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, BV RSUE (TCO) 3B 2k E % b 72 o3 KE L L THAEICA B FznTEs b, TC
DAERE L B DO THRIIEE LM CDICRDEELERTH L. LA L, TC OEECEIUREEDE
#ETACIEREICRITE T 5727201 TC OTFWAKE AN TL E - =HFI2% K FIET
5. —77 TR, TC DRGESCTRE~ DB O JEE & OBfR25HEH T, TC & UEE OBR % 36~
e EFIL L T b, 2 b TR, BUEE O TC I3 28 2R L T\ 528, B
7B (UT: Upper tropopause) % F#FEJEB (LS: Lower Stratosphere) d 1773558 TC 15 2 5 7E
BN REELZ OF MR A H = X LFREPAL L o T\, £ TARIFZETIE, &R 7 BfRME
RO 4L LT, UT % LS 05 TC K52 2ELXZ DA N =R %, BiEET 2
THOLNICT 22 ERHINE T 5.

ARG TR W72 8UEE 7 v id, —RITE s KR5S &€ 7 v [Rotunno and Emanuel, 1987; Ito et
al, 2010], & X F*2IREMGE T+ NICAM (Nonhydrostatic [Cosahedral Atmosphere Model)

[Tomita and Satoh, 2004; Satoh er al 2008; 2014] GKF 14 km fRERE, BEXMNHR NI AZ IV X —3 3
YAMER) <TH 5.

TRICHR IR R RIS A T v B W 2% T, SST (Sea Surface Temperature) % 28, 30 32 °C
D 3 N F— v, RO B XL RGO 2 XX — v oEBEERL, UT © LS oXumEs TC
IC5 2 BB R RS 5 7291C,200 hPa 2°H 60hPa DRI T R 7 7 4 L% SK 26 +5K OHPHAT
1 K A HCTEBL72RBEEITo 7. ZOfEE, UTLLS ORiR%E T 2 & i KE#E M 20, FORE
PMEL 722 2 e 3o h oz, 72, UT/LS D5l & 2 L S ¢ - RERH O m KJEE % Ik L 72 & & 5, &
K 13% DJEGEZA L 23584 L T3 Y, MPI (Maximum Potential Intensity; Bister and Emanuel., 1978) T
a2 EEA B 5%) &9 DRERAEEMSRELZ LT o7, LI, [z N7
BRI, R RESIES TC OIS AV IAL, FEDPOFEIIGE > Tiz—J T, [ilnk EiF72%E
Bclt, FEE TEOBEMERIZITHRBICHE o Tz 2oz end, EBMIFEICL 2 UT/LS DRiE
ZALIC X 2 EBEER D FRMA L ORE I A T, UT/LS O ZELIELAHE TRRIC X - T TC Hlic A
DA M B 2 & T, TC LEORRLEKE 2L S ¢, TC DREBRIGHELG ATzl L
DR X Nz

NICAM DWFFETIE, 2019 F 9 HICHAE L 72 EEIZ2A A7l SSW (Sudden Stratospheric Warming) %
WHE L, SEOHEEZ 8 H 23 ~26 HOMT 12 B o& b w237 v+ v 7LFEE 1 »H7
U—2v) ZEEL, SSW OBRBEAGVOEWEZFHL T, UT/LS OG8RI 2 5 5528 % fEtT
L 72, JRA-55 FHEHTT — £ 1C X 2 fif#r & Il L <, GHEWIH2Y 25 HUBET SSW o8tk & <,
BV UT/LS O5KIRME FABHE TH o 72. 23 H 00UTC & 25 H 00UTC DFEBRZ B L =458, B
W OBENFUEEI2S 25 HD13 5 259EF <, L 10 BECHRE—RICREE T 2 kTR, il
FEE O B ALIEER 230 L S N B B L BT 5. X O ICHEFEERIL, 25 HEBRDIZ I % K FRAEL
Tz (23 HEBIZ 1 M, 25 HEEIT 4 #) 25, 2 0E X 23 HEEDIE ) S EAE A /R o n
7z.
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4 H, Bir{K5SE (TC: Tropical Cyclone) (IEBERI i E % D 72 5 35K FE & L THFICIA < BRL 23 FE
7241 C\» % . IPCC (Intergovernmental Panel on Climate Change) @ 1.5 JERFRI#REZE [SR1S, 2018] I L 3
&, H~m L X OmEMFEA AEEN ) (1.5~4 EXRiR L) ©0b & TIE—HL T TC Foid 23#
HINTWE T, FEFICH TC OEIIIEMT 5 2 L ME~PREOEFEE el s hTtnws. &
DX 5 ITH TC BOMMAPHEEINT W2, TC DERPLIEED THIZ TC I X 2 HELZH <720
CIRDEEAERL o> T3, [RITTIE 2030 FOBEFHREBOUEICHIT T, 3 HitoHEE
YL 100km FREICT 22 &2 HEE LTWw 3728, 2010 FELARE L2254 200km T L
TW2OBBIRTH 3.

—7J7C, TC DHEFE-CHREL L% DA IC X 0 fillfHl T T 3 28, TC DREE L JEIUBREE D o8 % ¥
fEE TV CIEMICRITE TP 57272010 TC DTFRBEKELINNTL L o 2 HHIL S HHET
5. Z0JEKD 1 DI, ELERELD TC IC5 2 2 E N ERMICHL A ICIN TR W T EBEITH
N5, FRCRIREOH L LT, TC EHo@E)WIHNEERBEFonE. ZnETo TC FAE, Rk
MR 3 209818, F I - TR OB LI O $hE A, R S « IR 2 0 A 2L
& T A V¥ — (Convective Available Potential Energy: CAPE) SFICfEmins Y C o TH Y, Wil LE oz
Zi3hIweE2o6nTwiz, L Lk, EETRE (UT: Upper Tropopause) 2> 5 &1 A& B (LS:
Lower Stratosphere)D J1278;, B\ 0283 5 S uC v 5 [ff] 21X, Emanuel ef al. 2013; Wang et al.
2014]. EE & TC DBARZ/RT 701, TC EROMEEX% Fig.1.1 1C/Rd. TC DJEIL, FE T
W& AH, FJECHRT 5 BT 0 O —XIEER (Fig.1.1 (a) &, HOHEICRZ AL TR E 2 s
ERL, BEERERKT ZMER, 2 LT TC Lifcoaficm x 4 FEmE IhHR) o -z X
fEER (Fig.1.1 O)icr I ons. X5 KIERO FER X Y b &@EEic TC hbic A DR D i
(Fig.1.1 (a) DARWEH) BFEET 5. ZXMERO EERE, S5 ICEEED TC Fubick &AL EiE
UT/LS DEERFICHEAET 2720, TC [ZKEE > O OB % 2T 2 A[ReES +0Iicd 2 Z L 0RB I
5.

(a) [ IR W] b i
* | Tropical Tropopause Layer (14~20km) | o Uppocivind

Stratosphere | Tropopause

Troposphere

TC Center

]

Primary girculation Vertical Wind

Secondary Circulation

Secondary Circulation

Lower (Northern Hemisphere) Lower Wind

Figure.1.1 The schematic diagram of TC structure (a) and the secondary circulation of TC (b). The light blue area is Tropical

Tropopause Layer, which is the study area in this paper.



OE B 2 TC % I THROH L U<, BEEZEAFIEISER (SSW: Sudden Stratospheric
Warming) it ERNRA R X 2 EECTOFEBLAZET b5, 2o TC IC5 2 28 A A
ZXLIZDWTE, 1FEAEHERREINTEL T, RHAHS 2L W, BEE T A X 2 5EE T
DIEHICONT, WFRBICHFEET 2IRESE T A ZERLEZ L 20T LA ALRTHS. 2D
IR IL, WRERNR A R D3 HBR D & O R 2 TN L, R OHUR 3 2 BR w5 2 2 U BRIANC e 3
22 CHERAZ TS T AL X —B2NT 2 2 LFKTH 2. L L, 2 OFECRERICEE
T2RBEHHESHAT 2 28, 3 XOCREBICRESNRATANBEET 5 2 &<, JEETldER s
HEITL T3 (Fig.l2). & D79, 1k 0 122010 FELFEOKERB ORI (Fig.A0.1) ZFftL T
W 528, ke LR E B R AL ASEIT L T B

w
IRERRRE

: Northern hemisphere
g —— Tropics
2— —— Southern Hemisphere

o —

[}
—
TTTTTTTTT

Temperature anomaly at 50 hPa

2 R

PR R | R | R A R | R | B A Ly
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Year

Figure.1.2 Time evolution of temperature anomaly (K) from averaged temperature during 1960~2012 in the lower stratosphere.

