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Glossary 

Term Abrv. Definition 

Average 
Wave Power 

AWP Wave power along the shoreline averaged over the entire wave model simulation 
period. 

Estimated 
Future 
Natural 
Boundary 

EFNB Natural boundary means the visible high-water mark of any lake, river, stream, or 
other body of water where the presence and action of the water are so common and 
usual, and so long continued in all ordinary years, as to mark on the soil of the bed of 
the body of water a character distinct from that of its banks, in vegetation, as well as 
in the nature to the soil itself.  The future natural boundary is the natural boundary as 
estimated based on the available data and methods. 

Existing Weir 
Conditions 

 Analyses used this scenario for assessing the existing weir configuration and 
operations guidelines. 

Mean Annual 
Flood or 
Average 
High-Water 
Mark 

 Average of annual maximum lake levels observed over a period of record.  Future 
mean annual floods were modelled over future climate periods. 

Present 
Natural 
Boundary 

PNB This study uses the natural boundary definition provided in the BC Land Act: “Natural 
boundary” means the visible high-water mark of any lake, river, stream, or other 
body of water where the presence and action of the water are so common and 
usual, and so long continued in all ordinary years, as to mark on the soil of the bed of 
the body of water a character distinct from that of its banks, in vegetation, as well as 
in the nature to the soil itself.”  The natural boundary was identified through field 
work and desktop study in fall of 2020 to determine the PNB around the lake and 
islands. 

Proposed 
Raised Weir 
Conditions 

 Analyses used this scenario for assessing the proposed weir upgrades and 
operation guidelines.  This includes replacement of the existing weir with a higher 
crest weir, upgrades to the boat lock and water control gates, and new fish ladder as 
outlined in detailed design of the Cowichan Lake Weir.  Assumed operation of the 
upgraded weir is in accordance with the Cowichan Water Use Plan's  recommended 
Cowichan River flow schedule and rules. 

Reach  A segment of shoreline with a defined start and end point. 

Transect  A line extending from land into the lake, usually perpendicular to the shoreline. 
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Executive Summary 

Need for Additional Lake Storage 

Summer inflow to Cowichan Lake has been decreasing in recent years and is projected to continue to decrease 
in the future due to climate change.  As a result, the regulated storage at the lake is not able to consistently 
supply the required environmental flows to Cowichan River downstream.  As part of the Cowichan Water Use 
Plan (WUP) prepared in 2017, a series of recommendations were developed to improve sustainability of water 
supply for the Cowichan River.  Recommended infrastructure improvements include raising the existing 
Cowichan Lake Weir, including upgrades to flow control gates, fish ladder and potential to install pumps, to 
increase the regulated storage of the lake and help meet current and future water needs. 

The Cowichan Valley Regional District (CVRD) initiated the Cowichan River Water Supply Project to implement 
the WUP recommendations including design of the proposed raised weir (carried out as a separate assignment 
by Stantec Engineering Ltd.) and assessment of potential shoreline impacts.  The CVRD retained Kerr Wood 
Leidal Associated Ltd. (KWL) to conduct this shoreline assessment component to assess the potential impacts 
of raising the weir on shoreline properties. 

Objectives 

The goal of the Cowichan Lake Shoreline Assessment is to provide a detailed assessment of the potential 
impacts to the shoreline due to raising the weir.  This assessment will support a future water license application 
for the increased storage at Cowichan Lake.  The project objectives are to: 

• assess, map, and document the current shoreline conditions; 

• forecast changes to the lake level and shoreline conditions due to raising the weir and climate change; and 

• identify the potential impacts to lakeshore properties at a lot-by-lot scale.  

Methodology 

The project approach assesses changes in environmental variables, such as lake level and wave action, to 
estimate changes in the location of the lake’s natural boundary.  Changes in natural boundary are then used as 
a metric to assess impacts to the lake shoreline. 

The natural boundary was selected as one of the primary metrics for assessing shoreline change and potential 
impacts to shoreline properties because of its legal significance within British Columbia, and for the fact that it 
embodies several shoreline characteristics in a single variable.  The other metric used for assessing shoreline 
change and potential impacts to shoreline properties is the frequency of lake levels. 

The steps involved in executing this methodology are: 

1. Field inventory the existing shoreline characteristics to determine the 2020 present natural boundary, 
shoreline substrate and vegetation around the lake and islands. 

2. Assess the existing environmental conditions (lake inflow, lake levels, wind conditions, wave energy) which have 
established the present natural boundary. 

3. Estimate how environmental conditions (lake level frequency and wave energy at the shoreline) may change 
due to weir raising and climate change. 
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4. Use the estimated change in environmental conditions to estimate the future change in the natural boundary 
location around the lake and islands. 

5. Use the estimated change in the natural boundary location and change in lake level frequency as metrics to 
quantify potential impacts to shoreline properties as a result of the construction and operation of the 
proposed raised weir. 

Datum and Mapping 

Elevations are reported in metres above Canadian Geodetic Vertical Datum 2013 (CGVD2013).  To convert 
elevations to previous CGVD28, subtract 0.2 m from the CGVD2013 elevation. 

Base mapping for the study was prepared using 2019 LiDAR and air photos provided by GeoData BC and 
bathymetry collected by Canadian Hydrographic Service in 2013 and supplemented by additional survey in 
2020.  The mapping prepared for the study is available through the online mapping tool 
www.cowichanlakeweir.ca 

Present Natural Boundary 

The first step of the shoreline assessment was to complete a field program which included identifying and 
surveying the 2020 present natural boundary (PNB) at about 300 locations around the lake.  The field survey 
work showed that that the PNB ranges significantly in elevation around the lake, from El. 162.55 m CVGD2013, 
just below the existing weir elevation (El. 162.65 m), to 165.0 m, well above the present mean annual flood lake 
level (El. 164.2 m).  This indicates that the PNB is not only dependant on how often lake levels are at different 
elevations, which determines the mean annual flood lake level, but also the extent and timing of wave energy 
along the shoreline. 

The survey points, along with detailed LiDAR topography and orthophotos, were used in a desktop study to 
estimate the natural boundary location and elevation around the lake and internal islands.  The resulting dataset 
has an approximate along-shore point spacing of 5 m. 

Inflow Modelling and Lake level Analysis 

To determine the potential impact of raising the weir on the Cowichan Lake level, an inflow and lake level analysis 
was completed.  Inflow to Cowichan Lake was modelled using the University of British Columbia Watershed 
Model (UBC WM) with historical and future projected climate change conditions.  The modelled inflows was then 
used to model Cowichan Lake lake levels using the Cowichan Lake Operational Model.  The results indicate an 
increase in frequency of the lake level being between the existing weir crest elevation and the mean annual flood 
elevation, and a reduction in the frequency of lake levels below the existing weir crest elevation.  The results also 
indicate that the largest increase in lake level range and frequency occurs immediately after raising the weir, and 
then drifts back to near historic conditions with the impacts of climate change. 

A comparison of modelled peak lake levels, for the existing and raised weirs, indicate that there is a relatively 
small increase in the elevation of the: 

• mean annual flood (about 0.1 m or 4 inches); 

• peak lake levels up to the 50-year return period flood (El. 165.5 m) (to less than 0.05 m or 2 in.) 

The results show no measurable increase in peak flood levels above the 50-year return period flood elevation 
and no measurable impacts to the frequency of lake levels above the 200-year return period flood level 
elevation (including freeboard) shown on the Provincial Floodplain Map (El. 167.53 m). 

http://www.cowichanlakeweir.ca/
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Wave Analysis 

A high-resolution computational wave model (SWAN) was used to estimate shoreline wave conditions under 
lake levels with the current and proposed weir.  The results indicate that the average wave power is lower in the 
North Arm and South Arm, and higher in the open northwest body of the lake.  Significant wave heights are 
small on average (~0.05 m) throughout the Lake, but can range up to 0.6 m.  The difference in average wave 
power between the two weir scenarios is negligible in the deep areas of the lake but becomes larger close to 
shore. For most of the shoreline, the difference is less than 10%; however, differences of up to +/-30% are 
observed in some locations.  The largest changes are predicted to occur at sheltered shorelines, or shorelines 
with a shallow foreshore, where the existing average wave power is very low. 

Estimation of the Future Natural Boundary 

Multiple statistical analyses were carried out to investigate, for current lake conditions, which environmental 
variables correlate with natural boundary elevation.  For shoreline sediment, vegetation, and slope, the 
correlation with the present natural boundary elevation was found to be weak, or undetectable.  For locations 
with low to high average wave power, a clear positive relationship with natural boundary elevation was found.  
However, at locations with very low wave energy, there was little or no correlation with natural boundary 
elevation.  Based on these observations, two different methods were developed for estimating change to the 
natural boundary elevation based on the following assumptions: 

• Where average wave power is very low (<0.4 W/m), wave power in Watts (W) per meter (m) of shoreline, the 
natural boundary elevation is regulated by the percentage of time when the natural boundary is inundated. 

• Where wave power is significant (>=0.4 W/m), the natural boundary elevation is regulated by the average 
wave power acting above the natural boundary. 

This approach was used to estimate the change in natural boundary elevation with the raised weir around the 
entire shoreline of Cowichan Lake. 

The present natural boundary location, along with the estimated change in natural boundary elevation with the 
proposed weir, were used in a GIS analysis to estimate the horizontal location of the future natural boundary 
with the proposed weir upgrades. 

Potential Shoreline Impacts 

Using the estimated location of the future natural boundary and the change in frequency of lake levels for the 
proposed raised weir scenario, potential impacts to the 846 shoreline properties at Cowichan Lake were 
assessed.  Eight potential impacts were assessed for each property around the lake.  The impact indicator, 
description, and results are summarized in the following table. 
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Summary of Potential Shoreline Impacts 

Impact Description Findings 

Flooding 
Potential change in flood 
risk to primary residences. 

Raising the weir would result in a relatively small increase 
in flood lake levels.  Modelling indicates that the mean 
annual flood lake level could increase by about 0.1 m (4 
inches) while flood levels up to the 50-year return period 
could increase by no more than 0.05 m (2 inches). Higher 
peak lake levels (greater than the 50-year flood) are not 
expected to have any change. 

Inundation 

Will the raised weir result 
in additional water being 
stored within the property 
boundary? 

Approximately half of the shoreline properties (414) have 
some portion of the lot area with ground elevations below 
that of the proposed weir crest such that water stored by 
the proposed raised weir will cover a portion of these lots. 

Estimated 
Change in 
Natural 
Boundary 

Estimated horizontal 
change in natural 
boundary along lake 
frontage. 

The projections of changes in the natural boundary 
indicate 708 properties (84% of properties) could have a 
change of less than 3 m due to the proposed raised weir.  
There are 13 properties (2% of the properties) where the 
horizontal shift in the natural boundary is estimated to be 
between 10 m to 22 m.   

Impact to 
Shoreline 
Structures 

Does the natural boundary 
change at or above 
shoreline structures? 

Eleven of the existing shoreline protection structures 
(retaining walls, etc.) are within the protected horizontal 
shift in the location of the natural boundary and could 
have some impact as a result of proposed raised weir.  
Further site-specific assessments would be required to 
assess the vulnerability of structures to projected 
shoreline and lake level changes. 

Potential 
Changes in 
Vegetation 

Potential change in 
shoreline and riparian 
vegetation based on water 
exposure and vegetation 
sensitivity. 

