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EXECUTIVE SUMMARY 

INTRODUCTION 

It is widely accepted in the scientific community that climate is changing.  Climate data is used 
to design infrastructure and, under climate change, historical climate data as the basis of design 
may not be appropriate.   

 
In 2008, Metro Vancouver and Engineers Canada cooperated in the Vancouver Sewerage Area 
(VSA) vulnerability assessment.  The VSA study was one of seven original pilot study 
applications of an assessment protocol developed by Engineers Canada for use with all types of 
infrastructure across Canada.  That study focussed on an area that is largely combined (i.e. 
sanitary sewage and stormwater conveyed in the same pipe) and currently undergoing significant 
change through an ongoing program of sewer separation (i.e. separating stormwater and sanitary 
sewage into different pipes).  The Fraser Sewerage Area (FSA) study is a logical extension of the 
work done in the VSA study and it provides Metro Vancouver with new findings relevant to 
separated sanitary sewer systems. 

 
The FSA is approximately 36,700 ha in size and it serves about one million people in 13 
municipalities within Metro Vancouver1.  Both separated and combined sewer systems within 
the area are tributary to the Annacis Island Waste Water Treatment Plant (AIWWTP), which 
provides secondary treatment and is the largest of five Metro Vancouver wastewater treatment 
plants. 

 
Years 2020 and 2050 were selected for analysis of climate change effects.  Much of the FSA 
infrastructure dates to the 1960s or earlier.  2020 represents an early design life boundary for the 
oldest piping and appurtenances.  A key operational target is Metro Vancouver’s commitment, 
outlined in the 2002 Liquid Waste Management Plan (LWMP), to eliminate combined sewer 
overflows (CSOs) in the FSA by 2075.  Since the single largest impact of climate change on the 
FSA was known to be increased rainfall (and therefore wastewater flow), a 2050 assessment of 
climate change is timely for Metro Vancouver’s sewer separation planning. 

 
Addressing climate change requires two complementary actions:  mitigation and adaptation.  
Minimizing the region’s contribution to global climate change is one of the primary goals of the 
current Air Quality Management Plan.  And, through a new Energy Planning Program, Metro 
Vancouver is also actively pursuing opportunities to recover energy within its own operations, 
often with related benefits of overall reduction in greenhouse gas (GHG) emissions.  The degree 
to which a municipality is able to address the impacts of climate change is often referred to as its 
adaptive capacity. 

                                                 
1 The total serviced area tributary to the Annacis Island Wastewater Treatment Plant (AIWWTP) is approximately 36,700 ha.  There 

is an additional area of approximately 9 sq.km, also within the legal boundary of the FSA, that is serviced by a different 
wastewater treatment plant known as the Northwest Langley Wastewater Treatment Plant (NWLWWTP).  The NWLWWTP is not 
included in the scope of this study.  For the purposes of this study, the FSA area refers to that area tributary to AIWWTP. 
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CLIMATE CHANGE 

According to the Intergovernmental Panel on Climate Change (a global scientific body 
established by the World Meteorological Organization and the United Nations Environment 
Program), the warming that has been experienced over the last half century is likely without 
precedent in at least the past 1,300 years.  For the purposes of this project, climate change 
modelling was performed by Ouranos (a Quebec-based climatology research consortium) using 
the Canadian Regional Climate Model to quantify expected changes to various climate factors.   

 
In general, all precipitation indices suggest that there will be an increase in total rainfall amount, 
and in both the frequency and magnitude of rainfall events.  In addition, modelling projects 
consistently increasing temperature trends at both the 2020 and 2050 horizons, implying that 
snowfall will decrease. 

 
Global sea level rise estimated by Ouranos is 0.14 m by the 2050s and 0.26 m by the 2080s.  The 
most recent report from the IPCC has a range in predicted sea level rise by 2100 of between 
0.2 m and 0.6 m. 

 
Monthly average minimum and maximum temperatures are predicted to increase by 1.4°C to 
2.8°C by the 2050s. 

 
A summary of climate events is outlined below. 

 
Summary of Climate Events 

Climate Event Expected Change 

Intense Rain Increase in 1-day maximum rainfall: 
17% by 2050s (Ouranos) 1 

Total Annual / Seasonal Rain Increase in total annual precipitation: 
14% by 2050s (Ouranos, addendum) 

Sea Level Elevation Increase in global sea level elevation2: 
0.26 m by 2080s (Ouranos) to 1.6 m by 2100 (Rohling et al, 2007) 

Storm Surge Not quantified.  Likely to increase3. 

Floods Not quantified.  Likely to increase. 

Temperature (monthly average high) Increases in monthly average maximum temperature: 
1.4°C to 2.8°C by 2050s (Ouranos). 

Drought 
Modelling is inconclusive in trend. 
Average maximum length of dry spell may increase by 0.25 days by 2050s 
(Ouranos). 

Wind (extremes, gusts) Not quantified.  Likely to increase. 
Notes: 
1. Estimate is based on total precipitation, which is assumed to be approximately equivalent to rainfall in the FSA. 
2. Does not include local effects such as subsidence and atmospheric effects. 
3. Storm surge is a significant contributor to extreme high water events and therefore lack of quantitative data is a critical 

information gap. 

 
According to Ouranos, climate scenarios are difficult to produce for certain highly localized 
events (wind gusts, tornadoes, and thunderstorms) or events where processes are complex and 
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depend on a number of factors (hurricanes, ice storms).  Therefore, quantitative predictions of 
wind speed were not provided. 

 
As described in more detail in Section 2, there are a number of uncertainties and assumptions 
involved in the climate projections listed above and these reflect only limited range of possible 
future scenarios for GHG emissions.   

 
In addition, regional climate is affected by large-scale oscillations in climate known as: 

 
 El Niño/Southern Oscillation (ENSO); and 
 Pacific Decadal Oscillation (PDO). 

 
ENSO is a well-known phenomenon characterized by an east-west shifting pattern in tropical sea 
surface temperatures.  The time scale of the shifts is relatively short:  cycles last from 2 to 7 
years.  Generally, El Niño winters are associated with decreased precipitation in southwestern 
British Columbia, with the reverse trend occurring during La Niña events. 

 
The PDO operates over the entire Pacific basin on a decadal timescale.  Phases generally persist 
for about 20 years to 35 years.  The PDO last shifted to a predominantly positive (warm) phase 
in 1976.  For coastal B.C., the warm phase generally results in thinner snowpacks due to higher 
temperatures and generally a greater percentage of precipitation in the form of rain.  It is now 
generally believed that, as of 2008, the PDO has shifted to a predominantly negative (cool) 
phase, which is associated with generally cooler temperatures and increased precipitation. 

FRASER SEWERAGE AREA (FSA) 

The FSA is largely a separated sewerage area; however, in New Westminster and in the City of 
Burnaby parts of the municipal systems have sewers that convey combined sanitary and 
stormwater flow.  Together, the combined sewer areas make up 1,440 ha, which represents about 
4% of the FSA. 

 
During dry weather, all flows from the FSA are conveyed to the AIWWTP before discharge of 
treated effluent to the Fraser River.  The exception is when, due to operational issues, power 
outage, or capacity exceedance during wet weather, flow is discharged to either land or water as 
a sanitary sewer overflow (SSO) or a combined sewer overflow (CSO).   

 
At the AIWWTP, Metro Vancouver provides secondary treatment for flows up to two times 
average dry weather flow (ADWF), or 960 MLD. 

DESIGN AND PLANNING CONSIDERATIONS 

Metro LWMP outlines the region’s strategy for managing liquid waste, including: 
 

 setting a desired level of service; 
 identifying areas that fall short of target performance; and 
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 evaluating options to improve system operation. 
 

Under the LWMP, Basic Service capacity is the minimum desired level of service for 
conveyance capacity and is the basis for determining when upgraded facilities are required to 
accommodate sewerage area growth.  Basic Service Criteria include allowance for peak dry 
weather flow (PDWF) plus 11,200 litres per hectare per day (L/ha/d) inflow and infiltration 
(I&I). 

 
Under climate change constraints, materials with a high embedded carbon footprint are less 
desirable and may become less available.  There may also be an opportunity to consider 
alternative energy sources for pump and plant operations from sewer stream resource recovery. 

 
One approach to maximizing resource recovery is distributed wastewater management, which 
involves the spatial distribution of treatment facilities.  A distributed management approach 
offers a number of advantages, including some that improve adaptive capacity.  First, it reduces 
the upgrading requirements on downstream facilities as capacity is returned to them by 
intercepting flow upstream.  Second, additional opportunities for water reuse and wastewater-
derived heat energy are created over a wider geographic area.  Finally, by reducing flow in the 
downstream reaches of the system the frequency and volumes of existing wet weather overflows 
can be greatly reduced if not eliminated.  Further study is recommended to explore resource 
recovery and distributed wastewater management opportunities. 

INFRASTRUCTURE ASSESSMENT 

An important part of the Protocol is a qualitative assessment in which professional judgment and 
experience are used to determine the likely effect of individual climate events on individual 
components of the infrastructure.   

Combined Sewers 

It is certain that increased rainfall intensities and volumes will lead to increased flows in the 
combined sewers in the absence of other mitigating system changes (e.g. increased efforts at 
green infrastructure).  The effect will be reduced capacity to convey sanitary flow to the 
AIWWTP; as a result, CSOs will be more frequent and discharge greater volumes. 

Separated Sewers 

Even in a completely separated storm sewer and sanitary sewer system, rainwater enters sanitary 
sewer mains through I&I.  Sanitary mains are designed to convey some I&I; currently the 
LWMP allows for a maximum of 11,200 L/ha/d for storms with less than a five year return 
period.  It is certain that increased rainfall intensities and volumes will lead to increased I&I, 
however, it is noted that as a result of spatial variation in rainfall intensity, a 5-year event will 
produce very different rainfall volumes across Metro Vancouver. 
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Further work is recommended to determine how this (or other variables such as soil type or 
grade) relates to a specific I&I target (e.g. 11,200 L/ha/day).  Geographic or rainfall related 
targets may be more equitable amongst member municipalities. 

Pump Stations 

As mentioned above, increased rainfall is certain to increase I&I and thereby increase flows at 
pump stations.  Exceeding station capacity could result in overflows locally or upstream.  In both 
the combined and separated areas excess flow is discharged at outfalls and designated overflows 
to prevent overflows at a more sensitive location. 

Annacis Island Wastewater Treatment Plant 

Hydraulic constraints within the FSA collection system physically “shelter” the AIWWTP from 
the excess amount of wet-weather wastewater flow resulting from I&I or combined sewers.  
Therefore, even though climate change may result in an increase in the magnitude and frequency 
of intense rainfall events and thus increase the potential to generate wet-weather flows, higher 
peak flow rates are not expected to be received at the AIWWTP.  Nevertheless, more frequent 
and/or more intense, or longer duration of individual wet-weather events could impact the 
treatment process in other ways.  For example, primary clarification performance may be 
reduced during wet-weather flow events, which could result in more days per year with increased 
organic mass loading to the secondary treatment process units. 

 
In addition, increased frequency of such events would reduce process redundancy “windows” 
(e.g. treatment units taken out of service for maintenance).  This situation could leave the 
AIWWTP with greater exposure to operational challenges.  The AIWWTP is scheduled for 
significant growth upgrading (Stage V) in the coming years. 

Other Vulnerability Factors 

Sewer Separation.  In the VSA study, Metro Vancouver staff pointed out that the reduction in 
sewer flow from sewer separation will, in general, be vastly greater than the increase due to 
climate-based rainfall effects.  In the FSA, sewer separation will significantly decrease inflow 
into the collection system, but only in localized areas and specific sections of mains. 

 
Long Range Plans.  Construction projects that are part of long range plans will improve system 
operations, presumably increasing the ability to manage SSOs and CSOs.  It is expected that the 
Eastern Township of Langley will soon be connected to the FSA, increasing flow. 

 
Infrastructure Replacement.  Replacement of aging infrastructure decreases the risk of system 
blockages and provides the opportunity to install larger mains or separate systems. 

 
Green Infrastructure.  Increasing efforts at building green infrastructure may be used to 
increase resiliency in adapting to climate change.  Metro Vancouver has completed significant 
efforts studying and promoting green infrastructure over the past number of years, with the 
overarching goal of net sustainability benefits at a watershed scale. 
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Inflow & Infiltration Reduction and Age Based Rate Decay.  Sanitary sewer loads can 
decrease with inflow & infiltration reduction programs (at the municipal or regional level), but 
generally increase due to material deterioration over time. 

 
Population Growth.  Population growth will increase sanitary sewer loading over the entire 
study period.  Metro Vancouver is developing a Growth Management Strategy, which envisions 
population growth of approximately 1 million people (to 2.75 million) from 1996 to 2021.   

 
Land Use.  Planned densification may increase total impervious area, leading to more runoff and 
sewer loading.   

 
Water Conservation.  Water conservation programs reduce indoor water use, decreasing 
sanitary loading. 

 
Seismic Events.  Landslides or ground shifting caused by seismic events break or degrade sewer 
main integrity.  Earthquake activity is not thought to be climate change related, however 
landslide frequency is directly related to saturated soil conditions and heavy rainfall. 

CONCLUSIONS 

In general, it is noted that the FSA is fortunately situated with respect to climate change effects 
relative to other locations in Canada.  Vancouver does not typically experience extreme or 
catastrophic weather events such as ice storms, drought, or extreme cold.   

 
The climate factors identified as threats to infrastructure vulnerability will be evidenced as 
gradual changes.  However, often the extremes, even if uncommon, have a far greater impact on 
public perception of risk.  Under climate change scenarios, these events may occur more 
frequently.   

 
In fact, the greatest pressure to initiate adaptive action comes not from climate change but from 
timing of planned infrastructure improvement plans such as the AIWWTP Stage V upgrades and 
combined sewer separation program.  So while climate change effects may reveal vulnerabilities, 
Metro Vancouver is in an ideal position to proactively mitigate and adapt to these challenges as 
part of regular infrastructure upgrading cycles. 

 
The key priorities with respect to climate change adaptation in the collection system centre on 
increased rainfall and the associated potential increase in sewer flow, both under combined and 
separate sewer configurations.  Increasing I&I rates as a result of climate change related rainfall 
increase and as a result of aging infrastructure will worsen capacity limitations.  Further study is 
warranted to determine the best approach to I&I management. 

 
Hazard mapping is a tool that could be used to integrate water resources information with  
important sites requiring protection.  Much of the information compiled for a sewerage 
management plan could be used for vulnerability assessments for other types of infrastructure.  
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Metro Vancouver would therefore have a valuable tool for implementing integrated resource 
management and creating links between its various plans. 

 
The vulnerabilities judged to be of the highest priority at the treatment plant are those associated 
with the dyke elevations at Annacis Island and the AIWWTP site itself because of rises in the 
tidally-influenced Fraser River.  These effects will be exaggerated when increases in the river 
level coincide with storm surge.  Additional study is recommended to develop more detailed 
information in the context of these potential vulnerabilities.  



 

Section 1 
 
 
Introduction  
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1. INTRODUCTION 

1.1 PROJECT BACKGROUND 

The Fraser Sewerage Area (FSA)2 is the second area in Metro Vancouver to undergo a 
climate change vulnerability assessment.  In 2008, Metro Vancouver and Engineers 
Canada3  cooperated in the jointly-funded Vancouver Sewerage Area (VSA) vulnerability 
assessment.  The VSA study was one of seven original pilot study applications of an 
assessment protocol developed by Engineers Canada for use with all types of 
infrastructure across Canada.  The FSA study is a logical extension of the work done in 
the VSA study and provides Metro Vancouver with new findings relevant to separated 
sanitary sewer systems. 
 
It is widely accepted in the scientific community that climate is changing4.  Since 
historical climate data is used to design infrastructure and these data are changing, it may 
no longer be appropriate to use historical climate data as the basis of infrastructure 
design.  These factors may create vulnerabilities in the infrastructure because the existing 
infrastructure may not have the resiliency required to accommodate the weather extremes 
caused by climate change.  Furthermore, new infrastructure may not be designed with 
sufficient load and adaptive capacity to function at required performance levels under 
extreme events driven by climate change. 

1.2 PIEVC PROTOCOL 

Engineers Canada established the Public Infrastructure Engineering Vulnerability 
Committee (PIEVC) to oversee a national engineering assessment of the vulnerability of 
Canadian public infrastructure to changing climate conditions.  PIEVC has developed a 
protocol to guide vulnerability assessments.  The Protocol is a procedure to gather and 
examine available data in order to develop an understanding of the relevant climate 
effects and their interactions with infrastructure. 
 

                                                 
2 For the purposes of this study, the FSA refers to that area which is tributary to the Annacis Island Wastewater Treatment Plant.  

There is a relatively small area, also within the FSA, that discharges to the Northwest Langley Wastewater Treatment Plant that is 
excluded from this study.  

3 Engineers Canada is the business name of the Canadian Council of Professional Engineers (CCPE). 
4 See IPCC 2007: "Warming of the climate system is unequivocal, as is now evident from observations of increases in global 

average air and ocean temperatures, widespread melting of snow and ice, and rising global average sea level."  The 
Intergovernmental Panel on Climate Change (IPCC) is a scientific intergovernmental body set up by the World Meteorological 
Organization (WMO) and by the United Nations Environment Programme (UNEP).  Its role is to assess on a comprehensive, 
objective, open and transparent basis the latest scientific, technical and socio-economic literature produced worldwide relevant to 
the understanding of the risk of human-induced climate change, its observed and projected impacts and options for adaptation 
and mitigation. The IPCC was awarded of the Nobel Peace Prize "for their efforts to build up and disseminate greater knowledge 
about man-made climate change, and to lay the foundations for the measures that are needed to counteract such change". 
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The PIEVC Protocol (Protocol) outlines a procedure to develop relevant information on 
the specific elements of the climate and the specific attributes of the infrastructure that 
interact to create vulnerability.  The PIEVC Protocol describes a step-by-step process for 
defining, analyzing, evaluating and prioritizing information about the impact of climate 
change on infrastructure.  The observations, conclusions, and recommendations arising 
from the use of this protocol provide a framework to support effective decision-making 
about infrastructure operation, maintenance, planning and development. 
 
The key steps of the protocol are as follows: 
 
1. Project Definition. 
2. Data Gathering and Sufficiency. 
3. Vulnerability Assessment (Qualitative Assessment). 
4. Indicator Analysis (Quantitative Assessment). 
5. Recommendations. 
   
Application of the protocol is summarized in the report text.   

1.3 STUDY SCOPE AND TIME FRAME 

The vulnerability assessment includes all Metro Vancouver infrastructure and operations 
within the FSA.  Although integral to the collection system as a whole, components of 
municipal infrastructure are not directly addressed in this study. 
 
The time frame was the first variable identified, as it determines the climate change 
boundary.  Infrastructure life cycle is the key indicator for selecting a time frame, in 
concert with operational goals. 
 
2020 and 2050 were selected for analysis of climate change effects.  A discussion of the 
factors leading to this decision follows below. 

1.3.1 COLLECTION SYSTEM 

The FSA sewer system dates to the 1960s and earlier.  Service life of sewerage 
infrastructure is commonly estimated at 50 or 100 years, depending on component type 
and environment (Worksheet 1, Table 4.2.4).  2020 represents an early design life 
boundary for much of the early piping and appurtenances. 
 
2020 also provides a short term reference point suitable for targeting 10-year capital plan 
expenditures. 
 
Combined sewers in the FSA are primarily in the City of New Westminster and a very 
small portion of the City of Burnaby.  The 2002 Metro Vancouver Liquid Waste 
Management Plan (LWMP) set out a target to eliminate combined sewer overflows 
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(CSOs) in the FSA by 2075.  It is understood that climate change and climate oscillations 
might have an effect on the appropriate rate of separation.  Since the single largest impact 
of climate change on the FSA was expected to be increased rainfall (and therefore 
wastewater flow), a 2050 assessment of climate change is timely for Metro Vancouver’s 
sewer separation planning.  
 
2080 was suggested as possible long term reference point which reflects the 
implementation target for elimination of CSOs in FSA.  However, this time frame is 
considered too far in the future for there to be adequate data and information for analysis 
with respect to design life and climate change factors.  This term will certainly fall within 
the material life of some existing FSA infrastructure.  However, service life dependent on 
loading projections is subject to considerable variability beyond the build-out conditions 
associated with 30-40 year planning horizons. 
 

1.3.2 ANNACIS ISLAND WASTEWATER TREATMENT PLANT (AIWWTP) 

Wastewater treatment facilities are complex and normally include many structural, 
mechanical, electrical, instrumentation/control, and civil works systems (e.g. on-site 
roads, buried pipes).  For planning purposes, structural components (e.g. process tankage 
and buildings) are typically assumed to have a service life in the order of 50 years.  
Mechanical and electrical systems are generally expected to be replaced and/or retrofitted 
within a 25 - 30 year time frame.   
 
Changes in technology and regulatory requirements, combined with the need to expand 
treatment capacity to accommodate growth of the service population, can impact the 
originally envisioned design life of any given system or component. 
 
In addition, Metro Vancouver will be undertaking continuous upgrades and expansion 
program in the FSA over the next decade to accommodate its planned infrastructure 
upgrading.   

1.4 PROJECT TEAM 

The following table outlines the Project Team. 
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Table 1-1: Project Team 
Organization Role of Organization Individuals 

Metro Vancouver Infrastructure Owner 
 

Brent Burton 

Kerr Wood Leidal 
(KWL) 

Prime Consultant 
Collection System  

Andrew Boyland – Project Manager 
Chris Johnston – Technical Review 
Erica Ellis – Climate Change 
Christine Norquist – Project Engineer 
 

Associated Engineering Subconsultant 
Treatment Plant  

Arash Masbough – Project Engineer 
Dean Shiskowski – Technical Review 
 

 
 



 

Section 2 
 
 
Climate Change 
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2. CLIMATE CHANGE 

2.1 BACKGROUND  

Earth’s climate is changing.  Some of this change is due to natural variations that have 
been taking place for millions of years but, increasingly, human activities that release 
heat-trapping gases into the atmosphere are warming the planet by contributing to the 
“greenhouse effect”.  
 
According to the Intergovernmental Panel on Climate Change (IPCC) (a global scientific 
body established by the World Meteorological Organization and the United Nations 
Environment Program),  the warming that has been experienced over the last half century 
is likely without precedent in at least the past 1,300 years.  Without coordinated action to 
reduce greenhouse gas (GHG) emissions, the world’s average surface temperature will 
continue to warm with a likely range of increase of between 1.1 and 6.4ºC by 2100 
relative to 1990 (IPCC 2007). 
 
Studies relevant to the Metro Vancouver area indicate that climate-change related 
regional effects will likely include: 
 
 sea level rise, aggravated in some low-lying areas by ground subsidence; 
 shifts in precipitation (i.e. more precipitation in winter, less precipitation in summer 

and more precipitation falling as rain rather than snow); 
 increasing frequency of extreme weather events, including precipitation; and  
 potentially earlier spring runoff, higher water temperature and lower freshet flows in 

river in the snowmelt-dominated Fraser River. 
 
Addressing climate change requires two complementary actions: mitigation and 
adaptation.  Many Canadian municipalities have been demonstrating leadership in 
mitigating GHG through energy efficiency measures and the use of alternative energy 
sources.  In Metro Vancouver, minimizing the region’s contribution to global climate 
change is one of the primary goals of the current Air Quality Management Plan.  Through 
a new Energy Planning Program, Metro Vancouver is also actively pursuing 
opportunities to recover energy within its own operations, often with related benefits of 
overall reduction in GHG emissions.  However, across Canada the challenges of adapting 
to climate change have received far less attention. 

2.1.1 CLIMATE CHANGE ADAPTATION 

The degree to which a municipality is able to deal with the impacts of climate change is 
often referred to as adaptive capacity.  The IPCC has defined adaptation as “the ability of 
a system to adjust to climate change (including climate variability and extremes) to 
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moderate potential damages, to take advantage of opportunities, or to cope with the 
consequences” (IPCC 2007).  
 