(from Fig.4 of Sherwood and Nishant, 2015)

12 FEMEE (LS) ORRZI & BHRHESRIE (TC) 1B 5 SefThIF

1.2.1 TC AR EE O itk

Gilford et al. [2017] T, TC D AFERIREIEEE (MPI: Maximum Potential Intensity [Emanuel 1986]) @
ZHi B %, ALRPEE (NA), JLEREFE (ENP), dLPEAREE (WNP), b4~ FiEE (ND), FEEER
(SH) ® 5 DOEH TC FEHIK (Fig.1.3) KBV THAEL /.

MPI 3 —f%IC Bister and Emanuel. [1998] ICB W T ERIN TV R UTOXTHEINS.



e = o 0~ ) D
Z T C/Cp FESIHMRETH Y, T LD 09 OfEEHVTW 25 [Wang et al. 2014; Wing et al.
2015). F£ 72, T, 1 Z#HHELE (SST: Sea Surface Temperature) , 7, (¥R SR, ho” IFBIRIKZE A T A
X — " BERE IIC BT KRR ANTE —TH O (T-To)/Ts \ZEGNKIE, (hy™- h") 13BN
RLEEETH L. ZORL Y, MPI Tid SST 72 T4 L, TC O KIEER EEOINHR O & & KA
WE R G525 L5350 h 5. SST, XL, KU LBEO 7w 7 7 4 e LCRBURNTT — % D
MERRA-2 @ 1980 4EA 5 2013 FFOTF— 2 % 34 FMEH LA FEMET — 2 ZFHL T» 5.
Fig.1.3 1T, (a) Bvir oS RS L <L (OTL: Outflow Temperature Level: 7 CHIMI L 72 22 5B DK
SRR O EEME, (b) B D OTL DEFHfED & & FEFEHMIR O H V-0 i i s % 722 L
572 % D, Fig 1.4 IS ETEFEMIBIC BT 5 (a) SST, (b) FHHFRILEE, (¢) OTL, (d) TC PI O ZFHiZ 1l
%A T EFGERIN C/R T Fig.14 XV, SST Amwv(Ewv) e, AAHERIEE MK (F L), 0TL & PI 235
KL)% Z &H353d 5. F 72, Fig.1.3 (b) OALFERFEIH D NA, ENP, WNP Tid,6 H2*H 11 Hic %
JC OTL 2SR ESE L Y dEEEICFEEL, £ 20 P 2ZKEL R 2T RTINS
(Fig.1.4 (d)). 2N XV, PI I3 OTL 2% LS IKFET 5 L LS OB KESZF L0005, &6
IZ, Fig.1.4 (a) £V, WNP @ SST [3i#FE T TC FERMERE D 265 °C XY HE <, Figl3(b) £V
OTL 2% LS ICIFET 3 T AR THENS. 2 X b, WNP fHIETIZ TC @ PI 1%, LS D& L EE
TEZIFTHBI N5,

b) OTL = Tropopause (hPa)
-40
=20 D i T e
/"’\
a) Annual Mean OTL (hPa) = 0
180 =
20 160 £ 2
W -
g < w— N A
,§ 0 140 E 40 e ENP
= — WNP
3 120 NI
-20 100 60 — SH
80 80 :
0 40 80 120 160 200 240 280 320 360 J FM AMIJ J A S OND
Longitude Month

Figure .1.3 (a) The annual mean OTL (outflow temperature level), over 1980-2013. (b) The seasonal cycle of the OTL minus the
WMO tropopause height (hPa), averaged over 1980-2013 and the TC main development regions defined in (a). Boxes and line
colors follow the region of WNP, ENP, NA, NI, SH shown by blue, green, red, yellow, black box respectively. The dotted black line
of 0 hPa is added in (b). (from Fig.3 of Gilford et al., 2017)
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Figure 1.4 Seasonal cycles of (a) SST, (b) TC outflow temperature, (c) OTL, and (d) TC PI using MERRA-2 data averaged over
1980-2013 and the TC development regions. The main development regions are NA (red), ENP (green), WNP (blue), NI (yellow),
and SH (black). The dotted black line of 26.5 degree Celsius is added in (a). (from Fig.1 of Gilford et al., 2017)

1.2.2 AJEBE IR ARIRR (SSW) KFd TC FAER

SSW %, &R Hh S B i B C o L 72 B 0 B U B I s i L, B o FALiER T »
% Brewer-Dobson (D-B) f&ER % (b3 5 & & C, Muf23 TREIIC X 2 WiEh s o 7z 0 FHIE T 40 °C
DEDFHRETE2HETH 2 [eg, Scherhag, 1952]. —J7, B-D AR DR L ICHE W BVEHER < I3 LA IR

L, UT/LS TIRBEZIRIC X b SRAMET 3 5. ik < i TR o £ 3 2 I BV e~ Tk
729, Bt °C LLEoRiE L 2225, BMHECIITY 1~15 °C oL k2. 72721, BATIC Erj(
5°C &f@@wmh?#ﬁ%a XT3 [Eguchieral.2010]. %7z, ZFIROKEK OIHBIE D IC

T, ABFERCIRITIEEARET 20 L (ARSI E), BEERES JdbEEkES) to ssw 5%%
BRI T,

Kodera et al. [2015] Ti%,2009 £ & 2010 £ 1 HicdbPERTHRA L 72 SSW Ko Bt co 4 —
N— 2 — FARE (COV: Convective Over Shooting, A X EEI RIS EA 17km X 0 b EWE
HEEZ D OE) OF %, ZBMN s LOCANLHZEENE T — 2 2 HW A L 72 Fig.1.5 IC&/E 1
H1H256 2 A 11 HXTD (a) 100hPa ICF1F % eddy heat flux, (b) 50hPa i 31 2 IR _EFR,
(c) BIREICHBIT 34— "= 2— FPIHEE (COV) #, (d) FIRFERA[ERERBET 7 7 v 7 2
(OLR) % 7~3 . Eddy heat flux ¥ B-D fERD A %, OLR IZEVTHIROBEEM GBI O L L TH W T
W5, Mt RERIE SSW oA vy PHERT. kY, SSW OF4ET B-D ?Efﬁﬁiﬁﬁfkéni%ﬂ*T
HEEB O AT 0, LS 25 A, B0 COV S K REL TV AT ARONS. KIiC
T, BkED A vy MEICHEML Tz, £72, Figs.1.5,1.6 725, SSW #+ vt v Mkl Ciﬂ“{ﬁ‘(ﬁ
BxrgEkice 7 P LTwWA, Zd, B-D ERO LA (FEE 15 EfhL) LT 5. X6,
SSW FAERICEEI T TC AFIFHCHEEFE L Tz (Fig.1.6 X, 2009 4Ei3 Eric, Fanel, Dominic,



2010 4%, TD11S, Olga). LA E X Y, SSW 2 X b B-D fEER2S50(L & LB A B 25 2, UT 23BN IC

ALIE L 72 ) [Eguchi et al. 2015], % DFZEEZL (COV) DZAL % U Ttk T/EICE cEEL

T\ ey oiz. $72, TC FONTIREI AN EAD B-D AR E N FL —EEROES T 1%
JERTIRIEARFISIE T L T 7z,

_ V'T’ 100.NH 2009 o i 2010

Vo s
\i-g
,/\/

2100 2200 2300 2400 3500 (W/m?)

