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[Figure 1] Time series of CO, concentration (ppm) during the
period TC 1s tracked in CESMI1.2. Forty years of early RU
(2001-2040), peak (2121-2160), and late RD (2241-2280) periods
are shaded in red, green, and blue, respectively. «===s++e= 33

[Figure 2] (left) Genesis and (right) frequency of warm-season
(March-October for the Northern Hemisphere, October—April for
the Southern Hemisphere) TCs from (a) IBTrACS during
1979-2002, (b-c¢) ERAI during 1979-2002, (d-e) CESM1.2 during
Pl and their differences between (f-g) P2 and P1, (h-i) P3 and
P2, and (j-k) P3 and P1. All variables have units of # month !
(10° km*)™". Only statistically significant differences at the 95%

confidence level based on two-tailed Student’s t-test are shown

[Figure 3] Annual cycle of the (a) Northern Hemisphere and (b)
Southern Hemisphere TCs from IBTrACS during 1980/81-2010
(gray; Schreck et al., 2014), ERAI during 1979-2002 (black), and
CESM12 dul‘ll’lg Pl (red) ....................................................... 35

[Figure 4] Same as Fig. 3 but for CESM1.2 TCs during P1
(red), P2 (green), and P3 (blue). Markers denote the months
with statistically significant differences with P1 at the 99%
confidence level based on two-tailed Student’s t-test. - 36

[Figure 5] (a) Warm-season climatology of In(GPI) (shading)
and TC genesis (# month' (10° km? !, contour) during PI.
(b-d) Same as (a) but for differences between (b) P2 and PI,
(c) P3 and P2, and (d) P3 and Pl. Only statistically significant
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differences at the 95% confidence level based on two—tailed
Student’s t-test are depicted. Red and blue boxes denote the
regions with significant increase and decrease in TC genesis,
FESPECHIVELY, werererrersresersssstse sttt 37

[Figure 6] Changes in TC genesis (leftmost bar), In(GPI) (2nd
bar), sum of the four components of In(GPI) (3rd bar), and
each component of In(GPI) (4-7th bar) at each region with
significant changes in TC genesis (boxes in Figs. 5b-d). For
each panel, all In(GPI)-related terms are scaled with the ratio
between changes in TC genesis and changes in In(GPI) to
imply their contribution to changes in TC genesis. The numbers
in the parentheses refer to the relative contribution of each
term to ln(GPI) .......................................................................... 38
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A 2 A =

AlAdBS

A A 7)ol the F=AF = International Best Track Archive for
Climate Stewardship (IBTrACS; Knapp et al., 2010) A= < National
Hurricane Center (NHC; Landsea and Franklin, 2013)3} Joint Typhoon
Warning Center (JTWC; Chu et al., 2002)¢] 1979-2002\ %<¢teo] x5
= 7|Hto g Y. Y AsE vlE o E 25°x25° F A=l Ed

A A7IsE EA NE ARE AxtE

A2 A AL

dAA7IY F4 dungFY A Ase @, 1979-2002d =<k
g Z7]g B AME (European Centre for Medium-Range Weather
Forecast, ECMWEF)2] F3tetAl 2] &A1 2} 5 (ERA-Interim, ERADE 9]
L3 AH(Dee et al, 2011). 3lF AZAAE F 6A1F FHo =2 AFH
0.75°x0.75° &zt =2] 200, 850-hPa vl 1.5%°x1.5° & 7Fsld e

o
AMoIG ARE oz AU Ge F4 L A

A 34 =2d

CO; % 3l wd ddiA7|be] whes AHuy] f8), 2384
Community Earth System Model version 1.2 (CESM1.2; Hurrell et al.,
2013)= o83t CESM1.2+= Wl 7](Community Atmospheric Model
version 5, CAMb5), &l % (Parallel Ocean Program version 2, POP2), A
¥ (Community Land Model version 4, CLM4), 3]%(Community Ice
Coe version 4, CICE4) R do] A3ty 7|ewdo|t, ti7|=d-Le 30719
Az F3 oF 1°x1°9] F 7|4 75t (Neale et al., 2012). 3 2 <

=
a-= =<
o 607e AXES tHom, AE wEgoRE ¢F 1° 714, Y% WO
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i ARdA Fow 74 of 0364 052 E7tes 1
ol A 4= ATHSmith et al, 2010). A EEHL @Ah-HAh +3
3t tH(Lawrence et al., 2011).