Currently, engineers use statistical approaches based on historical climate records when 
designing most urban drainage systems.  As precipitation patterns change, urban drainage 
systems could fail, causing problems such as sewer backups and basement flooding.   
 
By evaluating existing infrastructure capacity and estimating the capacity that will be 
required in response to climate change impacts, it is hoped that infrastructure components 
that lack adaptive capacity may be identified before the remaining capacity is used up. 

2.1.2 OTHER CLIMATE EFFECTS 

In addition to climate change, other large-scale oscillations that affect the climate in 
Metro Vancouver include: 
 
 El Niño/Southern Oscillation (ENSO); and 
 Pacific Decadal Oscillation (PDO). 

 
ENSO is a well-known phenomenon characterized by an east-west shifting pattern in 
tropical sea surface temperatures.  The time scale of the shifts is relatively short:  cycles 
last from 2 to 7 years.  During El Niño events, sea surface temperatures in the tropical 
eastern Pacific are higher than normal, resulting in excess precipitation in that region.  La 
Niña events are associated with unusually warm sea surface temperatures in the western 
Pacific, along with strong convection and precipitation in that region.  Generally, El Niño 
winters are associated with increased precipitation south of 40°N (California) and less 
precipitation to the north (including southwestern British Columbia).  The reverse trend 
occurs during La Niña events. 
 
The PDO operates over the entire Pacific basin on a decadal timescale.  The warm 
(positive) phase of the PDO is characterized by below normal sea surface temperatures in 
the central and western north Pacific and unusually warm sea surface temperatures along 
the west coast of North America.  The pattern is reversed during the cool (negative) phase 
of the PDO.  Phases may persist for about 20 years to 35 years.  The PDO last shifted to a 
predominantly positive (warm) phase in 1976.  For coastal B.C., the warm phase 
generally results in thinner snowpacks due to higher temperatures and generally a greater 
percentage of precipitation in the form of rain.  Warm PDO phases also tend to coincide 
with an increased frequency of El Niño events.  It is now generally believed that as of 
2008 the PDO has shifted to a predominantly negative (cool) phase, which is associated 
with generally cooler temperatures and increased precipitation in coastal B.C. 
 
Both ENSO and the PDO are linked to atmospheric circulation patterns over North 
America and the North Pacific.  These cycles affect precipitation (including extremes, 
form and spatial distribution), streamflow, and sea levels.  Assuming that these cycles 
continue to operate as they have historically, the effects of climate change will be 
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superimposed upon these cycles.  The result of the superimposition may be additive (i.e. 
both climate change impacts and ENSO/PDO impacts operating in the same direction) or 
may offset each other.  For the purposes of this report, climate change impacts have been 
considered to be operating upon a stationary baseline climate in order to simplify the 
analysis. 

2.2 GEOGRAPHY OF STUDY AREA 

The FSA encompasses a large area within Metro Vancouver, including: 
 
 a portion of the City of Vancouver; 
 parts of Richmond (including Annacis Island); 
 the majority of Burnaby; 
 Delta; 
 New Westminster; 
 Coquitlam; 
 Port Moody; 
 Port Coquitlam; 
 Surrey; 
 White Rock; 
 Langley City; 
 Langley Township; 
 Pitt Meadows; and 
 Maple Ridge. 

 
The infrastructure and local municipal boundaries within the FSA are shown in Figure 
2-1.  Much of the FSA has relatively low topographic relief, with elevations ranging from 
sea level to a maximum of about 120 m in southern Burnaby, New Westminster and 
regions south of the Fraser River.  However, in the northern regions of the FSA, the 
Coast Mountains are a steep topographic barrier that influences the local climate in Port 
Moody, Port Coquitlam and northern Coquitlam. 
 
The FSA is bounded by ocean to both the north (Burrard Inlet) and south (Boundary 
Bay), which has a moderating effect on the climate.  The Fraser River, a large snowmelt-
dominated river, flows westward through the middle of the FSA.  Because the Fraser 
River drains a significant portion of the province, peak flows are not highly correlated 
with local rain events.  River flooding in the FSA may arise from high river water levels 
(the annual snowmelt freshet, which occurs in late spring/early summer), or from the 
combined effects of ocean and river (a winter high tide/storm surge event). 
 
The predominant large-scale atmospheric circulation pattern is west-to-east, and in the 
winter the climate is dominated by repeated cyclonic storms, which yield high volumes of 
precipitation and often high winds.  Given the generally low elevations and relatively 
mild temperatures, precipitation inputs typically come as rain in most of the FSA.  
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Precipitation is much lower in the summer, and prolonged periods without rainfall may 
occur.  Convective storms are relatively rare. 

2.3 CLIMATE BASELINE 

In Step 1 of the PIEVC Protocol, the climate factors of interest are summarized, and in 
Step 2 the baseline data is summarized.  Only the climate data that is relevant to the 
design, development and management of the infrastructure is included.  Based on a 
consideration of the wastewater infrastructure and baseline climate data, the following 
climate factors were identified as being particularly significant: 
 
 rainfall (intensity-frequency relationships, annual and seasonal totals); 
 sea level elevation; 
 storm surge; 
 rain on snow events (another flood generation mechanism); 
 extreme temperatures (low and high); 
 drought conditions; 
 snowfall; 
 wind speed (extremes and gusts); 
 frost (freeze-thaw cycles); and 
 ice. 

 
It should be noted that this list includes both extreme weather events and climatic 
conditions that are subject to more gradual change.   
 
Climate change modelling was performed by the Ouranos Consortium5 (Ouranos) for the 
VSA study, and the region of application includes the FSA.  Ouranos used the Canadian 
Regional Climate Model (CRCM) to quantify expected changes to various climate 
factors.  As part of the climate modelling deliverables Ouranos includes summary 
statistics for existing conditions based on data obtained from a number of Environment 
Canada stations (Table 2-1).  The selection criteria used by Ouranos include: 
 
 a minimum data series length of 20 years; 
 less than 10% missing data; and 
 final year of record no earlier than 1995. 

 

                                                 
5 The Ouranos Consortium pools the expertise and disciplines of numerous researchers in order to advance the understanding of 

the issues and the associated requirements for adaptation resulting from climate change on the scale of the North American 
continent.  The creation of Ouranos stems from the initiative and participation of the Government of Québec, Hydro-Québec, the 
Meteorological Service of Canada, and Valorisation-Recherche Québec.  Ouranos is international in its scope, with a team 
including more than one hundred scientists and specialists. 
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Table 2-1: Environment Canada Climate Stations (from Ouranos) 
Station Name ID Data Used For 

Abbotsford Airport 1100030 Temperature (max., min.), Rain, Snow 
Haney East 1103326 Temperature (max., min.), Rain, Snow 
Haney University of British Columbia 
(UBC) Research Forest 1103332 Temperature (max., min.), Rain, Snow 

Pitt Polder 1106180 Temperature (max., min.), Rain, Snow 
Stave Falls 1107680 Rain, Snow 
Surrey Kwantlen Park 1107873 Rain 
Surrey Municipal Hall 1107876 Rain 
Vancouver International Airport 1108447 Rain 
White Rock STP 1108914 Rain 
Note:  Refer to Ouranos report in Appendix A for details. 

 
Most of the stations used by Ouranos are located within the FSA with only the 
Vancouver International Airport station being located outside the FSA. 

2.4 CLIMATE CHANGE ASSUMPTIONS 

Climate change modelling was performed by Ouranos using the CRCM to quantify 
expected changes to various climate factors.  Climate factors were ranked in the 
information request submitted early in the project.  In general, Ouranos was able to 
provide quantitative estimates for most of the factors that the project team gave a high 
ranking.  Results were provided for two model runs, both using the IPCC Special Report 
on Emissions Scenarios (SRES) “A2” GHG and aerosol projected evolution.  The results 
were provided for the study time frame (2020s and 2050s), and one additional time 
horizon (2080s). 
 
Model results are discussed in the following sections.  Additional data on various factors 
have been provided, where available. 

UNCERTAINTY 

As indicated in the Ouranos report (Appendix A), modelling results were produced by the 
same Regional Climate Model (RCM), driven by two runs of the same Global Climate 
Model (GCM) (Canadian Global Climate Model (CGCM3)) and the same GHG scenario 
(A2).  Differences between the two model runs arise from slight differences in the initial 
conditions. 
 
As indicated above, the modelling conducted for this project covers only a small portion 
of the spectrum or envelope of changes that would be produced via the use of multiple 
GHG scenarios and multiple driving models (or even multiple RCMs).  The difference 
between the two model runs provided gives an indication of the possible range of climate 
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responses, but it is necessarily incomplete.  Therefore, it should be noted that there is a 
degree of uncertainty to the model results that cannot be quantified at this time. 

2.4.1 PRECIPITATION 

Ouranos 

Ouranos modelling results were initially separated into liquid (rain) and solid (snow) 
components, rather than total precipitation (both liquid and solid).  However, there are 
difficulties associated with the rain-snow separation that are related to how the ground 
topography is represented in the model.  The grid for the RCM is relatively coarse (45 km 
by 45 km cells) which means that in mountainous areas such as Metro Vancouver an 
individual model cell can contain a range of elevations within it (e.g. from sea level to 
mountain peaks).  Each 45 km by 45 km cell is assigned an average elevation.  Averaging 
of near sea level terrain in grid cell with the nearby Coast Mountains elevations yields an 
“average” elevation for this cell of about 345 m, which is much higher than the actual 
average elevation of the FSA.  The elevation bias influences the form of the estimated 
precipitation and alters the ratio of snow to rain, since higher elevation areas receive 
more precipitation in the form of snow compared to lower elevation areas.  As a result, 
projected increases in rainfall are overestimated. 
 
The elevation bias was identified during the course of a previous analysis conducted for 
the VSA.  In order to correct for the elevation bias in the modelling results, Ouranos 
proposed that only the total precipitation be evaluated, rather than evaluating rain and 
snow separately.  Given that the FSA comprises mostly low-elevation terrain, existing 
snowfall accumulations are quite low (about 3% of total precipitation) and expected to 
diminish due to climate change.  Therefore, estimated changes in total precipitation could 
be assumed to represent changes in rainfall adequately for the objectives of the present 
study.     

Pacific Climate Impacts Consortium (PCIC) 

In addition to the climate modelling conducted by Ouranos (using CRCM v. 4.2.0), the 
Pacific Climate Impacts Consortium[1] (PCIC) has recently assessed modelling results 
for the entire province of British Columbia for both Global and RCM (PCIC 2009).  The 
ensemble mean results incorporate results from 15 GCMs using both the B1 and A2 
emissions scenario.  In addition, five runs of the Canadian Global Climate Model 
CGCM3 were assessed using the A2 emissions scenario.  Both the ensemble GCM mean 
and the CGCM3 A2 emissions scenario results indicates a strong warming trend, but the 
precipitation result is less clear both in magnitude of the estimated change and in the 
trend (i.e. increasing and decreasing). 
 
RCM results were derived from the CRCM version 4.1.1 (CRCM v. 4.1.1) using the A2 
emissions scenario and driven by Run 4 of the CGCM3 (i.e. similar to Ouranos).  
Estimated total annual precipitation for the grid cell containing the FSA is shown in 
Table 2-2.  
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Table 2-2: Estimated Changes in Total Precipitation from PCIC Modelling 

Event Estimated Increase by 2050s 
(%) 

Total Annual Precipitation 10 - 12 

Winter Precipitation 
(December/January/February) 0 - 10 

Summer Precipitation 
(June/July/August) 0 - 10 

Note:  Results from Figure 4.2.1b and Figure 4.2.3 of PCIC 2009. 

 
RCM projections may be considered to be more robust than GCM projections since, as 
stated by PCIC, “dynamical downscaling with an RCM introduces a more realistic 
representation of elevation and land surface characteristics to GCM projections”.  
However, there is additional uncertainty because of the low number of available model 
runs, and the use of only one emissions scenario.  The full spread of GCM projections 
using multiple global climate models and multiple emissions scenarios gives a sense of 
the uncertainty associated with climate model projections, compared with which the 
RCM projected changes are relatively small and therefore the predictions may be 
uncertain. 

2.4.2 RAINFALL 

Ouranos 

As noted in Section 2.4.1, climate modelling of total precipitation by Ouranos is assumed 
to be generally representative of trends in rainfall as the proportion of precipitation that 
falls as snow in the FSA is quite small.  Various indices of total precipitation were 
provided by Ouranos, including: 
 
 24-hour precipitation frequency (for events greater than 5 mm, 10 mm, and 20 mm); 
 average maximum annual precipitation amount; 
 average total annual and seasonal precipitation amount; 
 simple daily intensity index (average precipitation for any wet day); and 
 average length of wet spell (average maximum number of consecutive days with 

precipitation). 
 
For all indices, baseline conditions were provided as well as the modelled change at the 
various time horizons (2020, 2050, and 2080).  For the purposes of the report, 
precipitation and rainfall are assumed to be approximately equivalent in the discussion of 
the modelling results. 
 
In general, all indices suggest that there will be an increase in total rainfall amount, and in 
the frequency and magnitude of rainfall events.  Model results did not include changes to 
the intensity-duration-frequency (IDF) relationships that are typically used for design of 
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infrastructure; only annual statistics and exceedance probabilities for various intervals 
were provided.  Variability was highest between the two model runs in the seasonal 
precipitation totals, and the estimates of event frequency (2020 time horizon primarily), 
although no difference in trend was estimated. 
 
Estimated seasonal totals of precipitation show increases for all seasons in 2020 with the 
largest estimated increases occurring in the spring (March, April, and May).  For 2050, 
precipitation is projected to increase in all seasons except summer (which shows a very 
slight decrease).  Winter (December, January, and February) and spring (March, April, 
and May) increases in precipitation are the largest in 2050. 
 
Wastewater infrastructure is affected by rainfall storm events and, to a lesser degree, by 
the total annual rainfall.  Estimated changes in these two factors are summarized in Table 
2-3. 
 
Table 2-3: Estimated Changes in Precipitation from Ouranos Modelling 

Event Observed 
(mm) 

Average 
Estimated 

Change 
2020s 

(%) 

Average 
Estimated 

Change 
2050s 

(%) 

Range in 
Model 

Estimates 
2020s 

(%) 

Range in 
Model 

Estimates 
2050s 

(%) 
Average Annual 
1-day Maximum 
Precipitation 

73.1 +7 +17 2 1 

Total Annual Rain 1,881 +9 +14 9 4 
Note:   Climate simulations by Ouranos were produced by two runs of CRCM 4.2.0 driven by CGCM3 using the 

A2 GHG emissions scenario.  Average is based on the results of the two model runs provided by Ouranos.  
Range is the difference between the two model predictions for a given factor and time horizon. 
See Appendix A for complete listing of all Ouranos modelling results. 

Other Research 

Using output from many GCMs and three emissions scenarios, the consensus of GCM 
results is for an increase in fall and winter precipitation of about 10% for the 2071 to 
2100 time horizon (2080s).   

 
Trends in historical precipitation patterns in Metro Vancouver have been analyzed 
previously by Kerr Wood Leidal Associates Ltd. (KWL) (2002) and also by PCIC (2007) 
in an update to the KWL report.  KWL (2002) found that high intensity rainfall threshold 
exceedance showed increasing trends since the last cool phase of the PDO (1947-1976).  
These trends were statistically significant for April, May, and June months, and for 
shorter durations (up to 2 hours). 
 
The 2007 PCIC update report also concluded that rainfall intensity and threshold 
exceedance have generally been increasing in Metro Vancouver (PCIC 2007).  Identified 
trends in annual rainfall intensity are summarized in Table 2-4. 
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Table 2-4: Trends in Historical Annual Maximum Rainfall Intensity Records (PCIC 2007) 
Rainfall 
Duration 

Stations Exhibiting Significant Trend 
(%) 

Range in Significant Trends 
(mm/hr per century) 

5 minute 28 34 – 64  
10 minute 35 17 – 46 
15 minute 21 14 – 38  
30 minute 21 5 – 20  
1 hour 43 4 – 10  
2 hour 50 4 – 7  
6 hour 21 3 
12 hour 14 2 – 3  
24 hour 7 2 
Note:  Results summarized from Table 3.3 of PCIC 2007.  Total number of stations analyzed is 14 except for the 

24 hour duration for which only 13 stations were analyzed.  Trends were analyzed for significance at 
99.9%, 99%, 95%, and 90% levels and the summary includes all identified significant trends. 

 
Increasing trends in the annual maximum rainfall intensity are greatest for 5-minute to 
30-minute duration events.  At durations greater than 2 hours, few significant trends were 
discerned.  Increasing trends are more evident in seasonally-averaged data (spring and 
winter seasons) than for annual maxima. 
 
It is difficult to directly compare historical precipitation trends to the modelling results 
provided by Ouranos, as precipitation intensity was only modelled at 24-hour duration or 
longer. 
 
Recent research has attempted to use GCM climate projections (for which a large number 
of runs are available) to estimate changes in local rainfall (Jakob and Lambert, 20096).  
Jakob and Lambert used the GCM seasonal projections to estimate corresponding 
increases in 24-hour precipitation.  For the Vancouver region, the estimated increase in 
24-hour precipitation for the 2080s is about 6% based on this method (Jakob and 
Lambert, in press).  This increase is somewhat less than predicted by the RCM results, 
but may be a more robust estimate in that it is based on the ensemble of GCM results.   
 
Jakob7 furthered rainfall intensity analyses (based on his previous work and that of 
Ouranos) in a report prepared by BGC Engineering for Metro Vancouver.  The report 
provides IDF curves for the 2050 time horizon for 10 climate stations in Metro 
Vancouver.  Three of these stations are located in the FSA.  A correlation for each 
climate station was made between short duration rainfall (1, 2, 6, 12, 24, 48, and 72 hour 
durations) and monthly rainfall.  Based on the Ouranos monthly results for DJF 
(December, January, February) and SON (September, October, November), a 21% 

                                                 
6 Matthias Jakob & Steven Lambert, “Climate change effects on landslides along the southwest coast of British Columbia”, 

Geomorphology 107 (2009) 275-284. 
7 BGC Engineering Inc, Climate Change (2050) Adjusted IDF Curves: Metro Vancouver Climate Stations, May 2009. 
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increase in Metro Vancouver monthly total rainfall in 2050 was estimated.  2050-horizon 
IDF curves have been generated for each station. 

2.4.3 SNOWFALL 

Climate modelling predicts increasing temperatures in all months; therefore total seasonal 
snowfall amounts are likely to decrease.  Due to the elevation bias discussed in Section 
4.2.1, climate modelling results for snowfall are not available at this time (only total 
precipitation, of which snowfall is a very small proportion).  Given that snowfall is likely 
to decrease in the future, this weather event was removed from the vulnerability matrix. 

2.4.4 SEA LEVEL RISE 

Global Sea Level Rise 

Estimated global sea level rise was provided by Ouranos, based on CGM3 results.  
Estimated global sea level rise is summarized in Table 2-5.  Results were provided for 
only one model run. 
 
Table 2-5: Estimated Global Sea Level Rise Based on CGM3 

Event 2020s 
(m) 

2050s 
(m) 

2080s 
(m) 

Sea Level Rise 0.06 0.14 0.26 

 
The most recent report from the IPCC has a range in estimated sea level rise by 2100 of 
between 0.2 m and 0.6 m for results of the 6 GHG scenarios (Solomon et al, 2007).  As 
stated in the IPCC report, these results exclude future rapid dynamical changes in ice 
flow, which might further increase the rate of sea level rise.  Recent research examining 
the influence of enhanced polar ice melting predicts that global sea level rise could be 
much greater than that estimated by the IPCC: 0.8 m to 0.9 m (Overpeck et al, 2006) and 
possibly up to 1.6 m (Rohling et al, 2007). 

Local Sea Level Rise 

It should be noted that the rates discussed above are global (eustatic) rates of sea level 
rise.  Local sea level is relative, and is determined by a number of factors, including: 
 
 change in global ocean levels (due to thermal expansion of the ocean and melting of 

land-based ice); 
 local ground level movement (rising or sinking); and 
 local dynamics related to changes in wind. 

 
Some of these factors act to increase local sea level (e.g. land subsidence), while others 
act to decrease local sea level (e.g. land uplift). 
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Lambert et al (2008) find that the Fraser River delta areas (Richmond and Delta) are 
sinking at a rate of 1 mm/yr to 2 mm/yr, while other areas (Vancouver, Burnaby, Surrey, 
Tsawwassen Heights) are uplifting at a rate of 0 mm/yr to 1 mm/yr.  In localized areas, 
the measured subsidence rate may be even greater.  In the FSA, subsidence appears to be 
occurring on Annacis Island and in localized areas of Richmond north of Annacis Island.  
Other areas of the FSA show generally minimal change or slight uplift.  Therefore, for 
certain areas of the FSA such as Annacis Island, global sea level rise will be aggravated 
by a sinking land surface, increasing the relative sea level rise. 
 
Atmospheric effects may be of local importance as well.  In winter months, a northward 
wind is common along the outer coast, which acts in combination with the effects of the 
Earth’s rotation to push ocean water toward shore, thereby elevating sea level.  This 
effect is even more common during El Niño events, and can be substantial:  mean 
wintertime sea level is about 0.5 m higher than summer sea level on Washington’s coasts 
and estuaries (Mote et al, 2008). 
 
Two reports have recently been issued that summarize projected sea level changes for 
British Columbia in the 21st Century (Bornhold, 2008; Thomson et al, 2008).  The reports 
examine all factors contributing to changes in local sea level and summarize estimated 
increases in sea level for different locations in B.C.  Table 2-6 summarizes the projected 
sea level rise for Vancouver and the Fraser River Delta by 2100. 
 
Table 2-6: Relative Sea Level Rise for 2100 for Selected Locations 

 
Based on 

Extreme Low 
Estimate of Global 

Sea Level Rise 

Based on 
Mean Estimate of 
Global Sea Level 

Rise 

Based on 
Extreme High 

Estimate of Global 
Sea Level Rise 

Vancouver 0.04 m to 0.18 m 0.20 m to 0.33 m 0.89 m to 1.03 m 

Fraser River Delta 0.35 m 0.5 m 1.2 m 
Note:  Presented in Bornhold (2008). 

Summary 

As discussed above, estimates of global sea level rise vary widely and many scientists 
believe that projections based on existing climate models are likely to be low.  As stated 
in Bornhold (2008), sea level rise projections based on extreme high estimates of global 
sea level rise are considered possible; suggesting that the range of possible sea level rise 
by 2100 for the Fraser Delta areas is from 0.5 m to 1.2 m.  
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2.4.5 TEMPERATURE 

Monthly average minimum and maximum temperatures are projected to increase in 2020 
and 2050.  Average estimated increase by 2020 is 1.2°C to 1.3°C, and by 2050 is 2.1°C to 
2.3°C (Table 2-7 and Table 2-8).  The greatest increases are projected for January and 
July, and the increases are least for June and April. 
 
Similarly, the annual minimum temperature is projected to increase in both time horizons.  
The annual maximum shows a difference in estimated trend for the 2020 horizon, but an 
increasing trend for the 2050 horizon.  
 
Table 2-7: Estimated Changes in Average Minimum Temperature (from Ouranos) 

Month Observed 
(°C) 

Average 
Estimated 

Change 
2020s 
(°C) 

Average 
Estimated 

Change 
2050s 
(°C) 

Range in 
Model 

Estimates 
2020s 
(°C) 

Range in 
Model 

Estimates 
2050s 
(°C) 

January -0.6 2.1 3.4 0.1 0.4 
February 0.6 1.6 2.6 0.4 0.6 
March 1.8 0.8 1.5 1.2 0.9 
April 4.0 1.2 2.0 0.7 0.3 
May 7.0 1.1 1.8 0.2 0.9 
June 9.9 0.5 1.5 0.2 0.4 
July 11.4 1.4 2.7 0.1 0.8 
August 11.4 1.3 2.5 1.1 0.6 
September 8.9 1.3 2.3 1.1 0.7 
October 5.6 1.35 1.8 1.1 0.5 
November 2.4 1.5 2.4 0.1 0.2 
December 0.0 1.1 2.7 0.2 1.2 
Note:   Climate simulations by Ouranos were produced by two runs of CRCM 4.2.0 driven by CGCM3 using the A2 

GHG emissions scenario.  Average is based on the results of the two model runs provided by Ouranos.  
Range is the difference between the two model predictions for a given factor and time horizon. 
See Appendix A for complete listing of all Ouranos modelling results. 