673 of the shoreline properties (79%) have shoreline 
vegetation that is considered to have low vulnerability to 
changes as a result of the proposed raised weir.  There 
are 13 properties where vegetation is considered to be 
highly vulnerable to changes as a result of the proposed 
raised weir. 

Riparian 
Access 

Potential loss of access to 
the lake from the property. 

No properties are expected to lose riparian access. 

Dock Access 

Additional days when 
docks are inaccessible 
due to high lake levels 
over the entire year. 

About half of the properties with docks (277 of 521) would 
have more than a 10% reduction in the average number 
of days the dock is accessible over the year as a result of 
changes in water levels due to the proposed raised weir.    

Beach Use 

Additional days when the 
beach would be less than 
3 m wide during the 
recreational season.  
(April 1 to end of Oct) 

About 42% of properties (356 properties) are expected to 
see a 10% or greater reduction in beach use days during 
the recreational season as a result of the proposed raised 
weir. 

Should the weir not be raised, all the shoreline properties will have some impact in years when storage is 
depleted, and lake levels drop below the lowest observed lake levels.  Modelling indicates that by the 2080s,  
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lake levels will drop below lowest observed lake levels about ten times more often with the existing weir than the 
proposed raised weir. 

The impacts are summarized in an impacts table for each property; these tables are available to view on the 
online mapping tool, located here www.cowichanlakeweir.ca. 

These results are intended to be indicative of changes and are not precise.  As they are based on estimated 
changes in complex environmental systems, such as lake level and location of the natural boundary, they 
include assumptions and limitations.  An adaptive management approach is recommended to monitor changes. 

Land Use Considerations 

Review and/or development of land use policy is outside the scope of this study.  However, some of the results 
of the study could be considered to assist in development or updating of future land use policies for Cowichan 
Lake area.  These include: 

1. A consistent and comprehensive map of the PNB around Cowichan Lake which could be used in defining 
Riparian Area Regulation setbacks to protect riparian habitat around the lake. 

2. A map of the 200-year return period flood level (including freeboard) shown on provincial floodplain mapping 
around the entire lake, which could be used to update the existing provincial mapping which only covers the 
eastern half of the lake. 

3. A developed hydrological model which could be used to assess the impacts of changes in forest cover on 
hydrological response of the watershed to help guide land use policy in the watershed to improve the 
resiliency of the watershed and help buffer future impacts of climate change in streamflows. 

Adaptive Management 

The lake level and projected natural boundary changes analyses are subject to various assumptions and 
limitations.  These limit the accuracy of the final numerical and mapping work products.  Therefore, an adaptive 
management approach is recommended as part of implementation of the Cowichan River Water Supply Project.  
The adaptive management approach should include ongoing shoreline monitoring, and development of 
mitigation actions to address future changes to the shoreline. 

 

http://www.cowichanlakeweir.ca/
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1. Introduction 

1.1 Background 

Cowichan Lake drains into the Cowichan River, which flows 33 km to the southeast to meet the sea at 
Cowichan Bay.  The Cowichan Lake Weir was constructed at the lake outlet in the 1950s.  Its original 
purposes were to retain water in Cowichan Lake to maintain downstream Cowichan River summer 
baseflows, and to support water withdrawals for the Crofton Pulp Mill (upstream of Duncan) during the 
summer period.  Figure 1-1 shows the Cowichan River watershed including Cowichan Lake and the 
Cowichan River. 

 
Figure 1-1: Cowichan Lake and Cowichan River Watersheds 
        (Appendix D: Figure 2-1) 

Conditional Water Licences C023085 and C029542 authorize the existing weir (0.97 m high) to store 
49,700 acre-feet of water (approximately 60 million m3).  Under the water licences, the weir can be 
controlled from April 1 to November 5 each year.  The lake level is to be controlled at or below the 2013 
modified rule curve defined in the licences.  The licences require that a minimum flow of 250 cfs 
(approximately 7.0 m3/s) be maintained in the Cowichan River downstream of the weir. 

Crofton Mill Pump Station 
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A set of environmental flows for the Cowichan River has been developed to support healthy fish 
populations in the river downstream of the weir (Vessey, 2008) summarized as follows: 

• 25 m3/s from April 1 to April 30; 

• 15 m3/s from May 1 to May 15; and 

• 7 m3/s for the remainder of the spring/summer until lake level starts rising again with fall rains. 

These environmental flows are higher than the minimum flow (about 7 m3/s) required by the water licence. 

With ongoing reduction in lake inflows observed since the 1960s and further reductions expected with 
future climate change, it has been and will continue to be increasingly difficult to meet the environmental 
flows during dry summer months. 

Increased storage is required to help improve reliability of water supply for environmental flows and to 
support other downstream water users.  The Cowichan Water Use Plan (WUP) recommended raising 
the existing Cowichan Lake Weir from the current elevation of 162.65 m to 163.35 m CGVD2013, for a 
net increase of 0.7 m (Compass, 2018).  The proposed raised weir also includes upgrades to flow 
control gates, upgrades to the boat lock, a new fish ladder and capability to add pumps to the weir 
structure to maintain flows in Cowichan River when lake levels are very low.  The design of the 
recommended upgrades to the weir and the potential impacts of raising the weir on the Cowichan Lake 
shoreline are being carried out as part of the Cowichan River Water Supply Project. 

The WUP also proposed that the raised weir hold back Cowichan Lake water earlier starting on 
March 1, rather than April 1 under the existing weir operation.  After March 1, the proposed weir 
operation would aim to hold lake level near the proposed raised weir crest provided that the 
environmental flow requirements can be maintained. 

The Cowichan WUP are recommended that if the lake level remains high enough in late September or 
early October, pulses of flow can be released to improve fish migration.  The proposed weir also 
includes pumps which can pump water from the lake into the Cowichan River at a flow rate of 5 m3/s. 

Raising the weir, and the associated storage increase, requires a water licence application under the 
BC Water Sustainability Act.  An assessment of potential impacts to the shoreline is required to support 
this application. 

During the WUP process, concerns were identified relating to potential impact to the Cowichan 
lakeshore from increased lake level.  These concerns included impacts to private property due to 
potentially higher springtime lake levels, and the resulting impacts to recreational access, infrastructure, 
shoreline erosion, flood risk, and lakeshore habitat.  Therefore, the WUP recommended that a detailed 
assessment of potential shoreline impacts be completed to identify impacts to shoreline properties that 
could result from raising the Cowichan Lake Wier. 

Kerr Wood Leidal Associates Ltd. (KWL) was retained by the Cowichan Valley Regional District (CVRD) 
to undertake the Cowichan Lake shoreline assessment component of the Cowichan River Water Supply 
Project.  The shoreline assessment aims to better understand potential shoreline impacts resulting from 
the proposed raising of the Cowichan Lake Weir.  The design of the proposed raised weir has been 
carried out under a separate project (Stantec, 2021). 

This project was funded through the BC Salmon Recovery and Innovation Fund (BCSRIF).  BCSRIF is 
funded jointly by the federal and provincial governments to support BC’s fish and seafood sector, and to 
ensure the sustainability of wild Pacific salmon and other BC fish stocks. 
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1.2 Project Goals and Objectives 

The goal of the Cowichan Lake Shoreline Assessment is to provide a detailed assessment of the 
potential impacts to the shoreline associated with the proposed raised weir, which can support a future 
water license application for the increased storage at Cowichan Lake. 

The project objectives associated with this goal are to: 

• assess, map, and document the current shoreline conditions; 

• forecast changes to the lake level and shoreline conditions due to raising the weir and climate 
change; and 

• identify the potential impacts to lakeshore properties at a lot-by-lot scale. 

1.3 Report Structure 

The purpose of this summary report is to provide an overview of the project methodology, analyses, and 
key findings.  Detailed descriptions of the technical analysis and results supporting the findings in this 
report are included in seven separate appendices summarized below: 

• Appendix A: Project Approach and Methodology (KWL Technical Memorandum) 

• Appendix B: Mapping/Field Work/Shoreline Characterization (KWL Technical Memorandum) 

• Appendix C: 2020 Present Natural Boundary at Cowichan Lake (Bazett Land Surveying Technical 
Memorandum) 

• Appendix D: Cowichan Lake Inflows and Water Level Analysis (KWL Report) 

• Appendix E: Cowichan Lake Wave Energy Assessment (KWL Report) 

• Appendix F: Change in Natural Boundary (KWL Report) 

• Appendix G: Property Impacts (KWL Report) 

To limit the size of the summary report, the appendices were delivered under separate covers. 

This report is revision 1 of the Cowichan Lake Study report and includes updates resulting from revised 
model lake levels using the updated rating curves for the existing weir and proposed raised weir 
prepared by Stantec (Stantec, 2021).  All previous revisions of the report are considered obsolete. 

1.4 Project Team 

The project team (Table 1-1) consists of multi-disciplinary professionals from several organizations.  
Leveraging a diversity of skills and backgrounds, the project team developed the initial plan for the 
project methods and approach during the proposal and procurement process. 
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Table 1-1: Project Team 

CVRD 
Leroy Van Wieren, Project Manager 

Kate Miller, Environmental Services Manager  

KWL  

Crystal Campbell, P.Eng. – Project Manager 

Craig Sutherland, M.Sc., P.Eng. – Technical Lead 

Eric Morris, P.Eng. – Coastal Engineer 

Mike Currie, M.Eng., P.Eng., FEC, – Senior Technical Reviewer 

Clayton Hiles, M.A.Sc, P.Eng. – Coastal Engineer  

Alisson Seuarz, P.Eng. – Watershed Modelling 

Chad Davey, M.Sc., R.P.Bio. –  Geomorphologist / Biologist 

Jason Vine, P.Eng., Luis Galindo, EIT – Data Processing 

Grace Nijdam, Tiffany Soh, Ryan Taylor – GIS  

Bazett Land Surveying Dave Bazett, CLS, BCLS – Land Survey Lead 

Compass Resource 
Management 

Michael Harstone, M.Sc., P.Eng. – Communications / Facilitation 

MarineLabs Data Systems Bryce Bocking, M.A.Sc – Data Analyst 

The project team gratefully acknowledges the technical input and direction provided by the project 
Steering Committee (members listed below in Table 1-2). 

1.5 Technical Steering Committee Process 

A technical steering committee was formed to provide guidance to this project.  The Steering Committee 
included regulators, stakeholders and rightsholders, and was invited to help refine the methods and 
approach and confirm key assumptions so that the project deliverables would provide maximum utility. 

Role and Responsibilities 

The role of the Steering Committee was to provide input (regulatory, technical and opinions) to improve 
the QUALITY of the shoreline assessment work and UTILITY on how the assessment could be tailored 
to better inform future DECISIONS associated with a new weir/increased storage for Cowichan Lake. 

The Steering Committee’s responsibilities included reviewing and providing advice on: 

• Scope, framing and any potential regulatory uncertainties and property rights definition issues that 
are identified through the technical work. 

• Proposed methodology and field work programs. 

• Assumptions and approaches for addressing key data gaps and uncertainties. 

• Preliminary and emerging interim findings. 

• Draft conclusions and recommendations on next steps. 

• Input and advice on other related regulatory requirements and aspects of the work. 
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Steering Committee Membership 

Members of the Steering Committee are listed in Table 1-2. 

