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Executive Summary 

This project is part of a larger initiative to develop a Lower Mainland Flood Management Strategy. The Fraser 
Basin Council is facilitating this collaborative process, which includes 26 local governments, the provincial and 
federal governments and numerous other partners.  Following consultation with a number of key stakeholder 
communities in 2013, it was identified that a collaborative approach will be most effective in addressing the current 
conditions and future impacts from flooding on a regional perspective.  

Phase 1 comprises analysis, planning and consultation with the coordination and support of the Government of 
Canada, Provincial ministries, and 25 local governments within the Lower Mainland. Phase 2 will focus on 
development of options assessment and implementation. 

Phase 1 of this Lower Mainland Flood Management Strategy is comprised of the following projects: 

 Project 1: Analysis of Flood Scenarios; 

 Project 2: Regional Vulnerability Assessment; and 

 Project 3: Flood Protection, Policies and Plans. 

This study focuses on Project 1 – Analysis of Flood Scenarios. 

The study area extends from White Rock to Squamish and from Hope to Richmond, and includes regional 
organizations such as Metro Vancouver, the Fraser Valley Regional District and select provincial ministries. The 
primary hazards considered for this study were coastal and Fraser River flooding.  Due to the large extent of the 
study area and the data collection effort required on a regional level analysis, this study focused primarily on the 
use of existing flood hazard information from studies, reports and models that were readily available. Gaps and 
transfer of pertinent information, data and findings was analysed. 

Two coastal and two Fraser River flooding scenarios were identified to support the regional vulnerability 
assessment. Consultations were held with the Fraser Basin Councils’ technical committee on February 11 and 
March 10, 2015 and the criteria for selection of flood scenarios and associated flood levels were agreed. The 
flood scenarios selected acknowledge the impacts from sea level rise, climate change and site specific 
uncertainties on flood levels. 

The following flood scenarios are recommended for the purposes of the Lower Mainland Flood Management 
Strategy’s regional vulnerability assessment.  

Coastal Flood Scenarios 

 1-in-500 AEP still-water ocean state with current sea level; and 

 1-in-500 AEP still-water ocean state with 1 m sea level rise. 

Fraser River Flood Scenarios 

 High tide with current sea level and 1894 design flood conditions in Fraser River; and 

 High tide with 1 m sea level rise and “moderate” climate change for 1-in-500 AEP freshet flow conditions in 
Fraser River. 

Coastal and Fraser River flood levels were determined for the selected flooding scenarios for individual 
communities from White Rock to Squamish and are presented in this report. Flood levels were mapped and a 
standalone GIS Portal with salient information was developed. Key gaps in existing data and studies in 
conjunction with the regional nature of this study were reviewed.  

Some of the key conclusions and recommendations relevant for this study are provided below. 
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The primary objective of the Lower Mainland Flood Management Strategy Project – Analysis of Flood Scenarios 
is to support Project 2 of Phase 1 – Regional Vulnerability Assessment and should not be used for design of 
flood protection measures (i.e., Dike Design, Flood Protection). 

The simplified site specific joint probability analysis conducted in this study highlights the importance of the 
effect of local conditions on flood levels. As well, there are a number of gaps in the current understanding of 
Canadian Hydrographic Service (CHS) data, local conditions such as subsidence, datum adjustments, and 
wave generation. These gaps also explain the uncertainties in the final flood level estimates.  

Variations in flood level estimates due to local conditions may affect flood protection design, i.e., dike design, 
but are unlikely to impact the regional scale vulnerability assessment significantly. Therefore, a uniform geodetic 
coastal water surface elevation was selected for all locations, incorporating an acceptable allowance to address 
uncertainties (Table 3-4). 

It is recommended that policy and design decisions from individual communities consider separate site specific 
analysis incorporating the combined effects of all processes to establish an appropriate level of safety for flood 
protection design studies. This may include evaluation of different approaches (i.e., combined, joint probability 
analysis, hindcast) for flood level estimates. 

In addition to impacts from the Fraser River flooding, communities may experience catastrophic consequences 
from flooding from local rivers and creeks, including debris flooding and urban flooding due to ineffective 
drainage infrastructure. The consequences from these additional sources of flooding are not addressed for this 
regional study, but are recommended for future site specific flood risk assessment by individual communities for 
effective flood protection.
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1. Introduction 

The following key objectives were considered for this study: 

 Review existing reports, and technical studies regarding coastal flood risks for communities and 
infrastructure in Lower Mainland, considering sea level rise and coastal storm conditions; 

 Review existing reports, and technical studies regarding Fraser River flooding, considering climate 
change impacts on the Fraser River flood levels in the Lower Mainland; 

 Define two coastal and two Fraser River flood scenarios that include sea level rise, and climate 
change impacts; 

 Define coastal and Fraser River flood levels for the selected flood scenarios based on existing 
modelled outputs and separate joint probability assessment, where applicable to support a Regional 
Vulnerability Assessment; and 

 Identify gaps in data and studies available for coastal and Fraser River flooding for the study area 
within the associated scope of works considered, and comment on joint probability assessment for 
coastal flood scenarios. 

The most relevant reports, studies and models reviewed for this study were obtained from Fraser Basin 
Council, as detailed below: 

 Lower Fraser River Hydraulic Model, Fraser Basin Council, NHC, Triton, December 2006; 

 Fraser River Hydraulic Model Update, BCMoE, NHC, March 2008; 

 Comprehensive Review of Fraser River at Hope – Flood Hydrology and Flows – Scoping Study, 
BCMoE, NHC, October 2008; 

 Fraser River Design Flood Level Update – Hope to Mission, MFLNRO, March 2014; 

 Simulating the Effects of Sea Level Rise and Climate Change on Fraser River Flood Scenarios, 
MFLNRO, NHC, May 2014; 

 City of Vancouver, Coastal Flood Risk Assessment –Final Report NHC, December 2014; 

 Serpentine, Nicomekl & Campbell Rivers - Climate Change Floodplain Review, City of Surrey, NHC, 
December 2012; 

 City of Surrey, 2014. Serpentine & Nicomekl Rivers - Climate Change Floodplain Review – Phase 2 
– Draft Report. Prepared by NHC (Northwest Hydraulic Consultants); 

 Creek Hydrology, Floodplain Mapping and Bridge Hydraulic Assessment, (Seymour River, Lynn 
Creek, Mosquito Creek, and Mackay Creek), City of North Vancouver, KWL, 2012; 

 National Floodplain Mapping Assessment - Final Report, Public Safety Canada, MMM, Matrix,  
June 2014; 

 City of Coquitlam, KWL, Coquitlam River Flood Assessment, 2014; and 

 District of Squamish – IFHMP Draft background report, KWL, 2015. 
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2. Selection of Flood Scenarios 
The following assumptions were applied for selection of the flood scenarios: 

 Allow for 1 m of Sea Level Rise (SLR) by year 2100 and 2 m SLR by year 2200 (Ausenco Sandwell, 
2011c). This study has adopted the Province’s climate change recommendation with an allowance 
of 1 m of Sea Level Rise (SLR) by year 2100; and 

 For combining Fraser River and ocean conditions, the appropriate flood scenarios were analyzed on 
a site specific basis. 