 
 
Table 2-8: Estimated Changes in Average Maximum Temperature (from Ouranos) 

Month Observed 
(°C) 

Average 
Estimated 

Change 
2020s 
(°C) 

Average 
Estimated 

Change 
2050s 
(°C) 

Range in 
Model 

Estimates 
2020s 
(°C) 

Range in 
Model 

Estimates 
2050s 
(°C) 

January 5.2 1.8 2.7 0.01 0.02 
February 8.0 1.2 2.0 0.4 0.4 
March 10.5 0.7 1.4 1.1 0.6 
April 13.9 1.1 2.1 0.8 0.3 
May 17.6 1.0 1.8 0.2 1.0 
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Month Observed 
(°C) 

Average 
Estimated 

Change 
2020s 
(°C) 

Average 
Estimated 

Change 
2050s 
(°C) 

Range in 
Model 

Estimates 
2020s 
(°C) 

Range in 
Model 

Estimates 
2050s 
(°C) 

June 20.3 0.4 1.4 0.1 0.5 
July 23.4 1.5 2.8 0.01 0.9 
August 23.5 1.2 2.5 1.35 0.7 
September 20.4 1.3 2.2 1.3 0.8 
October 14.4 1.2 1.6 1.3 0.4 
November 8.7 1.5 2.2 0.3 0.2 
December 5.6 0.9 2.3 0.2 0.9 
Note:   Climate simulations by Ouranos were produced by two runs of CRCM 4.2.0 driven by CGCM3 using the A2 

GHG emissions scenario.  Average is based on the results of the two model runs provided by Ouranos.  
Range is the difference between the two model predictions for a given factor and time horizon. 
See Appendix A for complete listing of all Ouranos modelling results. 

2.4.6 DROUGHT 

Ouranos modelled the average maximum dry spell, defined as the average yearly 
maximum number of consecutive days with less than 1 mm of precipitation between 
April 1 and October 31.  The observed data indicate an average value of about 20 days.  
Modelling results for future conditions are somewhat inconclusive.  The two model runs 
show disagreement in trend for the 2020 time horizon.  At the 2050 time horizon, both 
runs predict a small increase in the maximum length of dry spell. 
 
Summer (June, July, and August) precipitation is projected to increase at the 2020 
horizon, but there is a discrepancy in trend between the runs for the 2050 horizon.  2080 
modelled totals indicate a consistent, small decrease in summer precipitation amount 
(about 5% less). 

2.4.7 WIND SPEED 

According to Ouranos, climate scenarios are difficult to produce for certain highly 
localized events (wind gusts, tornadoes, and thunderstorms) or events where processes 
are complex and depend on a number of factors (hurricanes, ice storms).  Therefore, 
quantitative predictions of wind speed were not provided.  A summary of expected trends 
based on the literature was provided instead, which suggests: 
 
 Tropical cyclones (typhoons and hurricanes) are likely to become more intense in the 

future but with the total number of tropical cyclones expected to decrease globally.  
There is also the possibility of a decrease in the weak hurricanes and increased 
numbers of the intense hurricanes. 

 
 There are no clear trends in the estimated frequency of hurricanes. 
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 Some modelling suggests that the atmosphere over mid-latitude areas may become 
more unstable, which would lead to increased convective activity. 

 
 Research cited in the IPCC TAR (2001), AR4 (2007) and noted in Thomson et al 

(2008) suggests that storm intensities in the North Pacific have increased over the 
period 1940 to 1998. 

2.4.8 EXTREME SEA LEVEL EVENTS 

Extreme sea level events can result when intense storms coincide with high tide level and 
regional effects such as El Niño.  Storm surge is the rise in the level of the ocean that 
results from the decrease in atmospheric pressure associated with hurricanes and other 
storms, and can be a significant component of an extreme sea level event.  Based on 
historical tide gauge data for Point Atkinson, maximum estimated storm surge heights are 
on the order of 0.8 m to 1.1 m (Triton Consultants, 2006). 
 
Climate change is expected to result in more frequent high water events and higher 
extreme water levels (BC Ministry of Water Land and Air Protection 2002).  The height 
of extreme high water events has increased at the rate of 3.4 mm/yr at Point Atkinson 
during the 20th century (BC Ministry of Water Land and Air Protection 2002).  Research 
cited in Thomson et al (2008) states that storm-surge related winds have increased in 
frequency since the PDO regime shift in 1976. 
 
The occurrence of extreme sea level events is linked to El Niño conditions.  Currently, 
some researchers believe that ENSO events are likely to become more frequent and/or 
possibly more intense as global temperatures rise (Thomson et al, 2008), although there 
are too few data to definitively answer the question.  Assuming that climate change 
results in an increased frequency and magnitude of El Niño events, it is expected that 
extreme high water events will become more frequent. 
 
Recent research cited in Thomson et al (2008) has attempted a preliminary assessment of 
the effect of global sea level rise and climatic effects on extreme sea levels in southern 
B.C.  Even based on the higher rate of assumed global sea level rise (5.7 mm/yr), the 
estimated 200-year return period extreme water level for 2100 is still lower than the 
current crest elevation of the Fraser River delta sea dyke system (Thomson et al, 2008).  
However, the following factors should be noted regarding these estimates: 
 
 it is assumed that climate change does not impact storm frequency; 
 run-up due to storm surge and waves is not included; and 
 the effect of ground subsidence is not included. 

 
Under some possible scenarios affecting the frequency and magnitude of storm events, it 
is possible that extreme water levels could be achieved that would overtop the sea dykes.  
In addition, ground subsidence will act to increase the relative rate of sea level rise. 
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2.4.9 FLOODING 

For the purposes of this study, flooding is assumed to be generated by two different 
mechanisms: 
 
 surface flooding associated with extreme rainfall events; and 
 flooding associated with the Fraser River. 

 
Climate change impacts on extreme rainfall have been discussed earlier in the report.  It 
is difficult to define a simple relationship between surface flooding and rainfall since 
flooding of this nature is often highly localized and dependant on antecedent conditions.  
In general, surface flooding is expected to increase with rainfall.  

FRASER RIVER FLOODING 

Recent modelling of the lower Fraser River indicates that the design flood profile in the 
lower river is governed by the winter profile (the 200-year return period winter storm 
surge with high tide combined with the Fraser River winter flood) (nhc, 2006).  The 
winter profile exceeds the freshet profile starting at a point 1,400 m downstream of the 
Alex Fraser bridge crossing, for the entire lower 28 km of the river.  Therefore, the Fraser 
River design profile through the FSA is partially governed by the spring (freshet) profile 
and partially by the winter profile. 

Winter Profile 

The winter profile is almost entirely controlled by the ocean level (nhc, 2006); therefore 
climate change effects on sea level rise and extreme high water events would be expected 
to increase the flood profile in the lower river.  Increases in the ocean boundary water 
level are essentially additive to the design flood profile in the lower 28 km of the river 
(most of Richmond and Delta).  By comparison, the effect of an increase in ocean 
boundary water level on the design flood profile is relatively small upstream of New 
Westminster (nhc, 2006). 

Summer (Freshet) Profile 

The Fraser River freshet is snowmelt-generated and occurs in late spring or early 
summer, and is not highly correlated with local rainfall.  Previous research indicates that 
climate change may actually decrease the magnitude of the Fraser River freshet peak 
flow, and shift the timing to earlier in the spring (Morrison et al, 2002).  Other large-scale 
changes such as Mountain Pine Beetle and increase in land development also may 
modulate the freshet response.  In small watersheds, Mountain Pine Beetle infestation 
results in an increase in peak flow volumes and in earlier freshet timing (Forest Practices 
Board, 2007), but it is not yet known how the cumulative impact of Mountain Pine Beetle 
will affect larger watersheds such as the Fraser River. 
 



 
 

METRO VANCOUVER 

INFRASTRUCTURE VULNERABILITY TO CLIMATE CHANGE – FRASER SEWERAGE AREA  
FINAL REPORT 
DECEMBER 2009 

 
 

 
2-16  KERR WOOD LEIDAL ASSOCIATES LTD. 

ASSOCIATED ENGINEERING (B.C.) LTD. 
251.221 

Dyke Assessment 

The Fraser River dyke system was recently assessed as part of the updated design flood 
profile work (nhc, 2006; nhc, 2008).  Dykes protecting the FSA include: 
 
 the Albion dyke (Maple Ridge); 
 the Pitt Meadows South dyke; 
 the Port Coquitlam dyke; 
 the Surrey dyke; 
 the Queensborough dyke (New Westminster); 
 the River Road and Marina Gardens dykes (Delta); and 
 the North and South dikes (Richmond).  

 
The Marina Gardens and Queensborough dykes were found to have crest elevations 
generally above the estimated design flood profile including freeboard.  The remaining 
dykes were found to either have freeboard less than the standard 0.6 m, or to be below 
design level (Albion dyke only). 
 
Given that the design flood profile does not include any allowance for estimated sea level 
rise, freeboard deficiencies would worsen (or develop) for dykes located in the lower 
28 km of the river if climate change effects are added into the assessment.  For dykes 
located where the freshet profile governs, climate change effects are somewhat uncertain:  
the minor increase due to sea level rise may be offset by potential decreases to the flood 
magnitude, but effects of large-scale influences such as Mountain Pine Beetle on the 
freshet have yet to be resolved. 

2.5 SUMMARY OF CLIMATE CHANGE ASSUMPTIONS 

Based on an assessment of the available climate change data, climate events were 
identified for the vulnerability assessment.  Climate events included in the analysis are 
summarized in Table 2-9. 
 
Table 2-9: Summary of Climate Events 

Climate Event Estimated Change 

Intense Rain Increase in 1-day maximum rainfall: 
17% by 2050s (Ouranos)1. 

Total Annual / Seasonal Rain Increase in total annual precipitation: 
14% by 2050s (Ouranos). 

Sea Level Elevation Increase in relative sea level elevation: 
0.5 m to 1.2 m by 2100 for Fraser River Delta. 

Storm Surge Not quantified.  Likely to increase2. 

Floods Not quantified.  Likely to increase. 
Temperature (monthly 
average high) 

Increases in monthly average maximum temperature: 
1.4°C to 2.8°C by 2050s (Ouranos). 
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Climate Event Estimated Change 

Drought 

Modelling is inconclusive in trend at the 2020 time 
horizon. 
Average maximum length of dry spell may increase 
by about 0.25 days by 2050s (Ouranos). 

Wind (extremes, gusts) Not quantified.  Likely to increase. 
Notes: 
1. Estimate is based on total precipitation, which is assumed to be approximately equivalent to 

rainfall in the FSA. 
2. Storm surge is a significant contributor to extreme high water events and therefore lack of 

quantitative data is a critical information gap. 
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3. INFRASTRUCTURE 

3.1 INTRODUCTION AND OBJECTIVES 

This section of the report covers the first two steps of the PIEVC Protocol, Project 
Definition and Data Gathering and Sufficiency as they relate to the infrastructure.  The 
objectives of these steps are to determine which components of the infrastructure will be 
studied and to develop an understanding of how the infrastructure currently functions.  

3.2 INFORMATION SOURCES 

KWL identified the infrastructure using a variety of technical information was gathered 
from Metro staff.  These sources included Geographic Information Systems (GIS) 
databases, operations records, and internal reports and memos.  The References section at 
the end of the report lists details. 

3.3 FRASER SEWERAGE AREA 

The FSA covers approximately 36,700 ha8 and includes the sewer systems from the 
following municipalities, as shown on the figure at the end of this report section.  
 
 District of Maple Ridge; 
 City of Pitt Meadows; 
 Township of Langley; 
 City of Langley; 
 City of Surrey; 
 City of White Rock; 
 Corporation of Delta; 
 City of Port Moody; 
 City of Port Coquitlam; 
 City of Coquitlam; 
 City of New Westminster; 
 City of Burnaby (excluding northwest corner, which is in the VSA); and 
 City of Vancouver (small section in southeast corner only). 

 

                                                 
8 The total serviced area tributary to the Annacis Island Wastewater Treatment Plant (AIWWTP) is approximately 36,700 ha.  There 

is an additional area of approximately 9 sq.km, also within the legal boundary of the FSA, that is serviced by a different 
wastewater treatment plant known as the Northwest Langley Wastewater Treatment Plant (NWLWWTP).  The NWLWWTP is not 
included in the scope of this study.  For the purposes of this study, the FSA area refers to that area tributary to AIWWTP. 
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3.3.1 COLLECTION SYSTEM 

Metro Vancouver operates trunk sewers that receive flow from local municipal sewer 
networks.  The catchments on the figure are therefore the municipal sewer catchments, 
which combined form the FSA.  As illustrated on the figure, most of the FSA contains 
separated sewers; however, in two areas, the municipal systems have sewers that convey 
combined sanitary and stormwater flow.   
 
Almost the entire City of New Westminster has combined sewers, and a number of 
catchments in Burnaby that border New Westminster are also combined sewer areas.  
Also in Burnaby, the Westridge Combined Sewer Area (WCSA) is located in the north 
end of the City.  The WCSA was built in the 1950s and 1960s.  This area is much smaller 
than the New Westminster Combined Sewerage Area (NWCSA).  Together, the 
combined sewer areas make up 1,440 ha, which is about 4% of the FSA.   
 
All flows from the FSA are conveyed to the AIWWTP before discharge to the Fraser 
River.  The exception is when, due to system operations or capacity exceedance, flow is 
discharged to either land or water as a sanitary sewer overflow (SSO) or a CSO.  These 
events will be discussed further in Section 4. 
 
The replacement value of the sewer system, both municipal and regional, in the FSA is 
valued at well into the billions of dollars.  The value of the FSA’s assets highlights the 
need for a sound and proactive management approach.  As the sewer infrastructure was 
built over many decades, so too should the system’s repair and replacement take place 
over many decades.  This strategy leads to fiscally reasonable programs and does not 
place the burden of a potential infrastructure crisis on any particular generation of the 
area’s inhabitants. 
 
According to the 2002 LWMP, the City of Burnaby is committed to implementing a 
combined sewer separation program that “proceeds on an annual basis, at a uniform rate, 
and that targets elimination of CSOs in the VSA by 2050 and in the FSA by 2075”.   
 
The City of New Westminster is committed to implementation of CSO reduction 
measures “which meet or exceed 1% per year, resulting in long-term CSO elimination by 
means of sewer separation as well as by other means (e.g. detention storage, source 
control, etc.).  The City will complete the installation of storm sewers within 22 percent 
of the combined sewer area by 2012”. 
 
Metro Vancouver and its member municipalities are committed to preventing sanitary 
sewer overflows (SSO) caused by heavy rain and snowmelt events occurring at a 
frequency no greater than once every 5 years for a 24-hour duration event by 2012. 
 
Further details of the LWMP are discussed in Section 3.7. 
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3.3.2 ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

Except for part of the Township of Langley (Walnut Grove area) that is served by the 
Northwest Langley Wastewater Treatment facility, the FSA is served by the AIWWTP, 
the largest wastewater treatment plant in Metro Vancouver.  The AIWWTP, built in 1975 
and located at the southwest corner of Annacis Island in Delta, currently services 
approximately one million people with secondary treatment.  Its total design average dry 
weather flow is 480 MLD and average annual flow is 580 MLD, with a peak wet weather 
flow of 1,050 MLD (all numbers are stage IV values).  AIWWTP treated effluent is 
discharged to the Fraser River. At the AIWWTP the District provides secondary 
treatment for flows up to two times average dry weather flow or 960 MLD.  
 
Based on its operational certificate (OC) issued by the province of B.C., in 2006, the 
facility was permitted as follows: 
 

2006 Results Biological Oxygen 
Demand (BOD) 

Total Suspended 
Solids (TSS) 

Maximum Daily 
Discharge 

OC Limits 45 mg/L 45 mg/L 1,050 MLD (max.) 
Daily Average 9 mg/L 12 mg/L 497 MLD 
Permit Exceeded 0 0 0 
 

3.3.3 COLLECTION SYSTEM 

The components selected for study are described below.  Since the VSA study addressed 
combined sewers extensively, the present study focuses on analyzing climate change 
impacts on separated sanitary sewers. 

PHYSICAL INFRASTRUCTURE 

Sanitary Sewer Gravity Mains.  Sewer gravity mains (trunks and interceptors) date 
back to the 1900s in the FSA.  A number of sections are designed to operate under 
surcharge9 during high flows.  On Figure 3-1, bolted manholes indicate areas where pipe 
surcharge is possible.  Over time, as flows have increased, the amount of time the sewers 
operate under surcharge has increased. 
 
Sanitary Sewer Designated Force Mains.  Pump stations lift sewer flows from lower 
elevations through force mains to trunks and interceptors at higher elevations.  These 
force mains are identified as “designated force mains” to differentiate them from gravity 
mains that operate under pressure during surcharge.   
 

                                                 
9  Surcharge is a condition where the hydraulic grade line rises above the crown of the pipe.  Surcharge can occur without overflow 

in a gravity sewer if either: 1) the HGL is above the crown but below the ground surface, or 2) the manholes are sealed and the 
pipe behaves as a force main. 
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Combined Sewer Gravity Mains.  Combined sewer gravity mains include both trunks 
and interceptors in the Westridge and New Westminster combined sewer areas.  The 
Sapperton Section in New Westminster and the Westridge Combined Trunk in the 
WCSA are designed to operate under surcharge during high flows. 
 
Combined Sewer Designated Force Mains.  Combined sewer lift stations convey flow 
in the WCSA Westridge Forcemain Section of the Lozells Trunk, and the Sapperton 
Forcemain along the waterfront of the NWCSA. 
 
Outfalls.  Most flow is conveyed to the AIWWTP; however, Metro Vancouver has a 
number of outfalls that discharge flows (sanitary or combined sewage) to receiving 
waters (either the ocean or the Fraser River) during heavy rain events or certain 
operational conditions.   
 
Pump Stations.  Metro Vancouver operates eighteen pump stations in the FSA.  Five are 
located in combined sewerage areas and thirteen are in separated sewerage areas. 
 
Manholes.  A large number of manholes in the FSA have bolted lids so that during 
system surcharge, the manholes provide additional storage capacity without allowing 
wastewater to overflow onto the streets.   
 
Flow & Level Monitors.  Monitors throughout the system are used to collect information 
on system functioning and / or provide information for real-time controls.   
 
Flow Control Structures.  Weirs are used to measure flow and to prevent CSOs by 
directing flows until overtopping occurs.  Gates are used limit or stop flow, and their 
position is controlled by flow measurement at an associated weir.   

SUPPORTING SYSTEMS / INFRASTRUCTURE 

Power Sources.  Power is required at the pump stations, flow monitors, control gates and 
Supervisory Control and Data Acquisition (SCADA) locations.  Power is provided by BC 
Hydro. 
 
Communications.  Modes of communication include telephone, two-way radio, e-mail, 
Internet, and importantly, telemetry (SCADA).  SCADA signals are sent by antenna from 
control points (e.g. a weir) to a control device (e.g. a gate) and to the operations centre.   
 
Transportation.  Transportation refers to the road conditions and driving conditions that 
can affect operations and staff response time. 
 
Personnel, Facilities, and Equipment.  Consideration is given to facilities, equipment 
and staffing situations not discussed under specific items above.  This includes the Lake 
City Operations Centre and works yards. 
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Records.  Records include data collected concerning daily infrastructure operations as 
well as weather conditions and events. 

3.3.4 ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

PROCESS 

The AIWWTP was initially constructed in 1975 as a primary treatment facility and has 
undergone several expansions and upgrades since that time.  In 1984, its capacity was 
increased by 63%.  The facility was upgraded and expanded to provide secondary 
treatment in 1997. 
 
The next set of upgrades, referred to as Stage V, tentatively consists of installing a 4th 
influent pump, six new pre-aeration tanks, three new sedimentation (primary clarifier) 
tanks, a 5th trickling filter, with its associated pumps, one new solids contact tank, four 
new secondary clarifiers, twin outfall, a new DAF tanks, a new digester and centrifuge 
with all associated and auxiliary equipment.  This upgrade is expected to be carried out in 
two phases with phase 1 spanning from 2009 to 2013 and phase two from 2012 to 2016.  
Figure 3-2 illustrates a simplified liquid stream process flow diagram for the current 
AIWWTP.  Figure 3-3 shows a simplified solids stream process. 

Liquid Stream 

Screening.  The wastewater arriving at the facility initially goes through three vertical 
bar screens (13 mm bar spacing, 3.6 m wide each) to remove course debris from raw 
wastewater. 
 
Influent Pumping.  After screening, raw wastewater is lifted into the treatment process 
by the influent pumping station.  The station consists of three 1,100 HP influent pumps 
with a total capacity of 6,300 L/s.  
 
Pre-Aeration/Grit Removal.  Screened wastewater discharged from the influent 
pumping station is conveyed through twenty-six pre-aeration tanks.  The tanks provide an 
average firm hydraulic retention time (HRT) of 24.4 minutes at design flows.  Air is 
provided by 3 multi-stage centrifugal blowers.  Collected grit is conveyed to the grit 
dewatering cyclones by six grit pumps.  Scum is also removed from the surface and 
pumped to scum screen by seven primary scum pumps.    
 
Primary Clarification (Sedimentation Tanks).  Following the pre-aeration tanks,  
wastewater enters the associated sedimentation tanks (13 in total) that remove settleable 
solids and the associated carbon that exerts a biochemical oxygen demand in the 
wastewater.  Primary effluent is collected in the effluent channel and directed to the 
trickling filters. 
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Trickling Filters.  Following the primary clarifiers, the wastewater enters the trickling 
filters via four 1,000 HP trickling filter pumps with a capacity of 440 to 3,900 L/s.  There 
are four trickling filters at AIWWTP with a diameter of 52 m each and media depth of 
6.1 m.  
 
Solids Contact/Re-aeration Tanks.  Trickling filter effluent flows by gravity to solids 
contact tanks which consist of four passes (73 m long and 14.3 m wide each).  The 
designed average HRT of solids contacts tanks is 1.3 hours.  The air for these tanks is 
provided by three 800 HP blowers.  
 
Secondary Clarifiers.  Solids contact tank effluent flows to the twelve secondary 
clarifiers which are 40 m in diameter each.  The clarifiers provide an average design 
overflow rate of 32.1 m/d.  
 
Chlorine Contact Tanks.  Secondary effluent flows into chlorine contact tanks for 
chlorination and de-chlorination.  The disinfected / de-chlorinated effluent flows into the 
outfall for discharge.  

Solids Stream 

Sludge Thickening.  Primary sludge generated in the primary clarifiers (sedimentation 
tanks) is pumped to the three gravity thickeners.  Waste secondary sludge (off solids 
contact tank) is pumped to the four Dissolved Air Floation (DAF) thickeners.   
 
Sludge Digestion.  Thickened combined primary and secondary sludge goes to the two 
(2) mixed sludge tanks and then is pumped to four anaerobic digesters (36 m in diameter 
each), operating in parallel plus three in-series digesters, where it undergoes extended 
thermophilic (55oC) anaerobic digestion for at least 20 days.  Microbially generated gas, 
containing methane, is directed to co-generation engines that provide electricity 
generation for on-site use.  Digester gas can also either be flared off or recycled to the 
digesters to promote mixing. 
 
Sludge Dewatering.  Stabilized sludge is pumped to digested sludge tanks and from 
there is pumped to dewatering centrifuges and then is stored in dewatered sludge storage 
building before it is transferred off-site for re-use.  AIWWTP produces Class A biosolids.  

HYDRAULICS 

Treatment Liquid-Stream.  Although not an infrastructure component per se, this sub-
category refers to the conveyance of wastewater through the AIWWTP once it arrives on 
site and through the treatment process and up until it reaches the gravity outfall.  This 
sub-category considers the ability of the infrastructure to convey the peak flows. 
 
