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Typhoon Assessment based on Global Ensemble Climate Experiment Considering Wave-mediated Sea Spray
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Typhoons are one of the most impactful extreme events in Japan. Probabilistic assessment of typhoon
characteristics is crucial for disaster prevention. While a global climate model (GCM) is a powerful tool for typhoon
simulations, it often struggles to produce sufficient samples and neglects key physical processes such as ocean-wave
interactions and sea spray, which significantly impact typhoon intensity. This study proposes a computationally
efficient "fixed-SST ensemble climate experiment" to overcome these limitations. We conducted 150-month
continuous simulations focusing on 1959 September climate conditions under fixed Sea Surface Temperature (SST)
patterns using a newly developed wave-coupled GCM. Our fixed-SST simulations with a 60 km resolution GCM
successfully reproduce the intensity distribution of historical typhoons, validated through a comparison with
observational data (IBTrACS). At the conference, we will present a comparative analysis using the wave-coupled
GCM to quantify the impact of wave-coupling on typhoon simulation. These findings will contribute to developing
more robust climate models for assessing future typhoon risks.

1. IZU®IZ
HARDOBEAEIZHN LT, BRUIKLEZDOH D
72 G A N N CTH D, A B RIS

AN LT2 1959 0D 9 H OKAESRAIFIZHE A
W, 9ﬂ@ﬂ1ﬁﬁﬂ%%ﬁ*#kbflmb
“AREET 1650 22 H ORI R AT o 72, d,

BISE « WSFRITIL, BREOMBE HEROERR  RIRORIETHONTIE, JEUEEKAFRIS KD AREE
THALETH D, BENFITT2XMEOHXE e 5720, WA/ v ZABUTHEET 5

P I 2Ek&EET L (GCM) BARARKTH Y,
HARIZB T 2 Bl G Ol 1, [T/
TEAT DO EER KK AKIGERE T /L (MRI-AGCM) & FV =
SEV I 2 —va rBNELS HWHER TV A, GOM

TRIRA RIS (SSGF) A IR D AERIR & LT
I U7=. AREFZeEo B9E, SERKERIEIRGE A&
ET ML ESMBEDOT UV U T NVERERE

L, BIRET VORBERERLFEICE 2 5%

W= BEGRE O EMZ RN, WEERIES O TAEZETHS.
WK % 8 L T2 KAMREE R O AR BAEH O BRAE S AS 7]

RTHDHD, ZERGEOFKINHBATOL L D 2.
BIREFMIITERETADEE SN TB T,
FERIRIGE D HIZRELI TR, BEFEE
TR E < B UMEYS CHHEE & 7 2 RIKIC O W

WRIRIK A OEB & - AT T v 7 AR
AT, RERKBEET M T 2B RO
FEF L OWEIEZ b % L 0 MBI HEL T 5729

Xu et al. (2022) E([EROT 7o —F & LD,

T, WIRETIVOREIZL D BE STV, Andreas et al. (2008) (ZHEHLL 7=LL F DITRIK
F72, GO XEFEBRICK T DI COEN - HHR  MWEREE SNV T Ty I AR —AERA LK
77 w7 AIE, 90 QE{JV \—T%%éﬂfgﬂ@{&ﬁi T =T+ Tsp (1)
KXV HEMibsnTEBY, BRTOERIRICE D5 Hg = Hgine + Hg g 2)
BEZE LD TR, Hy, = Hpine + Hy5p 3)

AMFF21%, WAVEWATCHITT ZfE 4 U 7= 22 fifs Z 2T, E#EhE(r) BV (Hg) - AV (H) 0K e T

#1 60km 0 MRI-AGCM % T, MBEIRIRIGEICE

T DWAIR DB E BB LI RERT T VR
BEEBR ATV, WIRET L ORESAEIZ LD ER
FtE~DOREFM 21T 5. BARMIZIE, 386

7w 7 A%, WEHERICES RO R 7 7
v 7 A(int) &, WRIRIZER T 27 7 v 7 X (sp)
DOFnE L TERIND.

FROBERIRIZE D7 4 — KN 7 OFRE X



Wi 2> b OFRIRAER EE RFES 5 SSCF 1ITKE <
KFET 5. AWFZE TITEEHD 272 & F I RIRAE 2
ZBCTX % Zhao et al. (2006) (ZX 5 SSGF %
MRI-AGOM (234 L7, JAJE LA /L X3 Ry 13,
RO G F7 & WIR DR B (W) OFEARIFR
ERTBRITC AT A—=ZTHY, Tzl
IR AF 7 T 7 AT TOXRTHE 2 LS.
Tgp = 2.53 x 1078 BOSS R1% ¢, (4)

4 dF R
QS,sp = pwcpsf (Tw eq)( - (rB)> dr (5)
dF (Rp)

O

)dr (6)

pwrcps:Lv
o VEVREIKIR & R O, 1 (20
DI L OEKEEO L8, dF /dr 1% Rg A7 D
SSGF Th 5. ZDOAF—AITL Y, JEAEEOHEHE
TERORERE LTAET 2ilEmIREOWH L & 2 TRIK
AR EICENIC L S D Z ENFRE L 72 B
PLEZERAW=2KT o o T VERORERIZE
L%, WIRMAIENERORKEE, FL
JE, BIOZEORBEFHRHEICE 2 2 B oW
CTH T 5.

3. FER

RIERT Y T NVRBEFERI VGO, B8
D e KIBGRIZ B3 2 BAFE 530 BA 4% (CDF) 2 [ 1 12
TR 72, ARRNTCIE H AR & @R 9 5 A JEIC
BRZ Y TOH0, AT A AR 0-40° N, #REE
100-180° E & L7z, WRET VL EHREAS LKA
%%%ﬁbt%%&JﬁA%ﬁb&w%%®cw

ZHE 5 &, WA ER (PR TIIEES
B (HER tATmHE@®tﬁﬁéﬂﬁ%

RFLTEY, WRIKDOBFAIZ X > THBROIERE
DS S AU DA D ERR S AL7z. Z AU, Rk
IZBWTHAE & 70 D2 WTRIRDY, BIRA~O T R ¥
— s e ERl s EE Rk A b6 L2 &
N—REBEZOLND. THHEMIKICLDHE - &
&7 7 v 7 A~ORETH 2 & ORI
DWTIE, S ICTHRET D.

4. BBk
« Xu et al., 2022:

tropical

Sea spray impacts on

cyclone Olwyn wusing a coupled
atmosphere—ocean—wave model. J. Geophys. Res.
Oceans, 127, e2022JC018557

« Andreas et al., 2008: A bulk turbulent air-

(THEAR L, BB, KR AL,

algorithm for high-wind,
J. Phys. 38, 1581-1596.

« Zhao et al., 2006: New sea spray generation

sea flux spray

conditions. Oceanogr.

function for spume droplets. J. Geophys. Res.

Oceans, 111, C02007.

MRI-AGCM (AX=60km) with 1959 September SST

No wavce coupling
With wave-mediated sea spray

10() -

3

Exceedance probability
=

. | L | | | |
20 30 40 50 60 70 80 20 100 1
Maximum wind speed [m/s]

X-1: 1959 4 9 H ® H ¥ SST 2B/ &h L LTH x
7227 Y U T IVRBEERR IR T 5 A REEE O HLs.
TEf TR TR 2R U, Al i K a0 % s,