The various types of interaction of the Fraser River and coastal conditions were reviewed in order to 
establish the criteria for selection of flood scenarios. For this purpose, the coastal and river flood hazard 
interactions were generalized into the following categories as described below. 

Coastal Hazards combined with Small Streams 

For the coastal communities, the interaction of the coastal flooding can be combined with small streams. 
For example, the City of Vancouver (CoV, 2014) study assumed a 1-in-500-year AEP for the coastal 
hazard and 1-in-25-year AEP for streams.  In these situations, the interaction of the coastal conditions 
and the relevant flows on small streams is not considered complex.   

Coastal Hazards combined with Large Rivers 

A flood hazard from this type of interaction can be characterized by two possible combinations as 
described below: 

 High tide coastal hazard with a combined AEP River flood; and 

 AEP coastal hazard with a combined AEP River flood, e.g., City of North Vancouver, 2012. 

The interaction between the Fraser River and coastal hazard falls into this category.  Key Fraser River 
flood scenarios are a freshet flow condition combined with high tide or a winter coastal conditions 
combined with a lower Fraser River flow. 

River Interactions 

For the study extent, a possible flood hazard can be defined by the interaction where the lower reaches 
of Fraser River tributaries are affected by backwater from the Fraser River (e.g., Coquitlam River, Pitt 
River, Vedder River).  The flood hazards in this interaction can be characterized in two combinations  
as below: 

1. Fraser River freshet water levels and typical tributary summer flows; and 
2. Appropriate Fraser River winter water levels and 1-in-200-year AEP tributary flows. 

Complex Interactions 

Complex interactions between the coastal and river hazard require a joint probability analysis between 
river and coastal flood frequencies.  The analysis of this interaction will produce a “true” combined AEP 
for the interaction between ocean and river peak flows.  The City of Surrey Serpentine/Nicomekl study 
approach acknowledges this interaction.  It is our opinion that such an analysis is unlikely to be required 
at other locations, however, must be assessed based on needs and local conditions. 

 Due to the regional nature of the Lower Mainland Flood Management Strategy, coastal and river 
flooding are assessed independently. The primary impact from river flooding is considered to be 
from the Fraser River, so other river flood hazards and their interactions with coastal hazard were 
not considered.  
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The key criteria for selection of the flood scenarios include: 

 Characterize flood vulnerability and consequences on a regional scale to be used for long-term 
planning and for an approximate damage assessment. 

 Year 2100 is considered a reasonable planning horizon. This was considered a reasonable planning 
horizon given the typical lifespan for new buildings and infrastructure. 

 With the exception of the Fraser River, other river flood hazards will not be included. 

 Coastal flood hazards will be assessed for coastal communities on a site specific basis using a 
separate simplified joint probability approach, whilst utilizing up to date information from existing 
studies.  

 Where flood scenarios have already been developed, these would be assessed for extrapolation to 
other locations, based on its suitability. 

 The suggested 1-in-350-year AEP design floodplain mapping standards in the 2014 Public Safety 
Canada’s National Floodplain Mapping study may not be entirely appropriate for the purpose of this 
study.  The current Fraser River design flood is set to an approximately 1-in-500-year AEP and 
some local communities have adopted the 1-in-500-year AEP combined with estimated SLR 
standards for flood protection (e.g., City of Vancouver). 

 The range of scenarios should acknowledge the difficulty of attaining future flood mitigation goals, 
and must be realistic. 

 While the 1-in-500-year AEP is a larger event than normally considered in the province, it reflects a 
growing awareness of the societal and economic values of flood damage and the need to provide 
higher levels of protection, especially throughout parts of the Lower Mainland. 

Based on the above criteria, the following flood scenarios are recommended. 

Coastal Flood Scenarios 

1. 1-in-500-year AEP still-water ocean state
1
 with current sea level; and 

2. 1-in-500-year AEP still-water ocean state with 1 m sea level rise. 

Fraser River Flood Scenarios 

1. High tide with current sea level and 1894 design flood conditions in the Fraser River; and 
2. High tide with 1 m sea level rise and “moderate” climate change, and 1-in-500-year AEP freshet 

flow conditions in the Fraser River. 

The following sections describe the assumptions and methodology adopted for determining the coastal 
and Fraser River flood levels for the above selected flood scenarios. 

                                                      

1
 For this flood scenarios analysis, still-water ocean state is described as the ocean level without wave effects but includes tide, external 

surge, and sea level rise components. 



 

 

 3-1 

2038.008-300 

 

FRASER BASIN COUNCIL 
Lower Mainland Flood Management Strategy – Analysis of Flood Scenarios 

FINAL Report 
May 2015 

 

3. Coastal Flood Scenarios 
Coastal floods typically occur when external storm surges combine with the highest tides of the year 
during the winter storm season.  As part of this regional study, coastal communities from White Rock to 
Squamish were assessed to determine coastal flood levels for the selected scenarios. This study has 
adopted the Province’s climate change recommendation with an allowance of 1 m of Sea Level Rise 
(SLR) by year 2100.   

It was acknowledged that a number of different combinations of coastal flood scenarios can produce 
damaging consequences. However, only two coastal flood scenarios were selected for this study that 
are considered suitable for the proposed regional vulnerability assessment. These include: 

 1-in-500 AEP still-water ocean state with current sea level; and 

 1-in-500 AEP still-water ocean state with 1 m sea level rise. 

Previous Studies 

The available past reports and associated models address coastal flooding for some specific coastal 
communities; however, they do not consider the entire extent of this study’s region. The following key 
reports were found to be relevant for this study.  

 BC MFLNRO (BC Ministry of Forests, Lands and Natural Resource Operations), 2014. Simulating 
the Effects of Sea Level Rise and Climate Change on Fraser River Flood Scenarios – Final Report; 

 City of Surrey, 2012. Serpentine, Nicomekl & Campbell Rivers - Climate Change Floodplain Review. 
Prepared by NHC (Northwest Hydraulic Consultants); 

 City of Surrey, 2014. Serpentine & Nicomekl Rivers - Climate Change Floodplain Review - Phase 2 
– Draft Report. Prepared by NHC (Northwest Hydraulic Consultants); 

 City of Vancouver Coastal Flood Risk Assessment – Draft Final Report. 2014. Prepared by NHC 
(Northwest Hydraulic Consultants); and 

 District of Squamish – IFHMP Draft background Report. 2015. Prepared by KWL (Kerr Wood Leidal 
Associates Ltd.). District of Squamish. 

