BRBREEERARIRIEE

TIVIC & B3 m—EmA

DI Nz=EELBEHENARBOG R EAN

DEN i

GROEE &

YRR L

2 Bl

Rav? - MrEEH - KH 58°

LR B SR SEA (T 611-0011 AN FIRTEH 7 JE)
E-mail: shimura.tomoya.2v@kyoto-u.ac.jp
R ST (F 611-0011 FBRF G T T 7 1)
SHEEBOR R AR (T 163-1029 B HH 78 X 06 # 1 3-7-1)
R R SSIRZEAT (T 611-0011 A AT . 7 FE)
PSRBT REIER (T 305-0052 ZHyKiL 2 < 1EfiRME1-1)

BERGURE TV L DR S 0D QARG L, KEEBOPEFMICL > THEETH L. RRKKKME
TV EWIRE TV ERAGFEFES U, BKls & O —am 0§z E R U B iie8e AL x5 lEHE

ZEMEL .
T2 Z LT LD RN AEANDREE T L 7.

W, APEARERECHAE L ZBMWAR 100 28R e UTERZIT, £ ORI 2 M HE % iR
R, BEGRE NS B RIRKE G O PR IE L A

ERoNGP oz, —HTHERBRICN LU TRIANGEDA S N, WIRMEGEHE TR, EEHE s RL

T, HAMEOHFEETIE, BEFEEAEENIC 1° BERIIZING Z e hbhr o,

R 223140 247 5 &

RETMZBEWT, KRIFFE TR S N7z B EREE O RF 7321 KRB Bl I B R R 2 7 57,

Key Words: global climate model, ocean surface wave, typhoon, air-sea flux, sea surface drag

1. & &

HARTIESBEEBNAE S & R 2 O R8T A3
EIRKL[EEE TV (AGCM) 12 L B 5MEFEZ2E &I
fibhTwa., WETYFHHTH, AGCM %fEqHHE %
AW T EEP @A DRETHAA LRI T WS DD,
B OWEE 2 ED 572512 AGCM OIENEE NS,

— IR RRETNVIZLDZEBRAYIaL—V 3
VIZBWTIHREDEBERBI N TWARWZD, &fE - K%
ETFNVDOEET — X 242 U CIREGHEREE S
5. —J, WEIRE LRI & o THERK - FET B, K
[UEPERIMEAERIZBIRR S DT 0 — RN 7 %5213
LZENHLNT WS, Rz, WRREBIIREL 2K
R[UFEMEHE T v 7 ARELWHEILTE Y, A
BIZIMZ CTHIREZRE U - i - & B =ik (2
(MBIEIEPURE) DS A RV ¥ —2 3 VD% REX
N T\W5. Shimuraetal® (%, JIRMKATOHGEHLE % Ik
B EERAGLAMEE T IVIZE A USKEEE 2 E M L
AR, RUES AT LCERRENHDL L EmRL
7-. BEWELTH, HiREERET S L TAGCM D
HEWER EICORD 5 REMELH S, BV I 2L —
vaIZELTE, EREAGRRE TIVICHIBKEZED
HENR T 5y 7 A %2EE L CHROEEMZ L 72
W5Eh %< 5. HlAlE, Chenetal ¥ 1%, HIEKE

DEBNET T v 7 ADEAIZ LY /N r— Frances D
HEMEOM EZMELTWS., LEALAENS, wHie
TEHERPEMI L > TRRMIES DEHKE AL,
RIRRIFOEHE T Sy 2 2A0WEDa YR VT AN
EoNTWARW., £ TAMFETIE, #@E 100 FDH
JE SR T v Y TIIVERRZ T, RIS S
WaETS. [UREENC X 2REMcsVWTIE, B
R RE 2L (O HER O REN R RFEZ(E) %L
DS 7=, BIRD RN RIRAEDFTHAELE L 5.
AWFZETIE, WIREES AGCM % W\ TR ERFDE
&7 Ty 7 ADEEAREAN DRI 72 58 % Ffl S
LZZrxAMET S, ETHRAREZE DI, WIRKED
HEE 7S5 7 ADNRTI ARV - 3 3% RE
INTWS., AIFFETIL, Patton et al.”) HIRZEL /-
] & R DN E ZRE L TR DN A &Y
Y—YavzHuns., ARETICEWTHIZN T 2
A7 AT Z 2 AZ RN A — LA D 3T D SRR AR E
NRHdZLeBHoNTE DY, BERHENDRFI I
BELEZLUEBEMENRBING. KIETIIERERET
WEfHT 5720, Z<HREINTVIHEEBLERET
WTHEL R DBERFMERAETH D, BRI H
DAEREMICHRT 2 BRZETI N T 5 A AR R %
HOMELZERTED L WIHERD S.



