that 
this would further be reduced another 25% by the 2050s.   
 
3.4.3 River Flows 

Although river flows and ice are not climate parameters per se, they are influenced and driven by 
climate, and as such are briefly discussed. As indicated in Bruce (2010), Zhang et al. (2000) found 
a general streamflow trend in southern Alberta for the period 1967 - 1996 indicating a reduction of 
10 to -20% in average annual flows, a range of +20 to -30% trend in minimum daily flows, while 
maximum daily flows exhibited a -10 to -20% trend.   
 
We also looked at six Water Survey of Canada stations within the Bow and Elbow River Basins. 
The stations examined were: 
 

05BH004 Bow River at Calgary Regulated 1911 - 2009 

05BH008 Bow River below Bearspaw Dam Regulated 1983 - 2009 

• No maximum instantaneous peak Recorded  

05BG010 Ghost River above Waiparous Creek Regulated 1983 - 2009 

5BJ004 Elbow River at Bragg Creek Natural 1934 - 2009 

05BJ010 Elbow River at Sarcee Bridge Natural 1979 - 2009 

05BJ001 Elbow River below Glenmore Dam Regulated 1908 - 2009 

 
Stations were selected based on most recentness of data being available; stations representative 
for the area; and with as long a period of record as possible. Hydrographs for each of these are 
presented in Appendix C.   
 
A Mann-Kendall trend analysis was conducted on all stations, but as some of these stations are 
affected by regulation and as each of the periods of records differ, these results are shown here for 
information purposes only and should be interpreted cautiously.   
 
The trend results at each site for each of their respective periods of records are summarized below 
(significance: ***0.001 (99.9%); **0.01 (99%); *0.05 (95%); +0.1(90%)): 
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• Average annual flows  
• Increased flows (positive trend) 

• 05BG010* 
• 05BH008*** 
• 05BJ010 

• Reduced flows (negative trend) 
• 05BJ001*** 
• 05BH004* 
• 05BJ004 *** 

 
Even split for average flows, i.e., three sites (two significant) exhibiting increases in average flows, 
while three sites (three significant) showing trends in reduced average flows.   
 
• Minimum annual flows  

• Increased flows (positive trend) 
• 05BG010* 
• 05BH004*** 
• 05BJ004  
• 05BH008*** 

• Reduced flows (negative trend) 
• 05BJ001* 
• 05BJ010  

 
Four of six sites exhibiting trends to increased minimum flows (three significant), while two sites 
(one significant) exhibited trends to reduced minimum flows. 
 
• Maximum annual flows  

• Increased flows (positive trend) 
• 05BJ004  
• 05BH008 

• Reduced flows (negative trend) 
• 05BH004*** 
• 05BG010 
• 05BJ001* 
• 05BJ010  

 
Four of six sites having trends to decreased maximum flows (two significant), while two sites 
indicated trends to increased flows. 
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• Maximum instantaneous annual flows  
• Increased flows (positive trend) 

• 05BG010 
• 05BJ001* 
• 05BJ010 
• 05BJ004 

• Reduced flows (negative trend) 
• 05BH004*** 

 
We were particularly interested in verifying maximum instantaneous flows, as these can often have 
significant impacts within watersheds and nearby infrastructure. We found that at four out of five 
sites examined for each of their respective periods of record, maximum instantaneous flows 
increased (one significant), while one site had reduced maximum instantaneous flows (also 
significant). Both of the ‘natural’ sites exhibited positive trends. We also looked at the two natural 
stations alone, for the common period of 1979 - 2009. Both sites indicated an increase in average 
flows (05BJ004 significant), maximum and maximum instantaneous flows, while both indicated 
decreases in minimum flows (05BJ010 significant).   
 
The trends corroborate the literature in some cases, but not in others. As mentioned, the varying 
periods of records and effects of regulation are likely attributable, and the varying results for the two 
natural sites with the common period, could also be attributed to the fact that a shorter time frame 
was used (i.e., 1979 - 2009) and is only for two sites on the same river.   
 
Lemmen et al. (2007) predict a further reduction in future average annual flows (-5 to -15%) and in 
minimum daily flows (-10 to -20%), while maximum daily flows would remain unchanged for the 
period leading up to the 2050s. They also note declines in annual streamflows, lower summer 
flows, higher winter and spring flows, falling lake levels, declining streamflows for the Bow River, 
and an increase in March flows caused by an increase in spring precipitation as rain and from 
earlier snowmelt.   
 
3.4.4 River and Lake Ice 

Lacroix et al. (2005) found that the break-up and freeze-up trends in rivers for this portion of Alberta 
during the latter half of the 20th century, that all break-up dates were occurring earlier and 
freeze-up dates later, thus also reducing the period of ice cover over the winter period. Duguay et 
al. (2006) also found for the same area and same period that most lakes surveyed in the study, 
including Lake Minnewanka located within the region of interest for this study, that break-up was 
occurring earlier and freeze-up later. Bruce (2010) noted that spring break-ups for the 1950 - 2005 
period were occurring 10 - 15 days earlier and would continue to be earlier by 20 days into the 
2050s for the southern Alberta region.   
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3.4.5 Glaciers 

Demuth et al. (2008) noted a 22% decrease in mass balance (e.g., Peyto Glacier) for the period 
1965 - 2004). A continued loss is expected by 2050 (Bruce, 2010). Glacial meltwaters contribute 
less than 1% of the total annual flow to the Bow River. However, these contributions increase 
during the later part of the summer and into the fall season. During drought years or conditions, 
glaciers will have a larger input to the flows of the Bow River system. 
 
3.4.6 Extreme Climatic Events 

3.4.6.1 Historical 

This section highlights some of the extreme climatic events that have occurred from 
1971 - 2000 in Alberta to which infrastructure could have proven vulnerable. The 
information was gathered from the Canadian Disaster Database 
(http://www.publicsafety.gc.ca/prg/em/cdd /srch-eng.aspx) and the Prairie node of the 
Canadian Atmospheric Hazards Network (http://pnr.hazards.ca/welcome_english.html).  
The data suggests that floods, storms (including hail, thunderstorms, heavy rain, freezing 
rain, wind and winter storms) and droughts are the most frequent extreme climatic events 
that occur in this region of Alberta.  Although, the province can also succumb to cold 
waves, heat waves, tornadoes, wild fires, fog and avalanches.   
 
Flooding usually occurs during spring thaw or with summer storm events, and hail and 
tornadoes are also often associated to summer storms. Below we highlight some of the 
disasters that have occurred during this period in the southern area of Alberta, and 
Appendix D provides graphs published by the Canadian Atmospheric Hazards Network 
which provide excellent examples of the average occurrences of some hazards for the City 
of Calgary.   
 
Floods (14 events): 
• June 8, 2005. City of Calgary (and other areas). Heavy rain. 
• June 11, 2002. Southern Alberta. Heavy rain. 
• July 4 - 5, 1999. Clearwater. Heavy snow and rain.   
• 1996. Sunny Valley.  
• June 6 - 9, 1995. Southern Alberta. Heavy rain and meltwater. 
• 1992. Lethbridge. 
• May 25 - July 4, 1990. Western Alberta. Several heavy rain events over long 

period. 
• June 28 - 29, 1988. Central and southern Alberta. 
• June 4 - 11, 1988. Lethbridge and other areas. Severe weather. 
• 1979. Lethbridge. Rainstorm. 
• 1979. Calgary. Hailstorm.   
• November, 1978. Kicking Horse Pass. Rapid glacier melt. 
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• Spring/summer, 1978. Lethbridge and other areas. 
• June, 1975. Southwestern Alberta. Severe rain. 
 
Storms (including thunderstorms, hail, wind, winter and freezing rain; 16 events): 
• July 4 - 5 and 8, 1998. Hailstorm. Calgary. 
• July 24 - 25, 1996. Hailstorm. Calgary. 
• July 16 - 18, 1996. Hailstorm. Calgary. 
• July 17, 1995. Hailstorm. Calgary. 
• June 18, 1994. Hailstorm. Southern Alberta. 
• July 31, 1992. Hailstorm. Calgary. 
• September 7, 1991. Hailstorm/thunderstorm. Calgary. 
• July 3, 1991. Hailstorm. Red Deer. 
• July 9, 1990. Hailstorm. Calgary. 
• August 16, 1988. Hailstorm/thunderstorm. Calgary. 
• May 14 - 15, 1986. Blizzard. Southern Alberta. 
• October, 1984. Snow storm. Alberta.   
• March 6, 1983. Freezing rain. Prairie provinces.   
• July 28, 1981. Hailstorm. Calgary. 
• 1980. Blizzard. Drumheller. 
• July 23, 1971. Hailstorm. Western prairies. 
 
Droughts (16 events): 
• 1996. Grande Prairie. 
• 1992. Prairie provinces. 
• 1991. Prairie provinces. 
• 1990. Prairie provinces. 
• 1989. Prairie provinces. 
• July 5 - 11, 1988. Prairie provinces. 
• 1986. Prairie provinces. 
• 1985. Western Canada. 
• 1984. Prairie provinces. 
• 1983. Prairie provinces. 
• 1981. Prairie provinces. 
• 1980. Prairie provinces. 
• 1979. Prairie provinces. 
• 1977. Prairie provinces. 
• 1974. Prairie provinces. 
• 1973. Prairie provinces. 
 
Cold Waves (6 events): 
• January/February, 1994. Alberta. 
• Summer, 1992. Prairies. 
• December, 1989 - January 1990. Western Canada. 



 3 - Climate Analysis and Future Projections 
 

 3-33 

• January 30, 1989. Western Canada. 
• January 5 - 28, 1982. Across Canada. 
• February, 8 - 20, 1979. Western Canada. 
 
Tornadoes: 
None recorded within this database in the Calgary area.  Closest event on record was Pine 
Lake (year 2000) near Red Deer. 
 
Wild Fires (1 event): 
• July - August, 2003. Southwestern Alberta. 
 
Heat Wave (1 event): 
• July 5 - 11, 1988. Prairie provinces. 
 
Avalanche (1 event): 
• February 11, 1990. Banff. 
 
3.4.6.2 Future 

For southern Alberta, literature states that the Palmer drought severity index had a 
significant trend towards increased severity during the period 1900 - 2002 (Bruce, 2010; 
Dai et al., 2004) and that droughts are going to occur twice as frequent (Bruce, 2010; 
Lemmen et al, 2007). 
 
The lightning flash density for the period 1999 - 2008 averaged 0.5 to 3.5 flash/km2/year in 
southern Alberta (Burrows et al., 2010). By the 2050s, these are expected to increase 
(Price and Rind, 1994).   
 
Winds and intense winter storms were observed to have increased during the period 1970 - 
1990 (Bruce, 2010). By the 2050s, occurrences of such events in the northern hemisphere 
are expected to increase a further 8 - 15% (Lambert, 2004).   
 
Although not quantified, other extreme events, such as floods, hail, tornadoes, wild fires, 
fog and rain on snow events are likely to increase or occur with more frequency and 
intensity.   
 

3.5 SUMMARY OF FINDINGS 

Table 3-22 summarizes the expected changes that are predicted to occur by the 2050s. 
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Table 3-22 
Summary of Temperature (and temperature derived) Parameters Expected by the 2050s.  

Changes Shown are the Ranges that were Derived for Calgary Airport and the Basin. 