Table 1-2: Steering Committee Members 

Name Organization 

Barry O’Riordan CVRD 

Matt Macdonald 
Ministry of Forests, Lands, Natural Resource Operations and Rural 
Development (MFLNRORD) 

Cali Melnechenko 

Dave Johnson 

Steven Colwell 
DFO 

Shona Smith 

Pam Jorgenson Mosaic Forestry Management 

Graham Kissack Paper Excellence 

Darryl Tunnicliffe Lulumexun (Lands & Governance) Cowichan Tribes 

Tracy Fleming Cowichan Tribes 

Michelle Corfield Ts'uubaa-asatx Nation (formerly Lake Cowichan First Nation) 

Tom Rutherford Cowichan Watershed Board 

Bob Day Town of Lake Cowichan 

Ken Traynor Cowichan Lake and River Stewardship Society 

Kody Bootsman Stantec (observer) 

Virtual Meetings 

KWL and CVRD met virtually with the FLNRORD Steering Committee members on September 3, 2020 
to get input on the project approach and methodology prior to commencing with field work. 

The Steering Committee met virtually three times throughout the project process: 

• At the beginning of the project, to seek input into the approach and methodology 
(November 4, 2020). 

• During the project, to present initial present natural boundary and lake lake level findings and seek 
input on further steps in the project (June 16, 2020). 

• Near the end of the project, to present wave, change in natural boundary, and preliminary shoreline 
impacts assessments and seek input on final steps to complete the project (April 14, 2022). 

Pre-reading packages were sent in advance to each meeting for review and comment.  Meeting notes 
can be obtained from CVRD. 

1.6 Public Engagement and Communications 

CVRD conducted public engagement and communication throughout the project through hosting a public 
project website www.cowichanlakeweir.ca.  On the website, Leroy's Corner, provided project information 
and updates.  CVRD / Stantec released a communique that mentioned the shoreline assessment. 

http://www.cowichanlakeweir.ca/
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Virtual public meetings were undertaken throughout the study to provide study information and to obtain 
feedback and concerns.  These meetings are described as follows: 

• July 8, 2021 – Provided a project update and sample property renderings and project timelines. 

• November 17, 2021 – Presented preliminary findings, the Property View Tool, and users guide.  
Checked in for concerns and information gaps. 

• June 16, 2022 – Presented the final project outcomes and discussed next steps – Application, 
Approval and Hearing processes. 

Each meeting included a Question-and-Answer session. 
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2. Phase A – Project Approach and Methodology 

The Shoreline Assessment project was kicked off at the end of July 2020.  The primary focus of the study 
was to assess how raising the Cowichan Lake Weir and associated operational changes (as supported in 
the Water Use Plan 2018) could impact property and riparian rights around the lake. 

This section summarizes the key work and findings executed as part of Phase A.  For additional details 
refer to Appendix A. 

2.1 Project Phasing 

The overall project approach is summarized in five phases as listed below. 

Phase A: Project Approach 
Obtain input from regulators to refine work program via technical memos and zoom meetings. 

Phase B: Data Collection 
Assemble and assess available data and fill data gaps. 

Phase C: Lakeshore Analysis 
Assess hydrology/climate change, wave energy, and incorporate ecological and geomorphological 
factors to assess lakeshore impacts. 

Phase D: Mapping and Impacts 
Translate lakeshore analysis into mapping tools of existing and predicted future natural boundaries and 
other impacts. 

Phase E: Reporting 
Summarize project findings to support the water licence process. 

2.2 Methodology and Approach 

The methodology for this project focused on assessing shoreline impacts based on the potential change 
in the natural boundary of the lake, due to raising the weir.  The location of the natural boundary depends 
on three key factors that are noted below (along with commentary pertaining to the methodology). 

1. Presence of Water: How often the lake level reaches a certain point on the shoreline influences 
what types of vegetation can grow.  The changes in lake level frequency were modelled considering 
the impacts of raising the weir, as well as projected changes in inflow due to climate change. 

2. Action of Water: The energy of waves along the shoreline depends on the exposure of the 
shoreline to prevailing winds and boat wakes and influences the types of vegetation that can grow 
at a given location.  The action of water was modelled using a two-dimensional wind-wave model 
run continuously over several years to understand the seasonal variation in wind wave energy, 
while data collected from wave buoys was used to understand potential impact of boat wakes on 
distribution of wave energy around the lake. 

3. Shoreline Character: The shoreline character (slope, substrate type, vegetation) influences the 
location of the present natural boundary and plays an important role in estimating the natural 
boundary change as a result of the proposed raising.  Field surveys and aerial photography 
interpretation was used to map the shoreline character. 
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The conceptual framework for assessing impacts to the Cowichan Lake shoreline, as developed by the 
project team, and refined through SC and public consultation is summarized in Figure 2-1.  The method 
employed by this framework uses changes in environmental variables like lake level and wave action to 
estimate changes in the location of the natural boundary of the lake.  Changes in natural boundary are 
then used as a metric to assess impacts to the lake shoreline. 

The natural boundary was selected as the primary metric for assessing shoreline change because of its 
legal significance within British Columbia, and for the fact that it embodies several shoreline 
characteristics in a single variable.  Definition and more detail on the concept of the natural boundary is 
provided in Section 3.3. 

The steps involved in executing this methodology are: 

1. Survey the existing shoreline, including the natural boundary, around the lake. 

2. Assess the existing environmental conditions (lake inflow, lake levels wind conditions, wave energy) 
which have established the natural boundary. 

3. Estimate how environmental conditions may change due to weir raising and climate change. 

4. Use the estimated change in environmental conditions to estimate the future change in the natural 
boundary location around the lake. 

5. Use the estimated change in the natural boundary location to map and quantify shoreline impacts. 

Step 1 was executed as part of Phase B and is summarized in Section 3.  Steps 2, 3, and 4 were 
executed as part of Phase C and are summarized in Section 4.  Step 5 was executed as part of 
Phase D and is summarized in Section 5. 

 
Figure 2-1: Cowichan Lake Shoreline Assessment Conceptual Framework 
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3. Phase B – Data Collection/Ground-Truthing/Base Mapping 

3.1 Literature Review 

A review of the available literature was conducted at the outset of this study, which helped to guide 
development of the methods and approach, and to identify information gaps.  Key background 
reports include: 

• Climate Projections for the Cowichan Valley Regional District (Cowichan Valley Regional District, 2017) 

• Cowichan Lake Erosion Assessment (KWL, 2014) 

• Cowichan Lake Shoreline Habitat Assessment: Foreshore Inventory and Mapping Project.  
Prepared for Fisheries and Oceans Canada (BC Conservation Foundation, 2012). 

Literature review specific to technical analyses area presented in the Appendices. 

3.2 GIS Data and Mapping 

Key project outcomes and deliverables for this project were generated using a Geographic Information 
System (GIS).  These are the modern computer programs that are used to generate maps and perform 
spatial analyses.  GIS data forms a critical foundation to this project.  Existing GIS datasets reviewed 
and used as part of this work are listed in Table 3-1. 

Table 3-1: List of GIS Data Sources 

Product 
Data 
Type 

Source* Year 
Vertical 
Datum 

Horizontal 
Datum, 

Projection 

Data 
Resolution 

LiDAR 
Point 
Cloud 

(GeoBC) Quantum 
Spatial Canada 

2019 CGVD2013 
NAD83 (CSRS), 
UTM Zone 10N 

Avg. Point 
Spacing 0.2 m 

LiDAR 
Point 
Cloud 

(CVRD) Terra Remote 
Sensing Inc. 

2008 CGVD28 
NAD83, 
UTM Zone 10N 

Avg. Point 
Spacing 0.4 m 

Multi-beam 
Survey 

Point 
Grid 

(CVRD) Canadian 
Hydrographic Service 

2013 CGVD28 
NAD83, 
UTM Zone 10N 

Avg. Point 
Spacing 2 m 

Single-beam 
Survey 

Point 
Track 

(BLSI) Bazett Land 
Surveying Inc. 

2020 CGVD2013 
NAD83, 
UTM Zone 10N 

Varies 

Single-beam 
Survey 

Point 
Track 

(CVRD) Terra Remote 
Sensing Inc. 

2012 CGVD28 
NAD83, 
UTM Zone 10N 

Varies 

Parcel Fabric Polygon 
(ICI) Integrated 
Cadastral Information 
Society 

2020  
NAD83, 
UTM Zone 10N 

Varies 

Orthophotos 
SID 
(Image) 

(GeoBC) 2019  
NAD83 (CSRS), 
UTM Zone 10N 

Cell Size 15 
cm 

Orthophotos 
TIF 
(Image) 

(CVRD) 2019  
NAD83, 
UTM Zone 10N 

Cell Size 20 
cm 

*The institution in brackets indicates where the dataset was obtained.  The institution outside the brackets indicates who produced 
the data. 
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Datum 

The elevations reported in much of this study are presented in Canadian Geodetic Vertical Datum 2013 
(CGVD2013).  Much of the previous Cowichan Lake work references the CGVD28 datum (adopted in 
1935).  There is a difference of about 20 cm between these two reference datums at Cowichan Lake.  
The difference is not constant and ranges from 0.197 m at the east end of the lake to 0.218 m at the 
northwest end.  At Cowichan Lake the CGVD2013 datum is below CGVD28 datum, or in other words, 
the elevation of a common point, expressed with reference to CGVD2013a is higher than if expressed 
with reference to CGVD28 (see Figure 3-1). 

 
Figure 3-1: Comparison of Elevations Above CGVD28 and CGVD2013 

A topographic survey of the existing weir crest conducted during the detailed design of the weir 
upgrades indicated the existing weir is 162.45 m (CGVD28) or 162.65 (CGVD2013a), about 0.08 m 
higher than the original design elevation of 162.37 m CGVD28 or 162.57 m CVGD2013.  The results of 
the topographic survey of the weir were available part way through this study, after completion of the 
lake level analysis.  Therefore, the original design elevation of the weir (162.57 m) was used in the lake 
level analysis results presented in this report.  However, the difference between the original design 
elevation and the surveyed elevation of the weir (+0.07 m) is within the resolution of the reported lake 
level results (0.1 m) and is therefore considered to have limited impact on the results. 
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Some of the data used in this project is referenced to the local Water Survey of Canada datum (WSCD) 
for the Cowichan Lake lake level gauge (WSC, 2021).  The difference between CGVD2013 and WSCD 
is 161.944 m, i.e.: 

𝑊𝑊𝑊𝑊𝑊𝑊𝑊𝑊 = 𝑊𝑊𝐶𝐶𝐶𝐶𝑊𝑊2013 − 161.144 𝑚𝑚 

Additional Bathymetry Collection 

Review of existing 2014 Canadian Hydrographic Survey (CHS) bathymetry data revealed some data 
gaps especially in eight shallow bay areas.  To improve the data coverage in these areas, additional 
bathymetry measurements were collected by Dave Bazett, Bazett Land Survey in March 2021.  This 
data collection was collected by small boat using a GPS and single beam sonar system.  For more 
information, see Appendix B. 

Digital Elevation Model (DEM) 

A digital elevation model (DEM) of Cowichan Lake was built using Esri’s ArcGIS Pro 2.8 “Topo to 
Raster” interpolation tool.  The Topo to Raster tool, based on the ANUDEM program, is a modified 
spline interpolation method specifically designed for the creation of hydrologically correct DEMs1.  Inputs 
to the tool are the topographic and bathymetric point data sources listed in Table 3-2.  Where two or 
more datasets overlap in coverage, only the higher-resolution data is retained. 

