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> A goal of CBLAST is to better understand how hurricanes interact with the
ocean and to improve hurricane forecast models.

» Through CBLAST we have improved our knowledge about the processes
that fuel hurricanes (heat from the ocean) and the frictional forces (drag on
the sea surface) that mix the ocean and result in extreme ocean waves.

» Objectives: Atmosphere-Wave-Ocean coupling, effects of sea spray, etc.
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Coupled Atmosphere-Wave-Ocean Modeling System
for Hurricane Predictions

ATMOS MODEL Heat & moisture ﬂuxes OCEAN MODEL
—
(MMS5, WRF) (HYCOM, 3DPWP)
—
SST wave
LES dissipation,
wave wave-current
breaking Sy ‘; , Interaction

sea spray

WAVE MODEL
(WAVEWATCH I11)

Wind-Wave Coupler: wave model spectra+spectral tail,
wave-induced stress, wave dissipation




Uncoupled Atmosphere Model

Charnock Relationship: ~ Zo= O U+/Q

Coupled Atmosphere-Wave Model
« Roughness Length (non-directional)

T = Tt + TW ZO (e.g., Janssen at ECMWF)

« Stress Vector (directional) Vv
I\/Ix — = Ty
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Wind-Wave Coupling Parameterization (Chen et al. 2009a)

Wave-induced stress (WW3 spectrum + spectral tail):
r, = 0p, [ [£F (k. 9)k kdkds
0 —ﬂa)

X-component of stress from integral of momentum input to the spectrum:

7 _gPa Ui cos@_1 .U(ﬂ,k)cose_
C(k)

© " p, C(k)
Growth rate of each component from measurement of pressure-slope correlation
(S-shelter coefficient, C-phase speed, U(w/k)-half wavelengh height wind speed)

F(k,9) =ak>sech’(B(9,))

Spectrum of long waves from WAVEWATCH Il (cutoff at 3f;); spectrum of short
waves from fit to tail given below. o Is adjusted to fit the highest modeled
wavenumbers.

B 1.2
cos (C/U)
B is the spreading function for the short waves.

;C/U <0.9



Wind-Wave Coupling Parameterization (Chen et al. 2009a)

7 _gPa U/ COSE 4]
C(k)

® Py,

U/ COSE 4
C(k)

where U, Is the wind speed at the height of the 1/2 wavelength,

U+ %y, ik <1om
K

10

U, 71k >10m
U(;r/k) =

C the phase speed, and S is the sheltering coefficient,
_Ulo—Ulos

Sl’ UlO < Ulos
S =
S,+(S5,—S,)e =, Uy > Uy,
S,=0.28 and S,=0.11 for growth and attenuation, respectively, based on Donelan

(1999). U, is the wind speed at 10 m and U, the threshold value at which the
flow saturation occurs.



Drag coefficient in
high-wind conditions
(Donelan et al. 2004)

Drag Coeff. referred to 10 m
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Squares = profile. method (Ocampo-Torres et al., 1994)
Asterisks = profile method (Donelan et al., 2004)

..Circles = momentum budget (Donelan et al.. 2004)
Diamonds = Reynolds stress (Donelan et al., 2004)

Dots- = dissipation - (Large-and Pond; 1981)
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Figure 4. \orticity contours obtained via Digital Particle Image Velocimetry (DPIV) in the air flow over wind driven
waves [Reul, 1998]. Both wave and air flow are from left to right. (Top) waves of gentle slope — non-separated flow.

(Bottom) waves of steep slope — separated flow.



Distance (km)

Ocean surface waves in Hurricane Frances (2004)

A-W-O SWH+Direction 1200 UTC 31 AUG 04 A-W-O Wavelength+Wind 1200 UTC 31 AUG 04
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Northward Distance from Hurricane Center (km)

A few key results from the directional win-wave coupling

direction of wind (blue), stress (red) and wave (cyan) 1200 UTC 31 AUG 04
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Northward Distance from Hurricane Center (km)
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Exchange Coefficient
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D. Jeung (MS Thesis/UM, 2008)
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Figure 5.2. Comparison between the characteristic behaviors of enthalpy and drag
coefficients; Present work (enthalpy coefficients; gray and blue diamonds; vertical bars
represent the range of estimates based on 95% confidence limits), from Ocampo-Torres et
al. (1994; drag coefficients; magenta squares), and from Donelan et al. (2004; drag
coefficients; magenta diamonds, right-pointing triangles, circles)



(a) A-W-0 Ck/Cd 1800 UTC 31 AUG 2004
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Radial Inflow
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Radar Wind at 3km, 30 AUG 2004 Radar Wind at 3km, 31 AUG 2004
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Northward Distance from Hurricane Center (km)
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Max Wind Speed (m/s)
W oB B G o

()]

wh O W

15 | | | | |
8/27 8/28 8/29 8/30 8/31 9/01 9/02

Hurricane Frances (2004)

—— Best Track | | : :

— Uncoupled L
H — A-O Coupled |- — (H.u_r.r.lcan.e...|.ntenS|.ty)....._......_......_.._.,é ............

— A-W-O Coupled Max Surface Wind

" C )
1

Min Sea-Level Pressure

Date Chen et al (2009h)

MSLP (mb)



90

Hurricane Frances (2004)
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Max Wind Speed (m/s)
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Enthalpy (SH+LH) Flux

Coupled Atmos-Wave-Ocean
A-W-0O SH+LH flux 1800 UTC 31 AUG 04

Observed form 6 hurricanes using GPS
dropsondes plus 2 from CBLAST
turbulence flux measurement (triangles)
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(@) Tracks of Hurricane Ophelia (2005) (b) Hurricane Ophelia (2005)
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Fig. 1 (a) Uncoupled ARW (blue) and coupled
ARW-Ocean model (red) simulated storm
tracks, (b) MSLP (dashed) and maximum
wind speed (solid) of Hurricane Ophelia
(2005) compared with the NHC best track
(black) data, and (c) SST, surface wind,
cloud water+ice of Ophelia at 0000 UTC
Sept 13. The models were initialized at
0000 UTC Sept 9 with the NCEP analysis
fields as initial and lateral boundary
conditions for ARW and HYCOM Atlantic
data assimilation fields for the coupled
model. (Chen et al. 2010)
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Atmosphere-Wave-Ocean Coupled Modeling System

ATMOSPHERE MODEL OCEAN MODEL
(WRF, COAMPS, HWRF) (HYCOM, NCOM, 3DPWP)

Earth System
Modeling Framework
(ESMF)

Superstructure

Air-Sea Interface Module

Wind-input,
SSH, current lT Wave spectra
WAVE MODEL
(WAVEWATCH l1ll, SWAN, WAM)
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