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Wind and wave direction are not same
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Wave information is important
for coupling models

Global Model
* MRI-AGCM3.2

Momentum/roughness,etc I Momentum/heat flux
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Coupling model development
ECMWE, NOAA,JMA, CSIRO, Helmholtz-Zentrum Geesthacht and ETC
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Wave breaking induced TKE

« 1-D equation for turbulent  Feddersen and Trowbridge
kinetic energy(TKE) with k- (2005) for shallow water
€ model is assumed to be breaking study
used « 1/4 of wave breaking
Ok 0 (K, 0k +K,S2—¢ dissipation will be used

ot 0z oy 0z for TKE
 Boundary condition at MWL

is needed to supply k

 Feddersen and Trowbridge R25II%
(2005) OHET
KyOk _ —
or 0z oE,, atz=0
where & = 1/4
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Bulk Formula of Turbulent Kinetic
Energy (TKE) flux at water surface

1 . ZeI’O i \\A o
Kk% =0 :
0z
2. Craig and Banner (CB) (1994)

ok
Kka— - Q’C,L;L!i dop = 100

3. Feddersen and Trowbridge (2005)
ok

KkE = Quwdiss €wdiss XUwdiss = 0.2
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Flow of revising
parameterization

Observed data

Turbulent
componen
ts (u')

* Currents

Observed data Dissipation

)

* Osborn
(1980)

* Currents

Observed data

« Surface Wave
elevation spectrum

Vertical
gradient

of TKE
dk/0z
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Viscosity
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Optimization of TKE flux

e Turbulent kinetic energy(TKE)

« Defining turbulence

!

Ui = U — U
u;: raw current velocity(5 minutes averaged data)
;- mean current velocity (20 minutes averaged data)
u;': turbulence velocity
« Estimation of TKE(k)

u;?
k —_ ZI’T
« |f the vertical gradient of TKE on sea surface is
negative value, the data is removed as abnormal

data
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Result of tuning parameter
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In case “follow”, the correlation coefficient between the inverse
number of wave steepness and « is 0.45
f KYOTO UNIVERSITY -->weak dependency on wave steepness

follow opposite others

]

Feddersen and Trowbridge

follow<others<opposite




Impact of wave-induced turbulence
on tropical cyclone(TC)
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Model Setup

convection

cool dense air
currents
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hurricane winds
and rain
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moist air
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Analysis of the impact on TC

« Simulation model : COAWST (Atmosphere-ocean-wave
coupled model)

« Regional weather model :  WRF (444 x222x56)
« Ocean model : ROMS (444 %222 x20)
« Wave model : SWAN (444 x222)

* Horizontal resolution is 9km

« Target: Haiyan (2013, No.30)
« Simulation period : 2013/11/5~11/9
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N u m e I’I Ca | teStS Feddersen and Trowbridge

K, ok
O_—RE = &y
Case 1. Ky Ok — func(wind speed) (CB94)
Ok 0z
Case 2. a = constant (FT05)
Case 3. a = func(wind direction, wave direction)
(Wdir)
Case 4. a = func(wind dir., wave dir., wave steepness)
(Wstp)

Blue existing parameterization
Red revised
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Snapshot of parameters
directions, steepness
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Snapshot of TKE
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Changes of temperature at h=100m
TC Haiyan 2013
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Conclusion
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AOW Model

Conclusion
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Donelan et al. (2004) GRL

X 10'3 Laboratory measured drag coefficients by various methods

5 ;
Squares = profile method (Ocampo-Torres et al.,, 1994)
4.5 Asterisks = profile method (This paper)
4l Circles = momentum budget (This paper)

Diamonds = Reynolds stress (This paper)
Dots = dissipation (Large and Pond, 1981) s
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Wave related parameterizations
need to be revised/improved

Momentum roughness length:  « Taylor and Yelland

w0, = MY e (2001) : Wave Slope
DT 00st (2002)  Wave
term term age, Wave length
Cd:(%f:(%(“f% Z(ﬁ))?  Drennan (2003) :
GGl | Wave age, Wave
“““ height
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Questions?
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