Before running Topo to Raster, vertical datum differences between the input data sources were 
reconciled.  The combined topographic and bathymetric DEM is a raster surface with a grid cell size of 
0.2 m. Horizontal and vertical data resolution has been effectively retained from data input to the 
resulting integrated DEM. 

Online Mapping Portal 

An online mapping portal was developed for the project based on the ESRI ArcGIS online platform.  
This portal is searchable by property address and allows direct and interactive communication of project 
data and deliverables to the stakeholders and public.  The public web address for the portal is: 

https://cowichanlakeweir.ca 

Shoreline Character 

The Cowichan Lake shoreline is complex in nature.  Some areas of the South and North Arms have 
been extensively developed and are characterized by docks, manipulated shoreline vegetation, 
imported sediment, retaining walls, groynes, and other manmade features.  Other areas are largely in a 
natural state but vary in character from sand and gravel beaches to marsh areas, to bedrock cliffs.  Still 
other areas have experienced heavy industrial activity in the past (mostly related to logging) and are 
now in a process of transitioning to a natural state. 

Early in this project an extensive field review was conducted to establish existing baseline shoreline 
conditions around Cowichan Lake.  This work has been supplemented with desktop review of field data, 
as well as data from other sources to characterize the shoreline of Cowichan Lake. 

For more information on the sediment and vegetation classification assessment, see Appendix B.  Some 
key points are noted in the paragraphs below. 

 
1 https://pro.arcgis.com/en/pro-app/latest/tool-reference/spatial-analyst/topo-to-raster.htm 

https://cowichanlakeweir.ca/
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Sediment Type 

During the field work, the shoreline band above the water line at the time of the assessment (162.27 m, 
CGVD2012) was visually classified and mapped based on the sediment type and the presence of 
vegetation.  Sediment was classified into the following categories: bedrock, boulder, cobble, gravel, 
sand, silt, vegetated, and revetment (e.g., walls, riprap, groynes etc.).  The grain size within vegetated 
shorelines was also visually assessed.  The results of the field work indicate that much of the shoreline 
area is unvegetated (60 km), with the dominant sediment type being gravel (70 km). 

The classification of the sediment around Lake Cowichan is shown in Figure 3-2.  The inset of 
Figure 3-2 provides a histogram of sediment classes. 

 
Figure 3-2: Sediment Classification Plotted Every 50 m along Shoreline 
       Inset: Histogram of Sediment Classification 
       (Appendix F: Figure 4-1) 

Vegetation Classification 

The vegetation types along both the shoreline and riparian areas were classified and mapped to better 
understand the vulnerability of vegetation around Cowichan Lake to changes in lake level and erosion.  
Table 3-2 summarizes the coverage of vegetation classes. 
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The vegetation types along both the shoreline and riparian areas were classified based on continuous 
shoreline photos gathered during the field study.  Shoreline vegetation was assessed between the 
elevations of 162.65 and 163.35 m (between the existing and proposed weir crests).  Riparian 
vegetation was assessed below 164.2 m (the average annual high-water mark). 

Table 3-2: Summary of Vegetation Classification for Both Shoreline and Riparian Areas 

Vegetation 
Class 

SubClass 
% Coverage 

Shoreline Riparian 

Forested 
Mixed Evergreen/Deciduous 17.5 66.0 

Deciduous 4.4 0.0 

Shrubland/ 
Herbaceous 

Perennial/Annual Graminoids (grasses) 0.46 0.13 

Shrubland 16.6 11.5 

Hydromorphic Rooted Vegetation 
(marshland) 

3.01 0.0 

Sedges (aquatic vegetation) 0.77 0.0 

Sparse 
Vegetation 

Forested 0.77 1.1 

Shrubland 0.0 1.1 

Developed 

Lawn (no trees) 0.05 4.0 

Lawn (with trees) 0.02 11.1 

Hard landscaping (pavement, patio, etc.) 0.0 1.6 

Unvegetated Exposed sediment without vegetation cover 56.4 3.6 

Vegetation was classified using a class and sub-class system which is a modified version of the U.S. 
National Vegetation Classification (USNVC, 2021).  The class is based on the structure of the 
vegetation, and the subclass is based on the composition and characteristics.  Vegetation in developed 
areas was also classified as either manicured lawn, with or without trees, or hard landscaping. 

The dominant vegetation class for the shoreline are Forested and Shrubland.  The dominant vegetation 
class for riparian areas are Forested, Shrubland, and developed areas with lawn containing trees. 

3.3 Present Natural Boundary 

This study uses the natural boundary definition provided in the BC Land Act.  This definition states: 

“Natural boundary” means the visible high-water mark of any lake, river, stream, or other body 
of water where the presence and action of the water are so common and usual, and so long 
continued in all ordinary years, as to mark on the soil of the bed of the body of water a character 
distinct from that of its banks, in vegetation, as well as in the nature to the soil itself.” 

The natural boundary is developed and shaped by ongoing natural processes, including lake levels, 
shoreline slope and composition, and wave energy.  While human activity may obscure the location of 
the natural boundary, it does not alter it. 

The natural boundary is customarily used as the boundary between private property and adjacent 
bodies of water in BC.  However, because of the special treatment of the Cowichan Lake bottom as part 
of the Esquimalt and Nanaimo Land Grant (Taylor, 1975), most properties on Cowichan Lake have a 
cadastral definition of the shoreward property line which is not tied to the present natural boundary. 
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As part of the project field work, an extensive survey of the present natural boundary was conducted by 
Bazett Land Surveying Inc. in 2020.  The field survey identified the natural boundary location at over 
300 locations around the lake.  The survey points, along with detailed topography, and orthophotos 
were used in a desktop study to estimate the natural boundary location and elevation around the lake 
and internal islands.  The resulting dataset has an approximate along-shore spacing of 5 m.  For the 
purposes of this report, the 2020 natural boundary as determined by Bazett Land Surveying Inc, will be 
referred to as the present natural boundary (PNB). 

The elevation of the PNB around the lakeshore and islands ranges from 161.7 to 165.6 m CGVD2013, 
with a mean of 163.45 m.  These can be compared to extreme low water (161.4 m), the elevation of 
the existing weir (162.65 m), and the annual average high-water mark (164.20 m).  Lower PNB 
elevation tends to occur in the more sheltered southeast end of the lake.  PNB elevations in the wider, 
more open north section of the lake tend to be larger.  At some locations, the PNB elevation is larger 
than the annual average high-lake level, suggesting that waves significantly influence the location of 
the natural boundary. 

The elevation of the present natural boundary around Lake Cowichan is shown in Figure 3-3.  The inset 
provides a histogram of natural boundary elevations.  For further details regarding how the PNB was 
determined, see Appendix C. 

 
Figure 3-3: Present Natural Boundary Plotted Every 5 m Along Shoreline 
       Inset: Histogram of Present Natural Boundary Elevations 
       (Appendix F: Figure 4-3) 
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4. Phase C – Lakeshore Analysis 

4.1 Inflow and Lake Level 

Inflow and lake level analyses were completed as part of this project.  The purpose of this task was to 
evaluate how inflow and lake level would change under projected climate change conditions, and with 
the proposed raised weir.  The following section provides a summary of the inflow and lake level 
analysis, for a full description of the model, refer to Appendix D. 

Inflow Analysis 

For the inflow analysis, the University of British Columbia Watershed Model (UBCWM) was used to 
model the Cowichan Lake watershed.  The inputs to the model included topographic, soils and land 
cover parameters, as well as a continuous time series of temperature and precipitation data.  The model 
was calibrated and verified by comparing hydrological model results to lake inflows back calculated from 
observed lake level and river discharge data. 

To assess inflows to the lake under climate change conditions, the hydrological model was run using 
the daily temperature and precipitation time series from a set of ten downscaled global circulation 
models (GCMs) from the Coupled Model Intercomparison Project 5 (CMIP5) using the ‘business as 
usual’ RCP 8.5 emissions scenario for the period from 1981 to 2099 (PCIC, 2019).  Although a more 
recent set of GMCs was available for analysis (CMIP6), the CMIP5 GCMs were selected for this project 
based on feedback from CVRD staff and to be consistent with previous climate change analysis carried 
out for CVRD (Cowichan Valley Regional District, 2017).   

The inflow analysis assumed no change in future land cover and therefore, does not include any impact 
of long-term changes in forest cover due to forest harvesting, forest fire, changes in composition of 
forest due to climate change or other impacts. 

This set of modelled lake inflows was used to understand how Cowichan Lake inflow could change in 
the future as well as the range of uncertainty in the future inflow projections. 

Impacts of Climate Change 

The inflow analysis results related to climate change indicate that: 

• The annual average inflow to Cowichan Lake will increase 2.1% by the 2050s and 8.3% by the 
2080s.  Most of this increase in inflow will be seen in the fall and winter months as a result of 
increased precipitation and higher temperatures, resulting in less precipitation falling as snow at 
high elevation. 

• Inflow to Cowichan Lake will decrease during the spring and summer; summer inflow is expected to 
decrease 30% by the 2050s and 40% by the 2080s (see Figure 4-1).  A reduction in summer inflow 
is expected due to reduced precipitation, reduced snowpack and therefore reduced spring snowmelt 
runoff, and increased evaporation due to higher temperatures expected in the future.  The future 
projections in summer inflow follows a similar trend in the historical data which indicates a 33% 
reduction in observed summer inflows to Cowichan Lake since the 1960s (see Figure 4-2). 

As the increase in inflow is expected to occur in the fall, when the gates and boat lock at the weir are 
fully open and there is no control of lake level and river flow, these higher inflows may not result in 
increased water availability during the critical summer months.  Instead, water availability in Cowichan 
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Lake will be most impacted by the reduction in inflows expected during the spring and summer, 
corresponding to the control period of the lake. 

 
Figure 4-1: Average Modelled Seasonal Inflow to Cowichan Lake for Past and Future Climate 
      (Appendix D: Figure 5-1) 

 
Figure 4-2: Trend in Historical Summer Inflow to Cowichan Lake 
       (Appendix D: Figure 2-9) 

Legend: 
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Lake level Frequency Analysis 

The previously developed Cowichan Lake Operational Model was updated include revised lake level 
versus river flow relationships (rating curves) for the existing weir and proposed raised weir based on 
hydraulic modelling carried out by Stantec (Stantec, 2021).  The model was then used to simulate past 
and future lake level under the existing weir scenario and the raised weir scenario. 

The modelled lake inflow for each of the ten downscaled CMIP5 GCMs was used as input to the 
operational model to generate ten daily lake level series for Cowichan Lake.  These ten series were 
generated for both the past climate and the future projected climate with the existing weir and proposed 
raised weir conditions.  These were used to understand the variability in future lake level and to select a 
single lake level time series that is representative of the average projected changes. 

The selected representative average lake level time series was then used to understand the change 
in lake level frequency as a result of the operation of the proposed raised weir for both past and 
future climate. 