2. F&

(1) 2HKIK[FEETIV

L[ETREMZEF TR S Nz 2R KEAAEE TV
T % MRI-AGCM? % i\ 5. MRI-AGCM3.2 D & fe
SRR, SJELENIC X B AEEVEZAIZBE T B
728 VRIS N 2 BRI S VW S TV 52,
MRI-AGCM [Z2ERARZ MVETLTH Y, JFifE
IR ERITEI R I NS (RIFFE T O UIWrREIX 959
Thd). PHIEFRRIIME R T L ICEE I N, AT
DAEFRARE 135 0.1875° (&g Cf) 20km) TH 5.
HiEEHRIZ A ETH 5.

(2) BRETIL

HWIRETFVIZIE, NOAA DA MVIKIRE T IV
WAVEWATCH III? % i\~ 5. FHE R A 1 1348k 78°
S-75° N, KRB 0.1875° & 3 5. ARG E
1% 0.035 225 0.56Hz % MEANIZ 30 2EIL, i
JEIX10° &9 5. Y — ATH (AU & % FES L OEGR)
1Z1% Ardhuin et al.!® DT AR V¥ =2 a v EHWT
AR 5.

(3) ‘BEERNFREK
HEHOERE - 247 5 v 7 2%, LDV Z#6k
ARTEI NS,

R 02 = CU?%, Boub, =CLUAN) (1)

I T, u, (TEEEEE, 0, I XREAT -, UL
JEGE, A6 37 ERSIRE & EIREDE, C,), ($ES)
BR R MBI ERHTRE), C) ZBEERETH 5.
Cyn, Cy, 1%, Monin-Obukhov OFLLAID (2% & 0 & DA
TDLHIZRINS.

K2

[los(52) —6m(3)]

1%2

Cp = 3)
[log(:2-) = wm(3)] [tos(2) - vn($))]
ZZT, k&I~ UER (=0.4), L% Monin-Obukhov
B, 2 l3@E, v $EEREICE 2080150
TNERTEE, 20m, 20n (TEERES LOBICET 2 H
ERETH5.

PIRICAHRAT U 2 DB PR PTARE0UZ 1, Andreas et al.'?
M5, Andreas et al.'? [JEHIEZ b & (ZEEEE
Z 10m SEEE U O E LT, IFDO LS ICRE
U7-.

Cm =

©))

Us,n =

0.239 + 0.0433{(U — 8.271) +
1
[0.120(U — 8.271)% 4 0.181] 7} (4)

ZIZT, Uy EPVIERMAOL EOEBEETHS. R
() BXUTARQ) &£,

Cm,n = uin/U2 (5)

z

om =T 0
exp (f»@u—)
*,T

ZZT, Cpp BHSLRMEOWHEGURETH 5. C,.C),
1%, 2(6) D 20 F 3 (2), R 3) ILRALTRD .
B e EEDOTNEERLU-EHET Z7 v 7 ADN
I AR ¥ = a3 viZid Pattonetal.” %\ 5. Patton
etalV ¥, S—VIFsvaIl—Yarvabiiz, B
BRI (U wave) & Uspy IEHR (Wage), JRIR] — IR IF] DI
WA (o) DEEE UTUTDO & S ICRE L.

U, wave = U*,n{l + YWage [1 - COS(QS)]} (7
ZIT, I — 27 1l ONMEE (C)) & B
(Uan) T E DT wage = Cp /i, EEET D, v IFEHK
THYH, 0007 TH5. FHLFEGEOEIUREBIEX G) &
BRI,

6)

= U2 yave/U” (8)
YD tsave BET Crnwave &, HIZ sy Crom
LD REL, ZOEEVIZEMS X O — KO
TAERKEVEEREV. R (6) Dty % Uy wave I
BEMZT 20 2KD, 220562, RAB)IZL>T
Cr BEO O, DRD SN,

Cm,wave

(4) =REE

PRSI B 2 B EE NG e UTEREZITS.
JEPE KPR (100°E-180°E, 0°-50°N) (28 W\ T, 1982-
2018 AEDR THILGIEMMEL 72 o 725 D EAL 100 1 %
HE Lz, ZOBBEDEEIZIE IBTrACSY 12X &
NEZEREIZS E W T WA, il LT EMN 123 D5
i, &JE 198422 5, HE 198310 %, &JE 201013 5
TH 5. 100 fHDEED BARHLNLIE 1 880—920hPa D
iz &b, ZOFHIE909hPa TH 5.

