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Physical constraints on wind input and 
dissipation source functions
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(a) : WAM Cycle 3 
source terms

(b) : Tolman and 
Chalikov (JPO 1996) 
source terms
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Physical constraints on wind input and 
dissipation source functions
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From Tsagareli et al., Babanin et al. (JPO 
2010) 
• Constraint on wave-supported stress 
in

• atm = 

 

+ in
• i.e. Sin

 

cannot simply be anything we 
want

• Constraint on % energy retained
• 1-R% energy retained
• R 

 

Dtot /Itot
• R=R(U/Cp ) according to Donelan 
(1998)
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Babanin et al. (JPO 
2010)
Based on Donelan 
(1998) also follows 
from JONSWAP 
(1973)
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tottot IDR /
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Expressions for R=R(U/Cp ) 
from Donelan  (1998)tottot IDR /

tottottottot DISE
t
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

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RSD tot

tot 
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SI tot

tot 
 Dtot and Itot can be 

solved for

Expressions for E/t 
from empirical growth 
curve (Young 1999)
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Problem: Independent empirical estimates* of Dtot (U10 ) 
suggest that our derived estimate for Dtot is too large by a 
factor of 3-6! 
*Hwang and Sletten (JGR 2008) etc.

This result follows from  
assuming that the 
following are correct:
• Donelan (1998) 
• empirical growth curves

Naval Research Laboratory
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This result follows from  assuming that the following are correct:
• empirical estimates of Dtot (U10 ) – Hwang and Sletten (JGR 2008)
• empirical growth curves

Naval Research Laboratory
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Ardhuin et al. (JPO 
2004)

Naval Research Laboratory

R=0.85

R=0.96
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Physical Constraints: Summary

• physical constraints must be critically evaluated before 
implementation

• relations presented here allow us (waves community) to 
revise estimates for
– integral values of source terms
OR
– % energy retained by waves (much larger than 

proposed by Donelan (1998))

Naval Research Laboratory
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WAVEWATCH IIITM development
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Multi-grid or “mosaic grid” feature in 
WAVEWATCH III

• Implemented in code in 2006 (Tolman 
Tech. Note 2007; OM 2008).

• Available in the last public release (v3.14)
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Multi-grid or “mosaic” 
approach of WW3

Already operational at 
NCEP, being transitioned 
to NAVOCEANO now

Present NAVOCEANO 
setup shown:
Global WW3: 0.5°
(0.5° NOGAPS forcing)

6 Regional WW3s: 0.2° 
(0.2° COAMPS forcing)
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Irregular-grid feature in WAVEWATCH III
• Implemented in code in 2008 (Rogers and 

Campbell, NRL report 2009).
• Not included in the last public release (v3.14)
• Exists in NCEP WW3 development code 

– community model
– trunk of WW3 in SVN repository
– added in v4.01
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WAVEWATCH III curvilinear EPAC grid: relevant files 
for one-way nesting provided to FNMOC

Animation: WW3 propagation (boundary forcing only) on 
Lambert Conformal EPAC grid. Waveheight in meters.

Resolution ~ 0.2° 19
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The standard operational FNMOC global WW3 model, Arctic view. This model is on a regular 0.5 deg 
grid. The model stops at 78° N because the convergence of the meridians implies that resolution in 
real space becomes higher near the poles; due to the conditionally stable propagation scheme of 
WW3, extending the grid further north would require that the model use a smaller time step for the 
entire global grid (i.e. significant waste of computational resources).



Animation: WW3 propagation and source term test on COAMPS Arctic grid. 
Waveheight in meters.

WAVEWATCH III curvilinear Arctic grid, implemented 
on FNMOC “beta” queue (Wittmann)
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Convergence 
of meridians 
leads to 
stability 
problems for  
conventional 
(regular) 
grids. No 
such issues 
here.



Summary: WW3 Status in 2010

• Multi-grid WW3 working (v3.14), in transition to 
NAVOCEANO

• Irregular grid WW3 working (v4.01), transitioned 
to FNMOC

• These two features not working simultaneously
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Jones (MWR 1999)

Primary challenge: conservative 
remapping

Naval Research Laboratory



WAVEWATCH III: code adapted to allow use of curvilinear 
and multi-grid features simultaneously

24

Animation: WW3 
two-way nesting 
test 
(propagation 
only) with 
COAMPS Arctic 
grid  (~16 km 
resolution) and a 
simplified global 
grid. 
Waveheight in 
meters. 
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WAVEWATCH III: code adapted to allow use of curvilinear 
and multi-grid features simultaneously

New system: WW3 two- 
way nesting test 
(propagation + wind + 
ice) with COAMPS 
Arctic grid (~16 km 
resolution) and full (0.5°) 
global grid. Waveheight 
in meters. The regular 
(global) grid is plotted. 
Masked areas are 
shown in green and 
include: land, ice, and 
areas covered by the 
curvilinear grid. Thus, 
the global model is not 
computing in areas 
covered by the Arctic 
grid (read: increased 
efficiency). 