Comparing the results for the existing weir condition with the proposed raised weir condition for past 
climate conditions (see Figure 4-3), provides the following information regarding the lake level: 

• The frequency that the lake level is above the proposed weir elevation increases by about 9% with 
the proposed weir; 

• The frequency that the lake level is between the existing and proposed weir elevations increases by 
about 10% with the proposed weir; 

• The frequency that the lake level is below the existing weir elevation decreases by about 19% with the 
proposed weir; and 

• Overall, the median lake level increases for the proposed weir. 
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Figure 4-3: Cowichan Lake Lake level Frequency Under Past Climate Conditions (1981 to 2010) 
       (Appendix D: Figure 8-1) 

Seasonally, the analysis indicates that with the proposed raised weir, the lake level is expected to be 
above the existing weir crest from early March until early August in most years.  A comparison of 
modelled lake levels for the existing weir and the proposed raised weir for a short period representing 
past climate conditions (May 2018 to October 2021) is shown in Figure 4-4. 
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Figure 4-4: Comparison of Modelled Lake Levels for Past Climate Conditions (2018-2021) 

Lake level frequencies for the existing and proposed raised weir are shown in Figure 4-5 for projected 
2050s climate conditions; a similar graph was produced for 2080s climate conditions. 

In the future, the magnitude of the incremental change in lake level frequency as a result of operation of 
the proposed raised weir under is projected to reduce under future climate conditions, moving back 
towards the past climate condition without the proposed raised weir upgrades.  This is a result of 
projected reductions in summer inflow resulting in more water being released from Cowichan Lake 
storage to support the same minimum flows in the Cowichan River, and thus generally lower lake level 
over the spring and summer in future. 

The projected future lake levels were used with a wave energy assessment, discussed in Section 4.2, to 
determine how the natural boundary elevation may change as a result of raising the Cowichan Lake Weir. 
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Figure 4-5: Cowichan Lake Lake level Frequency Under Projected 2050s Climate Conditions 
        (Appendix D: Figure 8-2) 

Impacts of Proposed Raised Weir on Winter High Lake Levels 

The proposed raised weir design does not change the relationship between lake level and discharge in 
Cowichan River for lake levels above the average high-water level (164.2 m).  However, the weir design 
does result in some reduced flow to Cowichan River when lake levels are below the average high-water 
level.  The raised weir would result in lake levels being generally higher during winter baseflow periods 
between storm events which in turn can result in higher peak lake levels during storm events. 

To check the potential for changes in magnitude and frequency of high lake level, a flood frequency 
analysis was carried out using the observed lake level data as well as the modelled future lake level 
data for both the existing weir and the proposed raised weir conditions.  The frequency analysis of 
model results indicates that the proposed raised weir could increase the lake level during high water 
events.  A comparison of peak flood levels indicates that the lake level could increase by about 0.1 m for 
the mean annual flood, by less than 0.05 m up to the 50-year return period flood and no increase for 
floods greater than the 50-year return period. 

These modelled changes in peak lake level due to the proposed raised weir are well below the flood 
level (including freeboard) shown on the provincial floodplain map of 167.53 m.  However, for lakeshore 
properties where homes are located below 50-year return period, the model results indicate that there 
could be an increase likelihood that the lake level could be above the elevation of homes more often 
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due to the proposed raised weir.  Table 4-1 summarizes the modelled change in return periods due to 
the proposed raised weir across range of lake level elevations. 

Table 4-1: Change in Frequency of High-Lake level with Proposed Weir – Past Climate 

Cowichan Lake 
Water Level  

(m-CVGD2013) 

Return Period Lake Level Exceeded (Years) Change in Likelihood Water 
Level Exceeded in Any 

Given Year Existing Weir Proposed Raised Weir 

166.0 500 500 0% 

165.9 200 100 0% 

165.7 100 100 0% 

165.5 50 47 0.7% 

165.3 20 18 0.6% 

165.0 10 9 1.1% 

Note: The 200-year return period flood level (including freeboard) shown on the Cowichan Lake Provincial Floodplain Elevation 
is 167.53 m CGVD2013  

4.2 Wind and Wave Assessments 

Wave conditions, along with lake level, are critical in determining the location the natural boundary.  
Wave conditions on Cowichan Lake were evaluated using a high-resolution computation model, and two 
in-situ weather buoys.  The MarineLabs weather buoys were deployed from January to September 2021 
as part of this project.  These buoys were sited in the South Arm, and near Sa-Seen-Os Point, and 
measured wind and wave conditions.  For more detail on model development, wave climate, and vessel 
wakes, see Appendix E. 

Wave Model Development 

The Cowichan Lake wave model was developed based on the SWAN wave modelling software and 
uses an unstructured grid ranging from 5 m to 100 m in size.  The inputs to the model included wind 
conditions, lake bathymetry data, and lake lake level.  The driving wind fields were developed based on 
a down-scaling of winds from the ECCC’s High Resolution Deterministic Prediction System (HRDPS)2.  
Bathymetry was interpolated from the project DEM.  For historic conditions, lake level was based on 
measurements at the weir.  For proposed raised weir conditions, the lake level was generated by the 
modelling approach discussed in Section 4.1. 

The model was run twice for the period of 2017 to 2021 with the same wind boundary conditions.  The 
“hind-cast” run used the historic measured lake levels, while the “future-cast” run used the modelled 
lake level conditions which included the proposed weir raising.  Because of the high computational cost, 
the wave model was not run for all the climate change scenarios. 

The data from the MarineLabs weather buoys was used to evaluate the skill of the wind and wave 
models, and for detailed analysis of mid-lake conditions. 

Wind and Wave Climate 

Wind conditions on Cowichan Lake are impacted by the surrounding mountains and forests and tend to 
be lower in magnitude than they would be in a more open coastal setting.  However strong winds tend 
to channel along the axis of the lake, resulting in a long fetch, and the potential to generate large waves.  

 
2 https://open.canada.ca/data/en/dataset/5b401fa0-6c29-57f0-b3d5-749f301d829d 
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Cross lake winds do occur, but tend to be weak, and tend to flow between creek valleys on opposite 
sides of the lake. 

There is significant spatial and seasonal variation in wave conditions on Cowichan Lake.  On average, 
the South Arm has low wave energy compared to the rest of the lake, as it is more enclosed and 
sheltered from the wind.  Wave energy is largest in the open sections of the lake, northwest of Youbou 
(Figure 4-6). 

The largest wind speeds and wave heights (approx. 55 km/h and 0.6 m) occur during storm activity in 
the fall and winter months.  However, there are frequently prolonged lull periods between the storms.  
Peak wind speeds and wave heights are smaller during the spring and summer months (approx. 
25 km/h and 0.3 m) but occur much more frequently and during the daylight hours due to the daily sea 
breeze.  On average wave heights are small throughout the lake at about 5 cm. 

 
Figure 4-6: Modelled Average Wave Power on Cowichan Lake 
       (Appendix E: Figure 3) 

Boat Wakes 

As part of this project, wind waves and boat wakes were measured by the MarineLabs weather buoys in 
the South Arm, and near Sa-Seen-Os Point.  Analysis of these measurements indicates that boat wakes 
are prevalent during the summer season (July and August).  Even during this peak period, the portion of 
wave energy coming from wakes is about 8% in the South Arm, and about 2% at Sa-Seem-Os Point.  
Averaged over the period of available observations (January to September 2021), the portion of wake 
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energy is even less, with about 4.4% in the South Arm, and about 0.7% at the Sa-seen-Os Point.  Wave 
energy due to boat wakes adds to the energy due to winds, and together they define the total wave 
conditions on the lake. 

In theory, it would be possible to increase the wave energy in certain areas of the lake at certain times 
of the year to explicitly account for boat wakes in the analysis of natural boundary change.  However, 
the wave energy due to boat wakes is small compared to the prevailing wind-wave energy, and 
therefore it is not included as a variable in the natural boundary analysis because its influence would be 
within the accuracy of the estimates. 

Changes to Shoreline Wave Conditions 

To evaluate wave conditions along the Cowichan Lake shoreline, the perimeter of the lake was divided 
into along-shore reaches, approximately 50 m long.  A transect, running perpendicular to the shore, was 
generated for each reach. 

At each transect, shoreline incident wave conditions were evaluated based on the location of wave 
breaking.  At each one-hour time step in the wave model output, the wave conditions along the transect 
were evaluated sequentially, starting from off-shore.  The wave conditions at the location closest to 
shore, but before the onset of depth induced wave breaking, were selected to represent the shoreline 
incident wave conditions.  This results in a single time series of wave conditions for each transect 
throughout the hind-cast. 

In the deep parts of the lake, the difference in average wave power between the hind-cast and the 
future-cast are relatively small.  At the shoreline, the difference in between the scenarios is typically less 
than 5% but is up to 30% in some cases, and in both the positive and negative direction.  This occurs 
because of physics of wave propagation in shallow water.  For example, in sheltered areas average 
wave power can decrease with the future-cast, as deeper water reduces the tendency of refraction to 
bend waves towards some sections of the shoreline.  Wave power can increase in areas with shallow 
foreshores which break larger waves and dissipate energy under current conditions but do so to a 
lesser extent with increased lake levels. 

For more detail on changes to the wave climate of Cowichan Lake resulting from the proposed weir 
upgrade, see Appendix F. 

4.3 Natural Boundary Analysis 

Studies of shoreline erosion in response to lake level change are commonly performed when evaluating 
potential impacts of hydroelectrical reservoirs.  Techniques have been developed to evaluate changes 
in lake level where the modified lake level regime is significantly different than the range of existing lake 
levels.  For this project, the minimum and maximum lake levels are not changing significantly with the 
proposed raised weir, and therefore it is necessary to resolve potential shoreline change due to 
changes in lake level within the existing range.  As a result, a novel technique for estimating changes in 
the natural boundary elevation needed to be developed. 

Natural Boundary Estimation Method 

Numerous studies have linked wave climate to erosion rates in coastal environments, and some also 
recognize the importance of prevailing water levels (e.g., Ferreira, 2004 and Enriquez, Marcos, 
Falquies, & Roelvink, 2019).  Recalling the definition of the natural boundary (Section 3.3), it is expected 
that the location of the natural boundary is related to the lake level regime (presence of water), the wave 
climate (action of water), and the character of the shoreline. 
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Correlation analyses were carried out using the following variables: 

• Average wave power (AWP); 

• Sediment type; 

• Presence of vegetation; and 

• Beach slope. 

The values of each of these variables was estimated at each shoreline transect.  The relationship 
between each variable and the present natural boundary elevation (PNBE) was evaluated in a multitude 
of ways.  For sites with relatively high average wave power, above 0.4 W/m, the AWP was found to be 
the best predictor of the natural boundary elevation.  Based on this finding two approaches were 
developed for calculating natural boundary change.  At locations where the natural boundary is driven 
by the action of water (AWP > 0.4 W/m), it is assumed that the natural boundary elevation is regulated 
by the average wave power acting above the natural boundary.  At locations where the natural 
boundary is driven by the presence of water (AWP <= 0.4 W/m), it is assumed that the natural boundary 
elevation is regulated by the percentage of time when the natural boundary is inundated. 

These methods for calculating natural boundary change include the use of the PNB.  In doing so, 
information about the inherent shoreline character and resilience is included in the estimate of natural 
boundary change.  For example, if a shore experiences high wave energy, but has a relatively low 
natural boundary, it can be concluded that this shoreline is particularly resilient to the action of water.  
This may be because of the shoreline slope, the sediment type, the local vegetation, or because the 
shore experiences few external disturbances (animals, humans, surface runoff, sedimentation, pollution, 
etc.)  Even with changes to the prevailing wave or lake level regime, it would be expected that the 
shoreline character and associated resilience would remain similar in the future. 