AGCM IZ X 25t BRI Z %2, ThZh OB /O
DEEPFLED S # T 990hPa % Fal - 7zl & $ 5.
AGCM DR (JE - E - i DO KK =Rt T — &,
FKET— &) OFMEHMEIZIZ ERASY Z 5. ERAS I,
ECMWF DMt 3 2 i OB T — X2y N ThH D,
ACERRARIE 0.25 T 1979 40 5 BUE £ TORKDEMT
EAFIHARETH 5. AGCM DEEFEA:TH 5 Wi
& (SST) 121%, #Hll%+ & 1ZL7zTF— & (OISST)'O17
DAVYEER H T — RPN THW 5.

WiIRfEE DA - T, TUEN L 100 (M0 5 E %
WHEe Ly Ialb—YavaEfdTs. FnEFno
BIEDEIRFZNAK S T, —H 9 HREOBIER > % 1T
5. EEETNIZEIT S GCM L HIRE T IV OSSR



0 10 20 30 40 50 60
U10 [m/s]

B-1 10m FEEE (U10) & Cm.n B EC Conwave DR, R
FRREA @), RG) D Crpy KT, AT7—Vz— NI
Crnywave DT —REBEERT. T—REEIREKRE 1 L
LT ]Oglo X’T“‘)lftﬁgﬁ@bf\z\é.

Mix20 2 TH5. BUF, G - EEEREZEZNETN
ExpWind, ExpWave & Gl 5.

3. #ER

ARWFZ2TI%, ERAS FEMED 2 WIHEE L%k
WCEBICE S AREE SR LTWS. L L, £BkE
T ERWEEEBRTH D, [HEEREMAT— & FH
(b7 & D 51k CTHIHIME % IEHEIC BT 2 EERTIZAR .
ZD7=®, 100 HDERFERDOFIZIE, BEDFEL L
W —2D3H o7z, T T, BIEFLKED 960hPa
RS2 —ADAZMENTS 5. f55E ExpWind 3 &
U ExpWave & $12 95 7 — AR &7 5. ExpWind
D 95 r — ADHAD AR HLNRE L, 860 725 959hPa
Oz L b, ZDFIEX907hPa (BlIfEI% 909hPa) T
H 5. BIHEE ExpWind O AR FU0EE D 2% O FEHE R
#71% 23hPa TH 5. Nk D RFEBRIIME % DEJED IE
MEZEHEZT2HDOTIRWVD, FHe Lz 100
DG ED E 2B IIHETETWS Z 2 by
5. BURTIX, ExpWind & ExpWave D 95 D& JET —
A (EOBET — A2 93) Zxtge U iEm iR
B, BEGRE, BRSOV T OISR EZRT.

(1) EEmIERfRLE

9, ExpWind & ExpWave DA TEHA X 1 2 g #K
PRBDENIDOWTERT S, K-11F, 10m &EE
H (Ur0) 2T D Crp BE Crvave Dl 7E Y b
LzbDTHS. Cp,ldk, X@) ERG) ITLVEHE
INB7D, UgiZ&>T, B-1 DFHFMED XS I1I2—FIZ
WED. Cowave 1, EAL 1RO BE (BJE 198422 5)
2B BERAERDAZ HWT, LA (100°E-
180°E, 0°-50°N) Ofiiz 71w kL TW3. fhoEm%z
HEUZ U ERIZBEWTHRERIZZED S0\, Crywave

(b) U, [m/s]

(@) U, [m/s] 20

40

20

B-2 ExpWave D2EkE K ERELD Uo 8LV Re DA
Fv FTay b (LB U, FB: Re)