The 2014 City of Vancouver’s Coastal Flood Risk Assessment study has adopted a continuous 
simulation hindcasting approach to establish ocean levels affected by meteorological and 
oceanographic conditions. The approach incorporates a hind-cast of 50+ years of data that considers 
individual coastal components that affect static water level; tides, storm surge, local wind setup and 
wave setup were analyzed. A separate site specific wave overland model was completed to incorporate 
wave run-up, and estimated flood depths and velocities for future climate change scenarios. The 
primary purpose of this approach was to evaluate flood risk and assist with future flood protection 
strategies for the City.  

The BC MFLNRO’s 2014 Simulating the Effects of Sea Level Rise and Climate Change on Fraser River 
Flood Scenarios report address a number of different flood scenario combinations including climate 
change and sea level rise. However, it is primarily a Fraser River hydraulic assessment report and is not 
suitable to establish coastal flood levels for individual coastal communities.  

The 2014 City of Surrey Serpentine & Nicomekl Rivers - Climate Change Floodplain Review - Phase 2 
Draft Report addresses the combined effects of coastal components to establish flood levels, through a 
continuous simulation approach where long‐term (50+ years) simulations were conducted of the 
system’s hydraulic performance. The simulated annual peak floodplain water levels were subject to 
conventional frequency analysis. The approach adopted the following assumptions (NHC, 2014): 
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 The joint occurrence of extreme sea levels and severe rainfall contained in the historic record will be 
maintained in the future; and 

 Future sea level time series can be adequately constructed by simply increasing all water levels by 
a uniform amount and scaling storm surges contained in the historic record. 

A site specific continuous simulation hindcasting approach incorporating all coastal components is 
considered statistically defensible and reduces the conservatism inherent in the 2011 Provincial 
method, but requires extensive resources and modeling. This was beyond the scope of the study 
considering the large extent of the study area and regional nature of the Lower Mainland Flood 
Management Strategy.  

Local conditions including shoreline geometry, depth, and direction impact site specific ocean levels. 
Extrapolation of site specific findings from one coastal community to a number of different local 
conditions may provide unrealistic values. For this purpose, a separate simplified Joint Probability 
Analysis (JPA) of tide and external surge was applied using 10 relevant CHS tide stations extending 
from Squamish to White Rock, to evaluate coastal flood levels for the selected flood scenarios 
incorporating tidal prediction and storm surge. This method is similar to KWL’s approach adopted for 
District of Squamish’s IFHMP Background Study, 2014. 

3.1 Coastal Flood Levels 

The two main components that affect the coastal flood levels include: 

 Still-water level, which includes tide, external surge, sea level rise; and  

 Wave effects. 

The key components and associated processes that impact coastal flood levels are described below.  

3.1.1 Astronomical Tide 

Astronomic tide is the regular and predictable variation in water levels caused by the gravitational 
interactions of the Earth, Sun, and Moon.  The highest tides, commonly referred to as “King Tides” occur 
when the sun and moon are aligned and the moon is at its closest point of approach to the earth. Tides 
vary with the fortnightly, seasonal, and 18.6-year lunar cycles.  Each 18.6 year cycle is referred to as a 
“tidal epoch”, usually rounded to 19 years for convenience.  The highest tides of each year typically 
occur in the winter around the New Year. 

The Canadian Hydrographic Service (CHS) regularly calculates tide predictions for several tide stations 
on the BC coast. For this study, several decades of predicted tide data was obtained from CHS 
incorporating latest tidal constituents for the following 10 Stations covering periods 1914 to 2014. These 
stations were chosen as they in general encompass the geographic extent of the coastal communities 
considered for this study.  

1. Point Atkinson (CHS Station #7795); 
2. Vancouver (CHS Station #7735); 
3. Deep Cove (CHS Station #7765); 
4. Port Moody (CHS Station #7755); 
5. False Creek (CHS Station #7710); 
6. Sand Heads (CHS Station #7594); 
7. Tsawwassen (CHS Station #7590); 
8. White Rock (CHS Station #7577); 
9. Crescent Beach (CHS Station #7579); and 
10. Squamish (CHS Station #7811). 
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The predictions cover the periods 1914 to 2014, and include hourly high/low data. It is understood that 
CHS review of the tidal constituents for some stations is ongoing, and it is possible to witness further 
adjustments in the future resulting in changes to predicted values. The most relevant and suitable long-
term gauging station is located at Point Atkinson (#7795) in West Vancouver.   

3.1.2 External Surge – Residual Water Levels 

Water levels along BC’s coast are affected by offshore ocean-scale processes in the Pacific Ocean 
basin and includes processes such as atmospheric pressure, wind, wave momentum, and ocean 
currents, oscillations and temperature.  Together, these conditions explain the majority of observed 
differences between measured water levels and predicted tides (Ausenco Sandwell, 2011a).  These 
differences are often referred to as Residual Water Levels (RWLs).   

Residual water levels exhibit typical seasonal (summer/winter) and annual patterns.  The largest RWL 
recorded at Point Atkinson was 1.03 m in March 1999 (Tinis, 2013).  Provincial guidelines prepared by 
Ausenco Sandwell (2011b) recommend applying a single frequency-magnitude relationship for external 
surge throughout the West Coast, Juan de Fuca Strait and Strait of Georgia. Further, there is presently 
no evidence to suggest that the frequency or magnitude of RWL events will change significantly as a 
result of climate change (Ausenco Sandwell, 2011c).   

In many situations, the 50+ years of reliable residual water level data available for the CHS station at 
Point Atkinson (#7795) would be considered an acceptable record for engineering analysis.  It is 
possible that continued data collection at Point Atkinson could reduce the uncertainty associated with 
extreme value extrapolation of that record over time. In addition, the suitability of Point Atkinson as a 
reference station for Howe Sound is well established (e.g., Thomson, 1981).  Moreover, several recent 
coastal engineering studies in the region i.e., City of Vancouver (CoV, 2014); EBA, 2010; Tetra Tech 
EBA, 2014, and the lower Fraser River (BC MFLNRO, 2014) have chosen to rely on Point Atkinson’s  
record data. 

3.1.3 Joint Probability Analysis 

Joint probability analysis involves a statistical or empirical recombination of the full range of independent 
tide and surge components.   

Review of Acceptable Methods for Estimating Coastal Flood Levels 

In May 2013, MFLNRO released a “Consultation Draft Amendment” that proposes revisions to the 
FHALUMG (Flood Hazard Area Land Use Management Guidelines). Subsequently, a coordinated 
response from a group of experienced practitioners including comments and feedback on the Draft 
Amendment was provided to the BC Ministry of Environment (KWL, 2014) and a copy of this response 
is included in Appendix B of this report. A number of relevant comments and recommendations from this 
response were found to be useful for understanding the implications of various methods for evaluating 
coastal flood levels and therefore warrants a discussion for this study. 