Change in Estimated Natural Boundary Elevation 

The estimated change in natural boundary elevation for each reach around the lake is presented in 
Figure 4-7, and the inset shows the histogram of elevation change occurrences.  The estimated change 
ranges from 0 to nearly 0.4 m, with a mean of 0.16 m.  The largest changes occur at locations where the 
PNB will see increased frequency of inundation due to the proposed weir raising.  The smallest changes 
occur where the PNB will see negligible change in inundated time with the proposed raised weir (either 
very high or very low PNB elevations). 

The estimated change in the natural boundary elevation is higher than average in the South and North 
Arms of the lake, where the PNB is generally within the elevation band experiencing increased 
inundation.  Smaller than average changes in natural boundary elevation were estimated for the 
northwest area of the lake, which generally has higher wave energy and a higher PNB. 

The impact of the estimated change in natural boundary elevation to individual properties will depend on 
the characteristics of the existing shoreline at each property.  For example, a 0.3 m increase in natural 
boundary elevation will have a greater impact to a property with a shallow sloped shoreline, than to one 
with a steeply sloped shoreline.  The impact of the estimated change in natural boundary elevation at 
each individual lakeshore property has been further assessed and is summarized as part of an impacts 
table, which is discussed further in Section 5.3. 

This technique for estimating the change in natural boundary elevation is novel and has not been 
validated by field measurements.  To develop this technique, many assumptions and approximations 
have been made to simplify very complex natural processes.  Therefore, future monitoring should be 
conducted to verify these estimates. 

For more detail on the natural boundary elevation change analysis, see Appendix F. 
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Figure 4-7: Estimated Present Natural Boundary Change Plotted at 50 m Reaches 
       Inset: Histogram of Estimate Natural Boundary Elevation Change 
       (Appendix F: Figure 6-2) 

Estimated Future Natural Boundary 

The location of the future natural boundary was estimated based on the location of the PNB and the 
estimated change in natural boundary elevation.  A GIS analysis calculated the estimated future natural 
boundary (EFNB) and included the following steps. 

1. Establish transects at right angle to the PNB line at 5 m intervals along its length. 

2. Calculate the elevation of the EFNB as the elevation of the PNB plus the estimated natural 
boundary elevation change. 

3. Find the point on each transect where the ground elevation equals the EFNB elevation. 

4. Create the EFNB line by connecting the EFNB points from each transect. Conduct a quality review 
by manually checking the EFNB line around the lake and islands and making adjustments as 
necessary. 

The EFNB location is shown in the online mapping tool. 
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5. Phase D – Mapping and Identifying Potential Impacts 

5.1 Online Mapping 

Mapping of the Cowichan Lake shoreline has been prepared through this project and provided to CVRD 
for online production.  The basemap data used in the mapping is based on 2019 GeoBC LiDAR (20 cm 
resolution) and 2019 CVRD orthophotos (20 cm resolution).  The map allows for navigation by 
panning/zooming, viewing/hiding of various mapping layers and other georeferenced data, such as field 
photographs, as well printing of hard copy maps.  Users can zoom out to the lake level and scale into 
the lot level, and the map is searchable by property address.  The online mapping is available here: 
https://cowichanlakeweir.ca. 

A sample of the online mapping tool, displaying the present natural boundary of Cowichan Lake in 
green, is shown in Figure 5-1. 

 
Figure 5-1: Sample of Online Mapping Tool Showing the Present Natural Boundary 

5.2 Lot-by-Lot Impacts Tables 

The proposed raising of Cowichan Lake Weir will result in changes to the lake level regime and natural 
boundary location, which could in turn, impact shoreline properties.  An impacts table was developed to 
assess and summarize the potential impacts for each shoreline property around Cowichan Lake and is 
available on the online mapping tool, www.cowichanlakeweir.ca. 

The impacts table includes eight potential impacts, some of which were assessed quantitatively and 
others qualitatively.  The potential impacts considered are described below. 

Flooding: Potential change in flood risk to the primary residences. 

Inundation: Will the raised weir result in additional water being stored within the property title boundary? 

Estimated Change in Natural Boundary: Estimated horizontal change in natural boundary along 
lake frontage. 

https://cowichanlakeweir.ca/
http://www.cowichanlakeweir.ca/
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Impact to Shoreline Structures: Does the natural boundary change at or above shoreline structures? 

Potential Changes in Vegetation: Potential change in shoreline and riparian vegetation based on 
water exposure and sensitivity (based on the judgement of a Registered Professional Biologist). 

Riparian Access: Potential loss of lake frontage. 

Dock Access: Additional days when docks are inaccessible due to high lake levels. 

Beach Use: Additional days, from May to September, when the beach would be less than 3 m wide. 

These impacts have been evaluated based on the change between the modelled lake level frequency 
and change in natural boundary location for the proposed raised weir using the past climate.  These 
reflect the potential weir raising impacts only within a relatively short time frame following raising of the 
weir, as climate change will also have impacts.  Future climate change is expected to reverse some of 
these trends and are also discussed. 

5.3 Discussion of Impacts  

Both the number of properties potentially impacted and maps showing the distribution of impacted 
properties around the lake are summarized in this section.  The methodology as well as tables and 
maps summarizing the results of the quantification of potential shoreline impacts is included in 
Appendix G. 

General trends and observations from the property impact assessments, conducted for 876 shoreline 
properties, are summarized below for the eight potential impacts considered.    

Flooding 

The analysis indicates that the proposed raised weir will result in the following: 

1. The mean annual flood level is projected to increase by about 0.1 m, and 

2. The peak lake level will increase by less than 0.05 m for more frequent floods (up to the 50-year 
return period flood) but is not expected to change significantly for less frequent floods (100-year and 
200-year return period floods). 

A summary of the number of properties with minimum ground elevation at the primary residence at or 
below lake levels for various return period with the existing weir and the proposed raised weir is shown 
in Table 5-1. 
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Table 5-1: Projected Flood Differences Between Existing and Raised Weir 

Scenario 

Frequency of Flood Event 

Mean 
Annual 
Flood 

Return Period Flood 

20-year  50-year  100-year  200-year  

Peak Lake Level Existing Weir1 164.2 m 165.3 165.5 165.7 165.9 

Change in Peak Lake Level with 
Proposed Raised Weir 

+0.1 m <0.053 m <0.05 m    0.00 m     0.00 m 

Total number of properties where the primary residence could be flooded2,3
 

Existing Weir 25 127 153 175 203 

Proposed Raised Weir 31 127 153 175 203 

Change in Number of Properties 6 0 0 0 0 

Notes:  
1. Elevation in metres, CGVD2013. 
2. Primary residence considered to be flooded when the peak flood lake level is at or above the minimum ground elevation 

(i.e., touching the foundation) at the primary residence. 
3. The number of properties shown is cumulative and includes the number of properties from lower/more frequent flood 

events. 

As discussed in Section 4.1, climate change projections indicate that fall and winter storms are likely to 
result in higher precipitation, while higher winter temperatures will result in more precipitation falling as 
rain at higher elevation rather than as snow.  This combination is likely to increase peak flows into 
Cowichan Lake and result in higher peak lake levels. Flood routing analysis indicates that an increase of 
10% in the storm inflow volume into Cowichan Lake, results in peak lake levels that are 0.3 m higher 
while an increase of 30% in the storm inflow volume to Cowichan Lake, results in peak lake levels that 
are 0.5 m higher. 

While both climate change and the proposed raised weir are expected to result in increased lake levels, 
the analysis results indicate that larger changes in peak lake levels on Cowichan Lake are expected 
because of climate change than as a result of the proposed raised weir. 

Inundation 

Approximately half of the shoreline properties (414) have a portion of the property with ground 
elevations below the elevation of the proposed weir crest and are considered to be partially inundated 
by the proposed raised weir. For 321 of the partially inundated properties (78%) this area is less than 
5% of the total property area.  However, there are a number of low lying and shallow sloping properties 
(93 properties), most located near the mouths of tributary creeks, where the increase in the inundated 
area above the existing weir crest elevation is up to 69% of the total parcel area.  The largest total area 
of a partially inundated property (below existing weir crest and the proposed raised weir crest elevation) 
is 80%.  There is also one parcel that is entirely below the existing weir crest and thus is completely 
inundated when water levels are at the existing weir crest elevation. 

Properties that are expected to be partially inundated by the proposed raised weir are generally 
distributed evenly around Cowichan Lake (see Figure 5-2). 
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Figure 5-2: Properties with Potential Inundation Impact 

 (Appendix G: Figure 3-2) 

Change in Natural Boundary 

The analysis indicates that 708 of the shoreline properties (84%) are expected to see an average 
horizontal change in the natural boundary location of less than 3 m due to the proposed raised weir.  An 
average horizontal change in the natural boundary of 5 m or more is expected for 72 properties (8.5%).  
There are 13 properties (2%) where the average horizontal change in boundary is between 10 m to 22 m. 

The properties with flat slopes near the tributary streams to Cowichan Lake, properties at Bear Lake, the 
properties to the east of Marble Bay and the Islands tend to have larger projected changes in natural 
boundary location (see Figure 5-3).  The ranges of horizontal distances between PNB and the EFNB 
shown in Error! Reference source not found. are based on the average along the lake frontage of 
each shoreline property parcel. 
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Figure 5-3: Estimated Change in Natural Boundary 

 (Appendix G: Figure 3-3) 

Impact to Shoreline Structures 

11 of the 97  existing shoreline structures (11%), including retaining walls, riprap, stairs/access points, 
could potentially be impacted by changes in natural boundary location as a result of operation of the 
proposed raised weir.  Further assessment will be required to assess the vulnerability of these 
structures to changes in shoreline and lake levels. 

The existing shoreline structures are located in the developed areas around Cowichan Lake, with most 
of the structures, both likely and unlikely to be impacted, located in the South Arm and Youbou. 
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Figure 5-4: Impact to Shoreline Structures 
 (Appendix G: Figure 3-4) 

Shoreline and Riparian Vegetation 

About 80% of properties are projected to have low vulnerability to changes in shoreline vegetation 
resulting from the proposed raised weir.  There are 13 properties (1.5%) with high vulnerability to 
vegetation changes resulting from the proposed raised weir; these properties are primarily in areas with 
shallow slopes, as well as on several the islands within Cowichan Lake (see Figure 5-5).  The shoreline 
vegetation classifications shown in Figure 5-5 are based on a spatially weighted average vegetation 
vulnerability score along the entire lakeshore frontage of the property parcel.  For larger parcels, there 
may be portions of the parcel shoreline frontage that have different vegetation classifications than what 
is shown based on the average score. 
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Figure 5-5: Shoreline Vegetation Vulnerability 

 (Appendix G: Figure 3-5) 

Riparian Access 

As the estimated future natural boundary is upslope from the PNB, there are no properties where the 
change in the location of the natural boundary results in having to access the lake across neighbouring 
private property. 

Dock Access 

The impact of the operation of the proposed raised weir on dock access over the entire year depends on 
the elevation of the dock access point.  When comparing the existing weir and proposed raised weir 
conditions, the results indicate that: 

• For properties with dock access elevation above the mean annual flood elevation, there is no 
change in the number of days of dock access. 

• For properties with dock access elevation between the mean annual flood elevation and the 
proposed raised weir crest elevation, there is some reduction in the number of days of dock access. 