Figure 1.5 (a) Time series of the eddy heat flux at 100hPa averaged over 45-75° N (K m s_l). (b) Zonal mean pressure coordinates
vertical velocity at 50 hPa (Pa s_l). (c) Number of convective over-shootings (COV) per day at each latitude. (d) Zonal mean OLR
W m_z). Variables are displayed from 1 January to 11 February. Left- and right-hand panels are for 2009 and 2010, respectively.
Vertical velocity and OLR data are smoothed by a 3-day running mean. (from Fig.1 of Kodera et al., 2015)

2009 ENSO: cold ) 2010 ENSO: Warm
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Figure 1.6 (a, c, e, g) Horizontal maps of seven-day mean OLR (color shadings) with velocity potential at 925 hPa (contours of 6,

and 8 x 106 m2 s~ 1). (b, d, f, h) Horizontal maps of seven-day average of the number of COV in each 2.5° lat-lon grid box. Panels (a,

b) and (e, f) are before the onset of SSW in 2009 and 2010, respectively and panels (c, d) and (g, h) are after the onset of the events.

(from Fig.4 of Kodera et al., 2015)



123 BT T AL %2 H\7= SSW Hod TC FA%

Noguchi et al. [2020] Ti¥ 2019 FICRFERTHAE L 7= SSW BT OXFEENIC 5 2 258 %, HE
7R T CO—HDT v v 7 APz L THRET L 72, PERICIZKRITFET (MRI: Meteorological
Research Institute) @ AGCM (Atmospheric General Circulation Model) [Mizuta et al., 2012] % F\>, $R1ES>
fAERE X TL159 (~110km), 0.1hPa % EfIfE L 3% 60 [BTH 2. MEXNRKDO X7 A LX)V ¥ —v 3 ViC
I% Tiedtke-type mass-flux scheme [Yoshimura et al. 2015] % M7z, BHRSEMEL L <, ABlD SST I—iE
DIRAEZMAT=d D%, +V VIRERFIRFE O LA EZ F v 7. YIS IC O W TIE, MRL © 7 v 4
vV 7 NFH Y AT L (MRI-EPS [Yabu et al., 2014]) % F W CERL L 7=.

Fig.1.7 IC normal forecast (FREE) & partially constrained forecast (NUDGE) X v »X—® (a)70-90S,
10hPa IC31J % (b) 20S-20N, 50hPa I3 1J % Kuim il R %2/~ 3. NUDGE & 40hPa X Y LJET SSW
DBRELZBORSRS%F v v 7 L C\w5 . Fig.l.8 I FREE X v ¥—¢ NUDGE X ¥ N—® (a)
70hPa I & 1J % ERWDFE (b) 200hPa ICF1J % EAWDOE () OLR D7 (d) EQ-20N IZ 1) % Kilm 7
(e) EQ-20N C ¥} % Brunt-Viisild D7 (f) EQ-20N 1CF 1 2 WD 2 D FEFEZ /R~ d. 2h XY
NUDGE X ¥ N—TTPTRINTARDIE S 25, EFAFRLNFIMESTR L 22 H5RE > THD,SSW I
£ 5 BEE DR BT R RE IS 52 5 Z LR I 7.

(x) (a) T @ 70-90S, 10hPa 1 ®) (b) T @ 20S—-20N, 50hPa
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Figure 1.7 Time series of (a) 10-hPa polar cap (70°S to 90°S) temperature and (b) 50-hPa equatorial (20°S to 20°N) temperature. The
thick black line indicates the analysis (JRA-55). Purple (green) lines show ensemble members of the NUDGE (FREE) forecast from

10 August. Ensemble means of them are indicated by thick lines. (from Fig.1 of Noguchi et al., 2020)
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Figure 1.8 Time evolution of ensemble mean differences of the NUDGE forecast from the FREE forecast. Time-latitude cross
sections of (a) the residual mean vertical velocity (w*) at 70 hPa, (b) w* at 200 hPa and (c) outgoing long-wave radiation (OLR).
Time-height cross sections of the difference of (d) the temperature, (e) the Brunt-Viiséld frequency squared, and (f) the heating rate
by cumulus convections averaged over the near-equatorial region of the Northern Hemisphere (0-20°N). The regions where the
difference is significant at 90% confidence (estimated by Welch's t test) are stippled. A low-pass filter (5-day running average) is
applied for the vertical velocity, so as not to focus on an initial spurious behavior stemming from imbalances. (from Fig.3 of Noguchi

et al., 2020)
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Takemi and Yamasaki [2020] (%, dbAKFEECHRAE L 72 TC OIREES 2 M, MmBIR e & B A
BHEZEEELY 2L —va v ETO TC ~OEELAERL 2. A7 8{li< 7 i3 The
axisymmetric version of Cloud Model version 1 [Bryan et al., 2002] T® 5. BREiZF1Z JRA-55 [Kobayashi et
al. 2015] £V 1959 FICHAEL 72 Vera P ANBELTH Lz E2a vy in—1TF v e LTHHL,
Z T o5IMDOMIE T v 7 7 4 (1), MR & EMH) 2 2 X 27256 (Fig.1.9) © TC ML DK
JEFEEEIT 5 77,

Fig.1.10 (1T HAJEGE & 0 RBR S, SURE & oK %Z R, chd b, TC DRAEEIC 1Fxf
TR HEEEOZA X Y b RBESERIREDOZENDIZ S 85 2 2ERPKE I LB H1 5. £/, |
OPED ERGLES X OHORIEDE X I b FfkoEm 24 o iz (XEH) . £ 72, TC DKL L X
B AL, ORISR OB 2R LM% Figl.ll IKRd. 2hi b, [KE oSO KIZ TC @
MR EEEICBRL Th Y, KEORAMKOMEZIL, SRBIRERESKE S k2 a BT 5%
D5,
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Figurel.9 The vertical profiles of temperature used the initial conditions for the numerical experiments. The black and sky-blue lines
show the temperature profiles used in CTL(Control) and sensitivity experiments, respectively. The blue dots indicate the tropopause
temperature. The red lines indicated the vertical profiles used in the pseudo-global warming (PGW) experiments of Kanada et al.
[2017]. Gray shade means the range of 1% and 99 percentiles of the temperature at each obtained from the JRA-55 data analysis.
The whisker-and -box plot also indicates the range obtained from the JRA-55 data, the width of the box shows the 25th and 75th
percentiles, and the vertical line in each box indicates the median value. The profiles of the PGW condition (red line) and the

observations (gray shade) are adjusted so that temperature at the lowest level is the same as that of CTL. (from Fig.1 of Takemi and

Yamasaki., 2020)
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Figurel.10 Relationship between the maximum wind speed of the simulated TCs and the stability. Stability is indicated by (a)
tropopause height (Ht) or (b) tropospheric temperature lapse rate (I . Each dot indicates the result from each numerical experiment.
Each line shows a liner-fitted line from the result of the cases (a) when the temperature lapse rate is fixed to a specific value (color
legend on the right) and when the tropopause height is fixed to a specific value (color legend on the right). The values of the

horizontal axis are normalized by the control value. (from Fig.4 of Takemi and Yamasaki., 2020)
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Figure 1.11 The relationships of the temperature anomalies of warm cores to the stability conditions. The relationships between the
lower-core temperature anomaly and (a)Ht and (c)I" and between the upper-core temperature anomaly and (b)H and (d)I", obtained
from the result at each timestep during the equilibrium state in all the experiments. The color indicates the degree of supergradient

wind. (from Fig.9 of Takemi and Yamasaki., 2020)