The approaches reviewed comprise The “Combined Approach” which estimates tide and surge 
independently and combines them additively, while the “Joint Probability Analysis” (JPA) approach 
examines statistical combinations of the two processes.  Other methods include statistical frequency 
analysis of extreme water levels and “hindcasting” using a continuous-simulation wind wave model.  As 
part of this response, KWL conducted a comparison of the flood level estimates between the “Combined 
approach” and “Joint Probability Analysis” adopted for the 2014 IFHMP Squamish background Study. 
The difference was found to be relatively modest at the 200-year return period but increased as events 
become more extreme; this explains the deviation of the results from the two approaches.  
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Joint Probability Analysis (JPA) can be comparable to an extreme-value frequency analysis of a long 
and reliable series of observed water levels.  JPA is only viable where locally-representative, reliable 
observed water level data are available over a sufficiently long period of record.  The decision to adopt 
this method lies with the local jurisdictions based on the level of detail required for flood analysis. 

KWL understands that the 2014 City of Vancouver Coastal Flood Risk Assessment has adopted a 
“hindcasting” using a continuous simulation of coastal component that include tide, surge, wind, and 
wave effects. The hindcasting approach explicitly estimates Total Water Level through incorporation of 
the coastal components, thereby avoiding the potentially conservative combination of a return period 
flood and the return period design wave. 

Table 3-1 presents the level of effort and probable outcomes from the approaches described above. 
(Source: 2014, KWL coordinated response to draft amendment FHALUMG) 

Table 3-1: Methods for Evaluation of Coastal Flood Levels 

Method 
Effort / Data 

Requirements 
Resulting 

Inaccuracy 

Combined Approach
 

Lowest Highest 

Joint Probability Analysis  

(also Statistical Frequency Analysis where 
observed data permit)

 

  

Hindcasting Analysis
 

Highest Lowest 

Given the extent and regional nature of the proposed Lower Mainland Flood Management Strategy and 
the extensive resources required to develop static water levels from a hind-casting analysis (e.g., CoV, 
2014) for all coastal communities within this study extent, a simpler approach was adopted based on 
incremental probabilities that produces comparable results.  This method is similar to KWL’s approach 
adopted for District of Squamish’s IFHMP background study, 2014. No special software was required for 
this analysis, and all relevant data was obtained free of charge from the Canadian Hydrographic 
Services (CHS).   

Method Adopted for This Study 

For this study, KWL adopted an external storm surge allowance based on data from Point Atkinson and 
completed a peaks-over-threshold frequency analysis of Residual Water Levels. This also provides a 
consistent approach with previous local studies as well as the provincial government’s recent Fraser River 
study (BC MFLNRO, 2014).  A Generalized Pareto Distribution was applied to 1-hour, 2-hour, 6-hour,  
24-hour, and 120-hour average RWL exceedances for both storm season (October to March) and 
summer season (April to September).   

The incremental joint probability analysis adopted in this study applies the following simplified assumptions: 

 A 19-year time series of astronomic tide predictions (1996-2014) provides a complete description of 
tide behaviour; 

 Site-specific application undertaken to evaluate any significant regional differences (e.g., due to 
basin effects of Burrard Inlet); 

 External (i.e., regional) storm surge will be similar across the Lower Mainland coast and will not be 
affected by climate change; 

 Storm surges have a typical duration ranging from one hour to several days and can be 
characterized by a set of water levels averaged over each duration; 
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 Surge behaviour is focussed within the October to March period and must be considered on a 
seasonal basis; and 

 The combination of astronomic tide and external surge can explain most of the variation in regional 
still-water levels (excluding local effects). 

For the combined approach, AEP values are determined by replacing complex statistical analysis with  
a set of simplifying assumptions.  Key assumptions implicit in the final combined-approach AEP values 
include: 

 Storm surges will follow the appropriate frequency-magnitude distribution, but only occur between 
mid-October and mid-January.  No storm surges occur outside this period; 

 Each storm surge lasts for six hours; 

 Astronomic tides equivalent to HHWLT will occur three times in every two-week period during each 
year’s storm surge season; 

 Water levels equal to HHWLT last for 2.8 hours during each high tide; 

 The longer duration of a typical storm surge (6 hours) relative to the assumed high tide (2.8 hours) 
means that the probability of a surge occurring at the same time as a high tide is twice that of the 
high tide occurring alone; and 

 Extreme water levels cannot result from superimposing storm surge on tides lower than those 
described above. 

Applying an incremental probability analysis with these simplifying assumptions generates a frequency-
magnitude relationship for the combined effect of tide and external storm surge.   

The following sections describe the individual components that influence the final water levels including 
their uncertainties.  

3.1.4 Datum Adjustment 

CHS publishes tide predictions and observed water levels in Chart Datum (CD), which varies for 
different stations associated with unique conversion values.   The CHS chart datum is the plane of 
Lowest Normal Tide (LNT), which is equivalent to Lower Low Water, Large Tide for most modern charts 
(FOC, 2014).  The appropriate conversion from CD to local geodetic benchmarks can vary over time in 
response to processes such as Sea Level Rise and local subsidence.  Mean Water Levels (MWL, 
expressed in CD) are included in the CHS publications (e.g., FOC, 2014) and provide an approximate 
conversion between CD and geodetic datum.   

For this study, site specific conversions were obtained directly from CHS.  The resulting coastal water 
levels were compared for conversions from permanent benchmarks and its most recent GPS based 
Global Navigation Satellite System (GNSS) conversions.  A number of different conversions were found 
to have been adopted in past studies, as detailed below. 

 Triton (2006) study has adopted 3.04 m GSC conversion based on Point Atkinson; 

 NHC (CoV, 2014) study assumed a Point Atkinson conversion of 3.1 m (MWL); 

 It is necessary to acknowledge that mean water levels are site specific in nature and vary accordingly; 
and 

 CHS have used Global Navigation Satellite System (GNSS) data to establish elevations at  
published benchmarks for some stations and suggests GPS conversions where appropriate (3.06 m  
at Point Atkinson). 
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It was identified during this study that not all of the Chart Datum conversions obtained from CHS 
considered stable reference benchmarks.  We understand that CHS plans to address this deficiency by 
establishing new stations and other improvements.  It is reasonable to assume that following a CHS 
update, the conversion of Chart Datum to geodetic datum will be revised.  

Assuming the CHS’s GNSS observation provides most recent conversion for some stations along with 
permanent benchmarks for other stations analyzed, they yield slightly different conversions that reflect 
the inconsistent local benchmark elevations.  Relative changes in subsidence or destroyed permanent 
benchmarks could be some of the reasons attributable to this difference. However this will require 
further investigation on a site specific basis.  

In order to compare water levels consistently between the stations analyzed in this study, it was 
considered reasonable to use same datum and origin. The only method that provided site-specific 
conversion data at all ten Stations was CHS GSC benchmarks. In general the following can be 
attributed to the differences encountered with the water level estimates. 

 Uncertainties in origin of benchmark elevations (e.g., GNSS and GSC); 

 Subsiding or unstable benchmarks; and 

 Uncertainties in Tide prediction chart data available for different locations.  

