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Saturation of wave energy and directional wind-wave
Directional wind-wave coupling
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Wyn Pauly’s poster: Typhoon Saudel (2026)

From Inherited Waves to Local Forcing:

Frequency-Dependent Wave Adjustment during Typhoon Saudel

How do we reconstruct
directional wave
evolution under a moving
tropical cyclone?

Four drifting Spotter buoys sampled
the evolving wave field during Typhoon

Saudel (24-28 August 2026).

Directional spectra are reconstructed
from measured Fourier moments

using the maximum entropy method
(MEM), then corrected for Doppler
shifts associated with buoy motion. The
resulting spectra resolve frequency-
dependent wave energy and
directional spreading.

24 August-11 September 2026 -

OKinawa and the East China Sea

Currents and positions: 24 Aug 2026 10:06 UTC

24 Aug

28 Aug

01 Sep 05 Sep
Observation date (UTC) - BuPu: earller - later

09 Sep

11 Sep

b Storm-relative coordinates

0° - Translation

45° 4 321 315°
i i e

90° 270°
300 km
400 k
90 k20 km
135° 225°
|
180° 10m s
0 5 10 15 20 25 30 35 40

Corrected WRF mean vector speed (m s1)



4 | . ,
Foltz et al. 2026
3.5 - O
O
3 -
2.5
2 L
1.5 -
1 *
w— This study
m Takagaki 2012 <] Takagaki 2024
——= Andreas 2012 (O French 2007 — Jarosz 2007
0.5 ... Zou2018  weees Golbraikh 2020  * Komori 2018
o Curcic+Haus 2020 Holthuijsen 2012 — Mueller+Veron 2014 Powell 2003
—— Edson 2013 O Hsu?2017 <> Potter 2015 — — Sanford 2011
0 | |
0 10 20 30 40 50 60 70
-1
msS
Uppms )

Drag coefficient (Cp) and roughness length (zo) parameterizations
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SCOAR WRF-ROMS-WWa fully coupled simulations
using 3 different zp scenarios

.o

SCOAR
es

- Chamack Coefficient () if using crigingl
COARE\VSDF and WW2 ST or STd

5
a
o}
(&)
=
Q
=
o}
¥
o
<
=
W
=
S

Wealhzr Research end Forecasting (WRF)

WRF Planetary Soundary [ ayer

VIRF Surace Layer

t* Qun, Qsy from COARE
WBF/WSCF if WW3 Ie coupled

U10 (f using 'WW2 ST4)
or 1o (if using WW3 ST6)

WaveWater Il (W3)
@

Lowestlevel bulk meteorolagy l 7. Quy, Qg

!, Qim,
1) iPWW3 s nol coup ed

YSUTACM, ele

Qen from CCARE WELF

SST, Usk

™ 1 Foc, ke

s
3!

- Cp, Heif using onginal COARE WEF ane
WW3 ST3, ST4, or ST6

@

Cin Hs ifusing modified CCARE WEF 2nc
WW3 ST2, ST4, ar ST6

©

- Hs, wave-wind angle () i using modified
COARE Wb+ and WWa 513,514, orS16

Seo et al. (2007, 2016); Sauvage et al. (2023, 2024)

Uak,
bathymetry

Regional Ocezn Modeling System (ROMS)

(1) with ROMS-YAV3 coupling
r‘!l' = ri_ r'.';_ Iﬂ‘;

2) without ROMS-YWY3 coupling

ey &

https://www.hyodaeseo.com/scoar/

z0

0.0035

0.0030 A

0.0025 -

0.0020 -

0.0015 4

0.0010

0.0005

0.0000 4

<o

rough

= H.0.09

s

Con

* COARE (Edson et al. 2013; Sauvage et al. 2023)
 WASP (Bouin et al. 2024)

- SHIM (Shimura et al. 2024)
*, Oner, Qe |

SHIM

Roughness length (zo)’
oughness leng %Zp) - COARE
[ A‘ WASP
fi
/ |
.%‘1/ |
/
e

U10




30°N

28°N

26°N

24°N

22°N

20°N

@D Khanun’s Sea State

S P

o

o .

~——

")
g
/

/

Aug 05, 0 e ,15ugi;zb ¢

)
N\
\ \
N\
- .\\

. Aug(08, 18UTC

,% Aug 08, 03UTC
"4

by

LR Aug 07, 12UTC
Aug 04, 0SUTC F 9 o—nect Daln “#7® aug 06, 21UTC
v % e <a e ;’..‘.‘b’;
Ali%g%_gl%%c 5 - f cd‘ Aug 06, 06C
Aug 02, 12UT ¥

e

£

) .
/ * B

Jul 31, 15UTCH
. .“\\
Tokyo University "
N

— IBTrACS Spotter buoys D

— SHIM —— Jul 31, 00UTC *5

— WASP [
|— COARE
”P I SPOT-1 \\ \

— SPOT-2 Jul 30, 09UTC W%,

L)
1724%¢ 1726°F 128°F 130°F 132°F = 134°F

Peak wave direction

N |SPOT-1 BT
SHIM FL FR
W WASP FR - FL|
COARE \ —_—
S | \ “‘
E
\\r'\ \
N - | | | | \
Jul 31 Aug 01 Aug 03 Aug 05 Aug 07 Aug 09 Aug 11
Significant wave height ,
12 | SPOT‘1
10 - /; \ SHIM
iy WASP
g f“%% COARE
[T A
| \
° ’/ % \1 /\ N\.
4 fl — L// Ry A
) FL - FR TN
5| A FR — FL 3
=/ a ——
Jul31 Aug 01 Aug 03 Aug 05 Aug 07 Aug 09 Aug 11



Directional Wave-Wind Coupling
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Maximum wind speed (m/s)
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Simulated Storm Intensity
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Drag Coefficients, Wave Energies, and Air-Sea Momentum Exchanges
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® Khanun induced cold wake Sea surface temperature
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Ck Entha_ltpy flux
. Enthalpy flux: Feedback effect
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Summary and Discussion

Cpb behavior in high winds (>30 m/s) represents the strong spatial
variability in sea states and wave-wind directional coupling,
which feed back on storm intensity by modulating air-sea fluxes.
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Drag Coefficient and Storm Potential Intensity

In the equilbirum condtion, TC intensity is contrained by the balance between energy added at
the warm ocean surface and energy lost in the cool outflow region aloft (Emanuel 1988)

TC outflow
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Ck, Cp, k, & KssTt all vary with sea state and its spatial variability under high wind.
Sea states and wave-supported roughness length are key parameters.



Sea state and drag coefficient under very high winds
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Captured by SD 1045's onboard camera during
Cateqory 4 Hurricane Sam, Sept. 30 2021

https://www.youtube.com/results?
search query=https%3A%2F %2Fwww.youtube.com%2Fwatch%3Fv%3DTzgdSSb0T98

The hurricane foam coverage and sea spray form
a slippery surface: Wind energy input to waves
ceases to increase while wind speeds increase
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Typhoon Khanun (2023)
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