1.2.5 mELIicfES TC &A1k

Yamada et al. [2017] Tlx 2EREMSGEE < 7 v (Nonhydrostatic ICosahedral Atmospheric Model: NICAM)
[Tomita and Satoh., 2004, Satoh et al., 2008; 2014] % H\»C, HIEDKREIRAETDOFER (CTL) & EE{LD
KAEIRAETOFHER (GW) 21752 & T TC ICHRETLE CEHERE L2, TETADKFEZY v Fit
14km TH Y, FFEFRICTIIANT A XV = 2 v EHWTIC Tomita [2008] O FiE%x W CRIHREZAT
©72.8ST (¥ CTL TIFELHIE, GW T PAEEICH? S X5 iIcFy v v rInizd oxfvi. Co,
PEH > U 413 SRESAIB 7 U AICHEHLL T35 Y, #IHA{E X European Center For Medium Range
Weather Forecast (ECMWF) DFf#ENTT — 2 ERA-40 Z 7z, &I 2L — a YHARZ CTL <t
1979~2008 “ED 30 4EfE], GW Tl 2075~2104 FD 30 FEfijE LT3,

Fig.1.12 IC&3KB X OKiBHRICEHE T 2 CTL,GW EFTFTTD TC FEREZME I LIRS, kb,
NP ORI IC X D v TC DFEESEIEM T 5 2 L3525, £72,Fig1.13 I CTL & GW
O XRIGER O PRREEMHIX Z 7R3, 2k b, SR oEEIc X b FEROEL L BEEDFERE
BELRDTEDH 5.
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Figrure.1.12 Normalized TC frequencies with respect to the total TC frequencies in each ocean basin by intensity categories (a) globally
and (b)—(g) in each ocean basin: the north Indian Ocean (NI), western North Pacific (WP), eastern North Pacific (EP), North Atlantic
(NA), south Indian Ocean (SI), and South Pacific (SP), respectively. The numbers of TCs in each ocean basin are counted based on
a location at which TC reaches its lifetime maximum intensity, instead of its generated location. TCs are categorized with respect to
their lifetime maximum intensity. The intensity categories are defined by the lifetime minimum sea level pressure (SLP) as follows:
TS (SLP > 994 hPa), Catl (980 < SLP < 994 hPa), Cat2 (965 < SLP <980 hPa), Cat3 (945 < SLP < 965 hPa), Cat4 (920 < SLP <945
hPa), and Cat5 (SLP < 920 hPa). The results of the IBTrACS (2001-13), the control (1979-2008), and global warming (2075-2104)
runs are plotted in black, blue, and red, respectively. An asterisk (*) at the upper right of the x axis indicates that the change in

proportions of frequency is statistically significant at the 95% confidence level (two-tailed Z test). (from Fig.5 of Yamada et al., 2017)
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Figure.1.13 Composite of radius—height cross sections for Cat4 TCs (920 hPa < SLP < 945 hPa) of vertical velocity (contour interval:
10cm/s) (a, b), radial velocity (contour interval: 2m/s) (c, d), and tangential velocity (contour interval: 5 m/s) (e, ). Panels (a, ¢, and
) show the results of the control (CTL) run, and panels (b, d, and f) show those of the global warming (GW) run. Solid lines show
positive values: (a, b) updrafts, (c, d) inflows, and (e, f) cyclonic flows. Dotted lines show negative values: (a, b) downdrafts and (c,
d) outflows. Gray lines in panels (b, d, and f) indicate the difference between the CTL and GW runs (GW-CTL); solid and dashed
lines mean an increase and a decrease in the GW run, respectively. These contour intervals are 3 cm /s (b), 0.5 m /s(d), and 1 m /s (f),
[shaded areas show where the differences are statistically significant at the 95% confidence level (two- sided Welch’s t test)]. The
thick dashed line indicates the tropopause height, and the thick dotted line represents the melting level. The tropopause height
defined based on the WMO definition [McCalla 1981] by using vertical profile of the average temperature within the 1500-km radius
from the center of TC. (from Fig.10 of Yamada et al., 2017)

1.3 Wgep HIY

12 ficili~7- X 5ic, TC & KEEDRARIC O W THE L 205 I3FET 225, UT ® LS DRG0
TC IC5 2 2 TRINRFEERLZ OFHMA A =X LIEIREHL PIC R > Tnia\n, E2EEETIE, K
S COy D ERICHE ) b S T v 3. [UREB ORFE R 7 — Tl 2 2 AE B 0 5
b2s, BRTFERICKITTHEL, NiBOREIC X &L IRNCEHET 2 0 ERH 2L bEZXD.
Z D720, KiFFETlEZ OF—H4 L LT, UT ® LS ON1¥EA TC I[Ch 2 2 8%, #ififbaniz—
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RICHN PR FIREAE €TV, BLXUOEENRAAZ A Z ) ¥ —v a v e W RREMEE T v
NICAM (Nonhydrostatic ICosahedral Atmosphere Model) % I\ CiHifid s Z & ZHW L 3 3.

REETIE, ZRICHMS IR SRR & 7 v O & EBREE, UT/LS D5Ums 02 Licxt 3% TC
MR DREFBROMRICOWTRR T 5. 5 3 BT, NICAM OREEE & FERE, 2019 4E 9 HicH
PERCHAE L 72 SSW BBV TC DI EICH 2 258 % i L 2R IC oW Cidid 3%, 5 4 =
TlE, o DEROE L DEITH.
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52 TRt R R SRS O T v ' R T2 T
2.1 BfEE TN DI

AWFFEClE Rotunno and Emanuel [1987] @ " RICHINFRE 7 v % R5UBFAS G IR L 72 — ot
RS ER G E TV [Itoetal, 2010] 2 L7-. KEFADFREXT (Table.2.1) HEFSA, G
W% LU ICE#E T 5.

ZRICE TN ORI B RO A 5 1500 km, HE 35km & L, BHREEIEERITRIC 3.75
km T 400 7'V v F, ®IJTMEIC 350m T 100 FICEKE L. v I 2L —va VR 15 HREE
L, aVAYANTR—2—3HEE 20 FFIcHbET,5x10°s! D% 5 2 7. W oW, il
ETFADOHLLS 100km BENZAIET 12m/s ODEGEEZ 5 2 5 X 9 ICGE L 7=,

B L, SHEME O LR T rigid lid VWO TE Y, EHFROKGF <201 8 HD AR
YULAY =L ARV LAY -0 MEREE 32200m TH Y, LS OFEEL D H ETTIC
BB EIICEHEL TS, Tz, T AVOMIGERSZM T open lateral boundary % T3 23, 2
TIFEADR X fEE D S P S s, BEEIRE L & b I PFHRES LR LIERSIES T > T L £
9. % Z T Newtonian Cooling %\ Tl % 5 2 3 & & T2 U i1 Z 3 2 Biic gl 0w 7
077 ANMCES X5 L T3, AW CTIRRFER=12h, 2 K/day DfEfM%Z 52T 5.

FHRDEAR X, B TR O KDO B % EE L, EK>MKITERAAEEEEIC X > TOAXHIFT 5. 7K
RARALD 1 gkg RiiOBERBADPTEEL TV EEZKIHEEIX Om/s 720, 1gkg U ED
LA FMKBFEEL T2 e EZRIEEIL Tm/s EF%E L7z, R LEMICOWT, KEKER
FIFIK RSB A B X T 2 & Z IS, KAKEPIAKERE L 0 b/ S OKAEFEEL T
3 G E 3D RIRUK AR R ICIET 2 2R DK A E 72 5 £ T Soong and Ogura [1972] D /775 TRl
Hanz. eI EEEES, X922 )=y aviEHVTWn?,

WEAIZK R (SST: Sea Surface Temperature) 1% 28, 30,32 °CD 3 X% — v CEREZ 1T o /2. FERCIXE
fhitr s X IR O N —Y a v o 2 FEOERE FEii L 7. EIER G o5&, SST ARHIZ L L
RO, MRS TIX SST 28 TC DFZBICHEW T2 5720, X VHEW AR T cofRsGs L
BTES.