Climate Event Expected Change by 2050 

Temperature 

Mean monthly maximum Increase of 0.7ºC - 3.4ºC 

Mean monthly minimum Increase of 0.9ºC - 2.9ºC 

Daily extreme high Increase of 1.3ºC - 3.0ºC 

Daily extreme low Increase of 1.7ºC - 3.3ºC 

Frost free days Increase of 21 - 22 days 

Frost free period Increase of 23 - 24 days 

Heat wave duration Increase of 27 days 

Freeze-thaw days 

Decrease: year (21 - 23 days), spring (13 - 14 
days), summer (0 - 4 days) and fall (9 days) 
 
Increase: winter (1 - 3 days) 

Days with maximum above 25ºC Increase: year (22 - 23 days), spring (3 days), 
summer (16 - 17 days) and fall (3 days) 

Days with maximum above 30ºC Increase: year (9 days), spring (0 - 1 day),   
summer (7 - 8 days) and fall (1 day) 

Days with maximum below 0ºC Decrease: year (11 - 14 days), winter (7 - 8 
days), spring (2 days), and fall (3 - 4 days) 

Days with maximum below -10ºC Decrease: year (3 - 4 days), winter (3 days), 
spring (0 - 1 days) 

Days with maximum below -20ºC Decrease: year (1 - 3 days), winter (1 - 3 days)
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Table 3-23 
Summary of Precipitation (and precipitation derived) Parameters Expected by the 2050s.  

Changes Shown are the Ranges that were Derived for Calgary Airport and the Basin. 

Climate Event Expected Change by 2050 

Precipitation 

Total precipitation Increase: year (3%), winter (28 - 31%), spring 
(4%) and fall (1 - 2%)  
Decrease: summer (3%) 

Total rain and snow Increase: rain (4%) 
Decrease: snow (3 - 4%) 

Very wet days Increase of 2 - 16% by 2050 

Frequency of precipitation Increase: year (1 - 4 days), winter (1 - 3 days), 
spring (2 days) and fall (0 - 1 days) 
Decrease: summer (2 days) 

Frequency of rain Increase: year (10 - 12 days), winter (3 days), 
spring (6 - 8 days) and fall (2 - 4 days) 
Decrease: summer (2 days) 

Frequency of snow Decrease: year (6 - 10 days), winter 
(0 - 2 days),  
spring (4 - 6 days) and fall (2 - 3 days) 

Consecutive dry days Increase: year (1 - 2%) 

Maximum 5-day precipitation total Increase: year (5 - 8%) 

Precipitation days >10 mm/day Increase: year (16%) 

Simple Daily Intensity Index (SDII) Increase: year (5%) 

Snow depth Decreasing: year (-2.6 to 0 cm) or up to 25%, 
winter (-7.4 to 0 cm) and spring (-10.5 to 0 cm)

 
3.5.1 Others 

Table 3.24 highlights the expected changes that are predicted to occur by the 2050s for river flows, 
ice breakup/freeze up (rivers/lakes), glaciers, droughts and storm events (e.g., floods; tornadoes; 
fires; hail freezing rain; fog; rain on snow). 
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Table 3-24 
Summary of Other Parameters Expected by the 2050s 

Climate Event Expected Change by 2050 

River Flows 

Average annual flows -5 to -15% 

Minimum daily flows -10 to -20% 

Maximum daily flows No change 

Maximum instantaneous flows Increasing trend. Likely to continue. 

River and 
Lake ice 

Break-up/freeze-up Earlier/later. Likely to continue. 

Glaciers Mass balance Continued loss 

Drought Palmer drought severity index Twice as frequent 

Storm Events 

Lightning (flash/km2/year) Increase 

Winds/gusts Increase 8 - 15% 

Floods; tornadoes; fires; hail; freezing 
rain; fog; rain on snow 

Not quantified.  Likely to increase. 
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4 Risk Assessment 

4.1 OBJECTIVES 

Step 3 of the protocol involves conducting a risk assessment corresponding to Worksheet 3. The worksheet 
is developed into a matrix listing the relevant climate events and infrastructure components in order to 
examine the interactions between the two that could lead to vulnerability of the infrastructure. 
 
At this stage of the study a workshop is held with the infrastructure owner and operating personnel to 
validate the data collected and work through the various infrastructure performance and climate effects that 
could have an impact on the infrastructure.  
 
The end result is identification of infrastructure components vulnerable to climate change, and those 
interactions requiring further analysis. 
 
4.2 METHODOLOGIES 

In order to determine the likely effect of individual climate events on individual components of the 
infrastructure, a qualitative assessment is conducted using professional judgement and experience. The 
qualitative risk-assessment is conducted using the spreadsheet provided by first listing the relevant 
infrastructure components along the title row and inserting performance responses for each in the second 
column. The header rows are then used to list the relevant climate effects. Under each climate event, a Y/N 
is assigned to determine if the interaction is considered further. For each relevant interaction a risk value is 
then derived by first assigning a probability factor of each interaction, followed by a severity factor to each 
interaction. 
 
The protocol defines the scale factors from 0 - 7 for both the probability and severity and provides several 
methods for assigning the scale value. The protocol indicates that the probability scale factor is assigned 
based on the potential of the interaction occurring within the time frame, zero (0) indicates that an 
interaction will not occur within the time frame, and seven (7) means certain an interaction will occur within 
the time frame. Predicting the probability of climate events occurring is considered outside the scope of this 
risk assessment, and as such the probability scale factor has been defined as the probability that a climate 
effect will negatively impact the infrastructure, given that the change has occurred. This approach was 
followed in previous PIEVC studies for Portage la Prairie and Metro Vancouver. 
 
In determining the probability risk factor the following question was asked: 
 

What is the probability that a future negative climate-infrastructure interaction will occur 
given The City’s past experience, system design, procedures, etc. and given the 
predicted change in climate relative to the past? 

 

4 
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A key point here is that the predicted change in climate is assumed to occur. As such, the probability scale 
factor is assigned based on the potential for a negative interaction on the basis that the climate does indeed 
change as predicted. 
 
The protocol provides three methods (A, B, C) for assigning probability (Figure 4-1). Method A provides a 
qualitative assignment of the scale factor, whereas methods B and C use percentages and ratios. In 
keeping with the approach of conducting a qualitative assessment, Method A was selected for assignment 
of the probability scale factor. 

Figure 4-1 
Probability Scale Factors (Source: Figure 8 PIEVC Protocol) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Similarly, for assessing the severity factor, Method D assigns a scale factor based on the magnitude of 
impact whereas Method E again uses a qualitative assignment (Figure 4-2). As such, Method E was 
selected for use in assigning the impact severity ratings. A severity scale factor was determined assuming 
that the interaction has occurred. Again, this approach follows that of previous studies such as Portage la 
Prairie and Metro Vancouver. 
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Figure 4-2 
Severity Scale Factors (Source: Figure 9 PIEVC Protocol) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
The risk factor is determined from the multiplication of Probability and Severity. Following the determination 
of the risk factor, the protocol prioritizes interactions by defining risk into three categories as follows: 
 
• A score less than 12 is identified as low risk, and no further study is required. Low risk interactions 

present a very low potential for a climate change vulnerability to the infrastructure component and 
no further action is required. 

• A score of 12 - 36 is identified as medium risk, and may require actions be taken. For medium risk 
interactions there is a potential for climate change vulnerability with the infrastructure component. 
Medium risk interactions are identified for the completion of further Engineering Assessment to 
determine a clear understanding of the extent of the vulnerability. 

• A score greater than 36 is identified as high risk and immediate action is required. High risk 
interactions have identifiable climate change vulnerability and should be addressed immediately. 

 
Medium risk interactions are carried forward to Step 4 of the protocol, the quantitative or engineering 
assessment. High risk interactions are carried forward to Step 5 of the protocol - recommendations. 
Table 4-1 at the end of this section summarizes the medium and high risk interactions identified for further 
study. 
 
4.3 WORKSHOP AND INTERVIEWS 

4.3.1 Interviews 

Interviews were held with key City staff in two groups. The first group familiar with the watershed 
and water quality, and the second with the water supply infrastructure. The purpose of the 
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interviews was to assist in the identification of the critical components of infrastructure and develop 
an understanding of the potential vulnerability of the components to climate effects based on past 
experiences. The interviews also provided an opportunity to prepare for the subsequent workshop 
by revealing interactions of concerns to staff that may be revealed during the workshop sessions. 
Notes from these interviews have been incorporated into the development of the workshop and into 
the risk assessment process. Key items identified in the interviews are as follows: 
 
• Flood Emergency Response Management (FERM) and Water Emergency Response 

Management (WERM) Plans have been developed and are in place. 
• The 2002 drought did not significantly impact The City of Calgary. The City employed its 

water conservation system in an effort to reduce their withdrawal from the river in efforts to 
protect neighbours downstream. 

• In 2005, consecutive rain events resulted in a significant flood event topping the Glenmore 
dam.  Since then upgrades have been made to increase the height of the causeway. In 
addition The City is reviewing the potential for upgrades of the stop logs. 

• The City typically experiences taste/odour events in the spring with complaints of fishy 
odours. In June of 2007, The City experienced a taste and odour event with earthy/musty 
complaints, the source of which is still unknown. Part of the ongoing upgrades includes the 
addition of chemical treatment for use during these events. 

• Storm events (e.g., snow and hail) have prevented staff from accessing the plants in the 
past. 

• Periods of high winds have caused power outages in the past. Most power outages in the 
distribution system during storm events in the past have been a result of a power pole 
being knocked down during a vehicular accident. Many of the facilities have limited standby 
power generation. 

 
4.3.2 Workshop 

A workshop was held with City staff on February 14, 2011 at Fort Calgary, with representatives 
from the following: 
 
• Operations and Maintenance 
• Emergency Response 
• Policy 
• Water Quality 
• Infrastructure. 
 
The objectives of the workshop were as follows: 
 
• Provide an overview of the project, PIEVC’s activities and the Protocol 
• Present a summary of what has been learned in terms of how climate might change in the 

Calgary area and that of the Bow and Elbow River watersheds 
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• Present a summary of infrastructure information gathered and its organization with respect 
to the evaluation 

• Learn more about interactions between infrastructure components and weather events and 
associated infrastructure responses to these events 

• Discuss other factors that affect infrastructure capacity 
• Identify broad actions that The City could take to mitigate vulnerabilities. 
 
The workshop was broken out into two sessions (morning and afternoon). During the morning 
sessions participants were provided with an overview of the PIEVC protocol and a summary of the 
results from the information data gathering exercise. Following the presentations a facilitated 
brainstorming exercise was undertaken as a group to identify City staff past experiences and 
potential future climate/infrastructure interactions, the infrastructure responses and to identify 
factors affecting infrastructure capacity. 
 
The afternoon session included a facilitated breakout group session. Participants were divided into 
three groups and asked to identify action items to address the interactions and responses identified 
during the brainstorm session. The groups were asked to address one of three action areas: design 
and operations, emergency response and preparedness, or policy. 
 
Table E.1 in Appendix E provides a summary of the breakout sessions. 
 
The summary of past and potential future interactions and level of priorities recognized by City staff 
provided a good basis for assessing the risk in terms of both the probability and severity of 
climate/infrastructure interactions and responses, and were taken into consideration during the risk 
assessment process. 
 

4.4 ASSESSMENT RESULTS 

4.4.1 General 

The following summarizes the results of the risk assessment and documents the rational for 
determining the probability of a negative impact occurring (P) and the severity of the response to 
that impact considering that it has occurred (S). Table 4-1 summarizes the risk assessment matrix.  
 
Severity factors are assigned based on the performance response most likely to disrupt the level of 
service of the water supply system. The protocol recommends the following common performance 
responses for consideration: 
 
• Structural Integrity 
• Serviceability 
• Functionality 
• Operations and Maintenance 
• Emergency Response Risks 
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• Insurance Considerations 
• Policies and Procedures 
• Economics 
• Public Health and Safety. 
 
In addition to the above, a response of environmental effects was added, and economics was 
revised to include social effects. The probability and severity factors are related to the performance 
response with the highest impact. Where a negative impact was not considered to occur within the 
time frame of the study period, the interactions are not discussed further. 
 