{

CESM1.2 A&elA CO; v dA A A =AY Algte] wep ¥
sl 27HA F/79 ARE wgkth CO, sxol wg 23S F 4719 A
712 T892 & Jdu. WA dA 7] (present-day, PD) Al 719 CO, &%
= 20009 713 gk9d 367 ppmo® AASA 900d <k /A EH AT
507 CO; 3% F7Hramp-up, RU) Al7]19] CO, T+ X7 TEe
491 (1468 ppm)7F 2 wi7bA] wid 1%% 1404 & S7FskATh 9]
CO; &% ZFAa(ramp-down, RD) A|7]ol= RU Al7]¢F ®d3 %
CO, ¥=E5 14091 F<t TaAA %7 %2367 ppm)E 3 E3A ). v}
Ao 2 9FA s}(stabilization, ST) Al7]dl&= %7] X< 367 ppmo =
CO; =7} dAsHA 12019 &< FAEUTE PD Al719] A= thE2 H
F¥ Ad W (Pacific Decadal Oscillation, PDO) 3 thA g AW w9
2% (Atlantic Multi-decadal Oscillation, AMO)9] $14S Wb dlo] %7
g L iyl o] BE F 28709 = AP AE7F EA A

2 AFolA = 10709 S E X}Eoﬂ sl RU+RD+ST 7]17HF 399
2§, RU 27], CO, 44, 1211 RD 27)

o AvAIgel 42 vlastgck(Fig. D).
7] 15°%1.5° s g =2 WAatE 200,
850-hPa wHg3 B W71 AR7F ASHA WP A6 A

A 4d EHAZS F4 g

e B AwMAtsedA auAvIE FAshe vee dudss
o™ (eg., Ullrich and Zarzycki (2017)2] Appendix B),

TYT AEE AMEStE g e ddA VIS FA daelFel wel diiA 7

o}

EALe =274 yveld 4+ Adti(eg., Horn et al, 2014; Bourdin et



al, 2022). & ATolAM AREE diiAVIE FA wRHY Fd TxE2e
TRACK < i1g]5(eg., Strachan et al, 2013; Hodges et al., 2017,
Befort et al., 2022)& HlE o2 3¢t TRACK ¢dugl&52 Y3 3
FEE AE ddeE ARE ol&st dUAVIYSs ®HA R F435

7] e Aze 27 4w vad @ wgs A o

=}
A 4= dtH(Hodges et al., 2017; Bourdin et al., 2022). wj &
, Murakami and Sugi (2010), Song et al. (2020a, b) &= *riLs}
7

T‘—j =
of, el AIgT FAE AVIGe deulE AQe Fokse 5 ol
H

= AT ddATI 4 dagEe v 39AE P ET

1. 471+ 1 E-A](Detection)

AT 60°S-60°N 91%= wjolAl 2.0 CVU o]4¢ FAHHEA 3
(850-hPa) Aot SHge dA7IYg FH AHoRE (5o
Astdoh 2HE Y 45 (1) F 35 (total wavenumber)7} 6-63 H <] <]
Al s HkS Y7)E T6-63 spectral truncation® At eb=(o]sF T6-63 )
Azl (2) H2e A4S AASH7] 918 Hosking BHE S F712 4 &3
A tH(Sardeshmukh and Hoskins, 1984). wWuk1¢] 2 Athelx Fo

(D= w8l &A1

o ol

atF AietE SUgke] B4 dAE> TRACK dug&s AH&g
AP A+ E(e.g.,, Bengtsson et al., 2007, Strachan et al., 2013; Bell et
al.,, 2013; Roberts et al., 2015; Hodges et al., 2017; Befort et al., 2022)
| A= 25 05 CVUR AAHIAJTH & AT = 20 CVUS AAF
AbgEEA =T, o B EuATIY FA A2 dF dsHAN F
Aol dfA 7|t BEx= Aubdow A7 kA A (Y A

). SFH 3 F Aotz dH Y WHe= T0-42 (Bengtsson et al.,

2

A5 ol o

=l



2007; Strachan et al., 2013; Bell et al., 2013; Roberts et al., 2015) B+
T6-63 (Hodges et al., 2017; Befort et al., 2022) 5| AF-&% wv} it}
A A3 T6-63 ZHHS Y& W v o B2 A7 AT
o2 GARAT, 1 Aol 2x e Ao vhehgri(ay A,