Ld DERTE 7 1 7 7 4 /L1 Dunion [2011] £ Y moist tropical ® D D % {#HH L 72. WMO (World
Meteorological Organization) DJEF L 72 Xm0 Vil S S A 1 14.0 km, BARSUR TER I N 200
TP RE S IEH 16.6km TH 5. FFICHI D 2372 R 0, 5 5 o [X1Hh o0 5 i B S 1 1 | B Ui
"IN NRBERMAEE 2R T.UT © LS OXURED TC 105 2 58 2R3 % 7-® 1, 200 hPa
2>5 60 hPa (FE 12~22km) DX 7T v 7 74 % 5K 205 +5K OHIPHT 1K A TERH L LK
ZiT- 72 (Fig2.1). [z Z LI e TCnhvitEzavyin—1r 7 v e Lz ZomZLolEis,
SSW FAENE, I X OB FAE L 2B, 2Vifo UT LS TRFTMICEZ Y 5 2 EELiETH
% [Bguchi et al. 2010]. %7z, Xm % 2L X & 72556 C b R AUR TE R X 415 N iB i & 13 221t
Lz, 7, fHEFR D Z0o5KEINE 7T 7 7 A AR I NS LS ICREIN TS,
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Table.2.1 Summary of a configuration of the numerical mode.

— 2 RN ASIBFREEETIL
BEETIL
(Rotunno and Emanuel 1987 ; Ito et al., 2010)
Ty R4 X dr=3.75km dz=0.35km
7y R¥ K400 x $RTE100
HARE 15HE
B A F—LA Newtonian cooling
AUAYIISGA—4 5x105s1 (1Li&20E)
FIHRB EE 12m/s (FR/0vH S 100km)
YBE KR (SST) 28, 30,32 °C
=000 " .5 profile ——
-3 profile
30000 | 0 profile —— ]
+3 profile ———
+5 profile
25000
€ 20000 |
UE 15000 ¢t
10000 ¢
5000
O n 1 L 1 i
180 200 220 240 260 280 300
TEMP(K)

Figure.2.1 The vertical temperature profile. The unit is K. The black (blue, purple, brown, and red) line shows standard profile (-5, -

3, +3, +5 degree temperature change at the grey altitude area 200~60 hPa).

AfwTl, SST 28 28 °C DfER (LAtk, SST28) oA %R L, 30 °C,32 °C ofRiZZzhZz nftk 1,2
IC#d 7z, £72,100 hPa 2> 5 60 hPa D= EHiIPH (LS) TOAXIRT 7 7 7 4 VEEH L 7256 Of5HR
, T8k 3 IR L2 5, X WS UTLS oRiEA L % Rt Fr K KRS & 7 v
THHT 272910, TC HuL2 5 1000 km B 72 S 25000 m OB)ETREEE 1 m/s 720 LT 7285
AOREREMER 4 CHMNT 2. 2hid B-D fEERIC X 2 FRFURLAE L, FHEME N R Ic LA
T Z BT 7256, EEMICREI BRI N2 85 02 EL T 5.
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2.3 fEHE

2.3.1 HKEGE & H0SUE O R T J

Fig.2.2 \CHRAJEE & .05 DR HIFEIE 2 /R 3. KRG L, Bt iR & B iR %2 & L 72 K ¢
ERIN, KHAT Yy 7HICEHEINE I NS, F4I1C LTI EO—RIGERG I S Mo % ik
T2, NP oMEgIE, 2 e — g (UT/LS o5l Z e L, Fig2.l @B OJEE 58 $ 0 4k
DT HEFIREICER T 2 £ coFE, My, BulAEFREBICEBLrba vy b r—LE
Bie SK 7203 +5K BROBEARYIC KT 2 ToRBIAA R T Fig22 X W iERES - JEH
AREBCHRED - RIEMSE R Y, IS A TR, 50 ~100 FEE23FED, 100 ~ 200 FEE 2SR, ##
FERG G T, 50~110 IRffEIA3 N, 110 ~ 150 WS ch 2. C oEw i, IER G o8 AL SST
DRFEIFRE & L HICTA 22T, TC MEDFH AL Z L ICRKT 2D DTH 5. Fig22 LV, HEE
A OLE (Fig22,ac), RAMUEITX 5K & +5K TRAK 35m/is DED, FOLATEIZRAK 50 hPa
DEDD > 7=, WA DS (Fig22 bd), RAEEIZ -5 K & +5 K TRAH 30 m/s D2, b
SUEIXIRAHKT 40 hPa DFED D - 72, AR AET 5 2 LT, RAJEMIE 15 m/s, FOLFEZEIE 10 hPa
ZFEF/NE 255, UTLS DR % T 72561 mKEE 2 8 E ) FOKE IR =Y, $7-
UT/LS DX %E 786, RAKBGEERTHTE Y POREIRE LAY, TC OMENE T L2100 5.
R[RITTEDHNT WD TC DRI DR T, TXCOEBRERIMEI M E D TC ICHEE
L, HWEOKMEE 3Rz L 2T MATEL.
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Figure.2.2 The time series of the maximum wind of TC (m/s, upper panels) and the TC central pressure (hPa, lower panels). Left-side
(right-side) panels show the non-ocean (ocean) coupling experiments. The line color scheme is the same as in Fig 2.1. The yellow

shade shows the development period of TC and the green shade shows the mature period of TC.
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2.3.2 MPI (Maximum Potential Intensity) (C X % 3

TC 5% % TR S X O LA H v RIS % £ & T, UTLS D% ERNICiEmS % 7201
Table.2.2 IZ¥BFEIERS & B @ m B EGE % |, Table.2.3 IC#FFEIERE & FKERIC B 1F % Bister and
Emanuel [1998] ¥ X O, Holland [1997] X VK& 7= MPI DEtHEAER%/~"3. T Z T, Bister and Emanuel
[1998] X Y k& 7z MPI iZ, TC OIRAFEGE (m/s) R L TH Y, fHEERIE 1) XTRLEzbDeFL
TH%. £72,Holland[1997] X W k@72 MPI 1 TC DREFLFAITE (hPa) #FK L TE Y, FHEERIT
LIF iR,

MPI = P, e X )

o ETBSmar = ! zfnv
Ry T

Ts — Tou

E=_7Ti
T 2T, Po BHHZIE, ¢ ZAN —H A I NICETBENHE T, 13 SST, ASpe 1ZT v b E—
DE|KRFE, fIET VTV NT A= oy 1Z TC DYAE, Ry 1IHZIETIR D I RIERL, Tow 1FHMETAIR T
HYH,X 1F TC HLLEIREOZ Y brE—DEICIVBOLNE T ANLF—TH 5. Table.2.3 L HH
AT HE D &, MPI DERFETIX 5K Ere v b — v EBROEUEE IZH 5%, +5K FEe a v
b u— VEER O BGEE I 2% BE L PRI, Table22 Y Ialb—va VERTIE 5K
FhrE a v b — VEBRTH 13%, +5 K Ehie av b e — L EERTH 8% DENELTEH Y, MPI
SECTHEINE LD DR AAELS(ESEE CTVWE 2 AN 5. X 5ICERE, FOREVLTH

D MPI %,UT/LS DK% FIF72139 2, EFRGAE LV QEBIESKRE N &30 5.

Table.2.2 Maximum wind averaged from 100 to 200 hours for each SST28 non-ocean coupling experiment.

simulated wind
103.5 m/s
98.6 m/s
91.8 m/s
87.0 m/s
84.8 m/s
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Table.2.3 MPI (Maximum Potential Intensity) averaged from 100 to 200 hours for each SST28 non-ocean coupling experiment. Left

(right) panel shows the MPI values calculated by Bister and Emanuel [1998] (Holland [1997]) method.

71.4m/s 818.1hPa

70.9m/s 817.1hPa
68.4m/s 809.4hPa
67.7m/s 805.8hPa
67.1m/s 803.4hPa

2T, MRS - @i 2 08 L 7256, B/ o s ifdslFckans.