4.4.2 Temperature - Increase in Extreme Daily Minimum and Monthly Mean Minimum (1 - 3) 

4.4.2.1 Bow River and Elbow River Watersheds 

Generally warmer temperatures could lead to earlier spring peaks; rain on snow events; 
and mid-winter ice breakups; not necessarily a 'negative' impact (unless ice jams occur 
from mid-winter ice breakup events, e.g., flooding; erosion). The likely impact to the 
watersheds is a change in timing of events (snowmelt) but not the magnitude of flows. In 
addition, a milder climate may promote population growth and development in the 
watershed, leading to increased risks of contamination and more waste discharges 
(negatively impacting the water quality). A warmer climate may trigger a shift in the river 
ecology. These events may occasionally impact the watersheds negatively (P3), but would 
rarely illicit a performance response (S1). 
 
4.4.2.2 Glenmore, Bearspaw, and Ghost Dams and Reservoirs 

An increase in temperature may lead to earlier spring runoffs requiring a change in 
operations and controls of the Glenmore Dam/levels in the reservoir, and change in use of 
intakes at Bearspaw WTP, resulting from a change in operations by TransAlta of Bearspaw 
and Ghost dams. In addition earlier spring and later onset of fall/winter may increase 
recreational water uses impacting water quality. Policies and operating practices are 
already in place for monitoring stream flows, and regulating water levels and human use of 
the Glenmore Reservoir, but there is a remote possibility of a negative impact (P2). As 
systems are already are in place the change in response would be unlikely (S1). 
 

4.4.3 Temperature - Increase in Extreme Daily Maximum, Monthly Mean Minimum and Heat 
Wave Duration 

4.4.3.1 Bow River and Elbow River Watersheds 

Generally warmer temperatures could lead to earlier spring peaks; rain on snow events; 
and mid-winter ice breakups; not necessarily a 'negative' impact (unless ice jams occur 
from mid-winter ice breakup events). The likely impact to the watersheds is change in 
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timing of events (snowmelt) and magnitude of flows. Occurrences of increased flows could 
cause floods, especially when there is still a substantial snowpack present (depending on 
the time of year). In addition, an increase in the extreme temperature may promote algae 
growth and increase in organics (negatively impacting the water quality). The City has 
experienced taste and odour events during periods of high temperatures, moderately 
impacting the water supply system (P4). Changes in the ability to treat the water quality 
would elicit a social response with result of the loss of capability to provide aesthetically 
pleasing water quality (S3). 
 
4.4.3.2 Bearspaw Dam and Reservoir 

An increase in extreme temperatures may lead to increased power consumption resulting 
in a reduction in water withdrawal allocation to the BWTP (Raw No. 1 intake). During 
occasional periods of extreme heat the quantity of water available could be reduced (P4). If 
withdrawal from the Bow River is limited, it may be temporarily increased from the 
Glenmore Reservoir thus compensating for the loss of some capacity (S3). 
 
4.4.3.3 Pump Stations and Reservoirs - Physical 

In the past, operations have experienced breakers tripping during periods of high demands 
and high temperatures, requiring attention by staff. The City is conducting ongoing 
assessments of the pump stations and working towards corrective actions. Overheating 
could occur if corrections have not considered an increase in the extreme (P4). All stations 
have redundant pumps and some with engine driven units to maintain operation, however, 
until operating staff can reach the station to install fans if required there would be a loss of 
some capacity and function (S5). 
 
4.4.3.4 Pump Stations and Reservoirs - Operation 

Extreme temperatures typically result in increased demand, requiring increased flows and 
pressures (increased load on the pumps). The City’s long range planning identifies the 
need for upgrades before capacities are reached, and exceeding the operating demands is 
unlikely (P1). All stations have redundant pumps and some with engine driven units to 
maintain operation. Continuous monitoring may identify a change in peak factors, however 
an overall change in supply is unlikely (S1). 
 
4.4.3.5 Chemical System 

In the event an increase in temperature causes an increase in water temperatures there is 
a potential for a greater rate of chlorine decay in the distribution system requiring an 
increase in chlorine usage. There may be a potential for occasional occurrences of decay 
at the extremes of the system (P3), however, operations have flushing programs in place to 
address the possibility of such an occurrence and a change in response is unlikely (S1). 
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The chlorination system is designed for a range of conditions and has the capacity 
required. 
 
4.4.3.6 Linear Infrastructure 

An increase in extreme temperatures and heat wave durations - resulting in increased 
water temperatures - may be a potential for occasional occurrences of greater chlorine 
decay at the extremes of the distribution system requiring an increase in chlorine residuals. 
Increasing chlorination may in turn result in disinfection by-product formation. However, 
increased demand typically occurs during high temperature periods increasing turnover in 
the reservoirs thereby decreasing the potential for decay to occur (P3). The City has 
practices in place to mitigate these impacts and a change in response is unlikely (S1). 
 
4.4.3.7 Supporting Systems 

The lab facilities have experienced HVAC overloads during previous heat wave conditions, 
and with continued increases in temperature it is probable it could happen again (P6). The 
addition of fans requires a change in serviceability (S2), but does not have a direct impact 
on the ability to supply water. 
 
As temperatures increase there tends to be an increase in consumption of power (air 
conditioners/fans in use). It is possible that as demands increase in the future there is less 
power supply available requiring an increase in the use of standby power (P4). It is 
assumed that as electricity demands increase, power grids will be upgraded with increased 
capacities, and the potential for brownouts/blackouts would not impact the water supply 
systems for extended periods of time (S1). 
 
4.4.3.8 Power Sources 

Temperature extremes result in increase in power consumption throughout the region and 
it is possible in the future to see a reduction in available power (P4). Power outages could 
require a reduction in production capacity (S3), and increased operation and maintenance 
of standby generators (S4). 
 

4.4.4 Temperature Swings - Increase in Freeze/Thaw Days 

4.4.4.1 Glenmore Dam and Reservoir 

With an increase in freeze-thaw days (i.e., in the winter) it is possible (P4) the dam 
structure may experience increased stress on the concrete, requiring a possible increase in 
inspections. Due to the age of the infrastructure and continued freeze-thaw events, the 
dam has already experienced spalling of the concrete and has undergone repairs. The City 
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has an ongoing maintenance program and significant structural response by the dam is 
considered unlikely (S2). 
 
4.4.4.2 Bearspaw/Ghost Dam and Reservoir 

With an increase in freeze-thaw days (i.e., in the winter) the dam structures may 
experience occasional (P3) increased stress on the concrete. Minimal response would be 
required by The City directly, however, failure would significantly impact The City. The 
dams are not owned by The City and The City is not responsible for maintenance, 
therefore, a response from The City is unlikely (S2). 
 
4.4.4.3 Raw Water Pump Station and Intake 

With an increase in freeze-thaw days there is a remote chance of a structural impact to the 
Pump Station buildings (P2). The severity of a response (crack in the concrete) is unlikely 
(S1). However, frazil ice causing blockages of the Bearspaw Raw No. 2 intake is an 
ongoing problem. The City is currently undertaking a study to address this issue. An 
increase in conditions for frazil ice could increase the occurrence of blockages (P5). The 
City loses the capability to operate Raw No. 2 but can transfer withdrawal from Raw No. 2 
to Raw No. 1 during frazil ice conditions, in addition to the GWTP intake (S3). 
 
4.4.4.4 Linear Infrastructure 

An increase in temperature swings presents increased possibility of pipe breaks. The City 
has little experience with breaks on major feeder and transmission mains, but with 
increased stress they could become likely (P3). The City has practices in place to mitigate 
impacts of pipe breaks, however, breaks on a critical feedermain could restrict the ability to 
continue service (S5). 
 

4.4.5 Precipitation - Rain - Increase in Frequency and Intensity 

4.4.5.1 Bow River and Elbow River Watersheds 

A change in the frequency and intensity of rain could lead to earlier spring peaks; rain on 
snow events; and mid-winter ice breakups; not necessarily a 'negative' impact (unless ice 
jams occur from mid-winter ice breakup events). The likely impact to the watersheds could 
be flash floods, slides/avalanches; changes and increases in timing and magnitude. Water 
quality could see increased sedimentation and organics due to runoff (P3), but would rarely 
illicit a performance response (S2), as the upgraded water treatment systems are designed 
for increased turbidity (runoff) events. 
 



City of Calgary 
Water Supply Infrastructure 

4-10 
p:\20103191\00_clim_cng_rsk_assm\engineering\03.00_conceptual_feasibility_design\report\final working docs\rpt_ccvs_final_20110518.doc 

4.4.5.2 Glenmore, Bearspaw, and Ghost Dams and Reservoirs 

Increased rain events will result in increased runoff, negatively impacting the quality of 
water in terms of increased sedimentation and potential for increased microorganisms in 
the reservoir during occasional occurrences (P3). In the life of the reservoir, City staff has 
not reported any loss of capacity due to increased sediment, and the pretreatment systems 
are designed to handle variations in turbidity. With an increase in contaminants in the 
reservoir, The City has full redundant capacity with a change in serving (S2) The City from 
the Bearspaw raw water source (and WTP). Ultraviolet irradiation is in design for the 
BWTP. UV provides increased protection against an increase in pathogenic 
microorganisms. 
 
4.4.5.3 Raw Water Pump Stations and Intakes 

Increased runoff and sedimentation could increase silting in the intakes and pump station 
fore bays (P2). Silt will increase wear on the pumps requiring more frequent maintenance 
(S2). 
 
4.4.5.4 Water Treatment Plant - Chemical Systems 

In the event of increased runoff due to greater precipitation - there is a potential for 
increased seasonal organics/taste and odour compounds (P3) - resulting in the need to 
activate the Powdered Activated Carbon (PAC) and Potassium Permanganate (KMnO4) 
systems (seasonal systems already in place at GWTP as part of the recent upgrades - but 
a change in operations needed to turn them on) (S3). If the nature of the compounds 
change, additional treatment systems may be required. 
 
4.4.5.5 Residuals Treatment Facility (RTF) 

In the event of increased runoff due to greater precipitation, there is a potential for 
increased turbidity in the raw water resulting in increased solids loading from the 
pretreatment waste streams (P3). These potential occasional occurrences could overload 
the RTF requiring an increase in storage due to a limitation in the number of hauling trucks 
available or by-passing and discharge to the river (S3). 
 

4.4.6 Potential Increase in Flooding Events 

4.4.6.1 Bow River and Elbow River Watersheds 

A number of negative impacts are associated with increased rain in the watershed leading 
to flooding: winter floods (e.g., rain on snow events); summer convective storms (could 
increase) and cause flash flooding (e.g., if more rain in the winter/spring/fall, could have 
overly saturated soils, which could cause more overland flows, which could increase 
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chance of floods and slides). Similarly to a general increase in rain, (P4) flooding could 
increase sedimentation and organics (S3). 
 
4.4.6.2 Glenmore Dam and Reservoir 

During the 2005 flood the Glenmore Dam was topped. As such it is highly probable (P7) 
that a negative interaction could occur. Since then the height of the causeway has been 
increased to the probable maximum flood level, and impact would be negligible. In addition, 
The City is currently reviewing design of the stop logs, and has a Flood Emergency 
Response Plan in place. The overall function and capacity of the water supply system 
would not be affected aside from the loss of capability to control the water level in the 
reservoir (S3). 
 
4.4.6.3 Bearspaw and Ghost Dam and Reservoirs 

The City has little control over the operation of the dams, and the Bearspaw Dam was 
originally constructed for the purpose of maintaining flow in the river during winter to 
prevent ice jams and flooding. Both the dams and reservoirs were designed for the 
purposes of power generation, and not flood control. There is a remote chance The City 
would be impacted (P1). A Flood Emergency Response Management plan (FERM) is in 
place to protect low lying facilities from flooding on the Bow River. The overall function of 
the water supply system would not be affected and, the severity is considered low (S3). 
 
