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Agenda 
• Project Overview and Status 

Update

• Preliminary Analyses and Results
• Field Work
• 100-Year Flood Line
• Wave Modelling
• Erosion Assessment

• Next Steps 

• Questions and Discussion



Project Overview and 
Status Update
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Project Objectives
• Assess hazards from 

flooding and erosion
• Identify vulnerable 

shoreline, communities, 
and infrastructure

• Develop a community-
informed Coastal 
Resilience Management 
Plan to improve long-
term climate resilience
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Project Scope Field Data Collection
• Lake Bathymetry
• Site Reconnaissance
• Drone photos

Numerical Modelling
• Lake Levels
• Wave Run-up

Technical Analyses
• Erosion Hazards
• Beach Hazards

Hazard Mapping & Vulnerability Assessment
• Identify areas at risk

Coastal Resilience Management Plan
• Reduce exposure to hazards
• Build climate resilience

Continuous Stakeholder 
Engagement and Input
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Project Status / Schedule

Virtual Public 
Meeting



Field Work
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Site Reconnaissance
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Drone Photography



Lakehead Coastal Resilience Management Plan 10

Lake Bathymetry



Static 100-Year Water Level
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100-Year Flood Level Required for the Flood Hazard
• Statistical Analysis of static lake levels and storm surge
• 100-year flood level at Thunder Bay Gauge is 184.32 m IGLD'85
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Storm Surge Modelling to Establish Gradients Between 
Water Level Gauges
• Gauge 

locations on 
map

• Simulate top 
storm surge 
events at each 
gauge
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Storm 
Surge 
Runs
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100-
Year 
Flood 
Level

Mid-
Century
CC



Wave Modelling
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Extreme Metocean Conditions

100-Year Lake Level + Climate Change

25-year Wave Conditions

Wave Uprush Methodology 

Select Wave Uprush Approach 
based on shoreline analysis

Wave Uprush Modelling

Define Reaches and 
Transects - Perform Wave 
Uprush Calculation

Wave-Driven Flooding Hazard 
Mapping

Translate the wave uprush results 
into 2D maps

Estimate Wave Runup and Map Flood Hazards
To determine the wave-driven flood hazard area along the LRCA region
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Extreme Metocean Conditions Wave Uprush Methodology Wave Uprush Modelling Wave-Driven Flooding 
Hazard Mapping

To determine the extreme wave conditions along the entire LRCA nearshore region

The simulated multi-directional wave conditions were the 25-year return period wind-wave conditions
The results provide the wave height, period and direction along the nearshore LRCA region to drive the wave runup 
calculations

~ 1.5 m

~ 2.5 m

~ 2 m
~0.5 m

~1 m

~1.3 m

~ 2 m

Wave Height
(Hs)
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Extreme Metocean Conditions Wave Uprush Methodology Wave Uprush Modelling Wave-Driven Flooding 
Hazard Mapping

Port of Thunder Bay – Advanced 3D Wave Modelling

Q1

Q2

Q3

Q4Q1 Q2 Q3

Q4
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Extreme Metocean Conditions Wave Uprush Methodology Wave Uprush Modelling Wave-Driven Flooding 
Hazard Mapping

1D-Transects Wave Uprush Calculation: To obtain the runup level at each profile.

• The coastline is divided into reaches of 
similar characteristics. 

• Schematic representative topographic 
transects are defined for each reach.

• Wave runup at each profile is estimated 
using CSHORE model.

CSHORE is a phase-
averaged cross-shore 
numerical wave model 
(USACE) used to estimate 
wave runup for irregular 
waves.
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Extreme Metocean Conditions Wave Uprush Methodology Wave Uprush Modelling Wave-Driven Flooding 
Hazard Mapping

To determine a continuous wave-driven flooding line associated with the extreme water levels and wave condition

Flood mapping 
considering
Wave runup on top 
of Historical and 
Climate Change 
100-y water level

Detailed mapping interpretation for areas between the 
defined 1D-Transects.
Coastal specific characteristics may vary from the 
schematic transect (i.e. coastal defense structures, 
shoreline orientation shifts, small islands, vegetation, 
etc.)

DRAFT
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Flood 
Hazard 
Map 
Example



Erosion Assessment
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Methodology
1. Define Erosion Reaches

• Based on morphological 
features

2. Calculate Historical Erosion Rate
• Using Historical Air Photos

3. Calculate 100 Year Recession Rate
• Based on historical erosion

4. Map Erosion Hazard Limit
• 100 Year Recession Rate 

plus stable slope allowance
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Erosion Reaches
• Rate of erosion varies 

spatially along Lake 
Superior

• This is due to:
o Geology
o Wave Exposure
o Shoreline 

Hardening
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Historical Erosion Rate
• Georeference

historical air photos
• Digitize the shoreline 

at that time
• 1986 

• This is an area within 
the Municipality of 
Shuniah
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Historical Erosion Rate
• The historical erosion 

rate is the difference 
between the historical 
shoreline and current 
shoreline

• For analysis, shoreline 
protection and 
engineered structures 
are omitted

• This area has eroded 
between 0.5 m and 6 
m in 36 years

These engineered structures
are not included in the analysis
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Historical Erosion Rate
• This is an area north of 

the Thunder Bay ports 
• It has eroded between 

0.1 m and 2.0 m which is 
within the accuracy of 
the analysis

• We can’t draw conclusive 
rates but from the 
density of vegetation, it 
is relatively stable
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Erosion Hazard Limit
• The historical 

recession rate is used 
to estimate how much 
erosion is expected to 
occur in a 100-year 
period
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Example of Erosion Hazard Limit Mapping (Lake Ontario)



Next Steps
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Dynamic Beach Assessment (presence/absence)
• Goal is to protect the dynamic nature of sand beaches
• A beach must have a fetch of at least 5 km, beach length of at 

least 100 m, width at low water of 10 m, and depth of sand at 
least 0.3 m

• Uses flood allowance
• Plus, dynamic beach allowance
• 30 m width evaluated
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Dynamic 
Beach 
Hazard 
Map 
Example
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Example of Flood Risk Vulnerability (Lake Erie)
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Example of Erosion Risk Vulnerability (Lake Erie)
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Future Management Plan Will Provide Examples to Increase 
Resilience to Natural Hazards

Emergency Preparedness Floodproof

Nature-based, Hybrid, and Engineered Solutions
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Public Information Centre #2 – Hazards and Vulnerability
• Present draft hazard maps (flooding, erosion, dynamic beach areas)
• Introduce climate change projections and resilience concepts 
• Collect input on key risk areas and potential response strategies
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More Information

• Visit our website: 
lakeheadresilience.ca 

• Copy of presentation
• Ongoing project updates
• Future engagement 

opportunities
• Contact project leaders



Questions and 
Discussion



Thank-you!