Du v? 16p

E—T—fv=—;§+1’r 3

(3) X u FEFRTMOJRGHE, ¢ TR, v IZEHREGE, r (ZE R0 OFFERE £ 122 ) A Y TR
— %, p RXEE, F ZEALUINONT (BEE) <H 5. EUOFH 1 HEHIZEE 1A D J80E O REE 2L IE
ThY, HF 2 HIZEHHET 27201, HRHRKAHPOMWEERZZ 2 25612 b 2l 5
T eBTE, LT oMHERN oK Erh 5.
v? 16

e fr=—og 0
L2 L, TC Hlfifso TR Fig.1.1 (a) DR TR L7z X 951, Bifs5 o EuE o K2 A3k
T, X (3) kA% 1 HAEHAT 2 LA TE FTHERFHE TR I N2 AEL Y HKEWE
Wb, ZOMEERFEED SO X VILEBEER L FIEIE DD TH Y, Bister and Emanuel @ MPI
B (R©)) BERENOMEERTEAE 2 KE L T\ 572, BIEERZMKL TR niER L 2o
TWwb. £ 2T Table.2.4 IR G FERD & EER > & MEE R % 51\ 72 B % 75 3.

Table.2.4 Simulated wind — super gradient wind (m/s) averaged from 100 to 200 hours for each SST28 non-ocean coupling

experiment.

simulated wind - super gradient wind
66.1 m/s
63.2 m/s
54.3 m/s
50.1 m/s
52.9 m/s
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Table.2.4 XV ,-5K e a2 v b — VEEOEMEZITH 22%, +5 K Fhge o v o — L5
DGR K 3% TH D LHah 0, BMEEREZMKL TH UT/LS oXim%z T 78613
MPI CFPHEINZEEEL LY B REL AL &R0 7.

2.3.3 TC HuOfHE DGR « A 24567 o RE 2 1L

Fig.2.3 ICHEHEIERG & D, Fig.2.4 ICHFFER G DHE D TC OHULAITEO K & AHYiRfzo 2 > b o —
WVEERD O Ol ORI S IR 2 7R 3. Fig23 L0, [ilk%E SK T840, FEHIC UT/LS £
WLDFER IR ZEEIRA TC HDIC A VIAL 2 & C, TC FEICARLERBESGPER I N &0 0 0,
5K B SGERSICRERBRES SR I TS, $72, Fig2d DHFEESGOLADHEETH 5.
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Figure.2.3 Time-height section of TC eye temperature anomaly averaged between TC center and 10 km [K] ( 1 ), equivalent potential
temperature anomaly [K] averaged between TC center to 90 km ( i1 ) for the non-ocean coupling model. The anomaly is the change
from the control experiment. The upper (lower) panels show the -5 K (+5K) experiments. The black solid lines represent the

development and mature periods of TC and the white solid lines show tropopause altitude.
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Figure.2.4 Same as Fig.2.3 but for ocean coupling model.
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Figure.2.5 Radius-height section of vertical wind (m/s)( 1), heat rate due to condensation (K/day) ( i ), temperature anomaly from
control experiment (K) (iit) for non-ocean coupling model. The upper (lower) panels show the -5 K (+5K) experiments. Black solid

lines show the tropopause altitude. Each parameter is averaged during 50~100 hours.
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Figure.2.6 Same as Fig.2.5 but for ocean coupling model and averaged during 50~110 hours.
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Figure.2.8 Time-radius section of the lower wind (m/s) ( 1), the upper wind (m/s) ( i1 ), and the time-height section of the vertical
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Figure.2.9 Same as Fig.2.8 but for ocean coupling model.
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Figure.3.6 Time-latitude section of zonal mean OLR.

Table.3.1 List of typhoons occurred between 8/26 and 9/20 defined by the JMA (Japan Meteorological Agency) definition of

typhoon.
date and time name of Typhoon minimum preasure
8/28 00UTC PODUL 992 hPa
9/2 00UTC LINGLING 940 hPa
9/2 12UTC KAJIKI 996 hPa
9/4 18UTC FAXAI 955 hPa
9/15 00UTC PEIPAH 1000 hPa
9/19 00UTC TAPAH 970 hPa
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Figure.3.7 Icosahedral grid structures (Fig.1 of Satoh et a/ [2014])
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Figure.3.8 Time series of zonal mean temperature (K) at 90S, 10 hPa (a), at 100 hPa averaged between 20S and 20N (b), zonal mean
eddy heat flux at 100 hPa averaged between 75S and 45S (c). Grey, blue, and red lines represent JRA-55 reanalysis, 2300, 2500

experiments, respectively. The black solid line in (c) represents zero.

3.3.2 FEPERER P A O

Fig.3.9 i 2300 B 8 H 26 H,9 A 6 H, XU 2500 FEod 8 A 26 H,9 H 11 HOHARF
YOG R\ 5 P = FE T & 8 3. Fig.3.8 X 0, 2300 FEEETIX 8 H 26 HA2 5 9 H 6 Hic» ) CREf&
60 JZ, B 34 km HEOPEELH 30m/s 59 > THH,2500 LTI 8 H 26 H25 9 H 11
Hic 2 CRIFE O PEEAH) 40 m/s §9L o TEVFHWIHRIC R > TWB 2 L3025, T Dk,
2300 EKER TIPS 8 A A O EGEICK % 23,2500 LERCIZFEEDIFELS 9 H TA % Cifff s vz
(AR, 2 & bh,2500 EERDIE S BPEEDIFARLAKZT N &R 0h 5.
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Figure.3.9 Latitude altitude section of zonal mean zonal wind (m/s) at 8/26 (a), 9/6 (c) of 2300 experiment, 8/26 (b), 9/11 (d) of 2500

experiment. Time series of zonal mean zonal wind (m/s) at 60S.

3.3.3 &, b SA-UR o fE R R R W

Fig.3.10 (T XU FFFEIFEEE T, Fig.3.11 (< AR 2> & o SR I 22 ke[ = B BT, Fig.3.12 1C =
SRR ST, & 7z, Fig.3.13 1IC B-D fEBROINHICHE S 2y UT/LS fhio FERmRE R T 5729,
EE 20 km, 25 km OHPEV L 72 Bt o FRVIR RV EZ Z 0 E R T Fig3.8 XV, v Ial—v
a VosIg s oMM, SSW Ic X Y UT/LS P Wiz E KL, iz 8 H 29 H
225 9 H 16 HE L7z (TSR oI AR ZIC L Tw 3).

Fig.3.10 X v, Bifa@E L & b IciliEER T UT/LS OXEAE N4 281723025 28, dbi& 15 bR
DIRARSIR I, 2300 FEERTIIA 196.4 K, 2500 FEETIE 195.6K & 2500 EERO KRS T O3 KE W
DD, F72,2500 FEEETIE, [RIEARIEMEE 725 9 H 10 HEICHFERD &9 T, Bdilak
THURDIET LT 5. Fig3.11 525 &,2300 EERE D 2500 FEERD T 5 230k S s B 23 < 7e
> Tk Y (HEFE2 b DiRZEZ S HiOX (Bl < b HERFEA), UT/LS SO Kk D #EfRZE D K
2L hoTEY, EEE (18~19km) TARLEME (dT/dz<0) BIEKE LT n»sb. -
Fig.3.12 X v, Wi cdbi 15 EMNED EAWAE 22 2 8230005, & 51, Fig3.13 X ) skt
&b BRI D EE 20 km, 25 km T EAFRSERTH 2T AR LN
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Figure.3.10 Time latitude section of zonal mean temperature (K) at 18km. (a), (b) shows 2300, 2500 experiment, respectively. Black

solid lines represent the equator. The time without the analysis period (29 Aug — 16 Sep) was masked.
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Figure.3.11 Time altitude section of zonal mean averaged dT/dz anomaly (K/km) averaged between 20S and 20N from the mean of

analysis period. (a), (b) shows 2300, 2500 experiment, respectively. The time without the analysis period (29 Aug — 16 Sep) was

masked.
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Figure.3.12 Same as Fig.3.10 except for zonal mean vertical wind (m/s) at 18 km. The 3-day running mean was done.
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are 2300 (2500) experiment. 3-day running mean was done. The time without the analysis period (29 Aug — 16 Sep) was masked.