Result at May 25 2009 12Z, after a 12 hour simulation (from cold start). The 
boundary of the Arctic grid is shown with a magenta line. Ice is taken from PIPS 
and winds are taken from NOGAPS. Thus, this setup is very similar to what it 
would be for an operational model. Nov 2 2011 25Hindcast/Forecast Meeting
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Results within the 
Arctic grid. 
masked areas are 
denoted as either 
• land (green) 
• or ice with 
concentration of 0.75 
or greater (white).
magenta line 
indicates 78 deg N, 
which is the upper 
limit of the 
operational global 
WW3 at FNMOC.

Wave energy propagates in both directions across the boundaries 
between the regional grid shown here and the global grid.  The grids run 
simultaneously within the same machine executable. 



Summary

• Old news: 
– Multi-grid WW3 working (2006)v3.14
– Irregular grid WW3 working (2008)v4.01

• New news: 
– These two features working simultaneously* 

(2011)v4.10
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*communication between equal-rank grids still to be addressed

Naval Research Laboratory



The End
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Animation: WW3 propagation and source term test on COAMPS Arctic grid (zoom 
on Barents Sea region). Waveheight in meters.
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So now we can run the wave model in the Arctic, but 
what do we do about the ice?

Inputs: 
• PIPS

• ice concentration
• irregular grid 
• ~30 km

• NOGAPS
• 10 m wind vectors
• regular grid
• 0.5°

Arctic grid resolution ~ 
16 km 29
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Model source terms: S=Sin +Sds +Snl

Representation of attenuation of waves by 
interaction with ice

[spectral description of source/sink terms]),,,( txkSS 

Sds

 

: dissipation (general)
Sbr

 

: steepness-limited breaking (whitecapping, surf)
Sbot

 

: dissipation by interaction with seafloor (bedforms, mud, etc.)
Sice

 

: dissipation by interaction with ice, either 
continuous ice or 
ice floes (Marginal Ice Zone)

icebotbrds SSSS 
proposed

30

Secondary effect: Ice also 
affects wavenumber k
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Shen et al., 
2001
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Ice floes are 
compact, 
modeled as a 
single viscous 
fluid layer

Ice floes are 
compact, 
modeled as a 
single visco- 
elastic layer

Nov 2 2011
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Ice floes are 
compact, 
dissipation from  
turbulence at 
ice/water 
interface 

Ice floes are not 
colliding, 
dissipation from  
scattering from 
floes

Nov 2 2011



Summary (Arctic)

• Numerical obstacles have been addressed
• Work on Sice approved to start this FY

– no shortage of theoretical models to use
– challenge is to:

• select appropriate model
• provide necessary inputs

Nov 2 2011 Hindcast/Forecast Meeting 34
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Backup slides
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In deep water, S=Sin +Sds +Snl4

Spectral Description of Conservation of Energy 
 used in WAVEWATCH‐III model*

c

 

= propagation speed 
k

 

= wave number 
σ

 

= relative radian wave frequency     
θ

 

= wave direction

[spectral density, the variable that is 
 being solved for]

[spectral description of source/sink terms]

),,,( txkNN 


SNc

t
N



 

),,,( txkSS 

* (similar in SWAN)
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The implications of using the DIA for four- 
wave nonlinear interactions: separating myth 

from fact
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Lake Michigan (Fall 2002) simulation with several models
• Conclusion: models tend to be too broad in frequency space.
• But why?
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Traditional 
method, used by 
SWAN: indicates 
no bias!

Metrics for quantifying frequency-narrowness for validation

Tm0,1 /Tm0,-1 : 
indicates no 
bias

Proposed method, properly 
reflects the bias that is clearly 
seen in the E(f) comparisons 
(prior slide) Proposed 

method:
Adapted from 
Babanin and 
Soloviev method 
for quantifying 
directional 
narrowness.
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Conclusions: 
• bias in frequency peakedness is 
almost completely removed by 
using Exact-NL (Webb, Resio, 
Tracy as implemented by van 
Vledder)
• however random error actually 
increases (further investigation 
required)
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Tang et al.:

Figure adapted from 
Donelan, ECMWF 
Workshop Proc. 
2001

indsin  01.0

2
10

~
U

xgx 



Shown: NRL 
model with 

wind speeds 
from NOGAPS 

and ice 
concentrations 

from PIPS
vs. FNMOC 
global WW3

vs. buoy 
observations
(Barents Sea)

1498 Small Scale Ocean Modeling: Regional Wave 
Modeling with WAVEWATCH III

Progress Demonstration

Fugro OCEANOR 
buoy

model=Tp , buoy=Tm

Nov 2 2011 42Hindcast/Forecast Meeting



Nov 2 2011 43Hindcast/Forecast Meeting

Problem: Independent empirical estimates of Dtot (U10 ) 
suggest that our derived estimate for Dtot is too large by a 
factor of 3-6!

This result follows from  
assuming that the 
following are correct:
• Donelan (1998) 
• empirical growth curves

Naval Research Laboratory
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Babanin et al. 
(JPO 2010)



analytical models only
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analytical models only

Nov 2 2011 47Hindcast/Forecast Meeting



Contents

• Physical constraints in wave models
• WAVEWATCH IIITM development

– Progress on the numerics
• Multi-grid modeling
• Irregular-grid modeling
• Modeling in the Arctic

– Plans for the physics: wave-ice interaction

• The implications of using the DIA for four-wave nonlinear 
interactions: popular myths and unpopular facts
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