&, WIRREBIZE > THRU Uy THENIES DL, 727
U, BIENZEGE U7z & 512 Chy wave 13 Crn & DHIZK
E. JAHDAKERDIFE Crppave DIX S D EIINE
%5, Zhix, S0 OMHEE I EERH 0, K
(7) DI wage D _ERPTENKE K IRBITONTIHE
{72275 Th5. JA#E30m/s TIE, Cpp=2.5x1073
THBH, Crwave 14 x 1073 BEMERE 25,
Uio & Cpon BET Cry wpave PEBHRIZOWT, ZD%E
MaofznRd. Hle LT, AE 198422 52 RELT 5
ExpWave DEIEFERD Urg & Crywave PATY T3y
F 22 1I25RT. B-2a) BEOb) 1%, Uy DeEE
FUOERALOIEARE Z /R L TWS. BEI L2 50m/s
PAEDIREMIELTWE Z 2R 0h 5. B-20c) 8LV
(@) &, Cppp ITHIEU 7 BIROEEIZL D Chywave D
BIER (Ro) ZRLTW5.

w2

Ro = =3 = {1+ ywage [L — cos(9)]}* (9
EERD Ro 1%, HUED/NSWE ZATREL LT
% (H-2(a), ®-2(c)) . 2ERTITEPE & D 502D Ak
T2HGENL LY, JWHINS K TH, @RERD 5
BT 2500 BEFET D0, EEIZIEL T Re ¥
KEL D, H-1 25 BEEHIZBENT Cpyave DL
EAKRENZ 2300 5. AIETIE, BEEZSSRE
UG 0 E 217> T WA A, Shimura et al.? 23R
L7z &S IZRERDEGMES AT LADEENREZ S5,
BIEALIZEHT 5 (K-2(b)(d). MOEZTIdEEIZ
LA FNTHELIT LTV A, T AMAMIT Re 111
L, ERICRERMEEIND, FERIFRRER MR-
TWBZEebhs.

B-2(d) T, BEE Y D R D—2DH1% R L7743,
FTIE95 7 — AN 2 R 4. K-31%, Ex-
pWave (2815 957 —AD Re DZEMDHTH 5. T2
77U, BARHULGRIEITE L 24 & 7 0 24 T oM
DF—REHAVWTWS, 3RMI IcHILTWED



CDratio

Distance: pararell to translation [Deg.]

Distance: normal to translation [Deg.]

-3 ExpWave (281 2 BAFILD Re DEHK. 75—
— FD Re, MRHDVEME, KRNI E—2 NS
DOEBREET. FodubhBERFLTH S, KENHE S
W% BJRGET I, KEF%ZETHER %R T.

T, 99 DT —XOEGHEK L5, GEFLEZRKD
HFUMZEEL, B E %2 B8EOETHRICHZ TEK
MZEEHLLTWD., BEFL»SETARBXTZD
BERFANZ 5 EOHHZRLTWA. Re IZMAT,
S & O — 27 ErOAKRK % KA THE L TW5.
-3 1295 7 — A DEHED 72 DE-2(d) & ik L T2
MIZHE S PR 72> TW5b. Re D2/
ETHAART 1ISEWMEIZZR D, forSsnsiE
CHEBRKREL 2D, SPHiNE L 2 EDEE B, B
JRD LT H AR TIE, EITARARE LT Re
WEREL D, 208 NB L 2 EDfEE 7B, ZDE
A DIENFRME X, B-3 R DKEIDA E DENTH S A
&5, BEOESFHROEMTIE, SR DERE
HEEBEEDEWKEL 2SO THE. BESLT
i, MEPNS LK BREVRERPOS R0 B3 HFET ST
& R IZHERMARE < 225, B-3 DRT 5 EDHFH
AHTH, DRDDEFEIZLD R 2L EDfEE 5.
PABE, Z ZTmUZHPREOE VO A EMGHEAD
FEIZOWTEABR L TWL.

(2) ERBE

IR % Z R U 7B D B R D FEAN DR EIZ
DWCRT. H-4 1%, ExpWave & ExpWind D &0y
L[UEDZ (ExpWave-ExpWind) OBEDNMHTH 5. #=
DEYHMEIZ-1.0hPa TH D, HHE[FZEIL 6.8hPa TH 5.
SEENIZIEZEITIE L A ERWA, B AT +20hPa D&
WAH B, 125 LIFDHOBERZ NG E LZEEA,
HWNE LT HHEBITE> THIREZZRE L ZHIBREDH
JEFEIENDEITRRDERPBONDD, ZHOE
A% fRNTd 2 Z Ik D, RN EN KD SNz

ctl_patton19 Mean:-1.0 STD:6.8

Count

-30 -20 -10 0 10 20
Minimum Pressure Diff. [hPa]

B4 BRI O RIEDZOHE S (ExpWave-ExpWind) .