2. A 71+ T X FZ(Tracking)

=]

o] %% AH6ARE A "HAE duATIh FRES 44

6 W 7t Ik AE7E dAASAEFHATH o
nearest-neighbor method) 1214 o2 ANA7|Y TR H=EZE AASA
o} o] $ HA A7t FH HAZE9 H =83 (smoothness)dll
A8 s Haslele WwIdoe=w H2E BRAAtHHodges, 1994,
1995, 1999). mpA| = o2 19 o4 A &HH dhA7|st 1 FERE 1L
& 5t AT

X

Z]

EiE

Ho e,

HE AHEAY] dA#FE AdPgAFE(eg, Bengtsson et al, 2007,
Strachan et al., 2013; Hodges et al., 2017; Befort et al., 2022)3} o] 2
dE HAAME HFT A= AY GeAA Fkey F=F AfA TS
Hd g o] dAAGdS fsl 192 HdAsEAT

3. A A 71t FH(TC identification)

A A7 25 WSt A] BEst] fE A4 AlAe] A AT
5 7]%5—]‘%‘:} (1) |4 850-200 hPa W 7 &<
A gFA8th 850-hPa S @ AE A oA 7]
HoRHE, 1 94 sHHol = mE o] FHAA 9
T0-63 ¢ HAFoZHE dA d-4(10°) HolA destd HAAATS

H (steepest ascent method)& E3&] T0-63 ¢ SHAHES S5t Fut

[
Fo A% gt (D& F FAF L AgA% @) Geo



B b TdHA Y T0-63 ¢ =HA=RE dA WA 6°) AN 5
(wind speed, WS) HHgs 7|53tk 3) mpAIt o= A A 7]}
H o APo=ziRy oA wrAE10°) delA destd HdBARHE
(steepest descent method)= ©]-&3l 3™ 7] (sea level pressure, SLP)
o] ZxALe B O e 7289

5
T

A& AT E(eg., Strachan et al., 2013; Bell et al, 2013; Roberts et
al.,, 2015; Hodges et al., 2017, Befort et al., 2022)ol = 4 37l (e.g.,
850, 500, 200-hPa)®] &HHa AF&stal T0-63 ¢ SHA S A 93
5°%2 Ak vp gloh. ey 2 AT A= CESM1.2¢ 7H&3 T3
o] 271(850, 200-hPa)% 7] wiol, ddiA 74 Aoz 7]zl A
= H &A= Hlszek A d7] fls T0-63 ¢ =AY &4 wA &
10°2 =9 A&, =3 AddA9 92 B-spline Wars AFE3HA
gL, HAAAMESH(H N AA ) S destete] o] %3k 3x3 AA

A el A ARG (H = e AAdSs e WS AR RTh

EN

A Lok 2052 1Y ol aidol A Wit
27 1-1. T0-63 1850 =2l Al717F 3.5 CVU ool th.

7 1-2. T0-63 80 == T0-63 200 =A< Al7] =po]7}h
35 CVU o]%olt.

Z:Zﬂ 1-3. 850-200 hPa Wl EE S¢HelA T0-63 ¢ SH4HS 2=

7 1-4. 850-hPa ¥4 (WS850) # P gte] 200-hPa &< (WS200) =
A



271 2. 2 AFFAE R AFA)2 5-30°S/N fl=dl o] e el &4

71 1-1, 1-2, 1-32 47 <&

of, 2 dAzlom A VEoAA R TXE U= A

5 7o)t} ol AgPATE(eg., Hodges et al, 2017, Befort et al.,
2022)% Ao, SHA A7lel g AARS 2 ATy AR %

R

47180 7%
[e)

_,_‘
ol
o
ol
2L
~N
rd
oX,
DX
(L oo
il

B zgolM w53 AAHom FARRE dUAVIG X B AFTE
T #oer FAs AT AT dA#GS APATFe FdEA 6.0 CVU
2 =Y A, duAZIEY aee EoEAN AubE ol AoiA 7]

