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The problem: The current using of ice module IC0
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Ice image from Moderate resolution Imaging 

Spectroradiometer MODIS

USA Lake Erie

No wave in ice covered area with IC0
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Wave

IC0 take ice covered area as land



The problem: ice modules in WaveWatch3 (WW3)
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Which one should we use ?

They are mostly based on the

Arctic and Antarctic researches

We have tested all 12 modules

IC0 take ice as land 

IC1 and IC4M4 are similar with 

constant parameters

IC4M4 with wave height considered

All other ice modules are related

to wave frequency

We have tested them all
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Bathymetry and model grid
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Ice data (observed, modeled, and analyzed)
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Only ice concentration used in the ice-wave model



Ice data (observed, modeled, and analyzed)
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Wave height from 12 ice modules (modeled vs observed, at LE4, 2011)
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IC4M4 performs the best IC0
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Wave height comp (no ice vs IC4M4, and overlayed with observations)
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Wave height comp zoom in  (IC0 vs IC4M4, and overlayed with observations)
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An example of ice event ( IC0 vs IC4M4 )
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Ice image from Moderate resolution 

Imaging Spectroradiometer MODIS

On Jan 11, 2011

ICE

WAVE

WAVE

Right panels: model results



Another example of ice event with IC4M4
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Analyzed Ice Concentration

Modeled wave height 

overlayed with ice (dots)

On Mar 06, 2013

Satellite Image on Mar 6, 2013
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Wave height, period vs wind speed in Arctic Ocean and Lake Erie
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Arctic Ocean 
Reproduced from Moskowitz, 1964 Lake Erie

From Pierson and Moskowitz 1964 WW3 in Lake Erie



Wave spectra vs wind speed in Arctic and Lake Erie
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Arctic Ocean 
from Moskowitz, 1964

Lake Erie

From Moskowitz 1964 WW3 in Lake Erie

Wave energy dominants in 0.05~0,1 HZ in Arctic Ocean vs in 0.1~0.2 HZ in Lake Erie
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Conclusion

• The ice module IC4M4 in the WAVEWATCH III (WW3, version 6.07.1) demonstrated the best 

performance among those tested, and consistently outperforms the IC0 simple blocking scheme currently 

used in the NOAA’s operational Great Lakes Wave modeling system (GLWUv2.0) for both hindcast and 

forecast configurations. 

• The ice modules in WW3 are mostly based on observations and studies from the Arctic Ocean and the 

Antarctic Ocean. Formulae based on frequency are not suitable for the Lake Erie where they cause too 

much damping. With the ice module IC4M4, although the module is also based on the Antarctic Ocean 

study, the wave attenuation is based on incoming wave height that also fits the shallow lakes.



Model implementation
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Website: https://www.glerl.noaa.gov/emf/waves/WW3/

https://www.glerl.noaa.gov/emf/waves/WW3/
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