WIND

Distance: pararell to translation [Deg.]

-5 -2.5

0 2.5 5
Distance: normal to translation [Deg.]

H-5AEFLEDYD U DA (B :mfs) . 75—
¥ = — FiX ExpWind & ExpWave Oz (ExpWave - Exp-
Wind) , 3 ¥ & —Ii& ExpWind (281} 5{HTH 5.

B ITBRARFORITIC RN R EITIZE A LR
WZ D bhroTz, REFLGEICKRERENEL D
fiél 2 D r — 22 DWW T DJRINRIFIZ S B OREEL 3 5.
AR AL ST WSS 72 22 3 AR U720\ 72 & e KGR
WIZEIE U RV, Z 2 Tl BJEED =M 0m D%
WZOWCHER T 5. B-51F Ujg DERKEZRL TNV,
ExpWind O (2 > & —) & ExpWave & ExpWind D7
(ExpWave-ExpWind: 77'7~“/1~ R) Z2H#iELTW5.
B-3 & [ARRIZ, BARFOSUEIZEL 2R & 2 D 24 I
MRTOM DT — X 2 H\WT\W5. ExpWind D& KX D
H-?j(ﬁ_ ¥ 58m/s T 5. ExpWave & ExpWind O JE#H
IBWT, EEMIC L2 mis FRIEDENR D B, ZEDZER
ﬁﬁ BEOFLD Z L EHETIEOMHE, Rk, R
V“Q A RETOEDETREO T N5, KR
Crnwave V& Cpn £ O KEL 725728, ExpWave D il
N EIRINZNE K 225 Z eI X B 23, F it
DERTHE-5 D & 5 RERHG%EED.



Distance: pararell to translation [Deg.]

Distance: normal to translation [Deg.]

-6 ExpWind {231} 2 & BT H NS 5 ExpWave 128
1} % & RO FIRZ ORI E. E % ORI IE % F
TRy FLTW3A. 1°x1° TRY->7=TF—XEES
IVAX—THELTWAS.

Rotation [degree]

5 10 15 20 25 30 35 40 45
Latitude [degree]

[E-7 ExpWind O & JEDH#ELT HFHEAL N2 L (Tyn) & Exp-
Wave DEBHLOMNALENRZ MV (L) DL (Ty xL).
+HAff 2 DERT —ADMEERL, BIerF—nN—T
S5EZLDOEVIIBIT A Lt FEERT

3) BRRZEK

W% Z R U PR D B BB AN DREIZ DV
TR, BHERE TV & W72 RS SR RO B EA D
IZHT A MAEOMETIX, X DOMBIRY, &R
BT AEmII TN TE TV, [-6 1%, ExpWind
BT B BT H IS 5 ExpWave ([Z5 1) 5 B
FULOFEIRZOMMIEEZ 7ay hUL2EDTH 5. 93
DT —AZADERPFAET 2 2RLOMEEZ 7oy b U
T\W3. ExpWave D5 REDHENAE L, ExpWind D&
JEDHEFT AN U CTH AR, RIChHEEBRAIZTh
MIZHDBZ b5,

B Z L ORI DE N %R 7. ExpWind O & & D i
FTHEHALRZ NV (Ty) & ExpWave DAL O
PIBERZ NIV (L) DEEE (T, x L) 28E T & IZHEL
B0-7 (ZHEE U7z, EOEIZEF T AT U TN T
52 e EFEERLTWA, ExpWind 25 L T ExpWave @
B, FREEICRBICONTADMENRREL %S, D

FoAAIzTNTV Z bbb, HAMED 35~
40°N Tl%, ExpWave O JEI% ExpWind 12 HiR U T
Mz 1 ERRET NS, DX D HAMIEIZE W T ExpWave
D EJE I ExpWind O & & FE U T 100km F2£ 5 5
AT AEAICH B, 35°N TOFIEIX-0.76°,
Helf2 2 %8 U - ®PHIX [0.37, -19]° &b, 2Dk
I AR U CRFEN R ENEL 5 Z &b
Motz REEPET BREIE, WA X 5 EEE
REED, ERORLKGOEME N U ZEERLRE O
MEZONDN, SHOPELTS.