It is important to note that these discrepancies may be more relevant for design projects (e.g., flood 
protection structures) and do not significantly impact the outcome for the regional vulnerability 
assessment. The overall uncertainties from effects due to variations in local conditions between sites 
will be greater than only the datum discrepancies for this study, as described in sections below.  

3.1.5 Local Effects 

Local site-specific shoreline conditions affect coastal water levels. Key contributors comprise uplift and 
subsidence as well as wind setup and wave setup.  

Uplift and subsidence  

Tectonic changes comprising uplift and subsidence can lead to changes in ground elevations relative to 
MWL, affecting coastal water levels associated with the location. Uplift and subsidence rates for a 
number of locations in BC are documented in Appendix B of the provincial Sea Dike Guidelines 
(Ausenco Sandwell, 2011b), but may not be available for all sites and require long term monitoring. The 
2008 DFO report, An Examination of the Factors Affecting Relative and Absolute Sea Level in Coastal 
British Columbia, by R. E. Thomson, B. D. Bornhold and S. Mazzotti, provides a broader-based 
examination of regional factors in the Lower Mainland, including effects of subsidence, tectonic uplift, 
etc. but was not reviewed for this study.  

3.1.6 Waves 

Wave effect is a local phenomenon that is generally dependent on near shore water levels, direction of 
waves, and composition and geometry of the shoreline.  It can be reasonably expected that wave 
impacts on coastal water levels will increase with rising sea levels as water levels near the shore 
become deeper.  Waves are generated by a sustained wind field over deep water, and has the potential 
for damaging consequences on coastal protection and coastal floodplain. Local conditions including 
water depth and shoreline geometry influence wave-run up and the depth of flooding inshore. So it can 
be assumed that the effect of waves on water levels varies locally and its contribution must be 
calculated explicitly for design purposes, i.e., flood protection design. The Cov, 2014 study and CoS, 
2012, 2014 studies acknowledge this through the hind-cast approach, comprising site specific local 
conditions and wave models adopted.  
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Individual shoreline conditions of the coastal communities and local wave impacts on coastal water 
levels were not considered for this study, as these will require site specific modeling incorporating 
shoreline geometry. A suitable allowance of 0.6 m, addressing inconsistences in site specific data and 
overall uncertainty from local effects has been adopted. 

3.1.7 Coastal Water Levels – Joint Probability of Tide + Surge 

The results from this joint probability analysis are found to be within +/-2 to 5 cm of the coastal boundary 
condition values adopted by BC MFLNRO (2014) and other localised studies (i.e., CoV, 2014) for similar 
locations (i.e., Point Atkinson). However, larger discrepancies in water levels were identified for some of 
the other stations that require site specific allowances for uncertainties. The discrepancies can be 
particularly prominent in locations like Boundary Bay where the estimated wind setup can be up to 
0.8 m for 200 year wind speeds and wave setup up to 0.4 m for similar conditions, for a total of 
approximately 1.2 m to address local conditions. 

Table 3-2 below provides coastal flood levels and relevant chart datum values determined through joint 
probability assessment of tides and storm surge (excluding local effects from waves) conducted for a 
range of AEP scenarios including the 1-in-500 AEP flood scenario considered for this study. 

Table 3-2: Coastal Flood Levels using Joint Probability (Tides + Storm Surge) – CHS Stations 

CHS Station 
Station 

No. 
Datum  

Benchmark 
ID 

Return Period AEP Event 

50 100 200 500 1000 5000 10000 

Benchmark-GNSS 

Point Atkinson 7795 3.06 CHS GNSS 2.58 2.64 2.70 2.77 2.81 2.91 2.95 

Vancouver 7735 3.00 CHS GNSS 2.65 2.71 2.77 2.84 2.88 2.98 3.02 

Port Moody 7755 3.14 CHS GNSS 2.56 2.62 2.68 2.75 2.80 2.90 2.94 

Tsawwassen 7590 3.01 CHS GNSS 2.35 2.41 2.46 2.53 2.58 2.68 2.71 

Squamish 7810 3.21 M07C9001 2.42 2.48 2.54 2.61 2.66 2.76 2.80 

Benchmark-GSC 

Point Atkinson 7795 3.04 213-J-2 2.60 2.66 2.72 2.79 2.83 2.93 2.97 

Vancouver 7735 2.98 1J 2.67 2.73 2.79 2.86 2.90 3.00 3.04 

Deep Cove 7765 3.07 10-1964 2.60 2.67 2.73 2.80 2.86 2.96 3.00 

Port Moody 7755 3.06 25-1961 2.64 2.70 2.76 2.83 2.88 2.98 3.02 

False Creek 7710 3.02 1236-J1974 2.59 2.66 2.72 2.79 2.85 2.95 2.99 

Sand Heads 7594 3.26 brass plug 2.30 2.37 2.43 2.50 2.55 2.65 2.69 

Tsawwassen 7590 2.99 77C010 2.37 2.43 2.48 2.55 2.60 2.70 2.73 

White Rock 7577 2.74 18-J 2.48 2.55 2.60 2.67 2.72 2.83 2.87 

Crescent Beach 7579 2.74 16-J 2.35 2.41 2.46 2.53 2.58 2.68 2.72 

Squamish 7810 3.06 77HA891 2.57 2.63 2.69 2.76 2.81 2.91 2.95 

Past Studies 

MFLNRO (NHC) 
2014 Study 

7795 3.10 NHC 2.59 2.65 2.70 2.76 2.79 2.87 2.90 

Point Atkinson (NHC) 7795 3.10 NHC 2.54 2.60 2.66 2.73 2.77 2.87 2.91 

Point Atkinson 
(Triton, 2006) 

7795 3.04 Triton/NHC 2.60 2.66 2.72 2.79 2.83 2.93 2.97 
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CHS Station 
Station 