TE= A @A FAHHE B, =21 14+ AgdTE(eg,
Bell et al. 2013; Roberts et al., 2015; Hodges et al., 2017; Befort et al.,
2022) A AF&E A kAR TRACK Zag]Fo] 2tA 71t 540l
A9 A7Ibs dF Edste Aol Adol(Hodges et al, 2017
Bourdin et al., 2022), <A 7%= A7) Y& F713 240tk eg.,
Oouchi et al., 2006, Murakami and Sugi, 2010; Song et al., 2020a, b).
npA o 2 2 29 A, dAATFES 30°S-30°N  (Hodges et al.,
2017) =+ 0-40°N (Befort et al, 2022) 53 o] AAs]PoY, 2 o
TolME ARy SA FZolAe ddiA v 2 BiHEIME F0]7]
Al iAo FH A ] B Fer MeE A

ojglgt WAor HIFHow FAE dUA7Ite TAEA) NEs
25°x25° A= e] ZF AxF FW 555 km Wl FA(EA])E DA 7

Z1
o A= ALEsEA T

A 5 A WA M
Az & A7(PL, P2, P3) 7+e] A 7]F WA Wk Zfo]E o] 3|
7 9al, AuATG A BAE NAG WrEe) AAY AT ge



vl alsk vk 1000-hPat-8 50-hPa7bA| 50-hPa 1t24 ¢ &< Oﬂ/ﬂ 8 9]
g oF Ix1°¢ FAme AT Jle, uh,

0

4

velocity), ¥l 2 W 7¢, dlFHes 2A5E AME3t9. FR83H
EN
=

1Sk A W= dFH2% 500-hPa A% &%, 200, 850-hPa
by, aelar ddiA7Ier A Al A E(genesis potential index,
GPD7F At} o] T dUA7I A EEX 9 HE5s 2 Aty &

& % (e.g., Emanuel and Nolan, 2004; Camargo et al., 2007, 2009) GPI=
ZH Aoz BAsH )

Emanuel and Nolan (2004)o] 4 A|Al¥ GPI&= ta3F o] 4719 3
olZHW =AU E AUoE FH(AVOterm), F %= & (RHterm), PI &
(PIterm), Al©] 3} (shearterm)®] ¥ o= AoFt}

GPI= (50 < 105)1'5(}8?%“0) (]730[) (1+0.1x V,)?

o] W (0 850-hPa A =(s™), RHyE= 600-hPa o< =(%),
V,i= 200-hPa?} 850-hPa %tel 914 wigh Aloj(m s )& 9vdtth. pr=
A A 718e] ol2d o= 7Hhd & e AW FH= dvlstes A A7
(potential intensity, PI; Emanuel, 1995; Bister and Emanuel, 1998)(m
sHE, ofg] A3 o] Aatd 4 rh(Bister and Emanuel, 1998).

G T-T,, . .
_FD T <ho_h)




(Gilford, 2021)& ©]&3te] PI= Zxtstal o]& nwfgo s GPIE Al4tst
AT
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CESM1.27} QA 71 =

Figures 2a-c= #3333} ERAI AEAAEAA Yeld o 24 (Ew+
o] % 3-10¢, e A9 10-49) A 7Ide] @y @ =4 W
=5 yebd ool Auka o2 ERALI dulA7]¢ke] 28 (Fig. 2b) %
EA A% (Fig. 200 #=9 dA71e] ZA(eg., Strachan et al
(2013)¢] Fig. 4h; Wang and Murakami (2020)¢] Fig. 1) @ &4 W%

(Fig. 2a)9} AAA o2 FAS XS5 1S
Uk ERALI U4 7]4e] BExs #59 A8 A YoM 2
AE Btk 7HE A7 A R EA N7 SSEE ol A=

B G R, SEEE Gl s BEo HE RolulE gl Sk o
A

o HsEol YEStHFigs. 2a-c). B3 tiFE9] s gellA] A7t
L A=HY ¢ He grdo EEFH(cf. Fig. 2a9t Fig. 2¢ ®]ul). 3
H SdAG EduiA7Ite] HEs #5o daE 2A FAaE 7
(Figs. 2a-c). ol#lg 5AELS duiA7Id 4 dagse 54 &=+
SANA 7108 S F Atk 7 TRACK ¢ags2 #=o] nls] 4o
AZIs O 98 "AS7] AAetal o =A7MA FHsks AEke]l vt

(Strachan et al., 2013; Hodges et al., 2017, Bourdin et al., 2022). Wi
of MadFe A ERAI €474 Ak TSdeHEd A7 19
A9 & #ASFHEY ¢ §2 Ao FrxA T (cef. Strachan et al. (2013)
o] Fig. 3f¢} Fig. 3h v]al), wrefx TRACK €53 Hl2sh 2 ATt
o AjAYIG FA FmAE G4 BBF GG WYL BEu
o 5 A9 dH "HAsta, dtATIdE ¥ FES f=