4.4.6.4 Raw Water Pump Stations and Intakes 

Due to their location there is a possibility the pump stations could be impacted by flooding. 
Bearspaw Raw No. 2 is at a much higher elevation above river water level and impact is 
unlikely (P1). Flooding of Raw No. 2 would result in loss of capacity (S4). Raw No. 1, is at a 
lower elevation and has been impacted by flooding in the past (P2). Flooding of Raw No. 2 
would result in loss of capacity (S4). A FERM plan is in place to protect these structures. 
During the 2005 flood, the raw water intakes and pump stations were still able to operate. 
On the occasion that the dam is flooded, the Glenmore raw water pump station may be 
impacted by flooding as it was in the past (P3). Loss of function of the pump station would 
result in loss of operation of the GWTP (S6). 
 
4.4.6.5 Pump Stations and Reservoirs - Physical 

The basement of the Memorial Drive Pump Station (on the critical priority list) is located 
within the 1-in-100 year flood plain, and The City is currently conducting a study to further 
assess its vulnerability. The City has a FERM plan in place however, it is possible flooding 
could negatively impact the pump stations (P4). Flooding of a station with damage to 
electrical systems would result in a loss of the ability to operate the station (loss of function 
- S6). 
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4.4.6.6 Supporting Systems 

There is an occasional chance personnel, and records would be negatively impacted by 
flooding (P3). Personnel unable to get to work or required for emergency response is a loss 
of capacity (S5). Flooding could also result in a loss of paper records, but with electronic 
back-ups the effect is unlikely (S1).  
 

4.4.7 Drought 

There could be an increase in consecutive dry days (i.e., drought) along with a decrease in summer 
rain, which could be compounded from increased heat wave durations and days exceeding higher 
temperatures (e.g., days >25ºC; >30ºC; etc.) 
 

4.4.7.1 Bow River and Elbow River Watersheds 

A decrease in summer precipitation and increase in consecutive dry days could result in 
contributing to lower minimum and annual flows; however, no direct negative impacts on 
the watersheds are foreseen. Water quality may be adversely affected as increased dry 
periods (e.g., from more sunny days/less cloud cover), could promote increased organics 
and algae blooms in shallower water and from within the occurrences of more frequent 
standing pools and water bodies. 
 
4.4.7.2 Glenmore Dam and Reservoir 

The Glenmore reservoir is dependent on inflows from the Elbow River, and water levels in 
the reservoir will decrease as demand increases. Operating staff have indicated they will 
experience difficulties in operations should the level in the reservoir decrease between 
3 - 4 m, from the high operating level. The City was not affected by the recent drought of 
2002, but it is probable (P6) that with increased dry days and increased demands, reservoir 
levels could reach a point of operational concern. Again The City has full redundancy and 
ability to transfer capacity to their second water treatment plant and raw water source; 
however, if levels were to fall it would result in a loss of the function of the water treatment 
(S5). 
 
4.4.7.3 Bearspaw/Ghost Dam and Reservoirs 

Policies in place require the Ghost Dam maintain minimum flows in the Bow River. The City 
was not affected by the recent drought of 2002 and has policies in place for water 
conservation. The City currently uses less than 50% of its total withdrawal allocation. Two 
intakes on the Bow River and full redundancy on the Elbow River provide the ability to 
share demand between water treatment plants and their related raw water sources. 
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4.4.7.4 Raw Water Pump Stations and Intakes 

Low river and reservoir levels could make extraction of water at the intakes difficult. The 
City has identified issues with low levels in the Glenmore Reservoir (P2). This would reduce 
the capacity of the raw water pumps (quantity of water to the water treatment plant) (S4). 
 
4.4.7.5 Reservoirs - Operating Settings 

During drought conditions it is possible for the distribution reservoirs to drop to low levels 
(P4) if combined with periods of high demand. During the previous drought The City was 
not impacted, and has water conservation policies in place. Reservoir levels could get 
behind during peak demand periods. These peak periods could become longer making 
catch up increasingly difficult resulting in a risk of losing fire storage (loss of function S6). 
 

4.4.8 Winds (Increased) 

4.4.8.1 Glenmore Dam and Reservoir 

Wind action on Glenmore Reservoir could whip up settled material (P4). The new 
pretreatment process should be able to handle increased turbidity if it does happen (S2). 
 
4.4.8.2 Supporting Systems 

High winds have been known to knock down power lines in localized areas occasionally 
impacted by storm events (P3). Back-up systems are available resulting in some loss of 
capability (S3). 
 

4.4.9 Storm Events 

Possible increase in storm events (hail, tornados, blizzards, etc.) Due to the nature of storm events 
in the region almost all events will be localized so with two water treatment plants and multiple 
transmission mains, the effects would be mitigated. Ice storms and blizzards could affect the entire 
city. 
 

4.4.9.1 Bow River and Elbow River Watersheds 

There is remote chance of negative impacts to the watersheds from increased storms (P2). 
 
• Negative impacts: possible flash floods; possible changes in magnitude and 

frequency 
• WQ: increased sedimentation. 
 
The severity of impact to water quality and quantity is unlikely (S1). 
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4.4.9.2 Supporting Systems 

Supporting systems electrical systems (power lines, sources), personnel, and roadways 
would typically occur in localized areas occasionally impacted by storm events (P3). 
Back-up systems are available resulting in some loss of capability (S3).  
 
Personnel and facilities may be impacted by restricted access during the occasional storm 
events (P3). The City has cross training of staff to ensure redundant availability of 
operations (S1). 
 
Impacts to roadways, and email/internet is remote (P2), and severity of impact is unlikely 
(S1 - S2 respectively). Impacts to records would be highly unlikely (typically have electronic 
back-ups). 
 

4.4.10 River Flow/Ice Increase 

Changes in snow pack conditions, snow melt rates and precipitation will affect river flows and ice 
conditions. There is a likelihood of increased maximum instantaneous flows, but decreasing 
minimum and annual flows. There will also be a tendency towards later freeze-ups and earlier 
break-ups, along with an increased likelihood in mid-winter break-up events. 
 

4.4.10.1 Bow River and Elbow River Watersheds 

Changes in river flows may occasionally cause negative impacts to the watersheds (P3): 
 
• Increase in maximum instantaneous flows: could cause floods/slides 
• A decrease in minimum/annual flows could decrease water withdrawal licence 

allocations 
• WQ: chance of increased sedimentation with increase maximum instantaneous 

flows; chance of increased organics/algae with decreased minimum/annual flows. 
 
The severity of impact to water quality and quantity is unlikely (S1). 
 
4.4.10.2 Glenmore Dam and Reservoir 

During low flow periods Glenmore could use its entire withdrawal allocation (P6). If summer 
flows decrease, the plant could find itself short of water (S2), requiring change to increase 
operation of Bearspaw WTP. The change in timing of earlier snow melts, and later freeze 
ups, would require a change in operation of the reservoir levels. 
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4.4.11 Snow Decrease in Frequency (reduced snow pack) 

4.4.11.1 Bow River and Elbow River Watersheds 

Decreased snow pack - change in timing, less water flow into watershed (P4) (S2). 
 
4.4.11.2 Glenmore Dam and Reservoir 

Reduced snow pack results in earlier runoff affecting the management of the reservoir, 
requiring a longer period for storage (similar to drought conditions) (P6). The severity; 
however, is considered to be less than that of drought conditions, considering two water 
sources (S4). 
 
4.4.11.3 Bearspaw/Ghost Dam and Reservoirs 

Reduced snow pack would result in earlier runoff. Policies are in place with TransAlta to 
maintain conditions in the Bow River and impacts to The City are unlikely (P1). 
Infrastructure response by The City is unlikely (S1). 
 

4.4.12 Compounding Effects - Forest Fires 

While individual changes in climatic events may pose a low to medium risk compounding events, 
such us higher temperatures combined with drier periods, lead to increased risk of forest fires. 
Similarly, The City may have the capabilities to deal with short term extended extreme temperature 
conditions, but the ability to mitigate back to back heat wave conditions is unknown. 
 
As the protocol is an iterative process, it is recommended that following completion of the initial risk 
assessment consideration be given to compounding effects. For example, the compounded effect 
of increased temperatures, with drier conditions (decreased precipitation), increased frequency of 
lightning and increased usage in the watershed through development all has the potential to 
increase the risk of forest fires. 
 

4.4.12.1 Bow River and Elbow River Watersheds 

There is a significant risk of impact from Forest Fires. The compounded effects described in 
the above paragraph will increase the risk of forest fires occurring. A large fire could have a 
profound effect on raw water quality (P4) (especially in the small Elbow watershed) (P5) 
and the effect could last for years (S5). Water quality would be impacted with increased 
sediments, high levels of organic carbon, nutrients and heavy metals, from debris and 
increased soil erosion.  
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4.4.12.2 Glenmore Dam and Reservoir 

As a large forest fire event could increase sedimentation in the water supply, it is possible 
the sediment would be carried into and settle in the reservoir (P4), resulting in a minor loss 
of some storage capacity (S2). In the life of the reservoir, City staff has not reported any 
loss of capacity due to increased sediment. Increasing the organic carbon level and 
nutrient levels in the reservoir could trigger or exacerbate algae blooms. 
 
4.4.12.3 Water Treatment Processes 

A large forest fire event would impact the source water quality. This in turn would have a 
significant impact on the water treatment process, which would probably be able to address 
increased turbidity but could have problems addressing the high levels of organic carbon, 
nutrients and heavy metals that could be present (S5). Additional treatment processes may 
be required to address the change in water quality to meet drinking water standards. 
 
4.4.12.4 Supporting Systems - Records 

The impacts to the watershed and change in source water quality would require increased 
monitoring (P5) and change in the amount of records collected and documented (S2). 
 

4.4.13 Other Factors 

Some of the other factors affecting the functionality (load and capacity) of the water supply system 
include population and water demand increases, policies within the watershed, changes in policies 
and regulations regarding uses within the watershed, and changes in regulations regarding drinking 
water standards. 
 

4.5 RISK ASSESSMENT SUMMARY 

The following summarizes the results of the risk assessment process.  
 

4.5.1 Ratings <12 

The protocol identifies those interactions with a risk factor of less than 12 as low risk, and are not 
discussed further.  Risks with a hazardous or catastrophic severity were flagged regardless of the 
probability as they represent a utility vulnerability that management should be aware of.  
 
4.5.2 Ratings between 12 and 36 

Table 4-2 lists the climate-infrastructure interactions with negative impacts presenting a medium 
risk, of singular climate parameters and compounded parameters. The impacts of compounding 
effects were considered following a review of the process and available information. 
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4.5.3 Ratings ≥36 

The risk assessment did not identify any high risk climate-infrastructure interactions resulting from a 
change in climate effects. 

Table 4-2 
Risk Assessment Ratings between 12 and 36 

Infrastructure Component Climate Variable Priority of Relationship 

Infrastructure System 

Physical Infrastructure 

Raw Water Systems 

Glenmore 

Elbow River Watershed  Increase in minimum temperature 
 Flooding 
 Compounded - forest fires 

12 
21 
30 

Glenmore Dam/Reservoir  Flooding 
 Drought 
 River flow changes 
 Decreased snow pack 

21 
30 
12 
24 

Glenmore Raw Water Pump Station 
and Intake 

 Flooding 12 

Bearspaw 

Bow River Watershed  Increase in minimum temperature 
 Flooding 
 Compounded - forest fires 

12 
21 
20 

Bearspaw Dam and Reservoir  Increase in extreme temperature 12 

Bearspaw Raw Water Pump Station 2 
and Intake 

 Increase in freeze/thaw 15 

Conveyance 

Critical Pump Stations and Reservoirs 
- Physical 

 Increase in extreme temperature 
 Flooding 

20 
16 

Reservoirs - Operation Settings  Drought 24 
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Infrastructure Component Climate Variable Priority of Relationship 

Linear Infrastructure 

Major Transmission Mains  Increase in freeze/thaw 15 

Major Feedermains  Increase in freeze/thaw 15 

Supporting Systems/Infrastructure   

Administration/Operations   

Personnel  Flooding 15 

Facilities/Equipment 
(e.g., Works Yard) 

 Increase in extreme temperature 12 

Electric Power and Communications 

Power Sources  Increase in extreme temperature 12 

Standby Power/Generators  Increase in extreme temperature 16 

Process Systems   

Water Treatment Plants   

Process Systems  Compounding - forest fires 30 

 
4.6 ASSESS DATA SUFFICIENCY 

The protocol indicates the risk assessment process probability scale factor be based on the probability of a 
climate-infrastructure interaction occurring to illicit a negative response. Determining the probability of 
climate change occurring was out of the scope of this project, and the climate change event was assumed 
to have occurred. As such, the probability scale factor was based on a judgement of the significance, 
likelihood, response and uncertainty of the probability and severity of the climate-infrastructure interaction.  
 