No. 
Datum  

Benchmark 
ID 

Return Period AEP Event 

50 100 200 500 1000 5000 10000 

CHS Mean Water Level 

Point Atkinson 7795 3.09 CHS 2.55 2.61 2.67 2.74 2.78 2.88 2.92 

Vancouver 7735 3.06 CHS 2.59 2.65 2.71 2.78 2.82 2.92 2.96 

Deep Cove 7765 2.99 CHS 2.68 2.75 2.81 2.88 2.94 3.04 3.08 

Port Moody 7755 3.08 CHS 2.62 2.68 2.74 2.81 2.86 2.96 3.00 

False Creek 7710 2.99 CHS 2.62 2.69 2.75 2.82 2.88 2.98 3.02 

Sand Heads 7594 3.10 CHS 2.47 2.54 2.60 2.67 2.72 2.82 2.86 

Tsawwassen 7590 2.96 CHS 2.40 2.46 2.51 2.58 2.63 2.73 2.76 

White Rock 7577 2.80 CHS 2.42 2.49 2.54 2.61 2.66 2.77 2.81 

Crescent Beach 7579 2.80 CHS 2.29 2.35 2.40 2.47 2.52 2.62 2.66 

Squamish 7810 3.14 CHS 2.49 2.55 2.61 2.68 2.73 2.83 2.87 

Chart Datum (pre-adjusted values) HHWLT MWL 

 Point Atkinson 7795 4.99 3.09 5.64 5.70 5.76 5.83 5.87 5.97 6.01 

Vancouver 7735 5.00 3.06 5.65 5.71 5.77 5.84 5.88 5.98 6.02 

Deep Cove 7594 5.50 2.99 5.67 5.74 5.80 5.87 5.93 6.03 6.07 

Port Moody 7577 5.06 3.08 5.70 5.76 5.82 5.89 5.94 6.04 6.08 

False Creek 7590 4.98 2.99 5.61 5.68 5.74 5.81 5.87 5.97 6.01 

Sand Heads 7755 4.92 3.10 5.56 5.63 5.69 5.76 5.81 5.91 5.95 

Tsawwassen 7765 4.69 2.96 5.36 5.42 5.47 5.54 5.59 5.69 5.72 

White Rock 7710 4.56 2.80 5.22 5.29 5.34 5.41 5.46 5.57 5.61 

Crescent Beach 7579 4.43 2.80 5.09 5.15 5.20 5.27 5.32 5.42 5.46 

Squamish 7810 4.99 3.14 5.63 5.69 5.75 5.82 5.87 5.97 6.01 

Notes:  

1.     The coastal flood levels are based on geodetic datum and include chart datum conversion (but excludes site-specific 
assessment of wave setup and localized wind setup).  Further allowances for wave effects, and uncertainties due to local 
conditions should be considered. 

2.     Wave setup and site-specific wind setup are not included as it requires site-specific local conditions analysis. 

 
Table 3-3 below shows coastal flood levels relevant for individual coastal communities excluding  
local effects, i.e., wave allowance, determined based on the joint probability analysis of tide and storm 
surge conducted for this study. 

Table 3-3: Coastal Flood Levels using Joint Probability (Tides + Storm Surge) – Communities 

Community 

1-in-500 AEP + 0 m SLR 1-in-500 AEP + 1 m SLR 

Present Day Coastal Flood 
Level, GD

1
 

Year 2100 Coastal Flood Level, 
GD

1
 

City of Vancouver 2.86 3.86 

City of North Vancouver 2.79 3.79 

City of Port Moody 2.83 3.83 

City of Richmond 2.50 3.50 

City of Surrey 2.53 3.53 

City of White Rock 2.67 3.67 

Corporation of Delta 2.55 3.55 
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Community 

1-in-500 AEP + 0 m SLR 1-in-500 AEP + 1 m SLR 

Present Day Coastal Flood 
Level, GD

1
 

Year 2100 Coastal Flood Level, 
GD

1
 

District of Squamish 2.76 3.76 

District of West Vancouver 2.79 3.79 

Village of Belcarra 2.80 3.80 

Village of Lions Bay 2.79 3.79 

City of Burnaby 2.80 3.80 

Notes:  

1.     The coastal flood levels are based on geodetic datum and include chart datum conversion (but excludes site-specific 
assessment of wave setup and localized wind setup).  Further allowances for wave effects, and uncertainties due to local 
conditions should be considered. 

2.     Wave setup and site-specific wind setup are not included as it requires site-specific local conditions analysis. 

3.1.8 Recommended Coastal Water Levels 

The joint probability approach adopted for this study provided site specific coastal water levels. However, 
a number of gaps have been identified in the current understanding of CHS data, local conditions such as 
subsidence, datum adjustments, and wave generation. These gaps may also explain the uncertainties in 
the final water level estimates. 

In order to address the discrepancies and associated uncertainties, the following two options were 
discussed for recommendation of coastal water levels, for the purposes of Regional Vulnerability 
Assessment:  

 Adopt site specific values: Accept variations (including uncertainties) in water levels and 
associated data discrepancies between sites. 

 Adopt uniform value (selected): Adopt a suitable uniform geodetic coastal water surface elevation 
based on the results from the analysis, for all locations, incorporating an acceptable allowance to 
address uncertainties. 

Concurrent with the regional nature of this study, it was agreed with the FBC technical committee on 
March 10, 2015 that it is appropriate to adopt a uniform value for all locations assuming an allowance 
0.6 m to address uncertainties in coastal water level estimates to incorporate local effects, i.e., wave 
allowance, subsidence and datum uncertainties. Therefore, the recommended flood levels for the two 
coastal flood scenarios for the purpose of regional vulnerability assessment, based on a consistent 
2.8 m GD (i.e., Point Atkinson) are as below. The flood levels presented in this report will support the 
Project 2 of Phase 1 – Regional Vulnerability Assessment, and should not be used for design of flood 
protection measures, i.e., dike design and as flood construction levels (FCL). 

Table 3-4: Recommended Coastal Flood Levels for Lower Mainland Flood Management Strategy 

Coastal Flood Scenarios 

1-in-500 AEP + 0 m SLR 1-in-500 AEP + 1 m SLR 

Present Day Coastal Flood Level, 
GD 

Year 2100 Coastal Flood Level, 
GD 

3.40 4.40 

Notes:  

1.     The Coastal Flood Level represents an assumed allowance of 0.6 m to address 
uncertainties from local conditions, i.e., waves, datum adjustments, uplift, subsidence. 

2.  A uniform geodetic coastal water surface elevation for all locations was adopted. 
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4. Fraser River Flood Scenarios 

Previous Studies 

The two major floods with damaging consequences on the Lower Fraser River occurred in 1894 and 
1948. The 1894 flood was adopted in general for defining flood protection standards in the region. A 
number of past studies have been completed specifically addressing the 1894 flood event and its 
potential estimated flows for establishing flood protection. This includes studies undertaken by Fraser 
Basin Board (1958); hydrometric and sediment studies in Lower Fraser River by Inland Waters Branch 
(1970); upstream storage studies conducted by Fraser River Joint Advisory Board (1976) and the 
comprehensive review of flood hydrology and flows on Fraser River at Hope (NHC, 2008). Since 1999, 
a number of hydraulic modelling investigations were commissioned by the Fraser Basin Council and 
Ministry of Environment, and comprises MIKE 11 hydrodynamic models for the Fraser River. The 
studies include the UMA, 1999 report extending between Laidlaw and Mission. Subsequent hydraulic 
modeling studies include the hydraulic modelling of the tidally influenced reach between Mission and the 
mouth of the Fraser River, (NHC, 2006). These upper and lower reaches of the Fraser River were 
integrated to form a combined Lower Fraser River model (NHC, 2008a) which has since been used as 
the freshet forecasting model. In order to reflect the changes in the river bathymetry due to the dynamic 
nature of the gravel reach on modelled water levels, a new upper model was developed (NHC, 2014). 
This model was eventually combined with the lower model (NHC, 2008a) for flood forecasting purposes. 
The most recent and relevant study that addresses climate change and tidal impacts on the Fraser 
River was undertaken by MFLNRO (NHC, 2014). 