Effluent Disposal.  This sub-category deals specifically with the hydraulics of 
discharging effluent from the AIWWTP site, de-chlorination through to the terminus of 
the gravity outfalls in Fraser River.  
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The outfall consists of three parallel steel pipes; two 1,676 mm and one 1,219 mm 
diameter.  These pipes were installed under the Annieville Channel of the Fraser River.  
The design maximum high water level (HWL) was 100.0 ft Greater Vancouver Sewerage 
and Drainage District (GVS&DD) datum (2.63 m Geodetic).  The reported design 
capacity for all three outfall pipes in service was 10.2 m3/s.  The possibility of outfall 
deficiency leading to in-plant flooding may be assessed by determining the joint 
probability of a period of high plant flows coinciding with a period of high tide levels. 

SUPPORTING SYSTEMS / INFRASTRUCTURE 

On-Site Pipelines.  This sub-category includes the on-site pipelines, including in-tunnel 
pipes and channel structures located at the AIWWTP, including the raw wastewater 
siphons and the land sections of the effluent outfall.   
 
Buildings, Tankage and Housed Process Equipment.  This sub-category includes the 
process tankage and building sub- and super-structures, building mechanical (i.e., 
Heating, Ventilation, and Air-conditioning (HVAC)) and electrical systems, and all 
process-related equipment housed in the buildings. 
 
Standby Power Generation.  AIWWTP uses cogeneration (utilizing digester gas) and 
natural gas to run then boiler systems for sources of back-up power.  The back-up power 
generated on site can only provide partial power to the treatment components.  
 
Base on the discussions with operations staff at the facility, the current practice during 
power outages is to carry out primary treatment only; extended power outages could lead 
to a solids-handling problems; it is estimated that a power outage lasting 2 or 3 days 
would cause an “in-equals-out” scenario as the sludge blanket increases. 

3.4 DESIGN CRITERIA 

Metro Vancouver’s LWMP outlines the region’s strategy for managing liquid waste, 
including: 
 
 setting a desired level of service; 
 identifying areas that fall short of target performance; and 
 evaluating options to improve performance. 

 
Under the LWMP, Basic Service capacity is the minimum desired level of service for 
conveyance capacity and is the basis for determining when to upgrade facilities to 
accommodate growth in sewerage loading.  Basic Service criteria include PDWF plus an 
allowance for 11,200 L/ha/d of I&I. 
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The Provisional Safe Operating Head is the estimated level at which there is a risk of 
SSO’s (basement flooding, spills to the street or outfall discharges to the environment).  
Once the Basic Service HGL (hydraulic grade line) exceeds the Safe Operating HGL for 
a main, a sewerage upgrade is required.  Historically, the design of some combined 
sewers was based on IDF (rainfall IDF) curves, but some of the very old sewers may 
have been sized more for practical operational reasons that are not well documented.   
 
From 1953, all regional sewers with Metro Vancouver were designed with the Rawn 
Design Criteria.  The design criteria were developed in 1953 as part of the Rawn Report, 
which was the sewer master planning report of the day and were updated in 1972.  The 
Rawn Criteria includes a wet weather allowance of 11,200 L/ha/d (1,000 imp. gallons per 
acre per day).  It should be noted that there are other factors involved in the Rawn 
calculation (e.g. land use assumptions) that typically make flow estimates more 
conservative than using the Basic Service criteria. 

NEW DESIGN AND PLANNING CONSIDERATIONS 

Under climate change constraints, materials with a high embedded carbon footprint are 
less desirable and may become less available.  There may also be an opportunity to 
consider alternative energy sources for pump and plant operations from sewer stream 
resource recovery. 
 
One approach to maximizing resource recovery is distributed wastewater management, 
which involves the spatial distribution of treatment facilities.  A distributed management 
approach offers a number of advantages.  First, it reduces the upgrading requirements on 
downstream facilities as capacity is returned to them by intercepting flow upstream.  
Second, additional opportunities for water reuse and wastewater-derived heat energy are 
created over a wider geographic area.  Finally, by reducing flow in the downstream 
reaches of the system the frequency and volumes of existing overflows can be greatly 
reduced if not eliminated.   
 
Although it has yet to be proven that a distributed system costs less than a traditional 
centralized facility even with offsetting revenue stream, a distributed approach could be 
viable if a major redevelopment opportunity was incorporated or if significant land and 
conveyance issues were presented downstream.  Further study is recommended to explore 
resource recovery and distributed wastewater management opportunities. 
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3.5 INFRASTRUCTURE OPERATIONS 

3.5.1 INTERCEPTOR SEWAGE COLLECTION 

Four interceptors collect and deliver sewerage to the AIWWTP:  the Big Bend 
Forcemain, New Westminster Interceptor (NWI), South Surrey Interceptor (SSI), and 
North Surrey Interceptor (NSI).  The NWI is a combined sewer, with sewage intercepted 
from both combined sewer mains and separate sanitary sewer mains.  The NSI and SSI 
convey only sanitary sewage.   
 
During severe storm events, the NWI conveys a significant amount of combined flow to 
AIWWTP.  Because the downstream section of the NWI (Columbia Section before the 
Fraser River siphon crossing) is on a steep slope and high elevation, the combined 
sewage flow is conveyed freely to the AIWWTP.  Both the NSI and SSI, however, are at 
lower elevations, so they are more restricted by downstream conditions.  Flow monitoring 
has shown that during wet weather, the ratio of flow from the NWI increases and the ratio 
from the NSI and SSI decreases10. 
 
An additional effect is that during wet weather, the HGL in the Surrey interceptors 
increases, sometimes above manhole lids and the bases of dwellings.  This has caused 
flooded basements and roadways. 
 
To prevent this flooding during wet weather, the Braid Street Outfall, located upstream of 
the Sapperton Pump Station, can be used to bypass flow to the Fraser River in a 
controlled manner.  As a result the AIWWTP receives an increased portion of rainwater 
for treatment while sanitary sewage is discharged to the Fraser River. 
 
Metro Vancouver has taken proactive steps to address these issues, through system 
upgrades such as sewerage storage tanks as well as operational adjustments (changing 
SCADA-controlled gate locations and settings).  

3.5.2 COMBINED SEWER OVERFLOWS 

The portion of the combined flow that the interceptors cannot convey is removed from 
the system by allowing CSOs at designated overflow points.  This overflow provides a 
“safety valve” that prevents back-ups of untreated wastewater into homes and businesses, 
flooding in city streets, or bursting underground pipes.  Metro Vancouver’s plan is to 
reduce, then eliminate, CSOs through the process of gradual conversion to a separate 
sewer system.  Outfalls that discharge CSOs are located in both the WCSA and NWCSA. 
 
The NWCSA has 11 combined sewer outfalls, as shown in the following table: 
 

                                                 
10 This discussion is based on Metro Vancouver’s New Westminster Operational Plan, March 2002. 
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Table 3-1: NWCSA Combined Sewer Outfalls 
No. 

(from East 
to West) 

Name Diameter 
(m) NWI Branch 

1 20th Street Outfall 0.45 West 

2 18th Street Outfall 0.45 West 

3 4th Avenue Outfall 0.51 West 

4 16th Street Outfall 0.38 West 

5 3rd Avenue Outfall 0.38 West 

6 Royal Avenue PS / 12th Street 
Outfall 1.37 West 

7 10th Street Outfall 0.38 East 

8 8th Street Outfall 0.38 East 

9 Begbie Street Outfall 0.25 East 

10 6th Street Outfall 0.38 East 

11 Glenbrook Outfall 0.60 East 

Note:  Refer to Metro Vancouver’s New Westminster Operational Plan, March 2002. 

 
With the exception of Royal Avenue PS Outfall, the discharge capacity of these outfalls 
decreases less than 10% with a high tide change of 1.0 m11.  The Royal Avenue PS 
Outfall, however, can experience an almost 50% decrease in discharge capacity with a 
one metre rise in tide.  Once the tide level exceeds 1 m geodetic datum, outfall capacity is 
exceeded and the HGL is above the upstream manhole rim elevation.  This effect is 
particularly significant because this outfall is the largest in the NWCSA. 

 
Metro Vancouver conducts ambient and receiving environment monitoring in areas 
where water quality has the potential to be affected by wastewater and stormwater12.  
Ambient monitoring programs exist for the southern portion of the Strait of Georgia and 
the lower Fraser River.  In 2007, Metro Vancouver expanded its ambient monitoring by 
developing and implementing a program for Burrard Inlet, which receives CSOs from the 
WCSA.  Programs for monitoring the receiving environment include monitoring 
wastewater treatment plant discharges, recreational water quality and discharge quality of 
CSOs.   
 
The information and data collected from the monitoring work is used to determine if any 
stormwater and/or wastewater discharges are contributing to exceedances of water quality 
objectives.  Monitoring programs provide input data into a framework that triggers Metro 
Vancouver’s response to potential threats to the environment of receiving water bodies.   
 

                                                 
11 According to HGL analyses tabulated in Metro Vancouver’s New West Minster Operational Plan, Appendix C. 
12 Text on monitoring is from Metro Vancouver’s Liquid Waste Management Plan Biennial Report - September 2008.  
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Traditionally, engineers have used three types of CSO reduction techniques13: 
 
a. Sewer separation at source points. 
b. Temporary detention of combined sewage for delayed treatment. 
c. Increased interception and conveyance of combined sewage for treatment. 
 
All of these options are being studied by Metro Vancouver for suitability from an 
environmental, social and economic perspective.      

3.5.3 SANITARY SEWER OVERFLOWS 

The location of known SSOs are outlined below.  Overflow frequency has not been 
analysed as part of this study, and total annual SSO volumes are unavailable.   
 
Operations staff categorizes discharge causes as follows: 
 
 heavy rain; 
 hydro failure; 
 pipe failure (e.g. blockage); and 
 station failure. 

 
Metro Vancouver planning staff identified locations where major SSOs have been 
reported, as shown in the following table.   
 
Table 3-2: Major SSO Locations 

Location Details 

Sapperton PS 
Overflow 

 If the pump station overflows, overflow is directed to the Braid 
Street gate and outfall. 

 
 This pump station is being upgraded; the corresponding force 

main is already in place. 
 

Braid Street Outfall 

 Controlled SSO location by the junction of the Coquitlam and 
Brunette Interceptors. 

 
 SSO volume is limited by outfall capacity (head is needed to push 

discharge, due to Fraser River levels). 
 
 Sapperton PS upgrade will alleviate this situation by conveying 

more flow.  
 

 Calculations indicate that about 70% of the discharge is I&I14.  
 

                                                 
13 Westridge Combined Sewerage Area Operational Plan, Metro Vancouver, November 2003. 
14 Metro Vancouver’s New Westminster Operational Plan, March 2002, p.8. 
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Location Details 

Maillardville Overflow 

 Historical overflows in this location have been through a manhole 
and onto the street. 
 

 High I&I flow is thought to be a major contributing factor to this 
overflow. 

 
 Twinning of the trunk as a growth-triggered pre-build has 

eliminated overflows occurring with low return period rain storms. 
 

Mary Hill and Port 
Coquitlam Outfalls 

 Overflows at these locations are due to high inflows during wet 
weather. 

 

Cloverdale PS 

 Overflows occur during wet weather. 
 
 The Cloverdale SSO Storage Tank is built to contain frequent 

storm events, but SSOs may still occur for larger storms.  Wet 
weather treatment is being considered. 

 

Katzie Slough SSO 

 SSO’s are being addressed by I&I management, downstream 
upgrading of both the Katzie Pump Station and the Port Mann 
Interceptor and, potentially, wet weather treatment. 

 
 
The Sapperton PS and its forcemain, the “Sapperton System”, located in New 
Westminster, is the largest sewage pump station in Metro Vancouver.  The Sapperton 
Sewerage Area receives all sewage from Burnaby Central Valley, the City of Port 
Moody, the City of Coquitlam, the City of Port Coquitlam, and the Sapperton area of 
New Westminster (a total of 12,400 ha, which is 36% of the FSA area).  Sapperton PS 
pumps sewage to the NWI and ultimately the AIWWTP.  During dry conditions, about 
4% of the flow is combined sewage; however, during wet weather it may be as much as 
20%.  The station currently requires major upgrades or replacement, to address 
deficiencies in capacity, safety, maintainability, and reliability. 
 
Metro Vancouver has recently prepared conceptual designs for treatment of sanitary 
sewer overflows (SSOs) in different locations throughout their jurisdiction (Associated 
Engineering, 200915).  The conceptual designs propose installation of high-rate treatment 
systems at the SSO locations to reduce the concentrations of BOD and TSS followed by 
UV disinfection before discharging into the receiving environment.  They also include 
recommendations to relocate the discharge point from environmentally sensitive 
locations to larger, less sensitive bodies of water.  
 
High-rate treatment and in-line or off-line storage of the wet weather overflows is being 
considered along with the end-of-pipe upgrades. 

                                                 
15  Conceptual Design for Wet Weather Overflow Treatment at Lynn Creek, Cloverdale and Katzie, Associated Engineering, 2009. 
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EMERGENCY RESPONSE 

Currently, many Metro Vancouver facilities are not equipped for power failure.  Portable 
generators are currently used in the case of power failure, and many new pump stations 
have back-up power.  There is a program in place to install back-up power at all facilities, 
but the timeline is not well established. 

3.6 SPECIFIC JURISDICTIONAL CONSIDERATIONS 

3.6.1 COLLECTION SYSTEM 

Key legislation relevant to Metro Vancouver operations includes The Municipal Act, The 
Greater Vancouver Sewerage and Drainage District Act, and the Environmental 
Management Act (previously the Waste Management Act).  Under the Waste 
Management Act, Metro Vancouver developed an approved LWMP in 2002. 
 
Specific provisions in the LWMP include: 
 
 Policy P8:  Infrastructure Management.  The District and its member 

municipalities will establish sewer system infrastructure management programs that 
will maintain the regional trunks and interceptors, the municipal collection system, 
and the private service laterals in a state of good repair.  The objective will be to 
ensure the sustainability of the collection system so that expensive repair and 
rehabilitation is not deferred to future generations and that the average daily 
infiltration and inflow will not exceed 11,200 litres per hectare per day as a result of a 
storm with less than a five year return period. 

 
 Policy P9:  Basic Sanitary Sewer Service Capacity.  The District will establish a 

basic level of service capacity for all District sanitary sewers that provides for the 
conveyance of measured dry weather flows plus a wet weather allowance for 
infiltration and inflow of 11,200 litres per hectare per day, such that the hydraulic 
grade lines do not exceed established safe operating levels. 

 
The above excerpts are of note because of their reference to 11,200 L/ha/d as a target for 
I&I.  It is certain that rainfall increase due to climate change will result in increased I&I.  
Therefore, use of an absolute target (i.e. 11,200 L/ha/d) means that municipalities may 
have difficulties time meeting the LWMP commitments.  Use of a relative benchmark 
(such as two times average dry weather flow) would stabilize municipal efforts to comply 
with the LWMP at the cost of accelerating Metro Vancouver capacity upgrades. 
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There are also targets related to eliminating SSOs associated with the 5-year return period 
storm event. 
 
Complete details of the policies and commitments are too extensive to include here.  For 
convenience, a copy of the LWMP can be obtained online at 
http://www.metrovancouver.org/services/wastewater/planning/Pages/default.aspx. 
 
The LWMP is currently being updated and is available in draft form at the time of 
writing.  It sets a long term vision to achieve a fully sustainable liquid waste system 
through resource recovery and re-use.   
 
The first key strategy is to minimize liquid wastes at their source.  This includes 
preventing rainwater and groundwater from entering sanitary sewer systems.  As an 
action, the new draft plan suggests that I&I plans be implemented so that wet weather I&I 
are less than Metro Vancouver’s I&I allowance as measured at Metro Vancouver’s flow 
metering stations.   
 
In a study of I&I effectiveness commissioned by Metro Vancouver, it is noted that as a 
result of spatial variation in rainfall intensity, a 5-year 24-hour event will produce very 
different rainfall volumes across Metro Vancouver.  Further work is recommended to 
determine how this (or other variables such as soil type or grade) relates to a specific I&I 
target (e.g. 11,200 L/ha/day).  Geographic or rainfall related targets might be considered. 
 
The second key strategy is to reduce wet weather overflows.  Key actions to achieve this 
are improving sewer inspection and rehabilitation programs to keep rainwater and 
groundwater out of sanitary sewers, and separating the remaining combined sewers in 
Burnaby, New Westminster and Vancouver.  The target for separation of FSA combined 
sewers to the extent required to minimize the occurrence of CSOs to a frequency no 
greater than once every 5 years is 2075. 
 
Of note, as the combined sewers in the FSA are separated, ownership of some sewers will 
transfer from Metro Vancouver to the municipalities.  Metro Vancouver will operate the 
separated sanitary sewers while the municipalities assume responsibility for the storm 
sewers, potentially transferring some risk of storm overflows from Metro Vancouver to 
the municipalities. 
 
Another key strategy is to provide resilient infrastructure to address risks and long term 
needs.  Commendably, the new draft plan recognizes that an understanding of climate 
change impacts must be considered when developing liquid waste planning scenarios that 
guide design and planning of sewerage and regional wastewater treatment systems.   
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3.6.2 ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

Metro Vancouver operates the AIWWTP under a variety of jurisdictional considerations.  
Most directly, under its LWMP, the AIWWTP is regulated by an OC specific to the 
facility. 
 
The LWMP also commits Metro Vancouver to monitor the facility’s influent and effluent 
to determine its performance and to trend and maintain a minimum 10-year future 
projection to determine the adequacy of treatment process components and to establish 
process component design capacities for Operating Certificate (issued on March 3, 1971 
and amended on April 23, 2004).  (Commitment C9. Treatment Plant Upgrading 
Projections).  
 
Effluent discharged from the AIWWTP is also subject to the federal Department of 
Fisheries and Oceans Fisheries Act.  Under the general provisions of Section 36 of the 
Act, deleterious substances are not to be discharged to fish-bearing waters. 
 
The federal government is planning to introduce a new wastewater effluent regulation 
under the Fisheries Act in 2009.  This regulation will have evolved from the ongoing 
work of the Canadian Council of Ministers of the Environment (CCME) and 
Environment Canada to develop a Canada-wide strategy for the management of 
municipal wastewater effluent.  Once legislated, this regulation will apply to the 
AIWWTP facility.  However, it is anticipated the facility will comply with regulatory 
requirements. 
 
Metro Vancouver controls the non-domestic discharges to the AIWWTP through its 
Sewer Use Bylaw No. 164.  The Annacis Island plant can accept all types of trucked 
domestic waste from all areas of Metro Vancouver.  Non-domestic waste is not accepted 
at the Annacis facility. 

3.7 DATA SUFFICIENCY 

The Project Definition step of the assessment is intended to compile general information 
on the infrastructure details.  System maps and GIS data provided sufficient information 
on the major components of the collection system.  Communications with Metro 
Vancouver staff helped to fill in some of the development details that were absent from 
these materials. 
 
At a broad level, several recent documents provided a general description of the key 
process elements at the AIWWTP as well as the history of facility development over 
time.  Communications with Metro Vancouver staff assisted the team to clarify some of 
the development details that were absent from written material.  From the perspective as 
to what comprises the AIWWTP, no significant data gaps were obvious. 
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The Data Gathering and Sufficiency step of the assessment is intended to further define 
the infrastructure.  A significant amount of information was gathered during this step of 
the project - all such material had to be requested from Metro Vancouver, which 
responded promptly and to the best of its ability.  Complexity, age and multi-stage 
upgrade and expansion timeline of the AIWWTP presented some challenges in compiling 
the facility information and data.  The data and information available on the AIWWTP 
infrastructure was generally sufficient for the level-of-detail required for the initial 
activities of the project. 
 
Large volumes of detailed information, in the form of GIS data, and operational reports, 
were available for the collection system.  A number of possible errors and omissions 
were noted in the GIS geodatabases, so assumptions were made to complete the figures in 
this section. 
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4. VULNERABILITY ASSESSMENT 

4.1 OBJECTIVES AND METHODOLOGY 

This section of the report covers the third step of the PIEVC Protocol, Vulnerability 
Assessment, corresponding to Worksheet 3.  Step three is a qualitative assessment in 
which professional judgment and experience are used to determine the likely effect of 
individual climate events on individual components of the infrastructure.  To achieve this 
objective, the Protocol recommends using an assessment matrix to assign a probability 
and a severity to each interaction.  
 
The Protocol specifies that in developing the vulnerability assessment matrix, a scaling 
system with values ranging from 0 to 7 be applied to rank both the climate events and the 
response severity.  Three different options for selecting the scale values are provided in 
the Protocol.  For this project, Method A (climate probability scale factors) and Method E 
(response severity scale factors) were selected as being the most appropriate based on the 
available data.  Scale values for both methods are summarized in the table below. 
 
Table 4-1: Selected Scale Factor Methods from PIEVC Protocol 

Scale Method A 
Climate Probability Scale Factors 

Method E 
Response Severity Scale Factors 

0 Negligible or not applicable Negligible or not applicable 
1 Improbable Measureable change 
2 Possible Change in Serviceability 
3 Occasional Loss of some capacity 
4 Moderate  Loss of significant capacity 
5 Often Total Loss of Capacity / Loss of Some Function 
6 Probable Loss of Function 
7 Certain Loss of Asset 

 
Climate change can have both negative and positive consequences.  Based on the climate 
modelling scenarios provided by Ouranos, only those climate events that are likely to 
create a vulnerability with increasing frequency or intensity in the study area have been 
included in the matrix.  For this reason, extreme low temperature and snowfall are not 
included in the matrix because model results suggest that extreme low temperatures will 
increase (i.e. become less severe), and snowfall amount and intensity will decrease. 
 
The PIEVC protocol states that the climate probability scale factor (Sc) is to be used to 
express a professional opinion regarding the probability that a climate event will occur; 
however, such a judgement is outside the scope of our professional field of expertise, and 
would be based on very limited data.  Instead, the Sc has been interpreted as the 
probability that a climate event will interact with the infrastructure.  If there is no 
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infrastructure deficiency caused by the climate event, then there is no interaction of 
interest and Sc factor is set to zero.   
 
The severity scale factor represents an estimate of the severity of this interaction.  The 
highest severity ratings have been given to performance responses that lead to 
environmental contamination or risks to public health and safety (primarily SSOs and 
CSOs).  “Loss of function” refers to the inability of the infrastructure to fulfill the 
purpose for which it was built; for example, a main that exceeds capacity may not be able 
to convey flow to the treatment plant. 
 
The vulnerability assessment matrix for this project is included at the end of this section.  
Under each climate effect column heading, there are four sub-headings, as follows: 
 
1. Y/N (Yes/No).  This field is marked “Y” if there is an expected interaction between 

the infrastructure component and the climate effect, and “N” if not. 
 
2. SC (Climate Probability Scale Factor).  This is the assumed probability of an 

interaction between the infrastructure component and the climate effect.  
 
3. SR (Response Severity Scale Factor).  This is the assumed severity of the 

interaction. 
 

4. PC (Priority of Climate-Infrastructure Interaction).  This is calculated as SC 
multiplied by SR.  This priority value is used to determine how the interaction will be 
assessed in the next steps of the protocol.  Because this is a qualitative assessment, 
the PC should not be used to prioritize recommended actions. 

 
At the end of this assessment, three categories of infrastructure-climate interactions 
emerge: 
 
1. PC ≥ 36.  Strong probability of a severe effect.  These effects are discussed in the 

recommendations section of the report. 
 
2. 12 < PC > 36.  Possibility of a major effect.  These effects are considered to be in a 

“grey area”, where it is uncertain whether the impact is sufficient to develop 
recommendations.  In Step 4 of the protocol, a quantitative analysis is used to 
determine which effects to leave aside and which to discuss further. 

 
3. PC ≤ 12.  Unlikely to have much effect.  These infrastructure-climate interactions are 

left aside without further analysis or recommendations. 
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4.2 ASSESSMENT RESULTS 

4.2.1 GENERAL 

The tables at the end of this section summarize the results of the vulnerability assessment 
and the text below provides the rationale behind the values in the matrix table.  The 
matrix values are based on the current, not planned, sewer system. 
 
