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Coupled Atmosphere-Wave-Ocean Modeling System
for Hurricane Predictions

ATMOSPHERE MODEL
MM5/WRF

WAVE MODEL Wave-Induced stress OCEAN MODEL
——————————————————————

Donelan (2004) SSH & surface current




Coupled Modeling System

MM5 (or WRF)

(vortex-following nestswith 45, 15, 5, and 1.67 km grid
spacing, NCEP analysisand AVHRR or TMI/AMSR-E SST)

WAVEWATCH Il (NOAA/EMC)
(1/6°, 25 frequency bands, 48 directional bands)
HY COM (UMiami/NRL)

(1/12°, 26 vertical levelswith 4-6 in the ocean mixed layer)

3DUOM (Price’'s 3-D Upper Ocean Circulation
Models)

(15 km, 30 vertical levelswith 4-6 in the ocean mixed layer)




MM5 Frances Rain Rate (mm h™) 0000 UTC 28 Aug 2004
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>ignificant Wave Height / Wave Direction 20040830 0000UTC (Hurricane Frances)
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Wave Length/ Surface Wind 20040827 0100UTC (Hurricane Frances)
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TMI/ AMSR-E SST Cooling  06-Sep-2004
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Latitude

Tracks of Hurricane Frances (2004)

—o— Best Track
=8 Uncoupled MMS5
Ocean Coupling

—6— Ocean—Wave Coupling

Longitude



Pressure in mh

Minimum Sea Level Pressure in Hurricane Frances (2004)
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Effects of Ocean Surface Waves on
Hurricane Structure and I ntensity



Coupled MM5-WAVEWATCH 11

 Roughness L ength (non-directional)
T=71;+T7T, - Z,

e StressVector (directional)
M = Vv
x — " Tx .

M, =-1
y
/
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Wind-Wave Coupling Parameterization

Spectra Tall Parameterization:

r, =gt2 T TKF(k,g)kxkdkdg

pW 0—7Z'a)

X-component of stress from integral of momentum input to the spectrum:
7 _0ogPa U /i COSO 1 .U(ﬂ,k) cosd -
@ Pul  C(K) C(k)
Growth rate of each component from measurement of pressure-slope correlation
F(k, %) = ak>sech®(3(4,))
Spectrum of long waves from WAVEWATCH Il1; spectrum of short waves from fit to
tail given below. o isadjusted to fit the highest modeled wavenumbers.

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

'C/U <0.9
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Drag Coefficient

Hurricane Frances (2004)

Frances Uncoupled Cy(10°) for 1200 UTC 31 Aug 2004

Frances Ocean/Wave Coupled Cp(10™) for 1200 UTC 31 Aug 2004
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Drag Coeff. referred to 10 m
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Hurricane Frances 1330 UTC 30 Aug 2004

Max 1-min sustained surface winds (kt) for marine exposure
Analysis based on SHIP from 1212 - 1212 z; GPSSONDE_WL150 from 0923 - 0923 ;
AFRES_FLT adj. to surface from mean height 3106 m from 0744 - 0744 7;
QSCAT from 0939 - 0940 73
1330 z position extrapolated from 1200 z ATCF wind center using 275 deg, @ 9 kis; mslp = 936.0 mb

-55.0 -58.5 -58.0 -57.5

Coupled

MM5 Frances Wind speed (kt) 1300 UTC 30 Aug 2004

Uncoupled

MM5 Frances Wind speed (kt) 1300 UTC 30 Aug 2004

Hurricane Frances 2230 UTC 30 Aug 2004

Max 1-min sustained surface winds (kt) for marine exposure
Analysis based on BACKGROUND from 2230 — 2230 z; GPSSONDE_SEC from 2102 - 2102 z;
SHIP from 1312 - 2018z; SFMR43 from 1650 - 2130 2;
2230 z position lated from 21302 wind center using 275 deg & 11 kis; mslp = $45.0 mb

-61.0 -E0.5 —60.0 -50.5

MM5 Frances Wind speed (k) 2200 UTC 30 Aug 2004

MMS Frances Wind speed (kt) 2200 UTC 30 Aug 2004
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Effects of Upper Ocean on Hurricane
Structure and Intensity
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T profile at 2300 UTC SEP 01, 2004
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Latitude distance [km]

Hurricane Floyd (1999)
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Total Surface Heat Flux

Uncoupled Coupled Atmos-Wave-Ocean

Net Heatflux / Surface Wind at 1500 UTC 31 AUG 2004 Net Heatflux / Surface Wind at 1500 UTC 31 AUG 2004
200

ane Center (km)

E
=
T
g
=
e P}
O
©
[=}
<
2
T
£
S
=1
@
]
(=}
]
=
&
=
S
=3
=
=]
=

Northward Distance from Hu

-100 ' -100 0 100

Eastward Distance from Hurricane Center (km) Eastward Distance from Hurricane Center (km)




Hurricane Wind-Pressure Relationship



Pressure in mh

Minimum Sea Level Pressure in Hurricane Frances (2004)
1040_ ....................... S e o R R R
5 | 5 5 — Best Track
=== [ncoupled MMS
- Ocean Coupling
= (cean-Wave Coupling |

|| T —— ......................... ........................ ........................ ...................

G ________________________ ________________________ _________________________ _________________________ ________________________ ____________
980 -‘
960
940

920

0 24 48 72 96 120 144 168

Hours after August 27 0000 UTC



Wind speed in kt

Maximum Sustalned Sfc Wlnd Speed in Hurricane Frances (2004)
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Maximum Wind (m/s)

Wind-Pressure Relationship
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Conclusions

v Atmospher e-Ocean coupling improvestropical cyclone
Intensity forecasts, especially at very high resolution when
eyewalls are explicitly resolved.

v'Both wind-wave and ocean coupling contributeto storm
asymmetry.

v'Fully coupled Atmospher e-Wave-Ocean model producesthe

We have developed and tested a number of air-sea coupling
parameterizationsfor fully coupled atmospher e-wave-ocean

modeling systemsfor hurricane prediction, which are
designed to be general and easy to be implemented in both
resear ch and oper ational coupled models.




Future Work

ESMF (Earth System Modeling Framework ).