For the purposes of conducting the vulnerability assessment, the data available, combined with the 
feedback obtained from City staff during the workshop and interviews, was sufficient for the qualitative 
(judgement based) assessment. 
 
 
 



PIEVC Engineering Protocol for Climate Change Infrastructure Vulnerability Assessment 

Version 10-1  Apr 29, 2009

Worksheet 3 – Risk Assessment

Infrastructure Component

S
tr

u
c
tu

ra
l 
In

te
g

ri
tr

y

S
e

rv
ic

e
a

b
ili

ty

F
u

n
c
ti
o

n
a

lit
y

O
p

e
ra

ti
o

n
s
 &

 M
a

in
te

n
a

n
c
e

E
m

e
rg

e
n

c
y
 R

e
s
p

o
n

s
e

 R
is

k

In
s
u

ra
n

c
e

 C
o

n
s
id

e
ra

ti
o

n
s

P
o

lic
ie

s
 a

n
d

 P
ro

c
e

d
u

re
s

S
o

c
ia

l 
E

ff
e

c
ts

P
u

b
lic

 H
e

a
lt
h

 &
 S

a
fe

ty

E
n

v
ir

o
n

m
e

n
ta

l 
E

ff
e

c
ts
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Infrastructure System

Physical Infrastructure

Raw Water Systems

Glenmore

Elbow River Watershed ✓ ✓ ✓ ✓ ✓ ✓ Y 3 1 3 Y 4 3 12 N Y 3 2 Y 4 3 12 Y 3 3 9 N Y 2 1 2 Y 3 1 3 Y 4 2 8 Y 6 5 30

Glenmore Dam / Reservoir ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ Y 2 1 2 N Y 4 2 8 Y 3 3 9 Y 7 3 21 Y 6 5 30 Y 4 2 8 Y 1 1 1 Y 6 2 12 Y 6 4 24 Y 4 2 8

Glenmore Raw Water PS & Intake ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N Y 2 1 2 Y 2 2 4 Y 3 6 18 Y 2 4 8 N N N N N

Bearspaw 0

Bow River Watershed ✓ ✓ ✓ ✓ ✓ Y 3 1 3 Y 4 3 12 N Y 3 2 6 Y 4 3 12 Y 3 3 9 N Y 2 1 2 Y 3 1 3 Y 4 2 8 Y 4 5 20

Ghost Dam and Reservoir ✓ ✓ ✓ ✓ ✓ Y 2 1 2 N Y 3 2 6 Y 2 2 4 Y 2 2 4 Y 1 1 1 N N Y 2 2 4 Y 2 1 2 N

Bearspaw Dam and Reservoir ✓ ✓ ✓ ✓ ✓ ✓ Y 2 1 2 Y 4 3 12 Y 3 2 6 Y 3 3 9 Y 2 2 4 Y 1 1 1 N N Y 2 2 4 Y 2 1 2 N

Bearspaw Raw Water PS I & Intake ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N Y 2 1 2 Y 2 2 4 Y 2 4 8 Y 1 3 3 N N N N N

Bearspaw Raw Water PS II & Intake ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N Y 5 3 15 Y 2 2 4 Y 1 4 4 Y 1 3 3 N N N N N

Supporting Physical Infrastructure

On-site piping ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N Y 2 1 2 N N N N N N N

Buildings, tankage, housed process equipment✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N Y 2 1 2 N N N N N N N

Conveyance

Critical Pump Stations & Reservoirs - Physical✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N Y 4 5 20 Y 2 1 2 N Y 4 4 16 N N Y 1 1 1 N N N

Critical Pump Stations - Operation Settings ✓ ✓ ✓ ✓ ✓ ✓ ✓ N y 2 1 2 N N N Y 2 1 2 N N N N N

Reservoirs - Operation Settings ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N Y 4 6 24 N N N N N

Linear Infrastructure

Major Transmission Mains ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N Y 3 1 3 Y 3 5 15 N N N N N N N N

Major Feeder Mains ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N Y 3 1 3 Y 3 4 12 N N N N N N N N

Supporting Systems/Infrastructure

Administration / Operations

Personnel ✓ ✓ ✓ ✓ ✓ ✓ N N N N Y 3 5 15 N N Y 3 1 3 N N N

Facilities/equipment (eg. Works yard) ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N Y 6 2 12 Y 1 1 1 N Y 1 1 1 N N N N N N

Records ✓ ✓ ✓ ✓ N N N N Y 3 1 3 N N Y 1 1 1 N N Y 5 2 10

Electric Power & Communications

Power Sources ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N Y 4 3 12 N N N N Y 3 3 9 Y 3 3 9 N N N

Power Lines ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N Y 3 3 9 Y 3 3 9 N N N

Standby Power / Generators ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N Y 4 4 16 N N N N Y 3 3 9 Y 3 3 9 N N N

Telephone / Telemetry (SCADA) ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N Y 3 2 6 N N N

Two-way Radio ✓ ✓ ✓ ✓ ✓ N N N N N N N N N N N

Email / Internet ✓ ✓ ✓ ✓ ✓ N N N N N N N Y 2 2 4 N N N

Transportation

Vehicles ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N Y 2 1 2 N N N

Roadway Infrastructure ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N Y 1 1 1 N Y 2 2 4 N N Y 3 2 6 N N N

Table 4-1: Risk Assessment Matrix
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frequency 
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snowpack)

Possible 

Increase in 

Flooding Events

Rain

Increase in 

precipitation, 

frequency, and 

intensity

Possible 

Increase in 

Storm Events 

(Hail, Tornados, 

Blizzards ect.)

Winds

Increased

Performance Response ( ✓✓✓✓ if yes)

Temperature 

Increase 

compounded 

with Increase in 

Dry Days and 

Increase in 

Storm Events

Climate Events

River Flow / Ice

Increase max. 

instantaneous 

flows, later 

freeze up and 

earlier breakup; 

decrease in 

min./annual 

flows

Temperature

Increase in 

extreme 

daily/monthly 

min (by 1-3 

degrees)

Temperature 

Increase in 

extreme 

daily/monthy 

max and 

duration

Temperature 

Swings 

Increase in 

freeze/thaw 

days

Rain

Decrease in 

summer 

precipitation, 

and increase in 

consecutive dry 

days 

(DROUGHT)
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Process System

Glenmore Treatment (WTP)

Process

Pretreatment Facility ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N N N N Y 6 5 30

Disinfection Basin ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N N N N Y 6 5 30

Filtration ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N N N N Y 6 5 30

Clearwell ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N N N N Y 6 5 30

High Lift Station ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N N N N N

Residuals Treatment Facility ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N Y 3 3 9 Y 3 3 9 N N Y 3 2 6 N N Y 6 5 30

Chemical Systems ✓ ✓ ✓ ✓ ✓ ✓ ✓ N Y 3 1 3 N Y 3 3 9 Y 3 3 9 N N Y 3 2 6 N N Y 6 5 30

Bearspaw Treatment (WTP)

Process

Pretreatment Facility ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N N N N Y 6 5 30

Disinfection Basin ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N N N N Y 6 5 30

Filtration ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N N N N Y 6 5 30

Clearwell ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N N N N Y 6 5 30

High Lift Station ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N N N N N N N N N

Residuals Treatment Facility ✓ ✓ ✓ ✓ ✓ ✓ ✓ N N N Y 3 3 9 Y 3 3 9 N N Y 3 2 6 N N Y 6 5 30

Chemical Systems ✓ ✓ ✓ ✓ ✓ ✓ ✓ N Y 3 1 3 N Y 3 3 9 Y 3 3 9 N N Y 3 2 6 N N Y 6 5 30

P:\20103191\00_Clim_Cng_Rsk_Assm\Engineering\03.00_Conceptual_Feasibility_Design\Worksheets\[worksheet3_20110510_FINAL.xls]Worksheet 3
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5 Engineering Analysis 

5.1 INTRODUCTION AND OBJECTIVES 

Step 4 of the protocol is to conduct engineering analysis on those interactions identified as medium risk 
(risk factor rating between 12 and 36). Engineering Analysis requires the assessment of the existing load on 
the infrastructure and the factors that can reduce or increase the load or capacity of the infrastructure, in 
addition to the effects from climate change. The impact of projected climate change loads placed on the 
infrastructure and its capacity are assessed to determine if vulnerability exists. Vulnerability exists when the 
infrastructure does not have the capacity to meet the projected or anticipated loads. Resiliency exists when 
the infrastructure has sufficient capacity to withstand increasing loads resulting from climate change. 
 
The objective of this analysis is to determine if the infrastructure has capacity or identify further action 
required in Step 5 - Recommendations. If the infrastructure has sufficient capacity to support the increased 
loads from climate change, no recommendations are required. If not, recommendations for the interaction 
are included in Step 5. 
 
5.2 METHODOLOGIES 

To calculate the vulnerability, the protocol requires data to determine the existing load on the infrastructure, 
the projected load due to climate change, the projected load from other factors, the existing capacity, 
projected capacity changes (age/uses), and projected capacity additions. The protocol also recognizes that 
much of the data required may not exist or be very difficult to obtain. Even though numerical analysis is 
applied, the protocol cautions that the analysis does not necessarily provide a definitive analysis.  
 
The vulnerability ratio (VR) is calculated as the total load (LT) over the total capacity (CT). If the total 
capacity is greater than the total load the infrastructure has adaptive capacity, and the vulnerability ratio is 
less than one. If VR is greater than one the infrastructure component is vulnerable, as the increased loading 
due to climate change exceeds the capacity of the infrastructure component. 
 
5.3 ENGINEERING ANALYSIS 

A summary of the Engineering Analysis tables is provided in Table 5-1. The numerical analysis is absent 
from this table. While some of the data may be available to conduct the analysis identified in the protocol, 
most of the data required is not readily available or cannot be applied. For example, while an increase in 
rain is predicted to impact the water quality within the watershed, a numerical value cannot be assigned as 
a direct load on the infrastructure. The same can be said for much of the climate effects. In additional while, 
flooding is apparent to impact the distribution pump stations, a single calculation would not address the 
multiple pump stations included in the single component. 
 

5 
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5.4 LIMITATIONS/DATA SUFFICIENCY 

As the protocol indicates, much of the data required to complete the engineering analysis can be very 
difficult to obtain, and as such, the determination of the resiliency of the infrastructure requires professional 
judgement. Quantification of impact of a climate event to complex infrastructure systems is not readily 
determined. Judgement was applied to the infrastructure components identified with medium risk climate 
effect interactions in Step 4. Table 5-1 provides further details on the engineering analysis where additional 
data is required to conduct a quantitative analysis. 
 



Table 5-1: Engineering Analysis

Infrastructure Component Climate Variable
Vulnerability 

(VR)
Continue to 

STEP 5
Capacity Deficit 

(CD) Comments/Data Sufficiency

VR = LT / CT Y / N CD = LT - CT

Increase in maximum/heat wave >1 Y n/a Climate impacts are related to water quality - Forest fire/algae/etc.

Flooding <1 N n/a Climate impacts are related to water quality, and insurance considerations. Although the Glenmore reservoir can reduce the peak flows 
from the Elbow River, it cannot, nor was it intended to, eliminate flooding risk in downstream areas.