4.

BERGUEE TV X > TEHEI NS BREAFME =L,
SARE B DOREFAMIZ & > CIEFIZEE L 42 5. MRI-
AGCM & WAVEWATCH III % MG S S L, IRIRMRAT
DEBET 7 v 7 A%EALBEGEGHE %2 EHL
7z. MRI-AGCM HJHGEHAE & LR 5 Z 212 & 0 PR
FOEHET T v 7 ZADGEMEEICHT 2 E %
filiL 7z. BURKS AR D B RN DR 2 3l U 72 BE T
DIZETIE, BRoNnzEEE —XRETEI VL.
ARFFETIE, @ERIFERFEFETHEL 2B EE 100
il % x5 & UTEREZIT, ZONEHM2aME % T
THZ LIk, ZFHENREEANDRGEE AL /2.

WA OHEEIE 7 Sy 2 22 LT, Kihe L O
FEAI DT N % 5 U 72 RS URECE V725, B
MREWIZY, FERAMEFEHOTNEREVIZEE
HHEPURE IR S 5. AEET Ao LMITIE,
K PTRE DRI & 2 IiERIZAM & gL TR &E
{725, Thid, BEET AREMTE, REMBDOS
ROPELELEHBRRELRY, proREBEEEHDOT
NWKELRB7-DTH5. L oEENSITEHIE
RiFKEL R, 2° L EEMINEEND E 25870 5.

BEGRE 5T BRSSO BIXIEF L A 8L, &
EHORE DRSS - JERE A DX T thPa & 72 5. 7=
72U, fHxDBEWCERHT 5L, 2O IX ThPa,
%K 20hPa DEWHH 5. A EGREIZH ) 5 R FEH 72
ZlxA NP o720, BRI ICH U TRIERRE
NA 6Nz, FEMEAFHE T, FEMEFHHE LU
T, HAMEDOHFGE T, BERBEEERIZ 1°F2
B, HEANZTNE Z bbb oz, BRI IZIET
(REEEODE) THRESIND Z DR SN TS,
WHOEETRIEMZ2ANEL S 2 WIKRIZ, B
EFVVIZHLWEEE S - 5T, BN ARG 2
179 REE TN E W T BRI O RN 1T &
B BRI IR E N 7 2 R £ 72 5 T2 DA
FERITEERHNRTH .

AWFETIX, — D DOIIRMAFOIWPUREE W=,



ZLDNRTAR)E = a VHPREINTWEN, A
WZIEE > TV, 21X, Holthuijsen et al.'? 1%, ¥
FAYEAANIZH U CERT 5 & SITETBRELR KR EL 2
LHAERELTVWS. NI RAXVE—=Ta vDEWT
R EE IR EZD, ARETY Ve 5
TIRIRKAF OBPURBUIEETH 5.

BIEE . AT, RUEMAEEREIE S K OSGRRIES
MENSEE T VEEARIE TS T LDV R— M
FPHRTHD. FHREAMERA T+ T2 X —
DA—=NN—arv¥¥a—REHNHLE

&

1) Shimura, T., N. Mori, H. Hemer: Variability and future de-
creases in winter wave heights in the Western North Pacific,
Geophysical Research Letters, 43, 2716-2722, 2016.

2) Mori, N., T. Shimura, K. Yoshida, R. Mizuta, Y. Okada, M.
Fujita, T. Khujanazarov, E. Nakakita: Future changes in ex-
treme storm surges based on mega-ensemble projection us-
ing 60-km resolution atmospheric global circulation model.
Coastal Engineering Journal, 61(3), 295-307, 2019.

3) Shimura, T., N .Mori, T. Takemi, R. Mizuta: Long- term im-
pacts of ocean wave- dependent roughness on global climate
systems. Journal of Geophysical Research: Oceans, 122(3),
1995-2011, 2017.

4) Chen, S. S., W. Zhao, M.A. Donelan, T.L. Tolman: Direc-
tional windwave coupling in fully coupled atmospherewaveo-
cean models: Results from CBLAST-Hurricane. Journal of the
atmospheric sciences, 70(10), 3198-3215, 2013.

5) Patton, E. G., et al.: On the influence of swell propagation an-
gle on surface drag. Journal of Applied Meteorology and Cli-
matology, 58(5), 1039-1059, 2019.