A FH9E & k. AT A A (Strachan et al., 2013)R2. v &4

p
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ATE dA7Id= o Bol Rojst A
de & 2Y3vga d4HA dvkeg,
Strachan et al, 2013; Roberts et al, 2015; Wehner et al., 2015;
Roberts et al., 2020a). wabA A AQ(2F 100 km)E. o} o g =e =
= AT diATIY xS FAETE AR AEHAS FE U
th. 2y ofe] A3ATFE(eg., Murakami and Sugi, 2010; Strachan
et al, 2013, Roberts et al., 2015)= ¥ A9} H|S=3 e 7=
2% #53 Bl dA7I 2E2E AdAS v dn ol Bl

M= b AEFE B AT ARA/G FH SuelF @A 23

;
N
-
B
L)
.
rlo
J|m

o
0,
L
Kl

= =
Fod 9499 & des AU @u FLUPAIAe AohA7) %
HH 7=, CESM12 = CAMHE EA43% AddiEleg,

Bacmeister et al., 2014; Wehner et al., 2015; Li and Sriver, 2018;
Song et al, 2020a)°ol A= Hi1E v} o], EEll Y| A v 54

A 7RIS AoR FHET

st du A7 AF7IE ¥, #5 9 ERALI AR AE] ¥4
CESM1.29] P1 Al7] &¢F &HRbof @by B5% o534 A7
HARA L AEd dAA7ISGS AHEAHE Dol e tH(Fig.
39 whzbAy Ay g4 g3 A 4 ddiA7|sre A
H7t+= CESM1.2 (e.g., Chu et al, 2020) 5=+ CAMS>5 (e.g., Song et al.,
2020a)& ©]&3 & APATEdAE YETE vE Qlo], md ZA 9

54 v oA gFs w2 o HRAT AT dY ddATFE

12
Koor
o
N
tA
rr
2
:?L_',
o
ki
td
o)
1o,
ot

A = 4

o3 Fo FAHEC UATH E Aol CESMI2E A 712
T8 WA Ay B P AFVE APHoRE o An A
o Gtk ol E A7 duAUIy 4 dadgs 2 2dS o %
gk, CO, &% Wslol gt A 719te W8S Holx HdHez 4
HE 5 dS5S v st
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A 24d CO, & M3l wE A A7 ¥
Figures 2f-g+& P29} P1 A171¢ o&53 A7t 244 2 X
5 el Idolth CO, w57 &+

7+ 1q1 Oﬂﬂ%ﬂﬂ P2 B, 59 %‘%%EH‘OO&OHH o Rl vk

Y] Ag, vl ATEo] dATIge AAE dFstal R
TH(Knutson et al. 2020), HEEHE Y = FYEF oA o] A7
S7HE A& AFEE A5 9loj(eg., Bell et al. 2013; Roberts et al.
2015, 2020b), & A7 AFrt dPATe s MR HA = e

ShA|RE Hakgtol A A A 7| tbe] SUHE HWek Ayt 1HTE 2] ofF
& HAolt(Knutson et al. 2020). A3 G-oto] o]t zlo] E3| FE|H
Foll e Apol=, B AFolA AHEE 2d B diA 7Y F2 g
=9 SHAHE dTd % vl 7FE Wehner et al. (2015)9 4 &, &
A3 dA7IY F4 dagss AT W, Z]FAA A ik A
T ordy uafdE Bl W oA 7o wkgol AR oE F USe
Bl vl 9Jth(Wehner et al. 2015). @A 7| F4 dugFo] & AT

oF tf=271 AR, e E=(25 km)el ZA3E CESM12E AF&3 Chu
et al. (2020)1 A= CO» 5E7F 27]9 4uj=2 &7 o 2 A9 &g
o -0 X]Oﬂoﬂ/ﬂ Ao A 719fo] FAaE A Egk Bd e T84
S FAgga B 4 ok a2y # Aef v 523k S =(907130 km)

Zde] TRACK ¢iglEs AE&dS w, TdugIS Adst g+
of Ao dA7Ige WxE H vt BF AT dPYATER
t}(Bell et al. 2013; Roberts et al. 2015). ©]
Hups dgiA7| F4 daese] o g