3.3.4 BATHIEE ERTRIGE O BT

Figs.3.14, 15,16 1T 2300 $EEki & 2500 %o 8 H 29 H& 9 H 8 HD OLR %31, SST 434, OLR
KRGS % 2 2 duRd. b D HIZ, SSW DRFEN X 77 7 6 7 WY & il F25r c By
UT/LS OB RAKEIE L e > 72 HA R L T3,

Fig.3.14 XY, MigEhie $1c 8 H 29 HTIZA W THRAEL T EENTEEI2,9 H 8 HIC
1Z 2300 SEEECIZALRE 10 BEARE, 2500 FEERCIXALAE 15 FEMATICEENTUEENE > 7 b L, i
FEHEIPE (FICILRERMED CER L Tw AT AR LN D, F 7z, RO BEENTEBIRN 2> 5 B R
JEBFEAEL T a7 ATl S Fig3.15 XV, mMEHET SSW OFERR LNk 8 H 29 HT
1, KO SST D Wi CRENTIGEIAFE L T2 2 & 235005 23, UT/LS DXUmod ik
fifhE e 7e-7 9 H 8 HTIE, F¥EkD SST o\ Hs#HiPH ic B ERIEEI 23 A o g, JbEkil
ICHEENRIEEN 72 I ER LT3 22005, %72 Figd.le XV, b 10 AT T 2300 EEk X
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Figure.3.14 Maps of OLR daily mean. (ac, bd) show (2300, 2500) experiment. Upper (lower) panels show 8/26’s (9/8’s) daily OLR.
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Figure.3.16 Time-latitude section of zonal mean OLR. (a, b) panels show (2300, 2500) experiment.

Figure.3.15 Same as Fig.3.14 but for SST.
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3.3.5 /RO

e\ C, Figs.3.17,3.18 1T 2300 EEiE 2500 FEERCHA L 72 B R OEMREE~ v 7, Table.3.3 IC&H R
O HIRE, FEAEHFE, mARRUE AT, X ORERE LR

Fig.3.17 £ » 2300 FEEECIXFT AR (8/29-9/16), &t 1 [HOBRESFEAEL T»72.9 H 14 HICHK
AL 72 B AR AR 60.0 m/s, HFORTEIX 920 hPa TH - 72, KIC Fig.3.18 X b 2500 EERTIZH
4 fHosREAFELCEY,8 H 31 H,9 A 7 H,9 A 10 H,9 A 16 HIcKE L Z2HRADKRK

JEUE & DR X2 U E T 45.0,40.0, 47.0,50.0 m/s & 955,955, 960, 955 hPa T - 72. 2500 EEED
139 BEBDFERDL A, HEIT 2300 EEROERL VHVIERTH - 72. 72, FEH» LRE
W clc 5 HE, 2300 FEBRCi3 4 HRE, 2500 SEE&Clx 2,3 H eI E C, FAET EET
EAEEDLLRCOT (9 H 14 HREDIUE 25 ERIRQ), REH & 7 2 EEH 25 2500 FKERD S
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Figure.3.17 Map of tangential wind speed (m/s) of typhoon on the day when the wind speed is maximum in 2300 experiment.
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Figure.3.18 Same as Fig.3.12 but for 2500 experiment which has four typhoon events.

Table.3.3 List of typhoons occurred between 8/29 and 9/16. Upper (lower) panel shows 2300 (2500) experiments. The mature date,
formed date, maximum wind speed, sea level pressure, and formed latitude are described.
2300 experiment

max wind (sea level pressure)
60.0 m/s (920 hPa)

formed latitude
18

formed date
9/10

mature date
9/14

2500 experiment
max wind (sea level pressure)

mature date  formed date formed latitude

8/31 8/29 45.0 m/s (955 hPa) 18°
o7 9/5 40.0 m/s (955 hPa) 17°
9/10 917 475 m/s (960 hPa) 18°
9/16 914 50.0 m/s (955 hPa) 25°

3.4 BEREMBRE T A DOFER

2019 4 9 HIcHA L7z SSW T, JRA-55 Fifift 7 — % & NOAA OLR Dfifffi2> &, SSW Fs A= HAR]
HIC VIR CREE GBI G R L 2 0, BJES 6 [HREL T B39 o7. O SSW ICH
HL 8 H 23~26 H (%H 00UTC, 12UTC) %eIHEMAHK I LT vy v 7% %E 1 » Ao 7
Y —Z v CEML . —MRICBIEEE <L, SHERBHANR L T2 HROFBERIHIED L Icon
T, BHESRS B2 2 eAMbN T 5. ARFEETHFEERIC, SHRVIMH2 25 HZEiC SSW O
BMEAHEIOE NS L350 H 0, THEFIH L CEVE UT/LS 2RJBUCS 2 2B it L7-. A<
13 23 H 00UTC (2300 %EEX) & 25 H 00UTC (2500 FEr) ##IHAME & L CEHE L - EB % ik L 724
B, B UT/LS DRI, 2500 FERDIZ 9 25 2300 FER X Y & BERIESHK 1 °C KEh o7z E7z,
SSW DA T wHKEE RN T2 HEFFD SST & OLR OKESA% LK+ % 2 & T,
SST HMICZL A b AR VITh 222b b3, MENFTUEEINAALE 10 EfhTicey 7 P Lz &2
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5,B-D fEERO FRFUEAALE 10 EMHTICEFR L, ZnichbE TRREBINO -~ F L —1EERO LA
WHILICBER Lzt E 2 b5, AEFEERICE L T, JRR-55 FENTT — 2 TV UT/LS DREE
DFAEL TV BHIT 6 OB FEAE L Twn72238, 2500 EERTIE 4 i, 2300 EEETIZ 1 HoHHE
DBFAEL TH Y, B UT/LS D5URMEW & BIRFEEBDHIN T 2 A A b7z, 72721, B

BEFEIC DV TIE 2300 EEROBJEAS B AR E Y, REMICE S oS EL, X EEE
IEL TV B HER L 725 72,2300 5B, 2500 EE7Z T CTRBEEES VRO T, ik 5~10 IT/RLT

W B D FEER L BbE TG 2 5% T 2 R D 5.
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a4t FLobEE

AW TlE, EEONE T B KE B 0 1 EG A B R RTE IC 5 2 28 %, AL X 7 ROt
WHRKRBEEEAET AL OBEENR A7 A2V aviEHTwhRRER GET L
NICAM (Nonhydrostatic ICosahedral Atmosphere Model) % > TR L 7=.