Compounding - Forest Fires >1 Y n/a Climate impacts are related to water quality - Forest fires resulting in increased sedimentation, organics, nutrients, metals

Flooding >1 Y n/a

Climate impacts are related to capacity exceedances, or improper operation during flooding. The Glenmore Dam, located on the Elbow 
River, and operated by The City of Calgary, was designed to provide a reliable source of drinking water for the city.  Although the Glenmore 
reservoir can reduce the peak flows from the Elbow River, it cannot, nor was it intended to, eliminate flooding risk in downstream areas. The 
maximum level the reservoir can be drawn down is 3.1 m below the crest, valves within the dam have a maximum capacity of 170 cms, the 
maximum flow that can be released in order to avoid downstream flooding. Exceedances of the river flow above the capacity of the flow 
control valves will cause the reservoir to fill and if continued overtop the dam.

Drought >1 Y n/a Climate impacts of drought are related to capacity and redundancy of raw water  storage, operation and management. Water conservation 
measures will mitigate the impact to some extent.

River flow changes >1 Y n/a Climate impacts of changes in river flow relate to capacity and operation. (Inflow/outflow)
Decreased snow pack >1 Y n/a Climate impacts of changes in river flow relate to capacity and operation.

Glenmore Raw Water PS & 
Intake Flooding >1 Y n/a

Climate impacts related to flooding in the past resulted in water leaking into the PS building caused by water leaking up through the floor of 
the pump station from the high water level in the stilling basin and the reservoir itself.  The leak locations were marked and sealed. Based 
on professional judgement, and previous climate-infrastructure interactions it is not expected that increased vulnerability exists due to future 
changes in flooding.

Increase in max/heat wave >1 Y n/a Climate impacts are related to water quality - Forest fires/algae/etc. - increase in withdrawal rates for electricity generation and other uses 
(drinking water/agriculture).

Flooding <1 N n/a

Climate impacts relates to water quality, and insurance considerations, and not directly to capacity. The Bow River has a series of eleven 
hydroelectric facilities, operated by TransAlta, upstream of Calgary.  These facilities are intended to provide a reliable source of water for  
electricity  generation  to  meet  the  fluctuating  demands  of  Alberta’s electricity market.  These types of dams are not designed for rain or 
snow melt flood control and are generally unable to mitigate large flows upstream of the dam.  

Compounding - Forest Fires >1 Y n/a Climate impacts are related to water quality - Forest fires resulting in increased sedimentation, organics, nutrients, metals

Bearspaw Dam and 
Reservoir

Increase in max/heat wave 
temperature >1 Y n/a

Climate impacts relate to capacity and management of withdrawal capacity from the river/redundancy of raw water sources. The Bearspaw 
dam facility is intended to provide a reliable source of water for  electricity  generation to meet the fluctuating demands of Alberta’s 
electricity market, and has priority of withdrawal from the Bow River?,  thereby decreasing availability for downstream users. Management 
and operational policies of the watershed users can mitigate some impacts. 

Bearspaw Raw Water PS 2 
& Intake Increase in freeze/thaw >1 Y n/a Climate projections suggest an increase in freeze thaw days in the winter and general decrease throughout the year. Frazil ice blockages of 

the intake cannot be quantified, but can result in the loss on intake capacity, with withdrawal from other intakes.

Increase in temp/heat wave 
duration >1 Y n/a Climate impacts are related to pumping energy requirements and capacity of HVAC systems/electrical and controls.

Flooding >1 Y n/a Climate impacts are related to damage due to water leaking into the buildings. Some PS are more vulnerable than others due to design and 
location. Further study is recommended to assess the vulnerability of the various pump stations due to flooding.

Reservoirs - Operation 
Settings Drought >1 Y n/a Climate impacts are related to capacity, redundancy and management (level of service). Water conservation policies will mitigate impact to 

some extent. The extent of impact due to extended periods is unknown (level of service).

Raw Water Systems

Glenmore Dam/Reservoir

Critical Pump Stations & 
Reservoirs - Physical

Infrastructure System

Bearspaw

Glenmore

Conveyance

Elbow River Watershed

Bow River Watershed



Infrastructure Component Climate Variable
Vulnerability 

(VR)
Continue to 

STEP 5
Capacity Deficit 

(CD) Comments/Data Sufficiency

VR = LT / CT Y / N CD = LT - CT

Infrastructure System

Major Transmission Mains Increase in freeze/thaw <1 N n/a
Climate projections indicate an increase of 3 days in the winter, and reduction overall for the year. Impact is related to increased 
maintenance (capacity of personnel) and not directly to infrastructure capacity. Main breaks of major transmission/feedermains has not 
occurred in the past, and should have capacity to withstand overall reduction in freeze/thaw days.

Major Feeder Mains Increase in freeze/thaw <1 N n/a
Climate projections indicate an increase of 3 days in the winter, and reduction overall for the year. Impact is related to increased 
maintenance (capacity of personnel) and not directly to infrastructure capacity. Main breaks of major transmission/feedermains has not 
occurred in the past, and should have capacity to withstand overall reduction in freeze/thaw days.

Process Systems Compounding - Forest Fires >1 Y n/a Climate impact is related to water quality, and ability to treat change/increase in organics, nutrients and metals loadings. Systems should 
handle increased turbidity, but may not handle dissolved constituents.

Personnel Flooding <1 N n/a Climate impact is related to capacity/availability of personnel/operating staff. Management cross-training policies will help mitigate some 
impacts. 

Facilities/equipment (e.g., 
Works Yard)

Increase in extreme temp./heat 
wave duration >1 Y n/a Climate impact is related to capacity of HVAC systems/electrical and controls.

Power Sources Increase in extreme temp./heat 
wave duration <1 N n/a Climate impact is related to capacity of external power sources, and availability of standby generation. Capacity of external power sources 

is unknown, but assumed to have expansion capacity to meet future demand increases.

Standby Power/Generators Increase in extreme temp./heat 
wave duration >1 Y n/a Climate impact is related to capacity of HVAC systems and electrical and controls. Review of standby generation availability/level of service 

required?
P:\20103191\00_Clim_Cng_Rsk_Assm\Engineering\03.00_Conceptual_Feasibility_Design\Report\Final Working Docs\Figures and Tables\[table 5‐1 and 6‐1 worksheet4and5_20110513_FINAL.xls]Table 6‐1
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6 Recommendations 

6.1 LIMITATIONS 

As documented in Section 5, conducting the engineering analysis requires significant collection and 
analysis of data not readily available in the time frame of the project. In addition, application of a quantified 
assessment to a grouping of components is not sufficient to adequately address the potential of 
vulnerabilities of a single component. The infrastructure information collected for the study was sufficient for 
the purpose of identifying the potential for vulnerabilities, but future additional study is recommended to 
future refine the extent of the data collection to focus on individual components. Similarly, the applied load 
of a climatic event is difficult to ascertain in a quantifiable measurement, requiring the use of professional 
judgement in the identification of a potential vulnerability of an infrastructure component to a projected 
change in a climatic parameter. 
 
As climate research and climate models continuously develop and evolve, and further and larger GCM 
ensembles become available and outputs from CCCSN and PCIC in particular continually broaden the 
information they provide, such information and tools will continue to be useful and pragmatic in studies such 
as these. In addition, as regional climate model (RCM) information continues to develop and become more 
readily available from organizations such as Ouranos, NARCCAP (http://www.narccap.ucar.edu/about 
/index.html) and the Earth System Grid (http://www.earthsystemgrid.org/home.htm), finer regionally based 
resolution outputs will become more and more available as well. To date, RCM resolutions have been 
limited to few runs from few models, and would typically be driven by one GCM. RCM outputs have some 
advantages but acquiring these high resolution simulations remains very time consuming and hence costly.  
Therefore, the use of the largest ensemble of GCM models available to provide and capture the variability 
from each individual model, is the best available methodology to date in providing useful future climate data 
for climate change vulnerability and impacts assessments. The modelling method developed by Dr. Jim 
Byrne and originally proposed as a value added option for this study is an alternative. 
 
Expanding the future scenarios to include the most recent IPCC Assessment Report (AR5) and model runs 
from this assessment once available, including the future period centering on the 2080s (2071 - 2100) and 
including other emission scenarios (e.g., A1B and B1) would further broaden and hence strengthen the 
anticipated future variability. Additionally, further research is needed in deriving extreme climatic events.   
 
These models are tools that provide values of anticipated climate change. As such, the goal is to capture 
the broad range of values outputted from the models. Although the models are continually evolving and 
improving with complex physical and mathematical formulas, there is always a level of uncertainty or 
possible error that could exist in the outputs, and as such, these values should always be interpreted with 
care. The values derived in this study are meant only for the region of interest and should only be used 
within this area.   
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6.2 OVERVIEW 

The objective of Step 5 of the protocol is to provide recommendations for actions to be taken to reduce the 
vulnerability of the infrastructure components susceptible to the effects of climate change. Step 5 also 
documents infrastructure identified as having adaptive capacity, and other trends and conclusions. 
 
The protocol identifies the following four categories of recommendations: 
 
• Remedial Action 
• Management Action 
• No Further Action 
• Additional Study Required. 
 
Table 6-1 provides a listing of recommended actions for consideration by The City. They are also briefly 
summarized in this section. 
 
6.3 WATER SOURCE 

6.3.1 Watersheds 

As climate change occurs, it is anticipated that the watersheds may change as well, in terms of 
both the quantity of water available and the quality of water. Changes in temperature and 
precipitation may both impact the water quality, and level of contaminants from forest fires, algae, 
increased runoff, etc., in the raw water source to the drinking water facilities. Continued monitoring 
and studies to address the potential for change are recommended. Maintaining networks within the 
scientific community to learn from the experiences of others with new and emerging issues will help 
to mitigate potential impacts in the future. 
 
6.3.2 Raw Water Storage and Intakes 

The City of Calgary’s raw water intake system is fairly adaptable to the impacts of future climate 
changes, with two sources of raw water and three intakes. The redundancy provides some flexibility 
in shifting production from one source or intake to another in the event one becomes compromised. 
However, supply is still limited in terms of water quantity by water withdrawal licences and priorities 
of withdrawal rights. 
 
The Glenmore Reservoir has limited storage capacity, and restricts the ability to mitigate potentials 
for flooding. The reservoir was not designed as a flood control structure, and The City currently has 
Flood Emergency Responses Plans in place to react in the event of flooding and mitigate flooding 
effects. However, as future climate projections predict a potential for increased storm events such 
as flooding, and increases in the maximum instantaneous flows for the Elbow River, The City 
should give some consideration to the functionality of the reservoir. During drought conditions The 
City has water conservation measures in place to reduce demands on the system. 
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Changes in precipitation and temperature may result in reduced snowpack and early snow melt, 
resulting in reduced summer stream flows, and a change and increase in summer demand 
patterns, requiring greater storage requirements. Currently peak river flows occur in June and peak 
demands in August, with climate change, peak river flows may occur earlier (April/May) and peak 
demands may continue later (September). 
 
The intakes on the Bow River are limited by the operational practices of TransAlta. Bearspaw WTP 
Raw No. 2 intake continues to lose capacity and the ability to function from the impacts of frazil ice. 
However, a study is currently underway to look at solutions for mitigating this issue. Further study is 
recommended to assess the extent of the impact of changes to the raw water storage capacities in 
the watershed. 
 
Similarly, as populations increase, the load on the facilities, which can be compounded with the 
projected increase in temperature and dry days, the limited drawdown capacity of the Glenmore 
Reservoir and available withdrawal rights on the Bow River may present a vulnerability to the 
overall production capacity. 
 

