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Motivation Tropical Cyclone Intensity

Tropical cyclone (TC) stands as one of the most damaging natural hazards 2500
In the world, posing threats to lives and property in coastal areas through (@) (b) (©) 22°N
strong winds, heavy rain, storm surges and landslides upon landfall. 2000~ 7 1 Dropsonde
Despite significant progress in forecasting the TC tracks, improving the T 1500 ] | — Control
forecast of TC intensity remains a significant challenge. A TC can be = — Fully coupled b
. . en
conceptualized as a Carnot engine that draws energy from the warm ocean 5 1000- -
through the flux exchanges at the air-sea interface. Theoretical and .
observational evidence points to the potential critical role of ocean surface 2007 ]
waves In modulating the air-sea fluxes, suggesting these wavy surfaces N | e WS
may help shape the intricate feedback mechanisms between TCs and the 2500 120°E 125° 130°E |
underlying ocean. However, these processes are not well-represented in (d) (e) (f) The azimuthally averaged vertical
numerical models. 2000 - i i prOflleS of S|mU|ated wind Spee_dS alre
. compared with dropsonde In the
%1500- - - eyewall (0.75sr/RMW=1.25, RMW
@’moo stands for Radius of Maximum Wind)
| O . . _ .
M O d el I 1N g A p p roac h T and outer core (3<r/RMWS5) regions.
500 - _ _ The Introduction of surface wave
) related physical processes leads to
FIO-AOW (Zhao et al., 2017; 2022: 0 B B e — ' '
2024 : (f ” I d A h 20 40 60 80 100 20 40 60 &80 100 -40 -30 -20 -10 O 10 Improved_ Wlnd SpeedS and TC
) Is a fully coupled Atmosphere- Wind speed (ms™) Tangential wind (ms")  Radial wind (ms")  Structure In terms of boundary layer
Ocean-Wave model. It consists of height and inflow strength.
atmosphere component WRF, the 3rd
generation ocean surface wave model o
. . 5 B ——a— Saffir-Simpson oY s 00
MASNUM, and ocean circulation g crtms } 7 2 Hurricane Wind Scale TD, TS and Category 1-5
components POM&ROMS. These three 4- | . A | |
components are integrated through a < e e |~ - s @ 12 pasuk 46
. QO 3- = Powell et al. 2003 w - = 2 LEEPI 18 @ 13 WUTIP 51 \3)
community coupler known as C- % = Jnsenand Bidor 2023 & |
o m507 5 3 BEBINCA 18 @ 14 SEPAT 21 @
Coupler. The code of FIO-AOW are 2 ) z | s RuMBA % @) 15 FTow 4 |
. — 7 ! N/
publicly assessable at 230_ o« s | soouk s @ 16 0awms 2 @
https://github.com/Biao-Zhao/FIO-AOW. : | ®  CPL Default [ 6 JEBI 31 @ 17 NaRi 51 (@)
0 - : giijﬁ:@ - 7 UTOR o7 @ 18 wWiPHA 2 @
I I I I 10 "l““l‘“‘l““l““l““l““7 )
0 20 40 60 80 100 1000 980 960 940 920 900 880 o TRAMI > =< 19 FRANCISCO 72 @
Wind speed at 10 m (ms!) MSLP (hPa) 9 KONG-REY 26 @) 20 KROSA 54
10 TORAJI 26 @ 21 HAIYAN 87 @
20 | | | | | | 40 | | | | | | | 11 USAGI 69 a

Wave CO U p I | I g : TCs of 2013 in western North Pacific

15~ L %30 - are retrospectively simulated. Results

The atmospheric and oceanic models in FIO-AOW are tightly couplec f’ : ‘E suggest that the surface wave related
through ocean surface waves. Currently, the following wave-relatec §10—_ - S 20 - physical processes play an important
physical processes have been considered to represent the physica g : l %’ role in TC intensity and wind-pressure
Interplay between air and ocean, including: £ 5- - £ 104 - relationship. Wind-pressure
II II I II II _ II I T II I [ relationship Is very sensitive to t_he gir-