¥, RTINS RRIBER G T VO E S S, RAEESL P ORTEICE L Tid, EExRE
(UT) / THERJERE (LS) ok P 5 & BUs 23 < 72 O FOKEDMK L 72 5 T & 350 o 7=, RS
BRI O FER A LS 2 &, IR AR D13 5 A3 UT/LS DXIRZ(LITN 3 5 SIG3#i
BCH 5T Lorvoiz. HFREHGFEE T, FEERE L & b ISR T 23 ) BV ST IS4G &
NEZIZANF=PRDT2HEDIE I VKE VLD, HEEMEAFEMEI ) O RG#ir 72 E 2 bh
2. F 7=, HfCBHHESE DN TRIB O SR -5 K Z{L$ 2 72 b i RBER R C P I N 3 8
AL 5% TRECTH 25, FUEEBZITo7- L T AK 13%, @BEE R A MWk L 728541138 22%
DFEGHEALAFE L Th D IR KEHEAREMRE CPHI NS L 0 D REAMEL(L R 572, T OERK
O—2& LC, Ao [RiRRES G 2 7272 (5K X0V dRE{ Aotz nExbhb.
HWRD AN =X LB LT, FEMIC UTLS O ESIRPBFERSEFRLICA VAL Z & T, UT/LS D
SinE -5 K 2L 5810 3R E5MOAVIARIC LY FEORREE,NE L, +5 K &b
BB EICIHICLREESE L Tz, 2o th b, UTLS OXin% -5 K B X8 28558 01555
EWO FAWRPECEEE TEL WA &L, SURRZERG A ZRMAEL YV D RES hoTwizZ %
ks 2 &, EEFREICX 5 UT/LLS OREELIc X 2 BEE o FERRA{COFEICl A T, UT/LS D
ZESIRHHE TRRIC X o TAFHEREF DI A VAL IR MD 5 2 & T LE O KRG EE % 21k
S, AFHERIEOBELEL L, AMEFR S 2 - RERAZU LoRESRELZEEZLNS.
RIT, RIREMRRE T A OFERD S, 2019 F 9 HITHKAE L 725K EB AT EIIR T, JRA-55 Fif
W7 — % & NOAA OLR DfEHNTAH &, JRJEEIZEIR 5l 0 F8 4 R Hh 1< BV I CRE E R g B 2376 5 &
Y, BER 6 HRBEL T o7z, TOKBEZAARICERL 8 H 23~26 H (%H
00UTC, 12UTC) % BEHMAHKE LT v v IAFEEE | »Allo7 ) —7 v CHEIEL 72, —fkHY
ICEUEEER <, FIERBHZNR E 32 HROFER IR Icon T, HHREBRS AL LR
Mo Tw, RFEERTHFEBRIC, SFREVIAHZS 25 H %50 UE B 2R AEIRR o HIES B F T
WZ EDBDDY, ThEFHALCEGE UT/LS AEEICE 2 2 E LT L7, A<z 23 H
00UTC (2300 %E&) & 25 H 00UTC (2500 F25%) ¥ L L CRHE L 72550 % LR L 724558, Wik
By b FURAENIIIZIE —HTH 2 25,2500 KEED SSW O H A FRMAB S E  Fifi L Tz 72, B
Wil UT/LS DFFRIZ, 2500 FEERDIE S A% 2300 FEER X 0 b FRIEAK & 200 7. X O ICfERHTHAR
8 H 29 H2H 9 H 16 H), BJEBZEAFBRHROFZE LT T WwHE & 2R H T 3 HIE
DRI & SR & RIS DA AR % i3 % & & T, Bk O & iEIRE PR I 2L 2 ] S nu7x
WIZD 2hb b9, BEMNFEEIEAALE 10 EfEicy 7 b L7722 L 25, Brewer-Dobson fEERD _E
FykasdiE 10 EAhTicER L, 2 hictbe THRBN O F L —flRo ERFIR D LB/ L 72

37



LEZLND. BEFEAEBICEAL T, JIRA-55 PN 7 — &2 Cl3EIR D UT/LS ORERAFEEL T»
L HARIC 6 O BEFEE L Tz, 2500 EEETIE 4 ], 2300 EEiCix 1 losRBFEELCH
b, Bt o UT/LS ORI MK & GEFEAERDIEINT 2 EHAA R Oz, F72,2500 EERDIE S 28
R bRET cOMMDPHRC, X VKB CREMHZIN X 2N CTH o 7223, X b7 B HENT 344
TThb.

KWPFEDFER D 5, UT/LS D ZERBEH T 0 B U O IciidviA 4, BV B o KL
EEEEEEZ LT, UT/LS OXREPIHEAEOMEICHEELZ 525 L BHL 2 & ko 2.
¥ 72, UT/LS O5URA 6 BIEER & REIAOMET I E 2 52 5 2 & b R% I /. 51, UT/LS
DELZIBBHESEICHELZ 52 5 A =R LD X 0 EMl A, 3 X, UT/LS oK1 E mIE
AR E 2 2 ERBN B ORISR I N 5.
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Figure.A0.1 Time series of annual mean temperature anomaly at 50 hPa from the period average (1979-2019) by using the JRA-55
data. The period average values at each latitudinal band are shown in panel. The black, red and blue lines mean the northern

hemisphere, tropics and southern hemisphere, respectively. The 3-year running mean is done.
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Figure.A1.1 Same as Fig.2.2 but for SST30.
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Figure.A1.2 Same as Fig.2.7 but for SST30 and wind speed is averaged during 90~150 hours.
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Figure.A1.3 Same as Fig.2.8 but for SST30 no-ocean coupling model.

e
=
—
=:
~—~
=

iii
200 5 45 20000 10
0
G 8
150 5 o 15000
8 -10 3 | =3
2 15 a | g {6
S 100 c § 10000
= 20 a 1 @ a
3 25 = N
3 so 30 3 3 s000 :
35
0 -40 0 0 0
100 150 200 250 (re) 100 150 200 250 (e 100 150 200 250 (re)
time(hour) time(hour) time(hour)
200 5 600 45 10
< s 500 35
s 150 ~ [
a -10 g 400 30 E
& 100 -15 £ 300 | 25 g
= 20 % | 20 I
3 -25 = 200 15 L
S 50 -30 2 0 IR 10 2
35 ‘
o5 0 0
100 150 200 250 (m/s) 0 50 100 150 200 250 (g 182" e(lhsg r)200 250 " (mys)
tlme(hour) time(hour) u

Figure.A1.4 Same as Fig.2.8 but for SST30 ocean coupling model.
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Figure.A1.5 Same as Fig.2.5 but for SST30 no-ocean coupling model and each parameter averaged during 25~90 hours.
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Figure.A1.6 Same as Fig.2.5 but for ocean coupling model and each parameter averaged during 20~90 hours.
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Figure.A1.8 Same as Fig.2.3 but for SST28 ocean coupling model.
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Figure.A2.1 Same as Fig.2.2 but for SST32.
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Figure.A2.2 Same as Fig.2.7 but for SST30 and non-ocean (ocean) coupling model’s wind speed is averaged during 80~110
(60~120) hours.
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Figure.A2.3 Same as Fig.2.8 but for SST32 non-ocean coupling model.
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Figure.A2.4 Same as Fig.2.8 but for SST32 ocean coupling model.
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Figure.A2.5 Same as Fig.2.5 but for SST32 non-ocean coupling model and each parameter averaged during 20~80 hours.
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Figure.A2.6 Same as Fig.2.5 but for SST32 ocean coupling model and each parameter averaged during 20~60 hours.
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Figure.A2.7 Same as Fig.2.3 but for SST32 non-ocean coupling model.
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Figure.A2.8 Same as Fig.2.3 but for SST32 ocean coupling model.
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Figure.A3.2 Same as Fig.2.2 but for SST28 temperature changed experiment between 100~60 hPa.
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Figure.A3.3 Same as Fig.2.7 but for SST28 temperature changed experiment between 100~60 hPa and wind speed is averaged during
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Figure.A3.4 Same as Fig.2.8 but for SST28 non-ocean coupling temperature changed experiment between 100~60 hPa.
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Figure.A3.5 Same as Fig.2.8 but for SST28 ocean coupling temperature changed experiment between 100~60 hPa.
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Figure.A3.6 Same as Fig.2.5 but for SST28 non-ocean coupling temperature changed experiment between 100~60 hPa and each

parameter averaged during 50~100 hours.
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Figure.A3.7 Same as Fig.2.5 but for SST28 ocean coupling temperature changed experiment between 100~60 hPa and each

parameter averaged during 50~110 hours.
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Figure.A4.3 Non-ocean coupling model’s time-radius section of the lower wind (m/s) ( 1), the upper wind (m/s) (ii ), and the time-
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tropopause altitude.
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Figure.A4.4 Same as FigA4.3 but for ocean coupling model.
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Figure.A4.6 Same as FigA4.5 but for ocean coupling model.
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Figure.A7.1 Same as Fig.A5.1 but for 8/25 (a), 9/6 (b).
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Table.A7.7 Same as Table.3.3.
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Figure.A8.1 Same as Fig.A5.1 but for 8/26 (a), 9/9 (b).
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Figure.A9.1 Same as Fig.A5.1 but for 8/27 (a), 9/6 (b).
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Figure.A9.4 Same as Fig.A5.4 but for 8/27 (Upper panel), 9/6 (lower panel).

Figure.A9.5 Same as Fig.AS.5.
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