• For properties with dock access elevation below the existing weir crest, there is some reduction in 
the number of days of access. 

• Properties with dock access elevation between the existing weir crest and the proposed raised weir 
are anticipated to have the largest reduction in the number of days of dock access. 

Currently, a majority of the docks (359 of 521) have access for more than 180 days on average over the 
year.  The current access to the remaining properties with docks are relatively evenly distributed with 52 
having less than 30 days of access, 62 having 30 to 90 days of access and 48 having 90 to 180 days of 
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access.   With the proposed raised weir, there would be a reduction of more than 10% in dock access 
days over the year (36 days) on average for 277 of the 521 properties with docks.  Most of the reduction 
in dock access with the proposed raised weir would occur in March as a result of the earlier start of the 
control period and in spring (April to June) when lake levels are maintained near the crest of the 
proposed raised weir. 

The properties with potential impact to dock use are well distributed around the lake without any spatial 
trends (see Figure 5-6). 

 
Figure 5-6: Properties with Potential Impact to Dock Access 

 (Appendix G: Figure 3-7) 

Beach Use 

Similar to the criteria established as part of the Cowichan WUP, the reduction in the number of days 
when a beach is less than 3 m wide was considered to be significant if it is greater than 10%.  
Approximately 42% of the shoreline properties (356) are projected to have a reduction of beach use 
days of more than 10% during the recreational season (April 1 to end of Oct), due to the proposed 
raised weir.  Some of these properties have steep shorelines, narrow beaches, and a relatively small 
number of beach days currently, and therefore a small reduction in beach use days results in a relatively 
high percentage of change compared to other properties.  Alternatively, some of these properties have 
their 3 m wide beach located within the range of lake levels that are expected to have the largest 
change in lake level frequency, between the proposed raised weir crest and the existing weir crest, and 
therefore do see a larger reduction in the number of beach days. 

Additionally, there are 167 properties (20%) where the number of beach use days is projected to be 
between 40% to 47% of the current beach access days, as a results of the proposed raised weir. 

Properties projected to see a reduction in beach use days of 10% or more are mostly concentrated in 
Youbou and the South Arm (see Figure 5-7). 
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Figure 5-7: Properties with Potential Impact to Beach Use 

 (Appendix G: Figure 3-8) 

A summary of the number of properties potentially impacted for the eight potential impacts considered is 
included in Table 5-2. 

5.4 Land Use Considerations 

Although not a specific objective of the study, some of the findings of the study could be used to guide 
land development policy for shoreline properties around Cowichan Lake and for protection of the 
watershed.  These considerations include: 

1. Mapping of the natural boundary around Cowichan Lake shows that the natural boundary is not a 
single elevation around the lake but rather varies across a range of elevations.  The location of the 
natural boundary is a key consideration in the establishment of setbacks under the Riparian Areas 
Regulation (RAR).  Therefore, consideration should be given to using the mapped PNB location 
rather than the mean annual flood lake level elevation (164.2 m), also known as the high water 
mark, to define RAR set backs around Cowichan Lake. 

2. The flood frequency analysis indicates that the 200-year return period flood level (including 
freeboard and climate change allowance) shown on the existing Provincial Floodplain Mapping is at 
a suitable elevation to establish FCLs.  This is a similar finding to the 2019 flood risk assessment 
report prepared for Cowichan Lake (NHC, 2019).  However, the existing provincial floodplain 
mapping only covers the eastern half of Cowichan Lake.  The 200-year return period floodplain 
boundary mapped for the entire lake shoreline as part of this project, could be reviewed and 
considered for use in development of updated regulatory floodplain maps for the entire Cowichan 
Lake shoreline. 
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3. Changes in forest cover in a watershed due to forest harvesting, or other impacts such as forest fire, 
can have impacts to streamflow in coastal rainforest watersheds.  Quantifying the impacts of 
change in flow because of land cover change was not included as part of the scope of this study.  
However, research studies have shown that after forest harvesting, low flows can initially increase 
because of reduction in evapotranspiration but can then reduce below preharvest levels as forest 
begins to recover with increased evapotranspiration of younger growing trees (Pike, Redding, 
Moore, Winkler, & Bladon, 2010).  In BC, recovery of hydrological processes has been tied to the 
effective cleared area (ECA) which is a measure of the amount of forest harvesting within a 
watershed weighted by the stand height or age of each forestry block.  At a watershed scale, an 
ECA of less than 0.3 is considered to have low impacts to hydrology and aquatic health in 
watershed (Provincial Aquatic Ecosystems Technical Working Group, 2019). 

The hydrological model developed as part of this study could be used to assess how changes in 
ECA for the Cowichan Lake watershed impacts inflow to Cowichan Lake.  This information could 
then be used to help guide land use policy in the watershed to help improve watershed resilience to 
help buffer the future impacts of climate change on inflows to Cowichan Lake. 
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Table 5-2: Summary of Potential Property Impacts Considered in the Assessment 

Potential Impact Index Value 
Number of 
Properties 

Flooding1 
Will the proposed raised weir increase the probability 

of flooding at the primary residence?1 

Change in return period or annual exceedance probability of flooding at the 
primary residence.  (Number in brackets provides the average number of times 

a flood is expected to be exceeded over any given 50-year period) 

No primary residence 261 

Above Flood Level shown on Provincial Floodplain Map (including 
freeboard) 238 

No Significant Change in Flood Frequency 306 

Flood may occur 1 additional times over 50 years 33 

Flood may occur 2 additional times over 50 years 2 

Flood may occur 3 additional times over 50 years 6 

Inundation 
Will raised weir result in additional water being stored 

within the property title boundary? 
Is any portion of the ground elevation within the property title boundary below 
the proposed weir crest elevation? 

Yes 414 

No 432 

Change of Natural Boundary What is the average Horizontal Distance between PNB & EFNB? 

<0.5 m 177 

0.5 m to 3 m 531 

3 m to 5 m 66 

5 m to 10 m 59 

>10 m 13 

Shoreline Protection Structures 
(Total of 97 Structures) 
(Retaining Walls, etc.) 

Is shoreline structure located between PNB & EFNB?  If yes, it may be 
susceptible to erosion depending on its foundation and construction. 

Yes 11 

No 86 

Changes in Shoreline/Riparian Vegetation 
What is the vulnerability of vegetation to change in water level and wave 
energy?  If high, vegetation type may change (i.e., to more water tolerant 
species. 

Low 673 

Moderate 160 

High 13 

Riparian Access2 Potential loss of lake access. 
Would the EFNB location result in having to access lake across neighbouring 
private property?2 

Yes 0 

No 846 

Dock Access  
Change in access to docks over the entire year  

(Total 365 days) 
What is the change in days when lake level is below the dock access 
elevation? 

<10% fewer days of access 244 

>10% fewer days of access 277 

Beach Use 
Change in useable beach days during recreational 

season  
What is the change in days when beach usable (more than 3 m wide)? 

<10% fewer days of access 490 

>10% fewer days of access 356 

Note:  
1. Primary residence considered flooded when lake level is above the minimum ground elevation at the primary residence.  Does not consider minimum floor elevation of primary residence. 
2. Neighbouring property does not include the lake bottom property owned by Mosaic Forest Management. 
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6. Summary of Findings 

To assess the potential impacts of raising the Cowichan Lake Weir, a shoreline assessment was 
completed; the main findings of the assessment are summarized below. 

2020 Present Natural Boundary 

1. The 2020 present natural boundary (PNB) for the Cowichan Lake shoreline was determined through 
in-field survey and desktop analysis and can be viewed through the project’s online mapping tool. 

2. The surveyed elevation of the PNB ranges in elevation by about 2.35 m, from the existing weir crest 
elevation at 162.55 m to 165.0 m, well above the present mean annual flood level of 164.2 m 
CGVD2013.  The natural boundary is influenced by lake level frequency, wave energy, and 
shoreline character. 

Shoreline Characterization 

1. The Cowichan Lake shoreline substrate consists largely of gravel (68%) and bedrock (22%).  The 
predominant vegetation classes along the shoreline and riparian areas are Forested and Shrubland. 

Lake Inflows and Lake level Analysis 

1. Projected future changes in temperature and precipitation for the Cowichan Lake watershed were 
used to understand how inflows to Cowichan Lake might change in the future.  The Cowichan Lake 
inflow analysis indicates that the average inflow is projected to increase 2.1% on average by the 
2050s and 8.3% on average by the 2080s.  Most of the increase in inflow will be seen in the fall and 
winter, while the summer inflow is expected to decrease 30% on average by the 2050s and 40% on 
average by the 2080s. 

2. To determine the potential impact of the proposed raised weir on the Cowichan Lake water level, an 
inflow and water level analysis was completed.  Inflow was modelled using both the existing and 
proposed weir conditions with historical and future projected climate change conditions.  The results 
indicate an increase in frequency of the lake level being above the existing weir crest (increase of 
about 19% over the year), and a reduction in the frequency of lake levels below the existing weir 
crest elevation (reduction of about 19% over the year).  The analysis indicates that lake levels with 
the proposed raised weir are expected to be higher than the existing weir crest from March 1 to 
beginning of August in most years. 

3. An assessment of climate change impacts on future lake levels for the existing weir and the 
proposed raised weir indicates that the greatest changes in the frequency of lake level due to the 
proposed raised weir are expected to be observed right away, and are expected to reduce over 
time, returning to approximately the historical norms by the 2080s. 

4. A flood frequency analysis of the lake level model results for the existing weir and proposed raised 
weir indicates that  relatively frequent peak lake levels could be slightly higher as a result of the 
proposed raised weir.  For instance, the elevation of the mean annual flood lake level is expected to 
increase by about 0.1 m (about 4 inches) and the elevation of peak lake levels for floods up to the 
50-year return period (El. 165.5 m) are expected to increase by less than 0.05 m (2 inches).  There 
is no measurable change in peak lake levels at floods above the 50-year return period elevation nor 
at the 200-year return period flood level including freeboard shown in the provincial floodplain 
mapping (El. 167.53 m). 
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5. Climate change is expected to increase peak inflows and peak lake levels at Cowichan Lake.  An 
increase in 10% in peak storm event inflow to Cowichan Lake results in about 0.3 m increase in 
peak lake levels, which is greater than the change in peak lake levels as a result of the proposed 
raised weir (up to  0.1 m). 

Wave Energy Assessment 

1. The average wave power along the Cowichan Lake shore varies significantly from less than 
0.5 W/m to 4.5 W/m showing the important influence that shoreline exposure has on wave power 
around the lake. 

2. Boat wakes currently do not contribute significantly to total wave energy on Cowichan Lake, 
representing less than 5% of the total wave energy during the period of observation (January to 
September 2021). 

3. The wave climate on Cowichan Lake will change with the proposed weir raising.  In the deep parts 
of the lake, the changes will be very small.  However, average wave power at the shoreline is 
estimated to change by +/-5% on average, and up to +/-30% at some locations depending on the 
topography of the shoreline. 

Estimated Change in Natural Boundary 

1. The estimated change in natural boundary elevation due to the proposed weir raising ranges from 0 
to nearly 0.4 m, with a mean of 0.16 m.  Larger changes occur where the PNB elevation will 
experience increased frequency of inundation with weir upgrades. 

Potential Shoreline Impacts 

The lake level analysis and estimates of natural boundary change were used to quantify potential 
impacts to shoreline properties summarized in the following points. 