The project team met with AIWWTP management and Metro Vancouver WWTP 
Division staff on February 3, 2009 at the AIWWTP for a facility tour and consultation 
session.  Beyond this session, a number of communications were held with AIWWTP 
management and operations staff to obtain additional information on facility operations, 
current issues and potential future issues.  The consultation session and staff 
communications provided valuable information to the project team. 
 
Planning for the effects of extreme events can be aided by recording not only the weather 
event data, but also by logging system responses.  In the case of the conveyance system, 
essential data to collect includes daily CSO volumes at each outfall, SSO volumes and 
locations, sewer flows at key points, such as control points, and maintenance and 
operations records related to extreme events.  The values in the “Records” row on the 
assessment matrix indicate the importance of compiling records for the particular climate 
effect. 
 
Extreme weather events also increase construction costs directly through delays, wear 
and tear on materials and equipment, and increased insurance costs for contractors. 

ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

The primary performance responses considered in the AIWWTP Vulnerability 
Assessment were related to functionality, operations and maintenance, and integrity of 
both the infrastructure components and the site itself.  Within these broad categories, 
capacity and redundancy, which impacts capacity, were of particular importance.  The 
discussion contained in the following sections highlights specific performance responses 
considered in the Vulnerability Assessment. 

4.2.2 INTENSE RAIN 

COLLECTION SYSTEM 

High-intensity, short-duration (1 to 12 hour) storms are generally a greater concern for 
municipal collection systems than for regional facilities such as Metro Vancouver.  
Ouranos provided climate change effects for a minimum rainfall duration of 24 hours; 
therefore, on the matrix table intense rain refers to maximum 24-hour rainfall. 
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Exceeded capacity or failure of larger mains has a more severe impact than failure of 
smaller mains.   

Sanitary Sewer Gravity Mains 

Even in a completely separated storm sewer and sanitary sewer system, rainwater enters 
sanitary sewer mains through I&I.  Inflow is the direct ingress of storm water from 
sources such as storm-sewer cross-connections and overland flow through manhole lids.  
Infiltration occurs when water first seeps into the ground then enters the pipes or 
manholes through defects.   
 
Sanitary mains are designed to convey some I&I; currently the LWMP allows for a 
maximum of 11,200 Litres per hectare per day for storms with less than a five year return 
period.  It is certain that increased rainfall intensities and volumes will lead to increased 
I&I.   
 
Metro Vancouver’s I&I reporting template standard acknowledges a linear relationship 
between rainfall and I&I.  Increasing I&I rates as a result of climate change induced 
rainfall increase is a key consideration for the current revision of the LWMP.   
 
Most of the I&I that enters the Metro Vancouver system is from the municipal flow into 
the Metro Vancouver system.  In turn, a large proportion of the municipal I&I is from 
service lines.  It is certain that increased rainfall intensities and volumes will lead to 
increased flows in the separated sewers, in the absence of other mitigating system 
changes.  The effect will be reduced capacity to convey flow to the AIWWTP; overflows 
will be more frequent and discharge greater volumes.   
 
When sanitary mains exceed capacity to the point that there are overflows, then they are 
not fulfilling their function of conveying sewage.  The SR for sanitary sewers is 6, since 
there would be loss of function but not loss of the asset. 

Sanitary Sewer Designated Force Mains 

Pumps and force mains are designed in conjunction with each other, such that force 
mains convey design flows at an acceptable velocity and head loss.  The effect of 
increased rainfall (and system flow) will be increased periods of (or more continuous) 
operation of the forcemain, or increased periods of higher flow and velocity as additional 
pumps within a station are required to operate.  The resulting impact is increased wear, 
which would be a moderate occurrence with a measurable change in response; therefore, 
the SC would be four and the severity of response one.   
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Combined Sewer Gravity Mains 

Rainwater enters combined sewer mains via the street catchbasins, roof leaders and drain 
tiles connected to collection system mains.  It is certain (SC = 7) that increased rainfall 
intensities and volumes will lead to increased flows in the combined sewers, in the 
absence of other mitigating system changes.  The effect will be reduced capacity to 
convey flow to the AIWWTP; instead, CSOs will be more frequent and discharge greater 
volumes.  As for the sanitary sewer mains, the SR is 6, since there would be loss of 
function but not loss of the asset. 

Combined Sewer Outfalls 

Increased rainfall will increase the flows in the outfalls.  If the outfalls are undersized for 
the flows, higher discharge velocities will lead to erosion at the mouth of the outfall pipe, 
or, for very high flows, the outfalls could act as bottlenecks, with flow surcharging 
upstream.  As discussed in the previous section, at least one outfall is already under 
capacity.  An outfall acts as a bottleneck if the flow into the outfall is too high and/or the 
receiving water level is too high.  Metro Vancouver’s analyses, discussed in the previous 
section, suggest that the outfalls are more sensitive to the level of the receiving body of 
water than the flow into the outfall; therefore, the SC is six (rather than seven for the 
gravity mains) but the SR is the same as for the gravity mains. 

Pump Stations 

Increased flows at the pump stations may exceed pump station capacity, which could 
result in overflows locally or upstream.  In both the combined and separated areas, excess 
flow is discharged at outfalls and designated overflows to prevent overflows at a more 
sensitive location.  The SC is therefore set at 7.  Because pump station capacity 
excecedance would lead to loss of function (i.e. ability to pump all flow), the SR is rated 
6.  The health and environmental impact is considered severe.  
 
In addition, more incidents of high flows would lead to smaller windows for maintenance 
of pump stations and downstream sewer infrastructure, although this is more strongly 
related to annual rainfall statistics. 
 
The schedule of some planned pumping upgrades, required for growth, may need to be 
accelerated to accommodate increased flows. 

Manholes 

For the purposes of matrix assessment, the open pipe at the bottom of the manhole is not 
considered part of the manhole; assessment of manhole vulnerability includes the barrels, 
cover, and lid. 
 
Increased rainfall would result in increased flows through the manholes.  The deeper the 
manholes, the more capacity they have for storage of peak flows during intense rain 
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events.  There is a risk, however, of overflows onto the street if the wastewater rises to 
ground level and the manhole is not sealed and bolted.  As shown on Figures 3-1 and 3-2, 
some sections of the system are designed to operate under surcharge conditions during 
heavy rain events (i.e., manhole lids are bolted shut).   
 
As discussed in the previous section, some manholes are already susceptible to surcharge 
onto the roadway.  This phenomenon is expected to increase with climate change.  With 
heavier rain events in the future, it is possible that additional sections that currently have 
unbolted manholes will also surcharge.   

Flow and Level Monitors 

Some types of monitors may not work properly under extreme high flow conditions such 
as those that would occur during intense rain events.  As a result, data on event 
magnitude would be unavailable.  More importantly, if a particular monitor is linked to 
operation of a control structure, the sewer system may not work as intended.  Currently, 
some overflow locations are controlled by SCADA links to level monitors.  As discussed 
in the previous section, these operational controls are expected to increase with the 
addition of new gates and SCADA controls.  The effect of loss of SCADA control would 
be high (SR = 6), but the likelihood of intense rain rendering the level controls is lower.   

Flow Control Structures 

Performance of flow control structures such as gates and weirs is not expected to degrade 
with increased peak flows; however, operation or sizing of the structures may be 
influenced.   

ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

AIWWTP Process and Hydraulics 

Hydraulic constraints within the FSA collection system physically “shelter” the 
AIWWTP from the excess amount of wet-weather wastewater flow, impacted by rainfall 
induced I&I and stormwater, which can be conveyed to the AIWWTP.  Therefore, even 
though climate change may result in an increase in the magnitude and frequency of 
intense rainfall events and thus increase the potential to generate wet-weather flows, 
higher peak flow rates are not expected to be received at the AIWWTP.  Metro 
Vancouver in conjunction with member municipalities is currently implementing an 
extensive I&I reduction program throughout the region.  At the same time, future 
capacity upgrades will provide an opportunity to address and accommodate the effects of 
climate change as part of those upgrades.  
 
Nevertheless, more frequent and/or more intense, or longer duration of individual wet-
weather events could impact the treatment process in other ways.  For example, primary 
clarification performance may be reduced during wet-weather flow events, which could 
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result in more days per year with increased organic mass loading to the secondary 
treatment process units.  Currently the facility is dealing with hydraulic jumps (i.e. 
uneven distribution of flow) in the influent channel, primary clarification (sedimentation) 
tanks and a few other locations.  These in turn affect the efficiency of treatment processes 
such as solids removal, scum removal, and grit removal during high-flow events.   
 
In addition, increased frequency of such events would reduce process redundancy 
“windows” (e.g. treatment units taken out of service for maintenance).  This situation 
could leave the AIWWTP with greater exposure to operations difficulties. 
 
From an operations perspective, more frequent wet-weather events would also impact 
influent pumping from an energy perspective.  Increased maintenance should be expected 
due to additional wear and tear on mechanical components. 
 
Metro Vancouver’s I&I alleviation policy as well as sewer system upgrades within FSA 
will help to mitigate any actual effects induced by climate change and thus needs to be 
considered in the assessment.  Overall, the probability of intense rain impacting liquid-
stream treatment process performance and hydraulics, as well as effluent disposal 
hydraulics, was deemed to be probable.  The assigned response severity varied with 
infrastructure component on the basis of available redundancy and importance in overall 
system. 

AIWWTP Supporting Systems / Infrastructure 

Increased maintenance should be expected due to additional wear and tear on mechanical 
components. 

4.2.3 TOTAL ANNUAL/SEASONAL RAIN 

COLLECTION SYSTEM 

Collection System Physical Infrastructure 

Increased rain will lead to increased flows within the collection system, but the intense 
events, not the average rainfall, cause the significant performance responses.  These 
events may be exaggerated because higher total annual and seasonal rainfall could result 
in greater soil saturation prior to extreme events.  Furthermore, higher average rainfall is 
due to both more intense rain and more days with rain, which reduces maintenance 
windows.   
 
Particularly in the combined sewer areas, increased seasonal rainfall will increase flow, 
dilute wastewater and reduce the wastewater temperature.  These factors have the 
potential to improve system performance, reducing corrosion, increasing scouring, and 
reducing odour. 
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ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

AIWWTP Process and Hydraulics 

In most seasons the average total rainfall amount is predicted to notably increase because 
of climate change effects in the Lower Mainland, B.C.  While most of this rainwater may 
not reach the AIWWTP because it might cause collection system overflows upstream the 
facility during more intense events, some fraction of the rain will in fact be conveyed to 
the AIWWTP in the wet-weather flows.  Therefore, it is highly probable that increases in 
total annual / seasonal rain will impact liquid-stream hydraulic capacity, in some manner.  
Considering the short and long term capacity upgrades that are being considered for the 
AIWWTP, the effect on treatment process performance, capacity (e.g. displacing capacity 
for generated wastewater) will be minimal.  However when the rainfall events coincide 
with power failure the probability of bypassing the secondary treatment increases.  In 
terms of operations, increased pumping costs, and additional wear on mechanical systems 
could be expected.  At the same time Metro Vancouver’s sewer separation policy will 
tend to reduce the probability that this climate effect will impact the AIWWTP and thus 
the probability of an effect was reduced. 
 
In terms of the severity of infrastructure responses, a moderate value has been assigned to 
the process and hydraulic components. 

AIWWTP Supporting Systems / Infrastructure 

Increased maintenance should be expected due to additional wear and tear on mechanical 
components. 

4.2.4 SEA/RIVER LEVEL ELEVATION 

COLLECTION SYSTEM 

Sea level rise will affect discharge hydraulics at outfalls to the ocean with a potential for 
upstream overflows as the outfalls create a bottleneck.  A significant rise in sea level, 
especially combined with high tides and storm surge, could result in sea water ingress to 
the collection system, though the impact of this on the collection system itself would be 
minimal.  Pump stations near the ocean and river may be affected:  a number of pump 
stations have been built to flood protection standards which are now outdated.16   
 
 

                                                 
16 Metro Vancouver email correspondence (Brent Burton) May 19, 2009. 
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ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

AIWWTP Process 

A general rise in average sea level, and as a result Fraser River in tidal areas, is predicted 
to occur as a result of climate change effects, which might lead to potential sea water 
intrusion into the collection and treatment system.  Given the location of the AIWWTP 
and its distance from the ocean, it is less likely that the facility plant itself will be directly 
impacted by sea level rise; however, sea level rise will impact the surface elevation of the 
Fraser River, adjacent to the AIWWTP.  As well, sea water intrusion might occur at 
pump station wet-wells, or other vulnerable points in the collection area, such as in White 
Rock and parts of Delta, which could potentially be below the new sea level. 
 
Salt-water intrusion due to sea level rise could impact the ionic strength and relative 
concentrations of ions in the wastewater.  This in turn could affect the physical, chemical, 
and biological processes.  However, based on information available, the probability of a 
climate effect is judged to be remote with a similarly low infrastructure severity response. 

AIWWTP Hydraulics 

AIWWTP treated effluent is discharged to the Fraser River.  The outfall consists of three 
parallel steel pipes; two 1,680 mm and one 1,220 mm diameter installed under the 
Annieville Channel of the Fraser River.  The design maximum HWL is 100.0 ft 
GVS&DD datum (2.63 m Geodetic).  The reported design capacity for all three outfall 
pipes in service is 10.2 m3/s.  
 
An increase in the average sea and as a result Fraser River tidal levels could impact 
AIWWTP effluent disposal hydraulics.   
 
A Lower Fraser River Hydraulic Model was prepared in 2006 by Northwest Hydraulics 
(nhc) for the Fraser Basin Council.  This model was developed, calibrated, and then used 
to evaluate possible future scenarios.  The future scenarios assumed a sea-level rise of 
0.6 m over the next century, based on findings of the Inter-Governmental Panel on 
Climate Change.  Based on this assumption and accounting for potential ground 
subsidence on the Fraser Delta, the findings of the modeling predicted an increase in the 
winter design flood level in the lower 28 km of the river by approximately 0.6 m, with 
small effects on the freshet profile upstream of New Westminster. 
 
Metro Vancouver plant hydraulics calculations were based on an Extreme High Water 
Level (HWL) of 3.45 m Geodetic datum (102.70 GVS&DD Datum) at the outfall 
location in the Fraser River.  The findings by nhc (2006) suggest that the Extreme High 
HWL at the outfall location in the Fraser River used in Metro Vancouver’s plant 
hydraulics calculations could be as much as 0.6 m too low to correctly represent potential 
future scenarios due to effects from sea level rise.  The modelled river water elevation is 
also higher than design maximum HWL for the outfall.  As Metro Vancouver has 
suggested, the possibility of outfall deficiency leading to in-plant flooding may be 
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assessed by determining the joint probability of a period of high plant flows coinciding 
with a period of high tide levels.  
 
Given the sea level predictions and its effects on Fraser River Elevation, it is highly 
probable that there will be a climate effect on this infrastructure component.  In this 
context, the severity of this effect should include the effects on discharge from the outfall.  
Overall, a low response severity factor was selected for the assessment. 

AIWWTP Supporting Systems / Infrastructure 

The nhc Lower Fraser River Hydraulic Model report (2006) describes the following: 
 
“When applied to the freshet design profile, a 0.6 m rise in ocean level (entire tidal cycle 
raised) increased the starting level at the downstream boundaries to 2.04 m.  With this 
assumption, the water levels at the winter/freshet profile transition point (just downstream 
of New Westminster at km 28) were 0.33 m higher.  Flood levels upstream of km 28 are 
governed by the freshet discharge.  The computed water level at New Westminster is at 
4.0 m GSC (Geodetic Survey of Canada), which is 0.3 m above the historic 1894 flood 
profile established from previous studies in 1969.” 
 
During the aforementioned site meeting, AIWWTP operational personal explained that 
the AIWWTP is located such that it experiences effects from both winter storm surges in 
the ocean and spring freshets in the Fraser River; the effects of both are comparable.  The 
general opinion was that these effects are not expected to worsen as a result of climate 
change and furthermore, that there is currently no outfall capacity issues and none are 
anticipated for the foreseeable future.  Also it was confirmed that all buried tanks are 
designed to counteract the ground water buoyancy forces; if the groundwater level was to 
increase, these could potentially be affected, depending on how the increase compares to 
the original design criteria.  AIWWTP personnel indicated that there have been no issues 
with flooding on the site; the site is protected by the dykes in Delta. 
 
On the other hand, the nhc report (2006) concluded that even “for present winter design 
conditions (i.e. with no sea-level rise due to climate change or delta subsidence) 
freeboard is inadequate at Delta (Westham Island, Marina Gardens and sections of River 
Road).”  Similarly, the report states the following:  “As the duration that water levels 
exceed freeboard increases, the risks of a dike failure also increases.  Dikes, even with 
adequate freeboard, may fail due to seepage, piping and geotechnical conditions.  The 
above analysis suggests that for both the freshet and winter design conditions, 
catastrophic flooding will occur along the Lower Fraser River.” 
 
The model results by nhc (2006) suggest that in future the river water levels may change 
the experience to date at the AIWWTP site.  Considering the minimum elevation of the 
dykes at Annacis Island is about 3.6 m and the flood levels in the river may approach or 
even exceed this number.  
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The probability and severity were considered to be low and high. 

4.2.5 STORM SURGE 

COLLECTION SYSTEM 

The matrix ratings for storm surge are the similar to those for sea level, but the 
probability is slightly higher:  the effects would be similar, though storm surge would be 
more rapid and severe than sea level rise.  Without dyking improvements in low-lying 
areas, flooding may lead to sanitary contamination near outfalls. 

ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

AIWWTP Hydraulics 

In the aforementioned report by nhc (nhc, 2006) for the Fraser Basin Council, the 
findings included that storm surge conditions govern high water levels in the lower 
estuary, more so than high discharges during the freshet.  The lower estuary is defined, in 
this case, as the lower 28 km of the river, or downstream from a point 1,400 m of the 
Alex Fraser Bridge.  The AIWWTP is located just upstream of the Alex Fraser Bridge, 
and therefore, it can be inferred from the findings of the nhc report (2006) that the HWL 
at the AIWTTP site will be governed by high discharges during the freshet, more so than 
storm surges. 
 
The effects of storm surge when they arrive at the facility are comparable to the spring 
freshet in Fraser River.  The effects on hydraulics will be similar to what was discussed 
under Fraser River water elevation rise.  Those effects will however intensify if the storm 
surge and spring freshet flows happen together.  
 
The severity of this response was deemed to be moderate since the hydraulic profile for 
the existing outfall suggests there may not be sufficient allowance to accommodate the 
predicted increase in the extreme HWL. 

AIWWTP Supporting Systems / Infrastructure 

Increased storm surge can also potentially impact the AIWWTP site in the context of 
flooding, although the AIWWTP has not experienced such induced flooding in the past 
and as discussed above, the HWL of the river at the location of the AIWWTP is expected 
to be governed more by high discharges during the spring freshet than during storm surge 
conditions. 
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4.2.6 FLOODS  
 
This climate event refers to local floods caused by rainfall.  It is expected that though 
floods, such as those on streets, would be in specific susceptible locations, they would 
also be widespread. 

COLLECTION SYSTEM 

Sanitary Sewer Gravity Mains 

Street flooding could lead to inflow into the mains through manhole lids; however, this a 
secondary effect and has been accounted for under intense rain.  The effects of flooding 
action on gravity mains would be minimal.  

Pump Stations 

Street flooding following a rain event may inundate buried pump stations and damage 
electrical equipment, especially in older stations built without flood protection.  Note that 
generally, critical electrical components are above-ground.  The risk of pump stations 
experiencing flooding depends on the location and design of individual pump stations, 
with some at high risk and others at low risk.  Flooding affects access, making it difficult 
to refuel standby power.  The impact of a pump station failure would be wet well 
overflow that could cause local environmental contamination and human health risk.  
Although the impacts are severe, the probability of flooding-induced vulnerability is 
moderate. 

Transportation 

Street flooding would make it more difficult for Metro Vancouver crews to respond to 
emergency situations in the vicinity of the flooding (such as pump station failure as 
described above).   

4.2.7 HIGH TEMPERATURE 

COLLECTION SYSTEM 
 
Average monthly maximum temperature increases may have some impact at pump 
stations, due to electromechanical overheating and HVAC requirements.  Sewage gases 
may also increase.  The SC is rated “occasional” and the effect could be the loss of some 
capacity (SR = 3).   
 
ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

AIWWTP Process 

Most biological, physical and physical-chemical treatment processes are impacted to 
some extent by temperature.  Given the predicted increase in monthly average maximum 
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temperatures, we expect that the probability for a climate effect on the grit removal and 
primary clarification processes will be remote and it is unlikely that there would be a 
measurable response in terms the severity of the effect on performance or capacity.  
Alternatively, it is anticipated that the warmer temperatures will increase the solids 
fermentation potential within the gravity sludge thickeners and so a moderate climate 
probability was assigned to this infrastructure component.  Increased fermentation will 
increase odour generation potential and return additional soluble carbon to the liquid-
stream treatment process that could affect the secondary treatment system.  Other effects 
of extreme temperatures could include a decrease in dissolved oxygen levels and 
potential un-planned nitrification in the system.  Changes in pH could also happen in the 
system.  It should be noted however that a few degree changes in the air temperature does 
not linearly correspond to changes in wastewater temperature (i.e. wastewater 
temperatures remain relatively constant).  As a result, the severity of effect assigned to 
this infrastructure component is low. 

AIWWTP Supporting Systems / Infrastructure 

Anaerobic sludge digestion requires heat inputs to maintain internal digester temperatures 
in the appropriate range (e.g. 55oC for thermophilic units).  Warmer ambient outside air 
temperatures will potentially reduce the heating requirements and thus create additional 
capacity in the existing heating system.  Because this situation is a benefit of climate 
change, rather than vulnerability, no scale factors were applied to either the climate 
probability or response severity. 
 
Increases in monthly high temperatures could also impact heating / ventilation / air 
conditioning systems (HVAC), which could affect staff working conditions and process 
equipment (e.g. high temperature cut-out of heat sensitive equipment such as variable 
frequency drives on electric motors).  However, given the current HVAC equipment have 
extra capacity, higher temperature will likely not affect the performance of the staff and 
equipment within the facility.  Therefore, this particular climate effect and infrastructure 
response was excluded from the assessment. 
 
Increased ambient temperatures could also impact the AIWWTP infrastructure from a 
corrosion perspective.  Specifically, increased wastewater temperatures would enhance 
wastewater fermentation in the collection system, in turn producing more hydrogen 
sulphide.  Additional hydrogen sulphide released into the atmosphere at the AIWWTP 
would augment corrosion at the facility which could potentially reduce the life of 
tankage, pipes and channels.  Given the predicted increase in ambient temperatures, the 
probability of this climate effect was deemed to be occasional, while the severity 
response was rated low. 
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4.2.8 DROUGHT 

ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

AIWWTP Process 

Extended summer dry-weather periods could result in higher strength wastewater (i.e. 
less rainfall dilution) over longer durations, which could impact influent quality.  
However, the probability of this climate factor affecting the AIWWTP was judged to be 
remote given the predicted (i.e. minimal) magnitude of change in the average maximum 
duration of dry-weather periods.  Similarly, the severity response on the AIWWTP was 
also deemed to be low. 

AIWWTP Supporting Systems / Infrastructure 

The situation described above could also increase the corrosion potential due to hydrogen 
sulphide generation and release from the wastewater.  Again, due to the minimal change 
in duration of the dry-weather periods, both the climate probability and response severity 
factors were assigned low values. 

4.2.9 WIND 
 

COLLECTION SYSTEM 

Power Sources 

As mentioned previously, not all facilities have redundant power supplies.  Frequency or 
severity of power outages may increase with increased wind storms.  Loss of power can 
lead to loss of pumping, which would lead to overflows.  Power loss at pump stations 
may also result in transient flows (surge) which can result in valve and/or force main 
damage.   
 
Power loss occurs at pump stations on occasion; therefore, standard designs include 
power failure provisions and surge protection (surge anticipator valves).  It is outside the 
scope of this study to assess the adequacy of such provisions at each FSA pump station.  
With climate change, increased wind forces may increase the frequency of power losses, 
but since this is not a novel occurrence, the matrix rating is low. 
 
