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Coupled Modeling of Typhoon Khanun 2023

Simulated wind speed on August 01 2023, 18:00 UTC
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WRF nested configuration: OUTER domain at 7.5 km

WRF-ROMS-WW3 COUPLED domain at 2.5 km

Simulation from July 28, 2023 to Aug 11, 2023.



Drag Coefficient formulations

Because of lack of observations there is a large uncertainty of the drag coefficient behavior at very high winds.

> A Donelan et al. (2004), hot-film A This study, hot-film

® Donelan et al. (2004), mom. budget B This study, sonic

O Edson et al. (2013), field data @ This study, mom. budget
4{ A Takagakietal. (2012)

Figure taken from Curcic and Haus 2020.
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However evidences have shown a saturation or even a decrease of the drag coefficient at high wind speed
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Drag Coefficient (CD)
Here we explore 3 methods:
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Drag Coefficient formulations

Because of lack of observations there is a large uncertainty of the drag coefficient behavior at very high winds.

-> Multiple ways exist to represent the surface drag saturation / decrease at very high winds

Drag Coefficient (CD)

Here we explore 3 methods: 0.0026 -

0.0024 4

 COARE 3.6 (Edson et al. 2013)
(+ roughness cap following Donelan et al. 2004

* WASP (BOUin et al. 2024) 0.0020 -

)0.0022 .

0.0018 4

Wave formulation with mean wave age 3
It is meant to follow COARE3.6 until ¥~20 m/s 00016
then decreases based on observations
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Drag Coefficient formulations

Because of lack of observations there is a large uncertainty of the drag coefficient behavior at very high winds.

-> Multiple ways exist to represent the surface drag saturation / decrease at very high winds

Drag Coefficient (CD)

Here we explore 3 methods:

0.00250 -
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Comparison to observations
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The maximum wind speed is generally well capture while being

underestimated when using COARE and WASP.

Using SHIM drag formulation gives higher wind speed and reaches

close to observed wind at the peak.



Maximum wind speed simulated

Maximum wind speed simulated between July 28 and Aug 11, 2023.
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Drag and Wind impacts
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Quicker saturation of the drag (CD) in COARE but at a higher value

resulting in lower wind speed.

The decrease of drag in WASP and SHIM creates an asymmetry in CD,
which emphasize the typhoon wind asymmetry increasing wind on the

right side.
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Wave height and slope impacts
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The decrease of drag in WASP and SHIM creates an asymmetry in CD,
which emphasize the typhoon wind asymmetry increasing wind on the

right side.

The decrease and saturation in CD helps to reproduce the saturation of

MSS and Hs

24°N 25°N 26°N 27°N

23°N

27°N

24°N 25°N

23°N

24°N 25°N 26°N 27°N

23°N

Hs (COARE)

F

127°E  128°E  129°E 130°E 131°E 132°E

HSI(WASP)
N

.l

127°E  128°E  129°E 130°E 131°E 132°E

Hs (SHIM)

127°E  128°E  129°E 130°E 131°E 132°E

14

12

10

14

12

10

14

12

10

24°N 25°N 26°N 27°N

23°N

MSS (COARE) (1073)
TG

1

127°E  128°E  129°E 130°E 131°E 132°E

MSS (WASP) (1073)

O

|

127°E  128°E  129°E 130°E 131°E 132°E

MSS (SHIM) (1073)

iy

1|

127°E  128°E  129°E 130°E 131°E 132°E

32

28

24

20

16

12

32

28

24

20

16

32

28

24

20

16

12



Wave height and slope impacts
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Cold wake response to Drag formulation
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Cold wake response t
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July 31 to Aug. 2, Mean wind wave misalignment evolution
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Aug 15t 00UTC, Normalized wave energy
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Normalized wave spectra
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Summary & Perspectives

We investigated coupled ocean-atmosphere-wave simulations of Typhoon
Khanun in 2023 exploring the impact of the Cd decrease and saturation at high
wind speed.

The stronger decrease of the drag coefficient in SHIM gave the strongest wind
while also giving the weaker cold wake

The decrease and saturation in Cd at higher wind helps to reproduce the
saturation of MSS and Hs

Strong misalignment happens before and after the passage of Khanun over a
large area.

How does wind-waves-current misalignment before, during and after Khanun
impact the surface drag coefficient and cold wake ?

How does sea spray mediates Khanun’s intensity, cold wake and heat fluxes
exchanges ?
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