6.4 TREATMENT PLANTS 

The City of Calgary is fortunate to have two drinking water treatment plants, providing a level of 
redundancy. Recent and planned upgrades to the facilities provide for robust systems, with adaptive 
capacities to the potential impacts of climate change. Increased precipitation and storm events leading to a 
potential for decrease in water quality (e.g., increased turbidity, pathogens from runoff) are expected to be 
handled by the upgraded pretreatment systems. Additionally, ongoing upgrades include the provision of 
ultraviolet disinfection which will provide a multiple disinfection barrier against the potential for increased 
numbers of pathogens. However, in the event of a large forest fire, the treatment systems are likely able to 
handle the impacts of increased sedimentation, but increased organics, nutrients and metals may require 
additional treatment technologies to meet drinking water standards. 
 
6.5 DISTRIBUTION SYSTEM 

The City has built-in redundancy within the distribution system with the ability to cross-serve pressure 
zones, and move water within the system. City staff, however, have identified concerns with The City’s 
definitions for level of service with regards to treated water storage capacities. Water conservation policies 
and management practices currently in place have helped reduce demand during critical periods, reducing 
the load on the distribution systems and downstream wastewater treatment plants. Vulnerabilities may exist 
with consecutive peak demand periods and the ability of the reservoirs to catch-up, once the storage 
volumes are depleted. 
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Pump stations within the distribution system have experienced increased loadings, compounded with 
increased temperatures, resulting in overloads to MCCs, and tripping of breakers. The facilities themselves 
have built-in redundancies with standby engines or generators, however increased operator/maintenance 
attention is required to install temporary fans during high heat periods. A review of the HVAC systems of 
some of the older facilities is recommended with remedial action to follow. 
 
6.6 SUPPORTING SYSTEMS 

6.6.1 Administrative Staff 

Though some staff have been prevented from accessing facilities in the past due to storm events, 
The City has reduced risk of impacts to the water supply system, due to staff being unavailable or 
unable to get to the facilities as a result of cross training programs in place to ensure trained 
staff/system operators are available at all times. 
 
6.6.2 Facilities 

Similar to those impacts identified with the distribution pump stations, supporting facilities have also 
experienced increased loading of the HVAC systems during high temperature periods. As climate 
change models project an increase in the extreme daily temperatures and increased heat wave 
durations, consideration should be given to review of HVAC design codes and an assessment of 
existing facilities to identify remedial actions. 
 
6.6.3 Power Supply 

An increase in temperature/heat duration presents potential impacts related to HVAC 
systems/electrical and controls and the availability of standby generation at all facilities including 
the water treatment plants. GWTP has limited operational capacity while functioning on standby 
power. A review of standby power capacity at critical facilities is recommended. 
 



Table 6-1: Recommendations

Infrastructure Component Climate Variable Recommendation Type Recommendation Comments

Increase in max temp./heat wave Additional Study
It is recommended the City continue with its ongoing source water monitoring programs. Vulnerabilities exist
with the potential for changes in water quality and the release of contaminants due to forest fires, algae ect. 
and the ability of the treatment systems.

Compounding - Forest Fires Additional Study
It is recommended the City continue with its ongoing source water monitoring programs. Vulnerabilities exist
with the potential for changes in water quality and the release of contaminants due to forest fires, algae ect. 
and the ability of the treatment systems.

Flooding Additional Study to identify futher action. Determine the potential increase in maximum instaneaous river flows, and review level of service of the 
Dam's operations.  Vulnerability exists with the limited storage capacity of the Dam

Drought Additional Study/Remedial Action The current operation of the dam, limits the draw down levels, and resulting limited storage capacity.

River flow changes Additional Study Further study should be undertaken to evaluate operational procedures and how these could change with
changing magnitude and timing of flows.

Decreased snow pack Monitoring of operations/timing 
(Management/Additional study)

Further study should be undertaken to evaluate operational procedures and how these could change with
changing magnitude and timing of flows.

Glenmore Raw Water PS & 
Intake Flooding Management Action It is recommended the City continue to monitor the condition of the building structure, and complete repairs

as required.

Increase in max temp./heat wave Additional Study
It is recommended the City continue with its ongoing source water monitoring programs. Vulnerabilities exist
with the potential for changes in water quality and the release of contaminants due to forest fires, algae etc. 
and the ability of the treatment systems.

Compounding - Forest Fires Additional Study
It is recommended the City continue with its ongoing source water monitoring programs. Vulnerabilities exist
with the potential for changes in water quality and the release of contaminants due to forest fires, algae etc. 
and the ability of the treatment systems.

Bearspaw Dam and 
Reservoir Increase in max temp./heat wave Management Action Management and operational policies of the watershed users can mitigate some of the impacts of increased 

demand.
Bearspaw Raw Water PS 2 
& Intake Increase in freeze/thaw Additional Study followed by Remedial Action A study is currently underway to assess frazil ice formation at the intake and identify remedial actions.

Increase in temp./heat wave 
duration Additional Study followed by Remedial Action

A study is currently underway of the distribution pump stations in regards to assesst management. In addition 
or as an added scope to this study, it is recommended the City review the HVAC systems of these facilities to
assess their capacities for the projected increases in extreme daily temperatuers and heat wave durations.

Flooding Further study required
It has been identified that several of the critical pump stations are a risk of impacts from flooding. As climate 
projections indicated a potential for an increse in storm events and flooding, a review of these pump stations 
is recommended followed by remedial action to add the required flooding protection identified.

Reservoirs - Operation 
Settings Drought Additional study recommended.

The operation of the reservoirs is vulnerable to increased temperatures and heat wave durations which
increase demand (load) on the the reservoirs, reducing stored water quantities. Water conservation policies 
are in place to mitigate this impacts, however, additional study is recommended to assess the vulnerability to 
consecutive heat duration events, and the impacts to level of service.

Bow River Watershed

Bearspaw

Infrastructure System
Raw Water Systems
Glenmore

Glenmore Dam/Reservoir

Elbow River Watershed

Conveyance

Critical Pump Stations & 
Reservoirs - Physical



Infrastructure Component Climate Variable Recommendation Type Recommendation Comments

Infrastructure System

Major Transmission Mains Increase in freeze/thaw No further study required

Major Feeder Mains Increase in freeze/thaw No further study required

Process Systems Compounding - Forest Fires Additional Study followed by Remedial Action

The existing systems will likely handle increased turbidity due to increased sedimentation however, the extent
of the potential impact on treatment processes due to increased organics, or metals is unknown, and 
additional technologies may be required to meet drinking water standards. It is recommended the City 
continue with its ongoing source water monitoring programs. Vulnerabilities exist with the potential for 
changes in water quality and the release of contaminants due to forest fires, algae etc. and the ability of the 
treatment systems.

Personnel Flooding No further study required

Facilities/equipment (e.g., 
Works Yard)

Increase in extreme temp./heat 
wave duration

Additional Study/followed by 
Remedial/Management Action

As climate change projects indicated an increase in the extreme daily temperatures and increased heat wave
durations, consideration should be given review of HVAC design codes, an assessment existing of facilities 
to identify remedial actions.

Power Sources Increase in extreme temp. / heat 
wave duration Additional Study/Management Action

As demands on power grids increase with increased populations compounded by increased temperatures,
the potential for brownouts/blackouts exist. It is recommended that the City give consideration to power 
supply sources and redundancy as part of long range planning activities

Standby Power/Generators Increase in extreme temp./heat 
wave duration

Additional Study/Followed by Remdial or 
Management Action

An increase in temperature/heat duration presents potential impact related to HVAC systems/electrical and 
controls and the availability of standby generation, at all facilities including the water treatment plants. 
Glenmore WTP has limited operational capacity while functioning on standby power. A review of standby 
power capacity at critical facilities is recommended.

Electric Power & Communications

Linear Infrastructure

Supporting Systems/Infrastructure
Administration/Operations

Water Treatment Plants
Process Systems
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Appendix C - Hydrometric Data 
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 C - Hydrometric Data 
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Mean Daily Discharge for Six Water Survey of Canada Stations within the 
Bow and Elbow River Basins 
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Appendix D - Atmospheric Hazards for Calgary, 
Alberta (published by the Canadian Atmospheric 
Hazards Network) 
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City of Calgary
Water Supply Infrastructure Climate Change Vulnerability Risk Assessment
Table E.1: Project Workshop Breakout Session Summary

Monday, February 14, 2011
Fort Calgary

Assigned Breakout Group (circle) Design / Operations Emergency Response / Preparedness Policy
Facilitator Doug Olson / Duane Strayer Brian Guy / Samantha Marcy Ian Wright / Martin Lacroix / Roland Bradshaw

Spokesperson Steve Dold Jared Serviss Francois Bouchart

Participants (name & title) Blair Dancer Kate Murray Paul Fesko

Michael Chau Edith Phillips Randy Girling

Klas Ohman Natasha Kinloch John Jagorinec

Pat Phillip Jason Sinclair Scott Eagleson

Kendal Martens Kimberly Kahan

Darrol Weiss

Climate Effect Infrastructure Interaction Action Priority (low/medium/high) Other Comments

EXAMPLE

extended dry-weather period / low river levels insufficient net positive suction head on intake pumps design - reconfigure intake structure low - decades away from this situation given existing capacity
operations - divert "demand" to different intake high - system does not allow this flexibility should it be needed
emergency pre/resp - implement immediate supply restrictions low - already have "tools" in place for such situations
policy - additional water conservation measures medium - part of ongoing water management policy development

Climate Effect Infrastructure Interaction Action Priority (low/medium/high) Other Comments
Temperature (Increase)

increase in average and extreme min/max
building HVAC systems overloaded - MCC / SCADA / 
equipment failures design - review & revise design standards for HVAC loadings medium

extended heat waves are conceivable given current climate 
extremes

increase in heat wave duration
operations - be aware of limits in critical rooms, add SCADA 
controls medium

experienced failure in the past in the lab - had to bring in fans 
and dehumidifiers

increase in frost free days

operations - SOP for MCC filter cleaning; optimizing to good 
working order; HVAC maintained and optimized; regular 
maintenance of equipment; attached HVAC equipment to 
critical equipment high priority - more reliance on electronic equipment

Bearspaw currently has HVAC issues, operations have been 
seen to prop doors open

increase in continuous frost free period

emerg resp (operations) - develop prioritization list, back-up 
plan if failure - (have contracts in place for standby 
equipment), ensure stock of critical parts - and vendor 
contacts, design redundancy of SCADA servers medium more for design / operations than emerg.

reduced power available to city
emerg pre/resp - develop power shedding / scale back plan, 
prioritization of critical infrastructure

medium - priorities being developed, but what is level of 
service. see discussion below in power outage scenario
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Climate Effect Infrastructure Interaction Action Priority (low/medium/high) Other Comments
Temperature Increase Increase in water demand resulting from design - expand infrastructure to meet growth low - long range planning in place

  migration to Calgary as a favourable place to live = 
increased population - increased demand operations - optimize system operations low - systems in place

policy / response plans - develop communications in multiple 
languages low - systems in place now - just update as required

  increase in water usage (outdoors - peak day)

policy - peak day demand - implement tier billing for heavy 
use times; large capital investment for meter changes; water 
restrictions bylaw; drought plan; promotion of water sprinklers 
(leakages concerns) low - systems in place complete metering program first; 
policy/planning - update land usage planning maps - 
densification low - systems in place

metropolitan plan has forecasted for population growth; 
design planning in place; tools in place already; 

dam control for increased power uses reduced quantity 
to WTP

policy / response plans - develop mutual aid deals with 
TransAlta

looking at Brisbane Water Management and learn from 
experience

scouring of pipes - result of increased flow in pipes due to 
increased demands design - material types / increase capacity / add redundancy low

already planning for this; scour: identify; assess; remediate low

change in demand forecasting models - ability to handle 
consecutive events. back to back heat waves, e.g. linked with above HIGH for design criteria

plan for 'adaptation' category in capital budget plan - build 
fund; 'service level and adaptation'; "climate adaptation"

operations - need multi-day design criteria
need to implement what modellers do into operation

Decrease in storage available due to increased demands 

operations/emerg prep - management plan for 
shared/transfer of treated water storage between pressure 
zones medium / high

Need to have an agreement in place with the fire department - 
how much water is the city to ensure available - fire can 
supplement water with foam
Fire trucks - can draw from other water sources eg. Swimming 
pools

design / operations - Dam restoration & stop logs to increase 
storage and expand operating season medium / high

Other advantages include minimizing temperature swings in 
the raw water reservoir, and improved water quality

policy - NEED more potable water management system, e.g. 
consecutive peak periods - design/operation should be 
updated (e.g. dry August - pump every second night).  Terms 
of policy multi-day design criteria.  Raw water storage - could 
groundwater be an option, ASR...some studies indicate low 
groundwater potential.  Raw water storage should increase 
(modify original reservoirs).  