Communications 

SCADA disruption due to antenna damage during high winds could mean that system 
controls would not work.  Even if rated for high winds, blown debris or nearby tree 
branches could interfere with an antenna used for signalling gates to open or close or 
pumps to operate.  This would affect overflow locations and volumes.    
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ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

AIWWTP Process 

Although climate change effects on wind-related events are difficult to predict, an 
increase in the frequency and severity of wind extremes could impact the AIWWTP 
operations.  Winds could exacerbate the effect of hydraulic jumps in primary clarifiers 
(sedimentation tanks) which would in turn effect on efficiency of scum removal.  Strong 
winds may damage the roof of the process units specifically trickling falters which in turn 
will result in odour release and may compromise the treatment process.  While the 
probability that this climate effect could impact the facility was deemed possible, the 
severity response was considered to be low. 

AIWWTP Supporting Systems / Infrastructure 

As mentioned before, in winter months, a northward wind is common along the outer 
coast, which acts in combination with the effects of the Earth’s rotation to push ocean 
water toward shore, thereby elevating sea level.  This effect is even more common during 
El Niño events, and can be substantial: mean wintertime sea level is about 0.5 m higher 
than summer sea level on Washington’s coasts and estuaries (Mote et al, 2008).  This in 
turn could aggravate the effects of Fraser River water elevation rise. 
 
An increase in high wind events could result in a higher occurrence of BC Hydro power 
loss (i.e. power lines blown down).  Currently short-term power disruptions (lasting for a 
matter of hours at most) occur only a few times per year.  There are two separate 
transmission lines feeding the facility; this mitigates the frequency of power outages at 
the facility.  This situation however is an example of where cumulative climate effects 
(i.e. intense rain plus high winds during a storm) could impact the AIWWTP.  An 
occasional probability scale factor was assigned to this climate effect, but a likely loss of 
function response severity factor was identified due to the limitations in on-site power 
generation to support secondary treatment processes for long term events. 
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Table 4-2: Vulnerability Assessment Matrix

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

COLLECTION SYSTEM
PHYSICAL INFRASTRUCTURE

Sanitary Sewer Gravity Mains Y 7 6 42 Y 7 3 21 Y 1 1 1 Y 1 1 1 Y 3 6 18 N N N
Sanitary Designated Force Mains Y 4 1 4 Y 2 1 2 N N N N N N
Combined Sewer Gravity Mains Y 7 6 42 Y 7 3 21 Y 1 1 1 Y 1 1 1 Y 6 1 6 N N N
Combined Sewer Designated Force Mains Y 4 1 4 Y 3 1 3 N N N N N N
Outfalls Y 6 6 36 Y 3 2 6 Y 4 6 24 Y 5 6 30 N N N N
Pump Stations Y 7 6 42 Y 7 2 14 Y 4 4 16 Y 5 4 20 Y 4 7 28 Y 3 3 9 Y 2 3 6 Y 3 2 6
Manholes Y 6 6 36 Y 2 1 2 Y 1 1 1 Y 1 1 1 Y 7 1 7 N N N
Flow & Level Monitors Y 2 6 12 N N N Y 3 4 12 N N N
Flow Control Structures Y 4 4 16 Y 2 1 2 N N N N N N
SUPPORTING SYSTEMS / INFRASTRUCTURE

Power Sources N N N Y 1 4 4 Y 1 3 3 Y 1 7 7 Y 2 3 6 Y 5 6 30
Communications N N N N Y 2 3 6 N N Y 4 6 24
Transportation Y 6 2 12 N N Y 1 3 3 Y 5 4 20 Y 1 2 2 N Y 5 2 10
Personnel, Facilities, and Equipment Y 1 1 1 N N Y 2 2 4 Y 4 3 12 N N Y 4 2 8
Records Y 7 5 35 N 4 3 12 Y 4 6 24 Y 5 6 30 Y 5 4 20 N N Y 4 6 24
TREATMENT (AIWWTP)
PROCESS

Screening Y 5 4 20 Y 6 3 18 N N N N N N
Influent Pumping Y 6 4 24 Y 6 3 18 N N N N N N
Pre-aeration/Grit Removal Y 6 4 24 Y 6 3 18 N N N N N N
Primary Clarification Y 5 4 20 Y 6 3 18 Y 2 2 4 Y 3 2 6 N N 2 1 N Y 2 4 8
Trickling Filters N Y 5 2 10 Y 2 2 4 Y 3 2 6 N Y 5 3 15 N N
Solids Contact/Re-aeration Tanks N Y 5 2 10 Y 2 2 4 Y 3 2 6 N Y 5 3 15 N N
Secondary Clarifiers Y 5 3 15 Y 5 2 10 Y 2 2 4 Y 3 2 6 N Y 1 2 2 N N
Chlorine Contact Tanks Y 5 3 15 Y 5 2 10 N N N N N N
Sludge Thickening N N Y 2 2 4 Y 3 2 6 N Y 1 3 3 Y 2 2 4 N
Sludge Digestion N N Y 2 2 4 Y 3 2 6 N Y 1 3 3 N N
Sludge Dewatering N N N N N N N N
HYDRAULICS 0 0
Treatment Liquid-Stream Y 4 2 8 Y 4 2 8 N N N N N N
Effluent Disposal Y 1 2 2 N Y 7 6 42 Y 7 6 42 N N N N
SUPPORTING SYSTEMS / INFRASTRUCTURE 0 0 0
On-site Pipelines (includes tankage for river rise) N N Y 6 5 30 Y 6 6 36 N N N 2 2 N
Buildings, Tankage and Housed Process Equipment N N Y 2 6 12 Y 3 6 18 N Y 2 3 6 N 2 2 N
Standby Generators N N N N N N N Y 3 6 18

KERR WOOD LEIDAL ASSOCIATES LTD.
ASSOCIATED ENGINEERING (B.C.) LTD.
O:\0200-0299\251-221\300-Report\FinalReport-2009-12\[FSA-Matrix&Tables_V8.xls]4.3.6(Matrix)

days km/h

C L I M A T E    C H A N G E    E F F E C T S 

m m3 ºCmm mm m
Wind (extremes, gusts)Temperature (extreme high) DroughtSea/River Level Elevation Storm SurgeIntense Rain Total Annual/Seasonal RainInfrastructure Components Floods
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Table 4-3: Climate Effect Ratings Between 12 and 36 

Infrastructure Component Climate Variable 
Priority of 
Climate-

Infrastructure 
Interaction 

COLLECTION SYSTEM 
Physical Infrastructure 

Total Annual/Seasonal Rain 21 Sanitary Sewer Gravity Mains 
Floods 18 

Combined Sewer Gravity Mains Total Annual/Seasonal Rain 21 
Sea Level Elevation 24 Outfalls 
Storm Surge 30 
Total Annual/Seasonal Rain 14 
Sea Level Elevation 16 
Storm Surge 20 

Pump Stations 

Floods 28 
Flow Control Structures Intense Rain 16 
Supporting Systems / Infrastructure 
Power Sources Wind (extremes/gusts) 30 
Communications Wind (extremes/gusts) 24 
Transportation Floods 20 

Sea Level Elevation 24 
Storm Surge 30 
Floods 28 

Records 

Wind (extremes/gusts) 24 
TREATMENT (AIWWTP) 
Process 

Intense Rain 20 Screening 
Total Annual/Seasonal Rain 18 
Intense Rain 24 Influent Pumping 
Total Annual/Seasonal Rain 18 
Intense Rain 24 Pre-aeration/Grit Removal 
Total Annual/Seasonal Rain 18 
Intense Rain 20 Primary Clarification 
Total Annual/Seasonal Rain 19 

Trickling Filters Temperature (monthly high) 15 
Solids Contact/Re-aeration Tanks Temperature (monthly high) 15 
Secondary Clarifiers Intense Rain 15 
Chlorine Contact Tanks Intense Rain 15 
Supporting Systems / Infrastructure 
On-site Pipelines (includes tankage for sea level 
event) Sea/River Level Elevation 30 

Buildings, Tankage and Housed Process Equipment Storm Surge 18 
Standby Generators Winds (extreme, gusts) 18 
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Table 4-4: Climate Effect Ratings Greater than or Equal to 36 

Infrastructure Component Climate Variable 
Priority of 
Climate-

Infrastructure 
Interaction 

COLLECTION SYSTEM 
Sanitary Sewer Gravity Mains 42 
Combined Sewer Gravity Mains 42 
Outfalls 36 
Pump Stations 42 
Manholes 

Intense Rain 

36 
TREATMENT (AIWWTP) 
Hydraulics 

Sea/River Level Elevation 42 Effluent Disposal 
Storm Surge 42 

Supporting Systems / Infrastructure 
On-site Pipelines (includes tankage for sea level 
event) Storm Surge 36 

4.3 OTHER POTENTIAL CHANGES THAT AFFECT THE INFRASTRUCTURE 

4.3.1 COLLECTION SYSTEM 

A number of upcoming changes will affect the system: 
 
Sewer Separation.  In the VSA study, Metro Vancouver staff pointed out that the 
reduction in sewer flow from sewer separation will, in general, be vastly greater than the 
increase due to climate-based rainfall effects.  In the FSA, sewer separation will 
significantly decrease inflow into the collection system, but only in localized areas and 
specific sections of mains.  The goal is to achieve complete sewer separation by 2030 in 
the City of Burnaby17, with the WCSA given priority18.  The City of New Westminster is 
separating sewers in the Lower Columbia area, as well as throughout the city on an 
opportunistic, case-by-case basis.  Since the separation program is still in progress, a 
unique opportunity exists to adequately size the separate stormwater and sanitary sewers 
for the effects of climate change. 
 
Another effect of progressive sewer separation frequently identified during the project is 
increasing wastewater strength, although this is unrelated to climate change factors.   
 

                                                 
17 Based on conversations with VSA Study Workshop participants. 
18 For information on the status of sewer separation in Burnaby and New Westminster, see Metro Vancouver’s Liquid Waste 

Management Plan Biennial Report, September 2008, p.D-22. 
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Long Range Plans.  Construction projects that are part of long range plans will improve 
system operations, presumably increasing the ability to manage SSOs and CSOs; 
however, discussions of the objective of each project are outside the scope of the present 
study.  The major upgrades of interest in the FSA planned in the next decade include: 
 
 Sapperton PS Upgrading (required for growth); 
 Burnaby Lake North Interceptor (required for growth); 
 Sperling PS (required for growth); 
 Langley PS (required for growth); 
 North Nicomekl Trunk Sewer No. 2;  
 NSI – Port Mann Section (required for growth); and 
 SSO treatment at the Cloverdale SSO Tank and Katzie Slough).  

 
In addition, the Eastern Township of Langley will soon be connected to the FSA, 
increasing flow in the SSI. 

 
Infrastructure Replacement.  Replacement of aging infrastructure decreases the risk of 
system blockages and provides the opportunity to install larger mains or separate 
systems.  New sanitary sewer mains have lower I&I rates than older mains.  The design 
life (for materials, not capacity serviceability) is considered to be 100 years for mains and 
50 years for pump stations.   
 
Green Infrastructure.  Increasing efforts at building green infrastructure may be used to 
increase resiliency in adapting to climate change.  Green infrastructure can be defined as 
“systems and practices that use or mimic natural processes to infiltrate, evapotranspirate, 
or reuse stormwater or runoff on the site where it is generated” (EPA 2008).  The 
objective of green stormwater infrastructure would be to prevent stormwater from 
entering sewer pipes.  This objective would be achieved by allowing stormwater to 
infiltrate into the ground or by collecting it and using it in a greywater system (such as for 
lawn watering or toilet flushing).  Examples of green infrastructure include porous 
pavement, rain gardens, green roofs, and rain barrels.   
 
The Federation of Canadian Municipalities has published the National Guide for 
Sustainable Infrastructure (InfraGuide), which contains best management practices for 
stormwater management, including the development of green infrastructure components. 
 
Metro Vancouver has completed significant efforts studying and promoting green 
infrastructure over the past number of years, with the overarching goal of net 
environmental benefits at a watershed scale.  Green infrastructure initiatives are also 
expected to form a significant component of the revised plan, currently under 
development. 
 
Whereas a direct benefit is clearly recognized for combined sewer systems, it is possible 
that separated systems will suffer a negative impact due to green infrastructure.  It is 
foreseeable that rain water that is directed to porous pavement or rain garden areas could 
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make its way to sewer pipe trenches, where it may enter sewer pipes as infiltration.  
However, no evidence has yet been presented to confirm this is happening. 
 
Inflow & Infiltration Reduction and Age Based Rate Decay.  Sanitary sewer loads can 
decrease with inflow & infiltration reduction programs (at the municipal or regional 
level), but generally increase due to material deterioration over time.  Metro Vancouver 
has completed a study of the effectiveness of I&I reduction.  Results indicate that the 
11,200 L/ha/d target set by the LWMP will become increasingly difficult to achieve 
without increasing effort (i.e. private lateral management, etc.) as a result of aging 
infrastructure and climate change based rainfall increase.   
 
Population Growth.  Population growth will increase sanitary sewer loading over the 
entire study period.   
 
Land Use.  Planned densification may increase total impervious area, leading to more 
runoff and sewer loading.  The migration of industry out of the greater downtown area is 
offsetting this in small measure.  
 
Water Conservation.  Water conservation programs reduce indoor water use, decreasing 
sanitary loading.  Another potential effect of water conservation is the reduced inclination 
to flush the sewer system with potable water (from hydrants).  System flushing is used to 
clear out the deposition of solids in mains that occurs during dry periods, which are 
expected to increase with climate change. 
 
Seismic Events.  Landslides or ground shifting caused by seismic events break or 
degrade sewer main integrity.  Earthquake activity is not thought to be climate change 
related, however landslide frequency is directly related to saturated soil conditions and 
heavy rainfall. 

4.4 DATA SUFFICIENCY 

The Vulnerability Assessment step of the evaluation required judgments on significance, 
likelihood, response and uncertainty in the context of the probability of climate effects 
and the severity of infrastructure responses to the effects.  Some judgments could be 
fairly easily made based on available information – for example, vulnerability of the 
AIWWTP to flooding due to increases in storm surge, Fraser River water level, and land 
subsidence.  However, many of the judgments had to be made using “indirect” 
information.  For example, while predicted increases in total annual precipitation were 
available, how this climate effect could translate into wet-weather wastewater flows was 
unknown – such a complex analysis was outside the scope of the assessment.  This 
complicated assessing the response severity of this climate effect on AIWWTP 
operations, and more specifically, introduced additional uncertainty into the assessment.  
Conversely, information obtained from discussions with Metro Vancouver staff provided 
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useful insights into treatment process and hydraulic issues, as well as those of supporting 
systems / infrastructure, which assisted the vulnerability assessment. 
 
The next stage of upgrades (Stage V) at the AIWWTP is planned by Year 2013.  This 
significant infrastructure upgrade program will afford Metro Vancouver the well-timed 
opportunity to rectify any climate-related vulnerabilities of the existing AIWWTP 
infrastructure.  However, the Vulnerability Assessment was conducted “independent” of 
this program; that is, any vulnerability of the existing AIWWTP infrastructure, regardless 
of this impending program, was identified.  The same approach was used in the context 
of Metro Vancouver’s 2050 sewer separation policy, which will impact the AIWWTP 
over time. 
 
In general, the data available were sufficient for the non-numerical, engineering 
judgment-based screening purposes of the vulnerability assessment. 
 



 

Section 5 
 
 
Indicator Analysis  
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5. INDICATOR ANALYSIS 

5.1 OBJECTIVES AND METHODOLOGY 

This section of the report covers the fourth step of the PIEVC Protocol, Indicator 
Analysis, corresponding to Worksheet 4.  The tables and analyses required for step four 
are included in this section of the report. 
 
The objective of this section is to analyse infrastructure-climate interaction to determine 
whether infrastructure components have sufficient adaptive capacity to support climate 
loads.  If so, no recommendations are needed.  If not, the interaction is discussed further 
in the recommendations section.   
 
The Indicator Analysis requires the assessment of the various factors (indicators) that 
affect load and capacity of the infrastructure.  Vulnerability exists when infrastructure has 
insufficient capacity to withstand the effects placed on it.  Resiliency exists when the 
infrastructure has sufficient capacity to withstand increasing climate change effects. 

5.2 VULNERABILITY QUANTIFICATION 

ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

The vulnerability quantification for the AIWWTP was conducted using a combination of 
assumptions based on professional judgment in consideration of information reviewed 
and, in some cases, limited calculations using engineering data available. 
 
As evident in the Indicator Analysis table, load and capacity values were not calculated.  
Several reasons explain their absence.  The first reason is that most of the climate 
variables do not place a direct load on the AIWWTP.  For example, wet-weather flows do 
place a load on the AIWWTP, but a climate variable such as intense rain, which affects 
wet-weather flows, does not impact the facility directly.  Second, in many cases and 
consistent with this example, the relationship between the predicted climate effect and the 
variable directly impacting the AIWWTP was unavailable.  Third, even where there may 
be a relatively direct impact of a climate variable on the infrastructure (e.g., mean sea 
level affecting ground water elevations and uplift forces on buried infrastructure), the 
wide range of individual infrastructure elements at the site precludes a single calculation. 
 
Section 5.3 provides further comment on these issues in the context of data sufficiency. 
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5.3 DATA SUFFICIENCY 

The Indicator Analysis step of the evaluation required judgments on the vulnerability or 
resiliency of the infrastructure to withstand the climate-induced effects placed on it.  
These judgments were applied to those infrastructure component and climate effect 
relationships that had mid-range Vulnerability Assessment scores (i.e. > 12 and < 36). 
 
As noted in the PIEVC Protocol, much of the data needed for the Indicator Analysis step 
may not exist or be very difficult to acquire - this situation certainly applied to the current 
study.  However, the Protocol recognizes that the analysis requires the application of 
professional judgment.  Such an approach fits well with the stated objective of ranking 
the relative vulnerability and resiliency of the infrastructure. 
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Table 5-1: Indicator Analysis
Vulnerability 

(VR)
Continue to 

STEP 5
Adaptive 

Capacity (AR)
Capacity 

Deficit (CD)
VR = LT/CT Y/N AR = CT/LT CD = LT-CT

Sanitary Sewer Gravity 
Mains

Combined Sewer 
Gravity Mains

Pump Stations

Total Annual / 
Seasonal Rain <1 N >1 N/A Average rainfall increase has the primary impact of reducing maintenance windows.

Sanitary Sewer Gravity 
Mains Floods <1 N >1 N/A Roadway flooding would have the effect of increasing inflow into the system; however, the impacts of such inflow are more effectively addressed by analysing 

I&I during intense rain events.
Sea level and tides influence Fraser River levels all the way to Mission.  The HGL of the other rivers in the FSA (Fraser River tributaries such as Coquitlam 
River and Pitt River, as well as the Nicomekl and Serpentine Rivers, which discharge to the ocean) are affected by tides; therefore, the entire FSA riverfront as 
well as oceanfront would be affected by sea level rise.  KWL's Flood Management Study for the Corporation of Delta (May 2007) estimated design water level 
in the middle of Boundary Bay to be 3.8 m GSC; this value includes storm surge and sea level rise.  The KWL study reports a number of dike deficiencies in 
Delta; however, while this area is within the FSA, no Metro Vancouver infrastructure is at risk here.  There is insufficient data on the dike and infrastructure 
elevations on the eastern side of Boundary Bay to assess the vulnerability of FSA infrastructure. 

Currently at least two outfalls (Royal Avenue Pump Station / 12th Street Combined Sewer Outfall and Braid Street Sanitary Sewer Outfall) have significantly 
reduced capacity at high tides.  Sea level elevation would exacerbate the problem at these locations, and possibly at other locations. A worse scenario would 
be if effluent discharge at low tide was followed by high tides that carry the effluent onto the shore.  Tides are highest during solstices, which in winter coincides 
with rain storm events.  At the least, high tides would be at a greater elevation with climate change, so discharge restrictions would be more frequent.  Other 
seaside outfalls are in White Rock, Port Moody, and the WCSA.

There was insufficient flow and elevation data at each outfall to analyse the current or projected (under climate change) capacity restrictions at all outfalls due 
to sea level rise.

Sea level rise would also exacerbate the effects of spring freshet flooding.  The updated Ministry of Environment (MOE) 200-year Fraser River flood plain map 
(refer to nhc 2008) shows the FSA flooding all waterfront along the river, including locations in Coquitlam, Surrey, New Westminster, Burnaby, and Annacis 
Island that have no dikes.   Outfalls in these unprotected areas are Braid Street Outfall, NWCSA West Branch outfalls, AIWWTP outfall, and possibly 
Marshend Outfall.  The nhc report shows that many dikes would be overtopped during the 200-year flood.  Other dike failure mechanisms are possible (e.g. 
erosion).  Note that the most significant rainfall events take place in winter, not during the spring freshet.

Note that the Canada Health Act requires that when siting septic tanks, they are located outside the 20-year flood plain.  Though the FSA does not include 
septic tanks, the sanitary sewage poses a similar health risk.  There is insufficient information for this project on the 20-year flood plains in the FSA.

Storm Surge >1 Y <1 N/A
Storm surge is expected to have a greater effect on outfall discharge hydraulics; however, the frequency of occurrence would be less than for high tide 
combined with sea level rise.  The combination of high tide, sea level rise, and storm surge would be the worst case scenario.  Storm surge would also lead to 
increased risk of dike breach.  There is insufficient data on which dikes are most vulnerable.

Floods >1 Y >1 N/A

Note that flooding in this case refers to flooding caused by rain, not that caused by high water level in the rivers and ocean.  Degree of vulnerability is related to 
location (low-lying area) and design (buried and/or lack of flood-proofing in design).

There is insufficient information on individual stations to assess vulnerability.  Further study is recommended.

Flow Control Structures Intense Rain <1 N <1 N/A
Climate impacts are related to increased flows exceeding capacity (e.g., undesired overtopping of a flow control weir) or causing improper operation.  
Insufficient information is available on the effects of climate change on daily or hourly rainfall intensities in order to determine future loads and assess if 
capacity is sufficient.

Physical Infrastructure

Outfalls

Sea / River 
Level 

Elevation
>1 Y <1 N/A

Comments / Data SufficiencyClimate 
Variable

Infrastructure 
Component

Pump Stations

COLLECTION SYSTEM
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Table 5-1: Indicator Analysis
Vulnerability 

(VR)
Continue to 

STEP 5
Adaptive 

Capacity (AR)
Capacity 

Deficit (CD)
VR = LT/CT Y/N AR = CT/LT CD = LT-CT

Comments / Data SufficiencyClimate 
Variable

Infrastructure 
Component

Power Sources
Wind 

(Extremes, 
gusts)

>1 Y <1 N/A

Although climate projections are inconclusive with regards to wind, vulnerability currently exists with respect to lack of available standby power capacity in the 
event of BC Hydro power loss during a wind storm.   A loss of power may result in loss of ability to redirect flow to prevent overflows. 

Insufficient information is available on both the sensitivity of specific pump and SCADA stations, as well as the projected increase of wind speed with climate 
change.

Communications
Wind 

(extremes, 
gusts)

>1 Y <1 N/A

If extreme winds damage a SCADA antenna or power supply to a SCADA system, loss of power may result in loss of ability to redirect flow to prevent 
overflows.

Insufficient information is available on the increasing likelihood of SCADA failure under climate change or the vulnerability of individual control points and the 
potential effect on system as a whole.  

Transportation Floods <1 N >1 N/A It is not expected that there will be significant impediments to transportation with any increased flooding due to climate change effects.

Sea Level 
Elevation >1 Y <1 N/A It would be helpful to track high tide levels in vulnerable locations of the FSA.  (No loss of records is expected).

Storm Surge >1 Y <1 N/A
As for sea level elevation, storm surge levels could be monitored and mapped for vulnerable locations.  Note that localized hydraulic conditions can mitigate or 
exacerbate the effect of storm surge (e.g. a narrow channel could experience higher water levels).  Storm surge is less predictable than sea level rise, which 
makes monitoring even more critical.