Flood Scenarios 

Two Fraser River Flood Scenarios were considered for this analysis, as described below: 

1. High tide with current sea level and 1894 design flood conditions in Fraser River; and 

2. High tide with 1 m sea level rise and “moderate” climate change for 1-in-500-year AEP freshet flow 
conditions in Fraser River 

Flood Levels Criteria 

The following assumption and methodology was applied for determining Fraser River flood levels for the 
above two flood scenarios: 

 With the exception of the Fraser River, other river flood hazards were not considered for deriving 
water levels for the above scenarios. It is assumed that a successive failure of existing flood 
protection will be considered to assess consequences from flooding, and that the primary impact 
from River flooding will be from the Fraser River. 

 The Fraser River Design Flood Level Update – Hope to Mission (MFLNRO 2014) report and 
associated model provides the latest water levels for the 1894 design flood for the upper reach. At 
this time of study, although this model was known to have been run as a merged model including 
the lower reach (Mission to mouth of Fraser River), the lower model is currently being used for 
annual flood level forecasting purposes only with no immediate plans to update the design profile 
downstream of Mission. 

 The Fraser River Hydraulic Model Update (NHC 2008) study and associated model was considered 
for defining the 1894 design flood profile for the lower model reach. 

 The Simulating the Effects of Sea Level Rise and Climate Change on Fraser River Flood Scenarios, 
(MFLNRO, 2014) study addresses the climate change in Fraser River watershed and tidal impacts. 
The associated modeling considered 105 freshet profile scenarios and 35 winter profile scenarios. 
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This report was reviewed to obtain water levels for the year 2100 flood scenario combining climate 
change conditions and tidal conditions in the watershed. There was no design flood (1894) scenario 
combination modelled but includes the 1-in-500-year AEP flood scenario required for this study. 

 The 1894 Fraser River design flood scenario assumes flows if 17,000 m
3
/s at Hope and is 

considered slightly higher than the 1-in-500-year AEP flows for this location (NHC, 2008a).  

 Moderate climate change conditions in the watershed affecting Fraser River flows for Year 2100, 
based on the PCIC recommendations (MoFLNRO, 2014) was adopted for this study. 

 The 1-in-500 AEP Fraser River freshet historic flows of 16,500 m
3
/s (present day condition) and with 

a ‘moderate’ climate change scenario of 19,900 cms (year 2100 condition) at Hope was assumed 
(MFLNRO, NHC, 2014). The 1-in-500 year AEP Fraser River freshet historic flows was found to be 
marginally lower than the 1894 flood flows estimated in previous studies (NHC, 2008) and the  
1-in-500-year freshet flows with moderate climate change flows equates to an approximately  
1-in-5,000-year freshet flows in present day scenario. 

 Maximum water surface elevations for the above two flood scenarios were selected on a site 
specific basis. Municipal boundaries were used to reflect river reach extents and water levels were 
extracted from the MFLNRO study for upstream and downstream locations. The water levels are 
representative of the area and extent of the individual community. Some communities will 
experience both river and coastal flooding due to their locations.  

 Likely gaps identified in the available Fraser River studies and models include the application of  
1-Dimensional hydrodynamic models excluding dike overtopping and associated floodplain storage. 
A number of flow conveyance structures such as bridges and diversions might exhibit losses or 
upstream impacts based on current dike elevations and available storage which is not 
representative of the flood level calculations. Site specific flood risk assessments may require 
additional detailed modeling incorporating overtopping and dike breaches to establish flood depths 
and associated velocities accurately. 

4.1 Fraser River Flood Levels 

Table 4-1 below provides recommended Fraser River flood levels (freshet flood conditions) for individual 
communities within the study extent for all selected flood scenarios. The flood levels presented in this 
report will support the Lower Mainland Flood Management Strategy’s ‘Regional Vulnerability 
Assessment’ study, and should NOT be used for the purposes of planning policy and/or design 
of flood protection measures. 

Table 4-1: Recommended Fraser River Flood Levels for Lower Mainland Flood Management Strategy 

Community 
Fraser River 

Section 
Chainage 

Fraser River Design 
Flood (1894) + 0 m SLR 

(m) 

1-in-500 AEP + Moderate 
Climate Change + 1 m SLR  

(m) 

City of Vancouver 
North arm 22157 2.57 3.77 

North arm 1238 1.56 2.89 

City of Richmond/Sea Island 
Middle Arm 14066 1.90 3.77 

North arm 9913 1.68 2.89 

City of Richmond 
Fraser 28761 3.14 3.77 

Fraser 9650 1.55 2.89 

Delta 
Fraser 31926 3.54 4.53 

Fraser 9650 1.55 2.89 

City of Burnaby Fraser River 28761 3.14 5.24 
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Community 
Fraser River 

Section 
Chainage 

Fraser River Design 
Flood (1894) + 0 m SLR 

(m) 

1-in-500 AEP + Moderate 
Climate Change + 1 m SLR  

(m) 

North arm 22157 2.57 3.77 

City of New Westminster 
Fraser 37528 4.22 5.24 

North arm 28761 3.14 3.77 

City of Surrey 
Barnston 6011 5.83 6.75 

Fraser 31926 3.54 4.53 

City of Coquitlam 
Fraser 42617 4.67 5.80 

Fraser 37528 4.22 5.24 

City of Port Coquitlam 
Fraser 46984 4.92 6.20 

Fraser 42617 4.67 5.80 

District of Pitt Meadows 
Fraser 53954 6.00 7.05 

Fraser 46984 4.92 6.20 

District of Maple Ridge 
Fraser 73842 7.90 8.91 

Fraser 53954 6.00 7.05 

Langley 
Fraser 70804 7.66 8.60 

Barnston 6011 5.83 6.75 

Abbotsford 
Fraser 100688 10.55 11.66 

Fraser 70804 7.66 8.60 

Chilliwack 
Fraser 129916 18.18 18.76 

Fraser 100688 10.55 11.66 

District of Mission 
Fraser 89601 9.44 10.62 

Fraser 73842 7.90 8.91 

Fraser Valley District G 
Fraser 113344 12.03 12.87 

Fraser 89601 9.44 10.62 

Fraser Valley District C 
Fraser 117465 13.68 14.39 

Fraser 113344 12.03 12.87 

Fraser Valley District D 
Fraser 144434 25.26 25.76 

Fraser 129916 18.18 18.76 

Fraser Valley District B 
Fraser 156778 32.98 33.64 

Fraser 144434 25.26 25.76 

Kent 
Fraser 153743 31.66 32.35 

Fraser 117465 13.68 14.39 

Fraser Valley District A 
Fraser 162143 36.80 37.88 

Fraser 153743 31.66 32.35 

Hope 
Fraser 167135 39.55 40.39 

Fraser 156778 32.98 33.64 

Notes:  

1. All Fraser River design flood levels are based on freshet flood conditions only. 

2. The Fraser River Design Flood Level Update – Hope to Mission (MFLNRO 2014) report and associated model provides the 
latest water levels for the 1894 design flood for the upper reach. 