1.Sea-state-dependent air-sea momentum flux e e L B B B e 0 —NFREEEESE SR SRS —  sea momentum flux parameterization

: : _ 0 24 48 72 96 120 144 168 e £ g g g 2 £ : :
A new air-sea momentum flux scheme considering both wave state Lead time (h) < 2 I 2 = at high winds

(Janssen, 1989) and saturation (decrease) effect at high winds s
Introduced by

uf | 0.11v

Zo = Con o+ Ocean Response

1 ( 0.011 Upo = 30
L exp(—0.005755U%, + 0.3225U;, — 8.956) 30 < Uyq <55 - _ 4
1-3 \ 0.0002 Ujo > 55 : Egtse_lgozryfz o |3 E 04 . - _—.I Ocean(Mixe()j Layer
15°N 2 = OML
2m oo f - 3 Thick warm OML
_). — — . » %D ]
Tin ngfO fO wSm(w, 6) dwdt o] b - 29% | { Resistant to mixing
5 62% Weak response

- g 101

2. Sea spray-mediated air-sea enthalpy flux 5_15

The sea spray-mediated sensible and 120 ’ ” E " | SN 0N 10N 1IN 12°N

atent fluxes (Andreas et al., 2015) 01 N
'“" Shallow OML

nave been added to the boundary
atmosphere model boundary layer like
Facilitated mixing

ayer Interfacial heat fluxes In the
Strong response

Hgr = Hs + Hg ¢

3
Temperature change (107" °C)

Hyr = H, + Hj

5°N

[DIF}]
[ADV,]
[ADV},]
ENT -
FLUX-

113°E 115°E 117°E

[DIFU(Kh)] 7
[DIF’U(B’U)] 7

HS,Sp PsCps (T eq 100)VS (u.)

ar 13)
Hy o) = poty 41— |00 L,
Lsp = PsLkyy 1 — 50m e Vi (u,)
. L 1) f
Reterences
1. Andreas, E. L., Mahrt, L. and Vickers, D. An improved bulk air—sea surface flux algorithm, including spray-mediated transfer. Q.J.R. Meteorol.
3. Non-breaking wave-induced vertical mixing Soc., 2015, 141: 642—654.
Turbulence generated by non-bre aking waves (Qiao et al. 20 10) IS 2. Quao F L, Yuan Y L, Ezer T et al. A three-dimensional surface wave-ocean circulation coupled model and its initial testing. Ocean Dyn, 2010,

60: 1339-1355.

calculated by integrating wave spectrum as follows | |
3. Janssen, P. A. E. M. (1989). Wave-Induced Stress and the Drag of Air Flow over Sea Waves. Journal of Physical Oceanography, 19(6), 745-

1
5 754.
B =al E ( ) exp {2 kZ} d k 2 E exp {2 kZ} d k 4. Zhao, B., Wu, L., Wang, G., Zhang, J. A., Liu, L., Zhao, C., Zhuang, Z., Xia, C., Xue, Y., Li, X., Qiao, F. A numerical study of tropical
v cyclone and ocean responses to air-sea momentum flux at high winds. Journal of Geophysical Research: Oceans, 2024, 129(7),
c2024]C020956.
: . : _ _ _ _ . 5. Zhao, B., Wang, G., Zhang, |J. A, Liu, L., Liu, J., Xu, J., Yu, H., Zhao, C., Yu, X., Sun, C., Qiao, I The effects of ocean surface waves on
This coefficient Is added to the vertical VISCOSlty and dlﬁUSlVlty of ocean tropical cyclone intensity: numerical simulations using a regional atmosphere-ocean-wave coupled model. Journal of Geophysical Research:
model by Oceans, 2022, 127, €2022JC019015.

. . 6. Zhao, B., Qiao, I, Cavaler1, L, Bertotts, L., Liu, L. Sensitivity of typhoon modeling to surface waves and rainfall. Journal of Geophysical
Km = Kme +By, Kp=Kpc+ By Research: Oceans, 2017, 122(3), 1702-1723.



https://github.com/Biao-Zhao/FIO-AOW

	Slide 1