Floods >1 Y <1 N/A
Flooding caused by intense rain is not as big an area of concern as other climate effects.  The exception would be at pump stations, where flood issues could 
be studied as part of a vulnerability assessment of each station.  Data show that 10-year return period rainfall event leads to flooding in East Delta (see KWL 
Flood Management Study for the Corporation of Delta May 2007).

Wind 
(extremes, 

gusts)
>1 Y <1 N/A

Data may be available from BC Hydro (or in the case of New Westminster, the municipal electrical utility) regarding sensitive locations for power failure.  This 
information could be used to determine which FSA infrastructure is most at risk, and backup plans can be implemented.  In addition, an analysis of historical 
power outages at FSA facilities, the causes, and the effects, would help direct future policy and further define the vulnerability of the infrastructure to increased 
risk with climate change.

Intense Rain 
(mm) <1 N >1 N/A Climate impact is related to capacity in the context of redundancy because of more frequent and longer duration wet-weather flow events. I&I reduction policy

and facility upgrades will mitigate impact to some extent in long-term.  Climate change projections were not available in the context of actual wet-weather flows.

Total Annual 
Seasonal Rain 

(mm)
<1 N >1 N/A Climate impact is related to capacity in the context of redundancy because of more frequent and longer duration wet-weather flow events. I&I reduction policy

and facility upgrades will mitigate impact to some extent in long-term.  Climate change projections were not available in the context of actual wet-weather flows.

Intense Rain 
(mm) >1 Y <1 N/A Climate impact is related to capacity in the context of redundancy because of more frequent and longer duration wet-weather flow events. I&I reduction policy

and facility upgrades will mitigate impact to some extent in long-term.  Climate change projections were not available in the context of actual wet-weather flows.
Total Annual 

Seasonal Rain 
(mm)

>1 Y <1 N/A
Climate impact is related to pumping energy requirements, as well as capacity since rain water component of wet-weather flows will displace capacity for actual
wastewater. I&I reduction policy and facility upgrades will mitigate impact to some extent in long-term. Climate change projections were not available in the
context of actual wet-weather flows.

Screening

Influent Pumping

TREATMENT (AIWWTP)
Process

Supporting Systems / Infrastructure

Records
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Table 5-1: Indicator Analysis
Vulnerability 

(VR)
Continue to 

STEP 5
Adaptive 

Capacity (AR)
Capacity 

Deficit (CD)
VR = LT/CT Y/N AR = CT/LT CD = LT-CT

Comments / Data SufficiencyClimate 
Variable

Infrastructure 
Component

Intense Rain 
(mm) >1 Y <1 N/A Climate impact is related to capacity under high flows (i.e. grit transfer to downstream components via primary clarifiers) and redundancy. I&I reduction policy

will mitigate impact to some extent in long-term.  Climate change projections were not available in the context of actual wet-weather flows.
Total Annual 

Seasonal Rain 
(mm)

>1 Y <1 N/A
Climate impact is related to pumping energy requirements, as well as capacity since rain water component of wet-weather flows will displace capacity for actual
wastewater. I&I reduction policy and facility upgrades will mitigate impact to some extent in long-term. Climate change projections were not available in the
context of actual wet-weather flows.

Intense Rain 
(mm) >1 Y <1 N/A Climate impact is related to capacity in context of redundancy and primary effluent loading. Sewer separation policy will mitigate impact to some extent in long-

term.  Climate change projections were not available in the context of actual wet-weather flows.
Total Annual 

Seasonal Rain 
(mm)

>1 Y <1 N/A
Climate impact is related to capacity since rain water component of wet-weather flows will displace capacity for actual wastewater. Primary effluent loading
also an issue. Sewer separation policy will mitigate impact to some extent in long-term. Climate change projections were not available in the context of actual
wet-weather flows.

Trickling Filters
Temperature 

(extreme high) 
°C

<1 N >1 N/A Climate impact is related to Performance since high temperatures could cause unwanted nitrification and decrease the dissolved oxygen. Climate change
projections were not available in the context of actual wet-weather flows.

Solids Contact/Re-
aeration Tanks

Temperature 
(extreme high) 

°C
<1 N >1 N/A Climate impact is related to Performance since high temperatures could cause unwanted nitrification and decrease the dissolved oxygen. Climate change

projections were not available in the context of actual wet-weather flows.

Secondary Clarifiers Intense Rain 
(mm) <1 N >1 N/A

Climate impact is related to pumping energy requirements, as well as capacity since rain water component of wet-weather flows will displace capacity for actual
wastewater. I&I reduction policy and facility upgrades will mitigate impact to some extent in long-term. Climate change projections were not available in the
context of actual wet-weather flows.

Chlorine Contact Tanks Intense Rain 
(mm) <1 N >1 N/A Climate impact is related to hydraulic retention time requirements, as well as capacity. I&I reduction policy and facility upgrades will mitigate impact to some

extent in long-term. Climate change projections were not available in the context of actual wet-weather flows.

Sea/River 
Level 

Elevation (m)
<1 Y >1 N/A

Climate impact is related to capacity and redundancy associated high river water elevations that are not currently considered in outfall capacity calculations. I&I
reduction policy and facility upgrades (i.e. twinning the outfall) will mitigate impact to some extent in long-term. Climate change projections were not available in
the context of actual wet-weather flows.

Storm Surge 
(m) >1 Y <1 N/A

Climate impact is related to capacity and redundancy associated high river water elevations that are not currently considered in outfall capacity calculations. I&I
reduction policy and facility upgrades (i.e. twinning the outfall) will mitigate impact to some extent in long-term. Climate change projections were not available in
the context of actual wet-weather flows.

Sea/River 
Level 

Elevation (m)
<1 Y >1 N/A Large variation in predicted changes in mean sea level, and by extension groundwater levels and thus impact severity potential,  necessitates further analysis.

Storm Surge 
(m) >1 Y <1 N/A Large variation in predicted changes in mean sea level, and by extension groundwater levels and thus impact severity potential, necessitates further analysis.

Combination of storm surge and water level rise can exacerbate the effects on the tankage (i.e. changing the counter-float parameters) 
Buildings, Tankage and 

Housed Process 
Equipment

Storm Surge 
(m) <1 N >1 N/A Climate impact is related to increased maintenance requirements for process-mechanical equipment and not capacity per se. I&I reduction policy will mitigate

impact to some extent in long-term.

Standby Generators
Wind 

(extremes, 
gusts) (km/h)

>1 Y <1 N/A Although climate projections are inconclusive with regards to wind, vulnerability currently exists with respect to lack of available standby power capacity in the
event of BC Hydro power loss during a wind storm. The fact that the facility is fed from two different grids should be considered. 

O:\0200-0299\251-221\300-Report\FinalReport-2009-12\[FSA-Matrix&Tables_V8.xls]Step4-Calcs

Hydraulics

Supporting Systems / Infrastructure

Effluent Disposal

Pre-aeration / Grit 
Removal

Primary Clarification

On-site Pipelines 
(includes tankage for 

sea level event)
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6. CONCLUSIONS AND RECOMMENDATIONS 

6.1 LIMITATIONS 

The scope of this study is to identify vulnerabilities of FSA infrastructure to climate 
change effects.  As primarily a qualitative assessment of the FSA, this study will be used 
by Metro Vancouver to guide the direction and focus of future work in this area.  
Detailed quantitative analyses will be part of future work.  
 
Infrastructure performance response depends greatly on the magnitude of extreme events.  
Quantitative estimates of increases in wind extremes, storm surge, and flooding were 
unavailable, and rainfall intensities for durations less than 24 hours were developed 
concurrently with the preparation of this report. 
 
Both the limited number of modelling runs (discussed in Section 2) and the available 
event duration of modelling results contribute to uncertainty in the assessment of the 
likelihood and magnitude of climate - infrastructure interactions (infrastructure 
performance responses), as discussed in Sections 4 and 5.  The results of this study are, 
however, based on applying professional judgement to the assessment of the most current 
information available within the scope of the PIEVC protocol, and can therefore be used 
as a guide for future action on the part of Metro Vancouver. 

6.2 OVERVIEW 

This section of the report covers the fifth step of the PIEVC Protocol, Recommendations, 
corresponding to Worksheet 5.  The objective of this section is to provide 
recommendations to address the critical infrastructure-climate interactions identified in 
the previous steps.     
 
The recommendation categories are based on the PIEVC protocol and are as follows: 
 
 remedial engineering or operations action required; 
 management action required; 
 additional study or data required; and 
 no further action required. 

 
In general, it is noted that the FSA is fortunately situated with respect to climate change 
effects relative to other locations in Canada.  The region does not experience extreme or 
catastrophic weather events such as ice storms, drought or extreme cold.   
 
The climate factors identified as threats to infrastructure vulnerability will be evidenced 
as gradual changes.  However, often the extremes, even if uncommon, have a far greater 
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impact on public perception of risk.  Under climate change scenarios, these events may 
occur more frequently and be more intense.   
 
In fact, the greatest pressure to initiate adaptive action comes not from climate change but 
from timing of planned infrastructure improvement plans such as the AIWWTP Stage V 
upgrades and combined sewer separation program.  So while climate change effects may 
reveal vulnerabilities, Metro Vancouver is in an ideal position to proactively mitigate and 
adapt to these challenges. 
 
Increasing efforts at developing green infrastructure may be used to increase resiliency in 
adapting to climate change. 
 
A summary of recommendations is in Table 6-1 at the end of this section.   

6.3 COLLECTION SYSTEM 

Application of the PIEVC protocol to the FSA has identified a number of potential 
vulnerabilities, as identified in Table 6-1.   
 
The key priorities with respect to climate change adaptation in the collection system 
centre on increased rainfall and the associated increase in sewer flow, both under 
combined and separate sewer configurations.  Many of the recommendations in this 
study, including the decisions surrounding separation of combined sewers, would be most 
effective if completed in conjunction with municipal initiatives.   
 
Many of the recommendations highlight the need to better quantify and pinpoint 
vulnerable infrastructure components.  Hazard mapping, which is common in water 
resources engineering, would be a valuable tool in better understanding vulnerabilities to 
climate change.  The hazard mapping would integrate water resources information 
(climate models, rainfall models, river and sea level models, dike crest elevations), 
drainage information (culvert capacity, stormwater and drainage models, and mapping), 
and important sites to protect (operations centres, schools, ecologically sensitive areas) 
with FSA infrastructure (outfall elevations and capacity, pump station elevations, CSO 
and SSO locations) and operational scenarios (gate and pump operations).  A key 
advantage to hazard mapping is visualizing infrastructure and facility interdependencies. 
 
As part of this hazard mapping, Metro Vancouver would need to determine acceptable 
levels of risk in order to select appropriate design return periods for the hydrologic and 
hydraulic models that would be integrated.  For rainfall analyses, Metro Vancouver may 
incorporate the new 2050 projected IDF curves that BGC Engineering has developed for 
individual rain gauge stations. 
 
A GIS interface would allow analyses of the interaction of all of these components; 
Metro Vancouver could develop climate change management plans based on integrated 
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hazard mapping.  Much of the information compiled for a sewerage management plan 
could be used for vulnerability assessments for other types of infrastructure.  Metro 
Vancouver would therefore have a valuable tool for implementing integrated resource 
management and creating links between its various regional plans19. 
 
Looking forward, climate change may affect the way that municipal organizations 
approach engineering and planning problems.  For example, triple bottom line decision-
making may include rigorous accounting of the carbon footprint of building new 
infrastructure or planning operational changes.  Green infrastructure may be come 
increasingly popular, or even mandated.  Energy recovery from sewerage systems may 
become prevalent, even necessary. 
 
Not just a tool for assessing hazards, integrated sewerage studies could also help in 
assessing various infrastructure management options.  GIS mapping and analyses can 
incorporate less quantitative parameters, such as ecological protection goals or carbon 
footprints of various options.  For example, one of these studies would help Metro 
Vancouver decide on whether distributed wastewater treatment is preferable to 
centralized treatment, by analyzing the monetary costs as well as the ecological impacts 
of managing the infrastructure in smaller catchments. 
 
In order to lay the groundwork for even more modest analyses, it would be useful to 
Metro Vancouver if their GIS data were reviewed by planning engineers to ensure that 
the geodatabases are complete, accurate, and contain information that would be important 
to engineering analyses. 

6.4 ANNACIS ISLAND WASTEWATER TREATMENT PLANT 

The vulnerabilities judged to be of the highest priority at the treatment plant are those 
associated with the dyke elevations at Annacis Island and the AIWWTP site itself 
because of the Fraser River water level rise, in addition the effects of the Fraser River 
water level rise on the effluent discharge can be deemed as high priority.  These effects 
will exaggerate when the River water level rise coincides with storm surge.  Potential 
groundwater elevation rise and its effects on the buried structure could be of moderate 
priority.  Additional study is required to develop more detailed information and conduct 
detailed analyses in the context of these potential vulnerabilities. 
 
There are several lower-ranked potential treatment system vulnerabilities due to 
precipitation-related climate variables that potentially exist.  These vulnerabilities are 
related to facility capacity and redundancy, which in turn affects capacity.  At this point 
there is considerable uncertainty in the significance (i.e., response severity) of these 
vulnerabilities, particularly given the relative magnitude of the estimated climate effects 
and the potential ability of Metro Vancouver’s I&I mitigation and capacity increase 

                                                 
19 For more on Metro Vancouver’s vision for sustainable planning, see the March 2009 Draft Liquid Waste Management Plan, p. 4-7. 
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policies to mitigate these vulnerabilities.  Additional study to develop the relationship 
between these climate variables and the resultant impact on wet-weather wastewater 
flows may provide enhanced information to assess potential impacts on the treatment 
system.  However, given Metro Vancouver’s planned upgrades in near future (i.e. 
Stage V, Phases 1 and 2), for AIWWTP, a more practical approach is to deal with these 
vulnerabilities as the upgraded treatment is being planned and designed.  In this case, 
Metro Vancouver could consider and account for potential changes in infrastructure 
capacity as part of the upgrade program development, and in the context of other 
uncertainties (e.g. sewer upgrades, I&I mitigations, future population growth, water 
conservation policies) without explicitly conducting additional specific study.  The 
current capacity of standby power available at the AIWWTP could already be a 
vulnerability, which is anticipated to be further exaggerated by climate change.  Metro 
Vancouver should consider the need for remedial action to address this vulnerability. 
 
Considering the upcoming upgrades the AIWWTP infrastructure (Stage V and beyond), it 
is recommended that the additional studies required consider the effective service life and 
capacity of the components.  Even if climate change-related vulnerabilities are deemed to 
exist, they may be overshadowed by other issues that when resolved can simultaneously 
address climate vulnerabilities. 
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Table 6-1: Recommendations

Sanitary Sewer 
Gravity Mains Intense Rain

Management Action
Additional Study
Remedial Action

Intense rain events affect sanitary mains due to I&I. Metro Vancouver's new LWMP highlights their commitment to addressing I&I issues. It is recommended that I&I policy and planning take
into consideration climate change effects as well as the LWMP objective to address sewage overflows. Cost-benefit analyses that consider environmental and health objectives would be
beneficial when deciding on the desired course of action, whether it be increasing system capacity or decreasing system flows.

Combined Sewer 
Gravity Mains Intense Rain

Management Action
Additional Study
Remedial Action

Both I&I and storm drainage enter the combined sewers during rain events. Sewer separation and sewage retention policies, planning, and design should consider both climate change
effects and LWMP objectives to address sewage overflows. Cost-benefit analyses that consider environmental and health objectives would be beneficial when deciding on the desired course
of action, whether it be increasing system capacity or decreasing system flows.

Intense Rain Additional Study Decreasing flows in mains during rain events (through I&I measures, sewage detention, or sewer separation) and / or increasing system capacity would subsequently solve the capacity issues
at the outfalls.

Sea/River 
Level Additional Study Data collection and hazard mapping would be beneficial for identifying critical vulnerabilities.

Storm Surge Additional Study Data collection and hazard mapping would be beneficial for identifying critical vulnerabilities.

Intense Rain Remedial Action Decreasing flows in mains during rain events (through I&I measures, sewage detention, or sewer separation) and / or increasing system capacity would solve the capacity issues at the pump
stations.

Sea/River 
Level Additional Study Data collection and hazard mapping would be beneficial for identifying critical vulnerabilities.

Storm Surge Additional Study Data collection and hazard mapping would be beneficial for identifying critical vulnerabilities.
Floods Additional Study Data collection and hazard mapping would be beneficial for identifying critical vulnerabilities.

Manholes Intense Rain Remedial Action Decreasing flows in mains during rain events (through I&I measures, sewage detention, or sewer separation) and / or increasing system capacity would solve the capacity issues at manholes.

Power Sources
Wind 

(extremes, 
gusts)

Additional Study Data collection and hazard mapping would be beneficial for identifying critical vulnerabilities.

Communications
Wind 

(extremes, 
gusts)

Additional Study Data collection and hazard mapping would be beneficial for identifying critical vulnerabilities.

Sea Level 
Elevation Additional Study Data collection and hazard mapping would be beneficial for identifying critical vulnerabilities.

Storm Surge Additional Study Data collection and hazard mapping would be beneficial for identifying critical vulnerabilities.
Floods Additional Study Data collection and hazard mapping would be beneficial for identifying critical vulnerabilities.
Wind 

(extremes, 
gusts)

Additional Study Data collection and hazard mapping would be beneficial for identifying critical vulnerabilities.

COLLECTION SYSTEM

Recommendation CommentsClimate 
Variable RecommendationInfrastructure 

Component

Outfalls

Pump Stations

Records
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Table 6-1: Recommendations

Recommendation CommentsClimate 
Variable RecommendationInfrastructure 

Component

Intense Rain 
(mm) Management Action Stage V and subsequent upgrades should consider climate change-induced increases in wet-weather flows and how they may be mitigated by the I&I reduction policy. The context is capacity

as related to redundancy.

Total Annual 
Seasonal Rain 

(mm)
Management Action Stage V and subsequent upgrades should consider climate change-induced increases in wet-weather flows and how they may be mitigated by the I&I reduction policy. The context is capacity

available for generated wastewater versus rainwater entering the collection system.

Intense Rain 
(mm) Management Action

Secondary treatment program development should consider climate change-induced increases in wet-weather flows and how they may be mitigated by the sewer separation policy. The
context is capacity and performance, and as related to redundancy. The transfer of wastewater grit to downstream components, via grit passed to and removed in the primary clarifiers, is the
main issue.

Total Annual 
Seasonal Rain 

(mm)
Management Action Stage V and subsequent upgrades should consider climate change-induced increases in wet-weather flows and how they may be mitigated by the sewer separation policy. The context is

capacity available for generated wastewater versus rainwater entering the collection system.

Intense Rain 
(mm) Management Action

Stage V and subsequent upgrades should consider climate change-induced increases in wet-weather flows and how they may be mitigated by the sewer separation policy. The context is
capacity and performance, and as related to redundancy. High primary effluent loads to the marine environment, in the short-term, and to the future secondary treatment system, in the longer-
term, are the main issues.

Total Annual 
Seasonal Rain 

(mm)
Management Action Stage V and subsequent upgrades should consider climate change-induced increases in wet-weather flows and how they may be mitigated by the sewer separation policy. The context is

capacity available for generated wastewater versus rainwater entering the collection system.

Effluent Disposal Storm Surge 
(m) Additional Study Increased discharge head associated with future surge conditions may reduce the capacity of the existing outfall. The issue could be mitigated by upcoming Stage V upgrades i.e. increasing

the capacity of the outfall. 

Supporting Systems / Infrastructure

On-Site Pipelines 
(includes tankage)

Storm Surge 
(m) Additional Study Large variation in predicted changes in mean sea level/river water level, and thus the potential for an impact, necessitates further analysis. The analysis should evaluate the vulnerability of

individual components, as their relative buried depths vary significantly.

Standby Generators
Wind 

(extremes, 
gusts) (km/h)

Remedial Action Assess installation of additional standby power sufficient to run the secondary treatment terrain at maximum capacity, in addition to other electrical loads deemed necessary for facility
operation under high wastewater flow and storm surge conditions.

O:\0200-0299\251-221\300-Report\FinalReport-2009-12\[FSA-Matrix&Tables_V8.xls]4.3.6(Matrix)

Influent Pumping

Grit Removal

Primary Clarification

Hydraulics

Process
TREATMENT (AIWWTP)
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ACRONYMS 
 

AIWWTP - Annacis Island Wastewater Treatment Plant 
BOD - Biochemical Oxygen Demand 
CCME - Canadian Council of Ministers of the Environment 
CGCM3 - Canadian Global Climate Model 
CRCM - Canadian Regional Climate Model 
CSO - Combined Sewer Overflow 
DAF - Dissolved Air Flotation 
DHI - Danish Hydraulic Institute 
ENSO - El Niño Southern Oscillation 
EPA - Environmental Protection Agency (USA) 
ERPs - Emergency Response Plans 
FSA - Fraser Sewerage Area 
GCM - Global Climate Model 
GHG - Greenhouse Gas  
GIS - Geographic Information System 
GSC - Geodetic Survey of Canada 
GVRD - Greater Vancouver Regional District 
GVS&DD - Greater Vancouver Sewerage and Drainage District  
HGL - Hydraulic Grade Line 
HRT - Hydraulic Retention Time 
HVAC - Heating, Ventilation, and Air-conditioning 
HWL - High Water Level 
I&I - Inflow and Infiltration 
IDF - Intensity-Duration-Frequency 
IPCC - Intergovernmental Panel on Climate Change 
KWL - Kerr Wood Leidal Associates Ltd.  
LWMP - Liquid Waste Management Plan 
Metro Vancouver - Metro Vancouver 
nhc - Northwest Hydraulics Consultants 
NSI - North Surrey Interceptor 
NWCSA - New Westminster Combined Sewer Area 
NWI - New Westminster Interceptor 
OC - Operational Certificate 
Ouranos - Ouranos Consortium 
PC - Priority of Climate Effect 
PCIC - Pacific Climate Impacts Consortium 
PDO - Pacific Decadal Oscillation 
PIEVC - Public Infrastructure Engineering Vulnerability Committee 
PS - Pump Station                           
PDWF - Peak Dry Weather Flow 
RCM - Regional Climate Model 
SC - Climate Probability Scale Factor 
SCADA - Supervisory Control and Data Acquisition 
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SR - Response Severity Scale Factor 
SRES - Special Report on Emissions Scenarios 
SSI - South Surrey Interceptor 
SSO - Sanitary Sewer Overflows 
TSS - Total Suspended Solids 
UBC - University of British Columbia 
VSA - Vancouver Sewerage Area 
WCSA - Westridge Combined Sewer Area 
WWF - Wet Weather Flow 
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OURANOS Reports on Climate 
Change Scenarios 
 



 
 
 
 

Ouranos, a research consortium on regional climatology and adaptation to climate change, is a joint 
initiative of the Government of Québec, Hydro-Québec, and the Meteorological Service of Canada with the 
participation of UQAM, Université Laval, McGill University, and the INRS. Valorisation Recherche Québec 
collaborated on the establishment and financing of Ouranos. The opinions and results presented in this 
publication are the sole responsibility of Ouranos and do not reflect in any way those of the aforementioned 
organizations. 
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1. Introduction 
 
The Canadian Council of Professional Engineers set up the Public Infrastructure 
Engineering Vulnerability Committee (PIEVC) to examine the vulnerability of public 
infrastructure to climate change across the nation. A series of case studies serve to 
assess infrastructure vulnerability with the protocol proposed in Phase 1 of the PIEVC 
initiative and provide feedback on the state of different categories of infrastructure 
throughout the country. The current study is located in the Metro Vancouver region 
(British-Columbia) and focuses on wastewater infrastructure. 
 
 
The draft engineering protocol requires information on a variety of climatic elements to 
use as input towards estimating the vulnerability of infrastructure to climate change. 
Estimates of climatic elements enable numerical estimations of the exposure of the 
infrastructure and help identify which changes in climatic conditions will have the most 
impact on its vulnerability. 
 
 
In order to provide coherent results for all of the pilot projects, the vulnerability analyses 
must be based on plausible and comparable scenarios of climate change for the various 
regions of the country. Ouranos has been mandated to provide this data. 
 