3. The Fraser River Hydraulic Model Update (NHC 2008) study and associated model was considered for defining the 1894 
design flood levels for the lower reach. 

4. 1-in-500 AEP + Moderate Climate Change + 1 m SLR flood levels are based on results from the 2014 MFLNRO Simulating 
the Effects of Sea Level Rise and Climate Change on Fraser River Flood Scenarios study. 
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Mapping and GIS 

Maps with flood levels comprising coastal and Fraser River flood levels for all selected flood scenarios 
was developed and is presented as Figure 1-3 in Appendix A.  In addition, a standalone GIS Portal with 
salient information including flood levels, municipal boundaries, Fraser River reaches and dedicated 
secure access was developed for the purpose of this study.  The primary framework and associated 
data for this portal will remain within the KWL’s managed server.  It is assumed at this stage that secure 
access and copyrights for project data used in this portal will reside with Fraser Basin Council for this 
project including discretionary dissemination of data for the period of Lower Mainland Flood 
Management Strategy as indicated by Fraser Basin Council, i.e., Phase 1 (2014-2015).  Beyond this 
timeline, subject to FBC’s approval KWL may maintain this GIS portal and associated data or transfer to 
FBC’s own server for a nominal fee. 
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5. Conclusions and Recommendations 

Conclusions 

The primary objective of the Lower Mainland Flood Management Strategy Project – Analysis of Flood 
Scenarios is to support Project 2 of Phase 1 – Regional Vulnerability Assessment, and the flood levels 
presented in this report should not be used for design of flood protection measures (i.e., Dike Design, 
Flood Protection). 

Due to the regional nature of the Lower Mainland Strategy, two coastal and two Fraser River flood 
scenarios were considered. 

There were no relevant past studies completed that specifically addressed increases in coastal storm 
intensity resulting from climate change for the extent of this study area.  

Most coastal flood studies provided a 1-in-200-year AEP coastal flood level and do not investigate the 
specific AEP scenarios considered for the entire study area.  The CoV 2014, MFLNRO and Squamish 
IFHMP studies have addressed lower flood frequencies, i.e., 1-in-500-year AEP, on a site-specific basis.  

Local conditions including shoreline geometry, depth, and direction impact site specific ocean levels. 
Extrapolation of site specific findings from one coastal community to a number of different local 
conditions may provide unrealistic values. A site specific continuous simulation hindcasting approach 
incorporating all coastal components (CoV & City of Surrey, 2014) is considered statistically defensible 
and reduces the conservatism inherent in the 2011 Provincial method. Such a site specific analysis 
considering the large extent of the study area and regional nature of the Lower Mainland Flood 
Management Strategy, would require significant analysis and reliable long-term wind and water level 
data.   

The simplified joint probability approach adopted for this study provided site specific coastal flood levels. 
However, a number of gaps have been identified in the current understanding of CHS data, local 
conditions such as subsidence, datum adjustments, and wave generation. These gaps also explain the 
uncertainties in the final flood level estimates. 

Variations in flood level estimates due to local conditions may affect flood protection design i.e. dike 
design, but are unlikely to impact the regional scale vulnerability assessment significantly. Therefore, a 
uniform geodetic coastal water surface elevation, for all locations, incorporating an acceptable 
allowance to address uncertainties was selected (Table 3-4). 

The Fraser River Design Flood Level Update – Hope to Mission (BC MFLNRO, 2014) report and 
associated model is relevant for determining the 1894 design flood for the upper reach. The Fraser 
River Hydraulic Model Update (NHC 2008) study and associated model comprise the 1894 design flood 
profile for the lower reach. Moderate climate change conditions in the watershed affecting Fraser River 
flows towards the end of the century (MFLNRO, 2014) were adopted for this study. 

Although a number of different previous studies address Fraser River flooding in the region, only the 
MFLNRO study on the Fraser River addressed all possible AEP flood scenarios with climate change 
and sea level rise combinations considered for this study.  The 2014 MFLNRO Simulating the Effects of 
Sea Level Rise and Climate Change on Fraser River Flood Scenarios study provided relevant flood 
levels for the year 2100 flood scenario combining increased flows from climate change in the Fraser 
River and Sea Level Rise. 
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Recommendations 

KWL identified a number of recommendations from the flood scenario analysis, which include: 

 The simplified site specific joint probability analysis conducted in this study highlights the 
importance of the effect of local conditions on coastal flood levels.  It is recommended that the 
Fraser Basin Council or its Project 2 consultant liaise with CHS to obtain further clarification on the 
discrepancies in current data, i.e., chart datum, local geodetic benchmarks, subsidence and uplift 
etc. and if new information can be provided prior to completion of the Phase 2 (i.e., regional 
vulnerability assessment).  The new information may then be applied to improve flood level 
estimates to enhance the predicted outcome of the regional vulnerability assessment.  

 Assessing coastal flood levels in areas protected by sea dikes can be complex, in particular where 
overtopping rates may vary locally and act as a secondary source of flooding.  Another situation can 
include areas enclosed or “bathtub” areas where coastal flood protection performs well; dikes retain 
water from an upstream river dike breach until it begins to spill out over the sea dikes.  This 
condition does not necessarily apply for this study where successive dike failure scenarios may be 
considered for assessing flooding consequences on a regional scale.  However, it is recommended 
that the secondary sources of flooding be assessed on a site-specific basis by individual 
jurisdictions. 

 It is recommended that local authorities adopt a higher target for flood protection where justified by 
benefit-cost analysis or other forms of Quantitative Risk Assessment.  

 The current Fraser River models available for the study region comprise 1-Dimensional 
hydrodynamic models that exclude dike overtopping and associated floodplain storage.  Site 
specific flood risk assessments may require additional detailed modeling incorporating dike 
overtopping and dike breaches to establish flood depths and associated velocities accurately.  This 
could particularly be relevant for low floodplain areas and other specific dike reaches with low AEP 
standards of protection. 

 In addition to impacts from the Fraser River flooding, a number of communities may experience 
catastrophic consequences from debris floods from local rivers and creeks, and overwhelming of 
drainage infrastructure in heavily urbanized areas.  The consequences from these additional 
sources of flooding are not addressed for this regional study, but are recommended for future site 
specific flood risk assessment by individual communities for effective flood protection. 

 It is recommended that policy and design decisions from individual communities must consider 
separate site specific analysis incorporating the combined effects of all processes to establish an 
appropriate level of safety for flood protection design studies.  This may include evaluation of 
different approaches for flood level estimates that best meets their needs.  Acceptable approaches 
could include the Combined Approach, JPA, and hindcasting.  Statistical frequency analysis of 
observed water levels could be considered as an acceptable approach where the observed record 
of water levels is sufficiently long and reliable.  
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