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Study Partners

 Supported by Natural Resources Canada’s Climate Change Adaptation 

Program

 20+ Members of the Conservation Authorities Coastal Working Group

 Municipality of Chatham-Kent (C-K)

 Lower Thames Valley Conservation Authority (LTVCA)

 Credit Valley Conservation Authority (CVC)

 Halton Region

 A Steering Committee with representation from all levels of government, 

including the US Army Corps of Engineers and the IJC



I – STREAM ONE RESULTS

CLIMATE CHANGE IMPACTS ON 

COASTAL STORMS



Weather Research and Forecasting (WRF) Model

 National Center for Atmospheric Research (NCAR) applied the WRF model for 

a North America domain using a 4 km grid

 Baseline period was October 2000 to September 2013

 For the future late-century (2071-2100) scenario, the boundary condition were 

perturbed based on the ensemble average of the RCP8.5 GCM simulations 

from CMIP5 

 Gridded wind and pressure data for models
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Bias Correction of 2000-2013 WRF Winds (m/s)

Using Measured Winds from the Lake Buoys

WRF Grid Points 

Assigned to Wave 

Buoys
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Regression for 

C45139



Comparison of Corrected WRF Winds and MIKE21

Wave Heights for Storm 9 (late Oct. 2012)

 Winds from 

WRF over-

estimated the 

peak wave 

height by ~20%

 For comparison, 

NCAR’s Climate 

Forecast System 

Reanalysis 

(CFSR) winds 

also analyzed



WRF Estimates Water Surface Temperature

 Mar. 14, 2010

 Baseline, WRF 

predicts surface 

temperatures of 

0 C to -2 C

 Future, WRF 

surface temps. 

3 C to 7 C

 Future, no ice Lake temperatures 

support ice cover



Treatment 

of Ice in 

the 

MIKE21 

Model

Dec. 22, 

2008 

Storm



Lake Ontario Wave Height Predictions for the 15

Storms with Baseline and Projected Future Winds

 No clear trend for peak wave heights

 For the baseline, NOAA ice-charts 

 For the future, no ice in the model

 LOP2, Burlington Beach, more 

sensitive to loss of ice cover



Lake Erie Wave Height Predictions for the 15

Storms with Baseline and Projected Future Winds

 No clear trend for peak wave heights

 For the baseline, NOAA ice-charts 

 For the future, no ice in the model

 The influence of zero ice on results 

was more significant than wave height 

differences for baseline vs future



1948 to 2016 Winter Air Temperature Increase



Switched to the WAVAD Model to Complete

an Hourly Hindcast for the Baseline and Future

 WAVAD is a 2nd generation spectral 

wave model (Dr. D. Resio, USACE)

 Used for deep water hindcasts (10 

– 15 m depths in the Great Lakes)

 Does not simulate shallow water 

wave processes such as refraction, 

diffraction, shoaling, and breaking

 Computationally efficient

 Modelled 13 years of hourly data 

for the baseline and future



Projected Lake Erie Increase in Winter Wave

Energy due to Reduced Ice Cover (late-century RCP8.5)

 70% to 120% 

increase in 

wave energy

 Wave energy 

can be used for 

a surrogate of 

erosion rate

 Potential for 

significant 

increases in 

erosion rates in 

the future



Projected Lake Erie Increase in Winter Wave

Energy due to Reduced Ice Cover (late-century RCP8.5)

 10% to 120% increase 

in wave energy

 Kingston Basin is the 

most sensitive

 GLERL ice charts 

don’t capture narrow 

bands of shore-fast 

ice which can protect 

shorelines from wave 

exposure

 Interpret western 

basin carefully …



KEY FINDINGS

 No statistically significant change in peak wind speeds and pressure gradients 

for the RCP8.5 WRF outputs (late century).  These results suggest storm 

intensity will not increase (further research should be completed)

 This finding is consistent with recent findings on measured storm surges on 

Lake Ontario and Lake Erie.  No changes in the pre-1989 storm surge levels 

(MNRF, 1989) versus post-1989 storm surges (using measured data)

 Potential changes in water supply and static lake levels due to CC will be more 

important for coastal management than potential changes in storm surge

 Due to projections for reduced ice cover, wave energy reaching the shoreline 

will increase dramatically (non-events become storms in the future)

 When talking about potential changes in storm intensity and frequency in the 

Great Lakes due to climate change, we need to make the distinction between 

rainfall events and wave/storm surge events on the lakes 



WAVE DATA WILL BE AVAILABLE FROM:
http://www.zuzekinc.ca/waves



QUESTIONS


