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The problem: The current using of ice module 1C0
ICO take ice covered area as land
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The problem: ice modules in WaveWatch3 (WW3)

ICO
IC1
IC2

IC3

IC4M1

IC4M2
IC4M3

IC4M4

IC4M5

IC4M6

IC4M7
IC5

Description Atenuation coeffickent empinicsl relafionship  Valses of tunable parameiers wed References
10 Simple ice blocking N/A (see meferences for description) NIA WW3IDG (2019)
1 Simpl ice damping a=2Cy C, {damping cosffickent, m Ropers and Omech (2013).
20 % 1 WW3IDG (2019)

2 Viscoelastic demping with ioe mode led
as continuous thin elastic plae

I3 Viscoclastic damping with ioo modeled
as fruril ico floes

IC4M1  Empirical exponential damping as a
function of wave peried (T7). with
hipher damiping for smaller-poriod
waves

IC4M2 Empirical polynomiak-fit damping as a
function of wave period (T). designed
o be fexible

ICAM3  Empirical quadratic decay as a function
of wave period (T) and ice thickness,
with higher attenuation for thicker i
and smaller-period waves

IC4M4  Empirical damping 2= 2 sep function af
sigmificant wave height (Hs), with
linezr damping for Hs < 3 m and
capped damping for Hs > 3 m

IC4M5 Empirical damping 25 2 siep function of
wave period (T, with four user-
defined steps and damping
cocfficionts

IC4AMS Empirical damping == = siep functon of
wave period (T, with up D ten wser-
defined steps and damping
cocfficients

IC4M7T Empirical dsmping as a function of wave
period (T and ice thickness

ICS Viscoelastic demping with ioe mode led
as thin elastic plate nestricted o one
dimension

NIA [mee references for description)

N'A [sce references for description)

a= TG

a= 0 + 0 () + O + oD’
P

+Cy(E)

& = exp[-1203 + 2058 C; — A9375T
— 4266 0] + 01566 0T + Q0006 T7]

20 forH; <3m
2=
20,07 forH, >3m

0, e T <y

1C; for CyET ' e
=

10y for CeT'< o

0, for Tz
20 o '« oo
ICy; fr Cp£T < Cpy
ICyy for Cpg<T < Cpy
1Cm for Cmw =T ' < Cow

a= 08,

NIA [mee references for description)

T, (o= thickmess, m): 0.15
C, (pddy viscosity, m? 5
10x 1
T, {water depth, m): X
CI (#oe thickmess, m): 0L15
C, {effective viscosity of ice,
m x_'_l: 3
C5 (ioe density, kg m™): 917
', (eflective shear modulus of ice,
Paj: 0

Cy, O, (empinical:
018, 7.3

C—Cy (empirical)):
0,0, 212 % 107, 0,
450 1077, 1.1

C, (e thickmess, m): .15

Cy, C; (empirical:
535 % 105", 1605 = W0 ®

C,—C, (demping coefficients,
:m_":l:

5.0% 105, 7.0 % 10 %,
15.0 10", 100.0 % 10—
Cy—C (sep bounds, Hzle

0.10, 0,12, 0.16

Oy O 1 (damping coefficients,
m 'k
S0 108, 7.0 105, 1.5 1002,
L 1%, 0, 0. 0,0, 4, 0
Cpi—Cpyg (step bounds, Hzl:
010, 0L 2, OhG, 900, 0, 0.0, 0,
0.0

', (#oe thickmess, mj: 0.15

T, (o= thickmess, m): 0.15
C; (effective viscosity, m’ .-:_1_1:
1A% 1W°
€, (ice density, kg m ™~k 917
", (effective shear modulus, Pa):
4 10"

Ropers and Omech (2013),
WW3ADG (2019)

Wang and Shen (2010},
WWIDG (2019)

Collins and Rogers (2017),
Wadhames ot al. { 1928],
WW3ID0 (2019)

Collins and Rogers (2017).
Meylan et =l (2014),
WWIDG (2019)

Callins and Rogers (2017).
Horv at and Triperman
(2015)

WW3IDG (2019)

Callins and Rogers (2017).

Kohoat et al. (2014),
WW3IDG (2019)

Collins and Rogers (2017).
WWIDG (2019)

Callins and Rogers (3017).
WW3IDG (2019)

Doble ot al. (3015).
WW3IDG (2019)

Maosip et al. (2015),
WWIDG (2019

Which one should we use ?

They are mostly based on the
Arctic and Antarctic researches

We have tested all 12 modules
ICO 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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Ice data (observed, modeled, and analyzed)
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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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Wave height COMP (no ice vs IC4M4, and overlayed with observations)
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Wave height COMP zoom in (ICO vs IC4M4, and overlayed with observations)
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An example of ice event (icovs icam4)
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Ice image from Moderate resolution
Imaging Spectroradiometer MODIS
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Another example of ice event with IC4M4
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Wave height, period vs wind speed in Arctic Ocean and Lake Erie
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Wave spectra vs wind speed in Arctic and Lake Erie
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Conclusion

* The ice module IC4M4 in the WAVEWATCH Ill (WW3, version 6.07.1) demonstrated the best
performance among those tested, and consistently outperforms the ICO 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

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

NOAA - Great Lakes Environmental Research Laboratory f oo W

Home Quick Links Abont T Besearch Data & Produocts Publications Edncation

HNOTICE: As of Monday 623, this website tansilioned o displaying an experimental reseanch version of WAVEWATCH NIl
managed = NOAAs Gresl Lakes Emvironmental Research Laboratory (GLERL ).

Experimental Wave Predictions

WAVEWATCH I Machine Learning
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https://www.glerl.noaa.gov/emf/waves/WW3/
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