6) Mori, N.: Freak waves under typhoon conditions. Journal of
Geophysical Research: Oceans, 117(C11), 2012.

7) Mizuta, R., et al.: Climate simulations using MRI-AGCM3.
2 with 20-km grid, Journal of the Meteorological Society of
Japan. Ser. II, 90, 233-258, 2012.

8) Yoshida, K., M. Sugi, R. Mizuta, H. Murakami, M. Ishii: Fu-

ture changes in tropical cyclone activity in high- resolution
large- ensemble simulations. Geophysical Research Letters,
44(19), 9910-9917, 2017.

9) Tolman, H.: User manual and system documentation of
WAVEWATCH III version 4.18, NOAA/NWS/NCEP/MMAB
Technical Note, 316, 2014.

10) Ardhuin, F., and Coauthors: Semiempirical dissipation
source functions for ocean waves. Part I: Definition, calibra-
tion, and validation, J. Phys.Oceanogr., 40, 1917-1941, 2010.

11) Monin, A.S., and A.M. Obukhov: Basic laws of turbulent
mixing in the ground layer of the atmosphere, Akad. Nauk.
SSSR Geofiz. Inst. Tr., 151, 163-187, 1954.

12) Andreas, E. L., L. Mahrt, D. Vickers: A new drag relation
for aerodynamically rough flow over the ocean. Journal of the
atmospheric sciences, 69(8), 2520-2537, 2012.

13) Knapp, K. R., M. C. Kruk, D. H. Levinson, H. J. Diamond,
C. J. Neumann: The International Best Track Archive for Cli-
mate Stewardship (IBTrACS): Unifying tropical cyclone best
track data. Bulletin of the American Meteorological Society,
91, 363-376, 2010.

14) Knapp, K. R., H. J. Diamond, J. P. Kossin, M. C. Kruk, C.
J. Schreck: International Best Track Archive for Climate Stew-
ardship (IBTrACS) Project, Version 4. NOAA National Cen-
ters for Environmental Information, https://doi.org/10.
25921/82ty-9e16, 2018, £/ 2019-11-28.

15) Copernicus Climate Change Service (C3S): ERAS: Fifth
generation of ECMWF atmospheric reanalyses of the global
climate. Copernicus Climate Change Service Climate Data
Store (CDS), date of access. https://cds.climate.
copernicus.eu/cdsapp#!/home, 2017, ZHd 2019-12-05.

16) Reynolds, R.W. et al.: Daily High-Resolution-Blended
Analyses for Sea Surface Temperature. J. Climate, 20, 5473-
5496, 2007.

17) NOAA/OAR/ESRL PSL: NOAA High Resolution SST data,
https://psl.noaa.gov/, S 2019-12-05.

18) Semedo, A., K. Suelj, A. Rutgersson, A. Sterl: A global view
on the wind sea and swell climate and variability from ERA-
40. Journal of Climate, 24(5), 1461-1479, 2011.

19) Holthuijsen, L. H., M.D. Powell, J.D. Pietrzak: Wind and
waves in extreme hurricanes. Journal of Geophysical Research:
Oceans, 117(C9), 2012.

SYSTEMATIC IMPACTS OF SURFACE DRAG CONSIDERING MISALIGNMENT
OF WAVE-WIND DIRECTION ON TYPHOON CHARACTERISTICS

Tomoya SHIMURA, Nobuhito MORI, Daisuke URANO, Tetsuya TAKEMI and Ryo
MIZUTA

Typhoon climatology estimated by global climate model is important for impact assessment of climate
change. We developed wave-coupled global atmospheric climate model and conducted a set of typhoon
simulation with sea surface drag coefficient considering wave age and misalignment of wave-wind direction.
A set of typhoon simulation was targeted to the 100 strongest historic typhoon in the Western North Pacific.
The general characteristics of 100 simulated typhoons were analyzed and systematic impacts of wave-
coupling on typhoon characteristics. As the results, the systematic impacts on typhoon intensity are not
seen. On the other hand, it is found that typhoon tracks at mid-latitudes adjacent to Japan in wave-coupled
simulations tends to pass about 1° east-ward relative to non-coupled simulations. Systematic differences
in typhoon track can affect climate change assessment because long-term (climatological) characteristics
simulated by global climate model are used for the assessment.