MED / HIGH (e.g. increase from a 2-avg day policy to a 3-day 
avg policy)

Fire flow not as significant; implement sprinkler use; closed 
zones - redundant; population is incorporated in other zones

emerg resp/pre - prioritize pressure zones (areas without 
elevated treated water storage) & develop plans for water 
wagons, increased raw storage from TransAlta High

Currently only one day (24 hours) of storage (treated) - most 
emerg plans have 72 hours

policy - watering bans (restrictions - in place) low

have some in place for example during shut downs had 
agreement with COP not to make snow, have some 
agreements with other industries, but need more with 
TransAlta

increase in water temperature

chlorine residual decay at distribution system extremes 
impacts - increased loading on chlorination systems design - add re-chlorination in the distribution system low

operations - increase monitoring / flushing medium/low - have monitoring in place
design - add partitions to reservoirs to manage turn-over medium
policy - need chlorine residual policy; or switch to 
'chloromide'?; more sampling; revise current policy; e.g. 65 
sites/week monitored currently; if a 0 ever found - need to 
'flush' low

not an issue; only up a few degrees?? Seen high TOC during 
flood events
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Climate Effect Infrastructure Interaction Action Priority (low/medium/high) Other Comments

Temperature Increase
algae growth - increase organics loading on pre-treatment 
systems design / operations - seasonal chemical treatment low - have new chemical systems (PAC & KMNO4) in place

reservoir operated/maintained at high level - with river 
inflow/outflow to keep mixed (not stagnant) - have not seen 
any growth

bio-fouling of filters design / operation - No episodes reported low - disinfection occurs upstream of filters have standby PAC & KMNO4 for organics/taste & odour

bio-film in distribution systems (low chlorine as per above) low
have redundant treatment systems and can transmit water 
from one end of City to the other

ability to treat cyanobacteria toxins
emerg prep/resp - have networks with other countries / 
provinces and learn from their experiences low - have some networks in place

develop connections with utilities in warmer climates for 
contingency plans - change in design

changes in watershed nutrient loads, increased organics / 
taste & odour event increased nutrient = increased risk; tools already in place low - have some breathing room

concerns: aesthetic (secondary); Bearspaw '1-day' cycle no 
odour or other issues; above 20C at Glenmore regular 
occurrence; plus less energy used for heating water

increased recreational uses of water sources - increased 
contaminates into water sources - effects water quality - 
loading on treatment systems

emerg pre/resp - design anchor points upstream to allow 
booms in place to capture contaminants medium

needs design to install boom locations and prep of response 
plan, increased monitoring upstream

upstream community impacts "upsets" policy - need to advocate 'watershed' protection high
rural development / urbanization, recreation, forestry 
practices; different overland drainage, scouring in ravines

emergency response in place; system already in place to 
inform; spill release u/s grab samples (part of emergency 
response plan) low AENV responsibility?

increase in thermal expansion on pipes - increase 
breakages and requires increase in operation / 
maintenance attention design - review standards for material types low could impact above ground (bridge crossings)

operations - SOPs low - in place
policy - operators must live in City low - used to have but changed
emerg prep/resp - cross training of staff, increase in 
contractor requirements low

Temperature - swings
freeze-thaw days: increase in the winter; 
decrease over the year, spring, summer, fall increased pipe breaks  policy - around service level required; (see above) low

frazil ice blockages of intakes requires withdraw from other 
intakes affects regulatory/compliance design - review underway to provide tools to address med -> low, as is an issue but being looked at

have ability to shift supply to another intake that is not 
impacted

emerg pre/resp - plan to divert intakes (sources) between 
plants
design/operation - negotiate with TransAlta to withdrawal 
from Raw I; Flexibility required; high

structural damage design - Glenmore dam rehabilitation (concrete & structure) high

freeze / thaw potential pipe breaks on buried mains and 
above ground mains (bridges)
freeze / thaw - frost heaves - impact buildings structures 
and also pipes

invasive species - zebra mussels / others
see above - for quality / pathogens - networks of others 
experience low

regulatory changes in general and ability to meet current 
requirements

regulatory limit, use temp as a limit - will force changes - 
coming in the future (e.g. Washington for Salmon). Cold 
water d/s; reservoir 'cool water'; push water from the Bow to 
the Elbow? Perhaps hiring a fisheries expert? Request to 
look at own  TRENDS? RAW water temps? low more of a DO problem?

Changes in Water Quality are 
not only temperature related - 
combines with increased 
organics and nutrients - from 
changes in watershed
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Climate Effect Infrastructure Interaction Action Priority (low/medium/high) Other Comments
Temperature - Decrease

Decrease in temperatures
extended cold water periods - increased HRT required to 
maintain CT design - add UV to improve cold water disinfection medium

operations - increase chlorine residual

Precipitation (Rain)
increase in precipitation: yearly, fall, winter and 
spring flooding design - review vulnerable pump stations in low areas medium study underway
increase in precipitation intensity restrict access to facilities emerg pre/resp - FERM plans exist, have two boats have 4x4 vehicles in use to get to sites
increase frequency of rain: yearly; and fall, 
winter, spring design / operations - SCADA to control remote facilities

emerg pre/resp - review and identify pump stations 
vulnerable in low areas

process control communications (SCADA) can go 
down, cannot communicate with remote stations see above

emerg resp - (operations) manual operation back-up plans 
(SOPs)

changes in PMF levels - dam structures, operations
PMF not likely to occur - maintain and increase ability to 
manage reservoir level and store longer.

increase contaminant run-off into water source eg 
(agricultural) design - add UV if pathogens increase

erosion -> water quality turbidity/organics increase
design - no changes required - increase capacity in future if 
required low

current upgrades to pre-treatment system capable of treating 
of high turbidity raw water source

increased loading on pre-treatment / filtration

dam maintenance - reservoir cleaning schedules

design / operations - review dam structure in order to 
maintain, increase flexibility to operate with stop log 
refurbishment and turbine refurbishment low

past studies show no loss in reservoir volume - solids drop out 
upstream at Weaslehead

ability of processes to treat/remove contaminants

increased residuals loading and solids content

design / operations - develop a solids management plan, add 
layout area for solids if increase in trucks not available - 
expand capacity if required, increase trucks as required low

if solids high coming in (river) can discharge high return to 
river (bypass) if needed.

policy of manual backup in place - part of emergency 
response; low

over 100 ntu discharge sediment; redundant controllers, staff, 
etc…

scouring - river crossing pipe exposure / pipe breaks

Increase groundwater levels? -> buoyant pressures on 
pipes design - change material / specs - should be no impact

changes in watershed / river flows - upstream increases 
inflow to reservoirs - effects monitoring and operation of 
reservoirs operations - increased monitoring (as per above) low- years away
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Climate Effect Infrastructure Interaction Action Priority (low/medium/high) Other Comments
Precipitation (Decrease in summer)
decrease in summer precipitation drought - increased demand/reduced availability

increase in consecutive dry days
increased loading on storage, pumping, treatment 
capacity

design - increase ability to store water for longer periods of 
the year (flexibility) likely to occur with increase in temperatures

lower reservoir levels - effects reservoir storage / 
operations operations - monitoring / maintaining water levels in reservoir

longer irrigation period (residential) - increases demand policy - drought management plan low - being developed

longer irrigation license (residential); maybe with the precip 
changes, shut downs could be easier to do as more rain in 
fall/winter/spring; more inspection currently being done

longer growing period - increase demand on water 
licence and availability (quantity) policy - water conservation plan low - already in place
changes in water quality - what parameters should be 
monitored

low river levels -> intake structures - raw water npsh

policy - just started on a 'drought plan'; conceptual framework 
in place managing supply/demand; series of measures and 
assessed risk to come out of drought plan

decreased snowpack - earlier run-off -> increased 
storage

greater risk of fires - increased demand on fire storage emerg resp / prep - need to develop a level of service

corrosion to infrastructure due to water quality changes design / operation - monitor - replace material types low
knowledge gap with chemistry adjustments; e.g. aluminum; 
pH

wildfires -> increased water turbidity / mercury
policy: need more advocacy for watershed protection; create 
a watershed 'trust' high

BIG RISK (e.g. Bearspaw has problem and Elbow is 
low/problem, then what?); 3 risk groups: rural urban dev'p; 
recreation; forestry

increased loading on pre-treatment / filtration
emerg prep - increase monitoring of raw water sources, 
maintain network

ability of processes to treat/remove contaminants see above
increased residuals loading and solids content see above
decrease in I/I due to hydroscopic soil impacts in the 
short term (3-5 yrs) - 1:10 yr rain event could produce 
1:200 yr flood event

emerg prep / resp - will require modifications to FERM and 
call out areas after event occurs low - plans in place

decrease frequency of snow: yearly; and fall, 
winter, spring

changes to water return flows (recycle) regulatory effects 
to licence withdrawals / impacts to downstream

River flow / Ice
earlier spring breakups
later fall freeze ups change in water demand patterns same as described above

increase in maximum instantaneous river flows
operational changes required - storage availability in 
November with greater water uses water quality and demand changes

erosion -> water quality turbidity/organics increase
increased loading on pre-treatment / filtration
ability of processes to treat/remove contaminants
increased residuals loading and solids content

scouring - river crossing pipe exposure / pipe breaks
pipe breaks - distribution contamination add lab staff resources - contract out testing low
erosion of banks lift stations vulnerable n/a
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Climate Effect Infrastructure Interaction Action Priority (low/medium/high) Other Comments
Winds

increased winds power outages

policy on un-interrupted water(power) supply? What is a 
critical/less critical asset? Need policy? Need policy stating 
'need to sustain flow at Bearspaw…"; policy …1day backup 
power? 2day?...needs to be developed high lose power lines…then need to pump/treat?

emerg resp - need to develop list of power available, critical 
systems maintained in operation high

beware portable generators - if we have them others will want 
to lay claim in an emergency eg. Hospitals will want to take 
them, need to have a clear level of service described to state 
what will be maintained

emerg resp - develop a plan for load shedding of all 
infrastructure
design - review genset sizing and fuel storage on-site emerg plan as above should be for 72 hours

increased wave effects -> erosion / water quality see above for water quality
Storm Events

tornadoes; fires; hail; freezing rain; wind; gusts; 
fog; floods; rain on snow restricted access to facilities (Bearspaw only one road in) design - Bearspaw only one road in

Hail prevented access to facilities; but 2005 flood had access 
to facilities, just restricted access to low Elbow river areas 
(prevented sand bagging)

staff not able to get to work (or leave) emerg prep / resp - continued cross training of staff low - ongoing
emerg prep / resp - need to have plan / provisions to enable 
staff to stay at work / plans for boat / helicopters to get staff 
in/out med

not able to bring in WTP chemicals / fuel generators need priority plan as where fuel goes first

P:\20103191\00_Clim_Cng_Rsk_Assm\Engineering\03.00_Conceptual_Feasibility_Design\Workshop\dnt_workshop_breakout_form_SUMMARY, Brainstorm session info 5/18/2011



REPORT 

 F-1 

Appendix F - Protocol Considerations 

 
 

F 