This report provides historical climate data and climate change scenarios for the Metro 
Vancouver region on the vulnerability of the City’s wastewater infrastructure. 
 
 
The data provided in this report is intended for the use of this pilot project only 
and should not be used for any other purpose because the results are specific to 
the characteristics of this project (location, timeframe, etc.). 
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2. Methodology 
 
2.1. Selection of weather stations 
 
Observed weather station data was obtained from Environment Canada’s national 
archives for the area of interest. Archived data were screened in order to select stations 
deemed to have a sufficiently long/complete record. Selection criteria included: a data 
series minimum length of 20 years, with less than 10% missing data and a final year 
being no earlier than 1995. A summary of the selected stations is presented in Table 2.1. 
The distribution of the stations within the study region is shown in Figure 2.1. 
 
The number of climate stations available for the calculation of climate indices was 
dependant on the variable of interest. Table 2.1 shows that 4 stations were used to 
calculate temperature indices (variables TMAX and TMIN). Precipitation indices were 
calculated using data from nine climate stations  
 
 
Table 2.1 Selected Environment Canada station data for variables of Temperature, 

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

 
 

Climatic Variables 
 
 

ID TMAX TMIN PRECIPITATION SNOWGROUND 
1100030 yes yes yes yes 
1103326 yes yes yes yes 
1103332 yes yes yes yes 
1106180 yes yes yes yes 
1107680 no no yes no 
1107873 no no yes no 
1107876 no no yes no 
1108447 no no yes no 
1108914 no no yes no 
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Figure 2.1 Canadian Regional Climate Model (CRCM4) grid and location of selected climate 
stations within the study area. 

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

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

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
2.2.1. Future sea level change scenarios 
 
Variables of sea level change and other ocean processes are not simulated in the 
regional model. Instead, the CRCM relies directly on the pilot model’s ocean 
components. As such, future scenarios for sea-level change were determined from the 
CGCM3. 
 
 
It is important to note that sea level data is unavailable at this time for runs 4 & 5 
of the CGCM3 (pilot models for the RCM simulations); consequently, future 
scenarios had to be based on CGCM3 run 1 data. 
 
 
 
 
2.3. Climate model simulations and time periods 
 
A total of 6 CRCM grid cells fell within the study area boundaries (see Figure 2.1). 
Corresponding grid cell data from the two CRCM 4.2.0 simulations described in section 
2.2 (ADJ and ADL) were extracted and used to calculate the climate indices listed in 
section 2.4. Future changes in indices were determined for three future periods or 
horizons: horizon 2020 (2011 – 2040); horizon 2050 (2041-2070); and horizon 2080 
(2071-2100) with respect to the present period (1961-1990). 
 
CGCM3 Run1 sea level change data was a time series of average global sea-level 
change for the period 1850 – 2100. Again, future changes were determined for the three 
future periods mentioned above. 
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Changes (or deltas) in indices are calculated as either the difference or ratio between 
simulated future conditions and simulated present day conditions. Deltas can then be 
applied to calculated observed values either through addition (difference) or 
multiplication (ratio). 
 
2.4. Description of climate indices 
 
The choice and priority of climate indices was made in consultation with the client in 
terms of project needs as well as in terms of the limitations of the climate model 
simulations. Calculated indices were chosen from those having been known and used in 
the climate literature in the past. 
 

Sea Level Change indices 
 

a. Global average sea level change (Sea_level): 
- Global mean sea level change in metres with respect to present conditions 
(average 1961-1990) 

 
 

Temperature indices 
 

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

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

 
c. Average annual daily maximum temperature (annual_max): 
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Calculated as the sum of it 365max  for years i through I divided by the 
number of years. Where it 365max is the highest daily temperature for a 
given year i  

 
d. Average annual daily minimum temperature (annual_min): 
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Calculated as the sum of it 365min  for years i through I divided by the 
number of years. Where it 365min is the lowest daily temperature for a given 
year i 
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Precipitation indices 
*Precipitation indices refer in all cases to total precipitation (liquid and solid 
combined) 

 
a. Precipitation Frequency 1 day (1day_frequency) 

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

b. Yearly Max. Precipitation (annual_max_prec):  
 

- average maximum yearly precip event for 1, 2 and 5-day periods 
 

Iixprecprecannual
I
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=

 

Calculated as the sum of ixprec365  for years i through I divided by the 
number of years. Where ixprec365 is the highest precipitation amount for a 
given year i summed over period of x days. 
 

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

 
d. Simple Daily Intensity Index (SDII) 

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

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

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

- average yearly maximum number of consecutive ‘wet days’ (> 1 mm) for the 
season April 1 – Oct 31st 
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Calculated as the sum of wSPELLi  for years i through I divided by the 
number of years. Where wSPELLi is the maximum wetspell length for a 
given year i. 
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2.5. Regionalization of climate indices 
 
Climate indices listed in section 3.1 were calculated for each climate station and each 
RCM grid cell individually. A regional value for each index is then determined by taking 
the average of all stations (grid points) within the study area. These regional values are 
presented in the results section of this report. 
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3. Results 
 
3.1. Climate scenarios for Sea Level Rise, Temperature and Precipitation indices 
 
SEA LEVEL RISE indices 
 
SEA LEVEL RISE : Sea_level 

Future Change  
2020 2050 2080 

(metres) (metres) (metres) 
0.06 0.14 0.26 

 
 
 
TEMPERATURE indices 
 
 
TEMPERATURE : Monthly AVG TMAX 
 

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

(°C) 
(°C) (°C) (°C) (°C) (°C) (°C) 

January 5.22 1.76 2.75 4.24 1.75 2.73 3.85
February 8.02 1.43 1.77 2.64 1.00 2.21 3.17
March 10.52 1.27 1.67 2.79 0.16 1.05 2.58
April 13.91 1.54 2.28 3.12 0.72 1.97 3.39
May 17.56 1.12 2.35 3.52 0.95 1.33 2.38
June 20.32 0.33 1.17 2.34 0.47 1.66 2.63
July 23.37 1.50 3.28 5.12 1.51 2.38 4.43
August 23.47 0.54 2.20 4.27 1.89 2.89 4.39
September 20.36 1.94 2.64 4.23 0.66 1.85 2.72
October 14.38 1.88 1.77 2.46 0.55 1.36 2.90
November 8.66 1.68 2.34 3.77 1.38 2.12 3.20
December 5.62 0.98 1.85 3.43 0.75 2.76 3.89
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TEMPERATURE : Monthly AVG TMIN 
 

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

(°C) 
(°C) (°C) (°C) (°C) (°C) (°C) 

January -0.64 2.04 3.21 4.73 2.17 3.65 4.69
February 0.61 1.80 2.29 3.04 1.44 2.87 3.98
March 1.83 1.36 1.90 3.10 0.19 1.01 2.61
April 3.96 1.51 2.14 3.06 0.81 1.86 3.27
May 6.97 1.15 2.31 3.49 0.99 1.37 2.48
June 9.91 0.46 1.31 2.41 0.62 1.70 2.68
July 11.39 1.48 3.09 4.88 1.37 2.25 4.14
August 11.40 0.71 2.20 4.05 1.83 2.78 4.26
September 8.91 1.82 2.62 3.95 0.73 1.93 2.90
October 5.65 1.91 2.03 2.89 0.78 1.50 3.13
November 2.36 1.57 2.53 4.01 1.46 2.33 3.47
December 0.05 0.99 2.07 3.91 1.17 3.25 4.52
 
 
 
 
TEMPERATURE : annual max /annual min 
 

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

(°C) 
(°C) (°C) (°C) (°C) (°C) (°C) 

annual maximum 33.00 -0.01 1.50 3.76 2.23 3.16 4.56
annual minimum -11.99 2.43 3.09 6.66 2.71 5.39 7.22
 
 
 
PRECIPITATION indices 
 

PRECIPITATION : 1day_Frequency 

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

(mm) 
Observed 

(frequency) 
(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 

5 0.28 1.02 1.06 1.06 1.09 1.10 1.11
10 0.18 1.02 1.09 1.12 1.14 1.16 1.20
20 0.08 1.05 1.19 1.26 1.20 1.26 1.33
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PRECIPITATION : Annual_Max_prec 
  

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

period 
(days) 

Observed 
(mm) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
1 73.10 1.06 1.16 1.21 1.08 1.17 1.20
2 107.11 0.99 1.06 1.14 1.06 1.13 1.19
5 157.77 1.05 1.10 1.20 1.04 1.09 1.15

 
 

PRECIPITATION : Avg_total_prec 

Future Change ADJ Future Change ADL 
2020 2050 2080 2020 2050 2080 Total prec 

Observed 
(mm) 

  (ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
Annual 1881.00 1.04 1.12 1.15 1.13 1.16 1.20
DJF 686.30 0.98 1.09 1.08 1.11 1.28 1.25
MAM 416.29 1.13 1.18 1.32 1.26 1.13 1.19
JJA 213.03 1.14 1.04 0.95 1.01 0.93 0.96
SON 559.43 1.02 1.12 1.19 1.11 1.14 1.23
 
 
 
 
PRECIPITATION  : Simple Daily Intensity Index (SDII) 
 

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

Observed 
(mm/day) 

(ratio) (ratio) (ratio) (ratio) (ratio) (ratio) 
12.55 1.03 1.09 1.14 1.07 1.10 1.14 

 
 
 
 
PRECIPITATION : Dry spells / Wet_spells 
  

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

 

Observed 
(days) 

(days) (days) (days) (days) (days) (days) 
Avg MAX Dryspell 19.49 -0.70 0.46 0.64 0.87 0.05 -0.47
Avg MAX Wetspell 10.25 1.53 2.42 3.62 2.52 3.32 0.69
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3.2. Literature review for other climate indices 
 
Although climate scenarios for temperature changes and changes in precipitation 
patterns are quite reliable, there is far greater uncertainty linked to projections for 
relatively small-scale or very localized atmospheric phenomena. Most authors agree that 
GHG concentrations do have an effect on these events; however, it remains difficult to 
find reliable projections that indicate future trends of intensity, direction or frequency for 
events such as storms, intense winds or other extreme events (Maarten, 2006). Climate 
scenarios are therefore difficult to produce for certain very localized events (wind gusts, 
tornadoes, thunderstorms) or events where processes are complex and depend on a 
number of factors (hurricanes, ice storms). The observed data is insufficient to validate 
the model outputs for these events. 
 
Moreover, any seemingly apparent trend stemming from the observed data must be 
interpreted carefully as an increase could result from such factors as: 

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

 
 
Consequently, among the list of climate elements that were requested for the Metro 
Vancouver case study, it is not possible to provide sound numerical climate scenarios 
that could be used for the infrastructure vulnerability assessment. The following is the list 
of climate variables that fall under this category with a review of the literature explaining 
possible changes. 
 
 
WIND (hurricanes, tornadoes, thunderstorms, winds gusts) 
 
According to the Fourth Assessment Report of the Intergovernmental Panel on Climate 
Change (IPCC, 2007), it is “more likely than not” that the observed trend of hurricane 
intensification since the 1970s is linked to human-induced greenhouse gas emissions. 
The report also claims that “it is likely that future tropical cyclones (typhoons and 
hurricanes) will become more intense, with larger peak wind speeds and more heavy 
precipitation associated with ongoing increases of tropical sea surface temperatures.” 
However, there is no clear trend in terms of the frequency of tropical cyclones. Although 
some authors claim that there has been an increase in the frequency of hurricanes, 
namely in the North Atlantic (Holland et al. 2007, Webster et al. 2005), there remains 
much debate as to the possible mechanisms explaining this. 
 
Results from some model simulations suggest that the atmosphere over mid-latitude 
land areas could become more unstable in the future, suggesting that an increase in 
convective activity is quite probable (Balling et al. 2003). However, researchers have 
been unable to identify significant increases in overall severe storm activity as measured 
in the magnitude and/or frequency of thunderstorms, hail events, tornadoes, hurricanes, 
and winter storm activity in North America. Increasing trends in damages caused by 
these events seem to be more closely linked to changes in demography and land use 
(Balling et al. 2003) 
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ICE (ice build-up, ice accretion, freezing rain) 
 
Ice build-up, caused by melting blocks of ice that accumulate and obstruct water ways or 
pile up around infrastructure components, can be triggered by: 
- rapid melt events when there is a significant accumulation of snow and ice 
- heavy precipitation events in spring when there is still a cover of ice 
- heavy rain on snow events 
 
Warmer average temperatures throughout the year (see climate scenarios in section 
3.1) suggest that the length and severity of the cold season will decrease. However, 
depending on precipitation patterns, this could mean either an increase or decrease in 
river or lake ice build-up, because of the nature of the precipitation as well as the 
intensity of the events that cause ice build-up. 
 
Very few studies have been conducted on the possible impacts of climate change on 
freezing rain events and ice storms. A study conducted over northern and eastern 
Ontario (Cheng et al. 2007) suggests that freezing rain events could move further north 
as the boundary between snowfall and rainfall shifts northward. However, as the 
temperatures increase in the Fall and Spring (beginning and end of the winter season), 
freezing rain events could decrease since precipitation falling as freezing rain could fall 
as liquid rain under warmer conditions. At present, it remains unknown how climate 
change could affect the frequency and severity of freezing rain events and ice storms 
(Irland, 2000, Cheng et al. 2007). 
 
 
SNOW (rapid melt events) 
 
Variations and trends in temperature significantly influence snow covered areas, namely 
by determining whether precipitation falls as snow or rain and determining snowmelt 
(IPCC, 2007). However rapid snowmelt events are difficult to predict because they 
depend on a number of factors, including: 
- temperature and precipitation conditions at the time of the melt 
- total amount of snow on the ground 
 
Because these events occur as the result of a combination of factors and can be very 
localized (in both time and space), it is difficult to establish reliable scenarios of change 
in future climate conditions. Moreover, the inherent variability of the climate makes it 
difficult to predict whether this type of event will occur more frequently or more intensely, 
as a change in only one of the determining factors can determine whether rapid 
snowmelt will happen or not. 
 
Nevertheless, it is recognized that changes in average temperature will impact 
precipitation and wind patterns and influence the change in probability distributions of 
many atmospheric processes. Indeed, a warmer atmosphere increases the chances for 
convective activity. This is already the case in warmer regions of the world during 
warmer seasons (Balling et al. 2003). This will impact the frequency, intensity, duration 
and direction of extreme events such as tornadoes, hailstorms, thunderstorms. However, 
it remains difficult to determine quantitatively precisely how these events will change. 
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Climate change will also influence the variability of the climate, including inter-annual 
events such as El Nino. However, climate scenarios on this type of climate phenomenon 
or event have not yet been developed. 
 
 
To assess the vulnerability of infrastructure to changes in these parameters where 
numerical scenarios are not reliable, it can be useful to conduct “what if” scenarios, 
using a plausible factor of change to add to historical trend data and local knowledge of 
climate events. These sensitivity analyses help to determine at what threshold the 
infrastructure can become vulnerable to climatic events and estimate the likelihood of 
such events happening based on the physics of climate change and on local 
observations of climate events. 
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4. Conclusion 
 
The case studies carried out within the PIEVC initiative to assess infrastructure 
vulnerability to climate change using the protocol developed in Phase 1 of the initiative 
require plausible and reliable climate scenarios based on similar methodologies in order 
to compare the relative vulnerability of various infrastructures throughout the country. 
 
This report provides historical climate data and climate change scenarios for the Metro 
Vancouver region case study on the vulnerability of the City’s wastewater infrastructure. 
 
Caution is required in the interpretation of analyses based on the future scenarios 
provided. Climate scenario production was limited to the use of only 2 simulations. 
Furthermore, these simulations were produced by the same regional climate model 
(CRCM 4.2.0), driven by two runs of the same GCM (CGCM3) and the same GHG 
emissions scenario (SRES A2). In short, the predicted changes cover only a small 
portion of the spectrum or envelope of changes that would be produced via the use of 
multiple SRES scenarios and multiple driving models (or even multiple RCMs). As such, 
it is recommended that any decision or policy making activities be based on an 
expanded version of the present case study. 
 
 
At present, large ensemble analyses using strictly RCM output are not possible over 
North America. However, Ouranos continues to produce RCM simulations, and is also 
actively involved in the North American Regional Climate Change Assessment Program 
(NARCCAP http://www.narccap.ucar.edu/), an international program that will serve the 
high resolution climate scenario needs of the United States, Canada, and northern 
Mexico, using regional climate model, coupled global climate model, and time-slice 
experiments. The needs of the PIEVC (i.e. simulations with a fine spatial resolution, and 
inclusion of a number of extreme indices) would be best addressed using an ensemble 
of multiple RCM driven by multiple pilot GCMs such as will be produced with NARCCAP 
project This approach would allow a large inclusion of possible futures and thus better 
cover the envelope of uncertainty. Further research continues to be needed in climate 
modeling and climate scenarios in order to provide reliable data for climate change 
vulnerability and impacts assessments. 
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A number of issues and questions were raised by the consultant concerning the content 
of the climate scenarios report for the METRO Vancouver stormwater infrastructure 
vulnerability assessment. This addendum to the final report serves to document these 
issues and provides some clarifications with respect to the choice of the climate model 
and runs used to generate the climate scenarios for the case study, as well as additional 
information on apparent discrepancies between the precipitation scenarios provided in 
the report compared with findings from other studies. 
 
A) The choice to use the 4th and 5th members (or runs) of the Canadian Global Climate 

Model (CGCM3) for the Canadian regional Climate Model (CRCM 4.2.0) runs is 
based on temporal resolution considerations. Indeed, the CGCM3 runs were 
archived specifically for Ouranos with a 6-hour time-step, as opposed to 12-hour 
time-steps for runs 1 to 3 of the same model. 

 
B) The choice to base the climate projections on the A2 green-house gas emissions 

scenario was linked to the CGCM runs available to drive the CRCM. Although CGCM 
runs with other emissions scenarios are currently being worked on, the only ones 
available at the time of this study were with the A2 emissions scenario. 

 
C) The boundary CGCM conditions are the same as in the climate scenarios report for 

the Portage-la-Prairie pilot project. However, the simulations for the Metro Vancouver 
project were produced with a slightly newer version of the regional model (CRCM 
4.2.0 vs 4.1.1.) and a larger North-American “grid”, since the previous study 
simulations covered only the north-eastern portion of North-America and therefore 
could not be used for this project. 

 
D) Differences between runs (for example, hotter and wetter anticipated conditions) are 

possible but should not put into question the validity of the CGCM run. CGCM3 A2 
runs 1 to 5 were produced using an identical model and an identical greenhouse gas 
emissions scenario. The only difference between members 1 to 5 is a very slight 
variation in the initial conditions at the beginning of the runs. Consequently, each run 
should be considered as equally probable. Furthermore, a quick analysis over the 
region of Vancouver indicates that the delta change in average annual temperature 
and precipitation for run 5 doesn't seem to stand out compared to the other four runs 
and indeed generally seems to show a smaller change in both average temperatures 
and precipitation compared to runs 1 to 4. Even these differences seem quite minor. 

 
E) RCM results are not necessarily "biased" by the GCM used. Despite an obviously 

direct connection between the driving GCM and the RCM results, there is still a fair 
amount of control exerted by the RCM, in particular for a mountainous region such 
as Vancouver, since the RCM has a far more detailed topography than the GCM. 
The RCM is driven at its boundaries by GCM upper atmospheric conditions 
(pressure, convection etc) but is not dependent on the GCM surface fields of 
surface temperature, precipitation, etc. These are generated solely by the RCM. As 
such, the RCM is not necessarily “biased” by GCM output. 

 
 As mentioned in the final report, a large number of RCM runs would help to gain a 

better understanding of the uncertainties associated with the RCM runs and a more 
reliable idea of the range of possible change. At present, only two such runs are 
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available and, as a consequence, this range is not covered as well. However, the 
results are not “biased” simply because the GCM driving model appears to show 
more important changes for one of the runs. 

 
F) The apparent differences in predicted precipitation increases provided by Ouranos 

compared to findings in other studies, such as those conducted by the Pacific 
Climate Impacts Consortium1 (PCIC) could be attributable to differences in the way 
the results are presented. The precipitation data in the Ouranos report is split 
between liquid (rain) and solid (snow). As such, predictions for annual rain show 
considerable increases (percentage) because of resulting decreases in snowfall due 
to rising temperatures. In terms of total precipitation (combined solid and liquid), the 
ratio change for the ADJ simulation at horizon 2050 is approximately 1.11 (or about 
an 11% increase), a result similar to the findings in the PCIC report1. 

 
 As well, the available observed weather station data is typically from low-elevation 

areas (average of 60m above sea-level for the stations selected for this report). In 
comparison, the regional model has an average elevation of ~345m above sea-level 
over the study area. Observed annual snowfall for station data is therefore quite low 
(~60cm per year). Consequently, the actual snowpack in the surrounding area is 
probably underestimated. 

  
 Issues in this case study arose when delta fields of future snow and rainfall change, 

calculated as the ratio of simulated future conditions compared to simulated present 
conditions, were applied to observed station values in order to estimate future 
conditions. The very small observed snowfall values (mentioned above) essentially 
meant that even large changes (reductions) in snowfall amount had very little effect 
on reconstructed future conditions. Conversely, predicted delta change in rainfall has 
a very strong influence in the calculation. 

 
 Given the type of infrastructure examined in this specific vulnerability analysis – 

stormwater and wastewater infrastructure – and its location in the METRO 
Vancouver region, a correction for the elevation bias might seem appropriate. 

 
 Two options could provide a solution for this: 
 
 i) A first option involves correcting the temperature bias due to differences in 

elevation between the regional model average elevation and the location of the 
meteorological stations. This can be done by adjusting for the moist adiabatic lapse 
rate (~6.5 deg C /1000 m). Any adjustment would effectively increase the regional 
model temperatures for all grid cells concerned. The next step involves separation of 
raw CRCM data for total precipitation into solid and liquid forms based on corrected 
temperatures and the subsequent re-calculation of delta fields for the three time 
horizons. Testing was done on the two runs and the results indicate an improvement, 
yet there is still a slight over-estimation in the ‘reconstructed’ total precipitation 

                                                 
1 Please refer to Rodenhuis, D., Bennett, K.E., Werner, A.T., Murdock, T.Q., Bronaugh, D. (2007) 
Climate overview 2007: Hydro-climatology and Future Climate Impacts in British-Columbia, 
Pacific Climate Impacts Consortium (available at 
http://www.pacificclimate.org/publications/ClimateOverview.v2.0_PCIC.pdf) 
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change between the method used in the report and the PCIC method which 
calculates a total change in precipitation (regardless of the type of precipitation). 

 
 The original temperature change fields provided in the report would remain 

unaffected since the relative change in temperature remains constant. The problems 
arise from the phase change between snow and rain and the resulting snow to rain 
ratio that is caused by the cold bias in the model. For example: 

 
method ADJ 2050 

Total precipitation 
change 

(%) 

ADL 2050 
Total precipitation 

change 
(%) 

PIEVC report 28 29 
Corrected PIEVC report 16 19 
PCIC method 12 16 

 
 

It is important to note that the field ‘Rain-on-Snow’ events would no longer be 
possible as this relies on the accumulation of snow at ground level (requiring snow 
melt / heat transfer equations, etc.) that are internal to the regional model’s land 
surface scheme. Consequently, there is no simple way to correct the snow 
accumulation data. 

 
 
 ii) The other option would be to provide scenarios for total precipitation only, without 

differentiating between its solid or liquid form. Since the focus of the study is mainly 
in low-elevation areas, where current-day snowfall is very low (~60cm/year or ~ 3% 
of total precipitation) and expected to decrease with future warming, this method may 
be sufficient and more robust than the previously suggested option since it does not 
require an “ad hoc” adjustment to the temperature and precipitation fields. It does 
however depend on the specific needs of this vulnerability assessment and whether 
information is needed regarding the type of precipitation. 

 
 
Both of these options however would affect the delta figures provided in the final report 
and both would make it impossible to provide data for ‘Rain-on-Snow’ events. Given the 
time constraints for the completion of this project, it was not deemed a priority by the 
consultant to recalculate these fields. The figures from the original report will be used for 
the assessment. 
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