1. There are about 25 shoreline properties where the minimum ground elevation at the primary 
residences is at or below the mean annual flood level for the existing weir.  Raising the weir is 
expected to increase the mean annual flood level by about 0.1 m.  This could result in an additional 
6 homes being flooded at the mean annual flood lake level as a result of the proposed raised weir. 

2. Approximately half of the shoreline properties (414) have a portion of the property with ground 
below the elevation of the proposed weir crest.  This indicates that water stored by the raised weir 
would cover a portion of the property for a period of time every year.  About 78% of the partially 
inundated properties would have an inundated area below the proposed raised weir crest elevation 
that is less than 5% of the total property area.  The properties with inundated area greater than 5% 
(93 properties) tend to be low lying and flat properties near tributaries to Cowichan Lake (such as 
the Gordon River). 

3. 84% of the shoreline properties (708 properties) are expected to see a less than 3 m horizontal 
change in the location of the natural boundary location due to the raised weir.  A relatively small 
number of properties (13) could expect to see horizontal changes between 10 m to 22 m.  These 
tend to be properties on small islands and properties with flat gradients near tributaries to Cowichan 
Lake (i.e., Gordon River). 

4. 11 of the 97 existing shoreline protection structures (retaining walls, etc.) could potentially be 
impacted by the proposed raised weir.  However, further investigation will be required to evaluate 
resiliency of the structures to changes in shoreline character and lake level as a result of the 
operation of the proposed raised weir. 
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5. Most of the shoreline vegetation has low vulnerability to changes in the natural boundary and 
therefore are not likely to be affected for 673 properties (80% of shoreline properties).  However, 
there are pockets of vulnerable vegetation with thirteen properties showing high vulnerability to 
changes in vegetation as a result of natural boundary changes. 

6. No properties are expected to lose riparian access because of the raised weir. 

7. Docks with an access elevation between the existing and proposed weir crest elevations are 
expected to have the largest reduction in the number of days of dock access.  Compared to the 
current conditions about half of the docks (277 of 521) would have a reduction in beach access 
days of more than 10% over the year.  A majority of the docks with reduced access have floating 
access points accessible from the beach that are below the proposed raised weir crest. 

8. Approximately 42% of shoreline properties (356 properties) show a 10% or more reduction in beach 
use days during the recreational season.  Beach use is defined by the number of days where the 
beach is more than 3 m wide horizontally.  The reduced beach use properties tend to have steep 
beaches with a short beach use time under the existing weir conditions and those properties where 
the waters edge for a 3 m wide beach lies at an elevation between the existing and the proposed 
weir crests. 
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7. Limitations 

The location of the estimated future natural boundary (EFNB) and the quantification of potential 
shoreline property impacts developed during this project rely on modelling of future conditions.  Through 
using best available mapping and input data, identification, and careful selection of key assumptions, 
and carrying out sensitivity analysis where appropriate, the project team has made a best attempt to 
limit the uncertainty in estimates of future conditions.  However, there remain some key limitations to the 
modelling work which results in uncertainty in the estimated change in natural boundary and the 
potential property shoreline impacts.  These are summarized below. 

Present Natural Boundary 

• It was not possible to perform an in-field survey along the entire shore, nor is the PNB clearly 
detectable in areas which have been heavily disturbed.  Over 300 in-field survey tie points (x, y 
location) were used along with LiDAR topography and orthophotos to estimate a continuous line 
around the lake representing the present natural boundary and its elevation.  The location and 
elevation of this present natural boundary line is subject to the elevation uncertainty in the LiDAR 
topography dataset, horizontal uncertainty in the orthophotos, as well as uncertainty associated with 
the assumption homogeneity of the present natural boundary between adjacent survey tie points. 

Mapping 

• High resolution LiDAR data has been used to develop a detailed DEM of the Cowichan Lake 
shoreline topography and bathymetry.  However, the accuracy of the LiDAR data can be adversely 
impacted in heavily overgrown areas. 

• The property title boundaries shown in the mapping and used in the analysis are based on 
provincial cadastral (property) mapping data and are considered suitable for mapping purposes.  
Actual property title boundary locations need to be confirmed by legal survey by a BC land surveyor.  
This work was beyond the scope of this study. 

• High resolution air photography and shoreline photography taken from a boat during field visits have 
been used to identify and locate docks and other shoreline structures (retaining walls, riprap, etc.).  
The locations are considered to be suitably accurate for the purposes of mapping and analysis.  
Exact locations of structures would have to be confirmed by ground based topographic survey 
which was beyond the scope of this study. 

Lake Inflow and Lake level Modelling 

• There are uncertainties related to future greenhouse gas emissions and the associated future 
impacts on climate.  There are also uncertainties in the GCM modelling which impact projected 
changes in temperature and precipitation. 

• There are uncertainties and potential bias in the hydrological modelling due to limitations in the 
climate data used in model calibration/verification and the focus on calibrating the model to average 
conditions which may limit the accuracy of modeled Cowichan Lake inflow at extremes (drought 
and flood). 

• The inflow analysis assumed that the current proportions of land cover types within the watershed 
are representative of future conditions.  Therefore, the analysis does not include the effect of any 
long-term changes in forest cover in the Cowichan Lake watershed due to changes in the amount 
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of forest harvesting, significant forest fire disturbance, changes in composition of forest due to 
climate change or other impacts such as tree diseases or pests. 

• The analysis assumes that future weir operation exactly follows the rules set out in the Cowichan 
WUP without accounting for weir operation decisions, such as potential drought management 
measures, which may be implemented through water management decisions by the future 
licence holder. 

Natural Boundary Estimation 

• The natural boundary location at any point along the lakeshore is a function of numerous variables 
including the shoreline substrate (which may be heterogeneous), the shoreline slope, the incident 
wave energy, the presence of vegetation (and what type of vegetation it is), whether the shoreline 
has been disturbed and whether there are any offshore structures (floating breakwaters) which 
reflect waves and reduce wave energy.  Due to the complexity of the phenomena involved, the 
problem of estimating the natural boundary elevation based on environmental parameters has been 
parameterized for this study and considerably simplified into a statistical correlation between natural 
boundary elevation and the distribution of wave energy with elevation.  The validity of this statistical 
correlation has been verified through analysis of data collected around the entire lakeshore and 
more detailed analyses conducted for smaller sections of the lakeshore.  Despite this, the natural 
boundary change estimates are considered best estimates and should be treated as indicative of 
future conditions and not explicit estimates of future change. 

• The estimated future natural boundary location is subject to all the base mapping and lake level 
uncertainties listed above.  In addition, the estimated future natural boundary location is based on 
the present natural boundary location and elevation, and therefore is subject to uncertainties and 
limitations associated with those variables. 

Shoreline Impacts 

• The eight potential impacts identified and quantified in the have been selected based on 
professional judgement and input from the SC and as such are intended to cover most potential 
impacts.  However, they are not intended to be an exhaustive list of property impacts and other 
unforeseen impacts are possible. 

• Some of the potential impacts, such as the change in the natural boundary, are measured along 
representative transects within property.  Therefore, the magnitude of change at other locations 
within the property might differ from what is shown in the property impacts table. 

Despite these limitations, the project work represents a detailed evaluation of the 2020 present natural 
boundary and the estimated future natural boundary as a result of the proposed raised weir.  This work 
provides a sound basis for evaluating the potential effects of the proposed raised weir, subject to 
ongoing monitoring and review as noted in the next section. 
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8. Adaptive Management 
An adaptive management approach should be considered as part of the water licencing approvals for 
the Cowichan Lake Water Supply Project.  Adaptive management is an iterative decision-making 
process which aims to reduce uncertainty over time through continuous monitoring.  This process may 
include “triggers”, which initiate mitigation measures when specific impact thresholds are exceeded.  
Using this type of process will help mitigate some of the uncertainties in the deliverables of this work 
and ensure that better information is available to inform future decisions regarding water use planning at 
Cowichan Lake and River.  The development of an adaptive management plan is beyond the scope of 
this study, however, general recommendations for the form of the plan are provided here. 

The adaptive management plan should identify monitoring priorities and locations.  Weather variables, 
such as temperature, rainfall, windspeed, wave conditions, creek inflow, etc. should be considered.  
Shoreline monitoring of the natural boundary location, vegetation, erosion rate, and state of shorelines 
structures should also be considered.  The variables of interest should be selected along with locations 
where these variables should be monitored.  In some cases, the location may be driven by the logistics 
of the monitoring system (such as installing a weather station on the weir where power and 
communications are available).  In other cases, the selected locations may be based on the perceived 
vulnerability of that shoreline. 

The adaptative management plan should state the objective of each monitoring items.  For shoreline 
impacts, the plan should state the index being used to monitor changes, the methodology to be used to 
measure change, how often monitoring is to be carried out, and how the results of the monitoring are to 
be reported. 

The adaptive management plan should also identify what to do if changes to the shoreline results in 
impacts beyond what is considered acceptable.  For each shoreline impact, a trigger and mitigative 
response should be prepared where appropriate.  An example of a trigger would be the migration of the 
natural boundary beyond some pre-determined limit.  The mitigation responses could include policy 
approaches (i.e., incentives to protect existing riparian areas), physical mitigation approaches (i.e., 
shoreline or riparian planting to help reduce shoreline impacts) or other compensatory approaches as 
necessary.  In addition, the results of the monitoring should be used to review and update the adaptive 
management approach at regular intervals. 
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9. Recommendations 

Based on this Cowichan Lake Shoreline Assessment, the following recommendations are provided. 

1. Use of Analysis: The results of this study should be treated as indicative, not as absolute. 

2. Flood Operation Rules: The operational rules of the proposed raised weir should be reviewed to 
look for opportunities to limit the projected increase in lake levels during storm events. 

3. Climate Monitoring: An improved climate monitoring program within the Cowichan Lake watershed 
should be implemented as soon as possible.  At minimum, this should include high-quality weather 
monitoring including wind velocity and precipitation and continued monitoring of lake level.  Wind 
speed should be measured at a location which is reasonably representative of over-lake conditions; 
monitoring at the weir itself should be considered.  Monitoring of stream inflow and wave conditions 
should also be seriously considered.  Data from this monitoring would help establish baseline 
climate conditions, monitor climate change, improve model development, and facilitate improved 
forecasting to support future management. 

4. Land Use Considerations: The results of this study should be considered to help guide future 
updates to regional land development policies for Cowichan Lake.  The variation in elevation of the 
PNB should be considered, along with the single elevation of the mean annual flood level or high-
water mark currently used in establishing the Riparian Area Regulation (RAR).  Mapping of the 
Provincial Floodplain Level prepared for this study could be reviewed and used for updating 
regulatory floodplain limits and FCLs for the entire Cowichan Lake shoreline.  Finally, land 
development policy within the watershed should aim to protect the hydrological resiliency of the 
watershed to buffer future climate change impacts on inflow to Cowichan Lake. 

5. Adaptive Management:  Develop an Adaptive Management Plan prior to raising the Cowichan 
Lake Weir to summarize reasoning, methodology and timing for monitoring shoreline changes 
around Cowichan Lake and develop a set of mitigation options that could be triggered as 
appropriate.  The results of the adaptive management monitoring should be compared to the results 
of this study and provide opportunity to review the natural boundary estimation techniques 
developed for this study. 
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