¥, M Lo m{

j_,
X
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oA Al IBTrACS A& & AHE)3 ERAI AR ARl A 9] H &2
Z47F oF 40%9F 33%¢1 Hbd mdo] el m&e ol 717HP1, P2, P3)
oJE 20%E A WA R vk AR FAAM Y v &l A5 2T}
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8 ABATENNE CAMS DrlA7Ide] HAE P2 FHPY i
BE gl A Al MAsl dehgrhs Mol oed F3o] gy
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&l == t}(e.g., Wehner et al. 2015; Song et al. 2020a).
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A7 A} GPIS A= 54 A7) Be oolygt MR HE
F A719] Apolo = # et} Figures 5b-di= ZHzt P29} P1, P3¢}
P2, P3¢t P1 1719 In(GPD$ ddiA7IsF &8 Hle Wsts Ajke 2
w2, 7}z RU, RD, Z8]a RU+RD 7]%F sote] W3l=
A71¢t A W3tel In(GPI) ¥W3te] B ¥

¢

eroktt. & £ RU 7]t RU+RD 7|3t B9t
(Figs. bb and d), RD 7|3t RU+RD 7|3t &<k
and d)¥ 22 A FGAA = In(GP) Hsl= =X
k= A gtk AW Fas ddiA | B WE Wt
W A =(Figs. 5b-de] ZAE)dA A= A= A7 & 1l
¢ In(GPD 4] 3 o571 2 LA vh(Figs. 5b-d). ©]
=, Aol A7 FE I AFE FIodAe, €A
=

o] &7 oFEE In(GPDe WH3IE F3 FAAHo=w s d

2
12
& b
N
N
2
i3
o
1

o

-
TN W Lo
4 =@ ¢ o o

In(GPD) Wsts doxl Fa WA WsE dofstr] 9@, Figs.
Sb-dell A Atz FEAIS 2 9 el In(GPDE A8t 4714 &&=
(AVOterm, RHterm, Plterm, shearterm®] log %ol Hi A<l W3ls 7t
Alrbet At Figure 62 28 Al7] 2 Aol Ao AfA7|ef &4 Rl
kel In(GPD) R In(GPDY 2+ 359 WaE vl Lgloln o

A7k T8 Wsteke] gl vwE 9fal, In(GPDeF ##EH
@ B2 duiA7It 2A Wk In(GPD ¥ 79 v&S

3

> | 2

AA AR AHE A LA, In(GPDe BE Al71¢F A
Ao Al A7 DA HEe FUs WFor HPri(cf. Fig. 6 Y
Zb e 1A v ek 2 A g Hla). B9 In(GPDE A st 7
FE5o WstHe] F32 In(GPDY ®Wstet A9 dAstol(cef. Fig. 6 Ul
Zh o) 2dA Tojel 3A T vlal), In(GPD W3k 4709 o w
AgAez & BHEASS ¢ + Aot ¢4 Fig. 6 Wl 2+ 179 477
HA S e 72 A9 2 7] ok In(GPD) Wl TaskA 283



HTES delleth. RU 7|3F <t 9= (Fig. 6a)¥ i < (Fig.
6b)ol 4+ RHtermeo], &l #H % (Fig. 6¢)°l4+= AVOtermeo] In(GPI)
Hslo] 71 =A 7lodede. RD 717+ A, mpzrbA 2 del ok
(Fig. 6d)3} FEf® % (Fig. 6e)ol A+ RHtermo|, &5 8% % (Fig. 6f)°l A
+ AVOterme] In(GPD) ¥ 35 F=gth. RU+RD 7]t &t Hefi &
(Fig. 6)°1 4 2] In(GPD) ¥ 3}ell= RHtermeo] 7} & H]|5S 2A it}

iR, F9 A 9E(Figs. 5b-do #rAE)d A9 In(GPD) ¥H3l=
72 RH termiﬂr AVOtermeol <] 3] /‘4‘35'51 7210 F eyt o] T
7o T35 AdsEe st e =rt n(GPDE S 4 € OdEH;Qﬂ
o A9 %‘Z}Oﬂ Ta% 9gdS & s S A, wEbA CO,
T WEte] tial A7 EAo] v Ao w whEE A g o
g A WaeEd Aol s F des AlARgTH
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of Hla) A7t Rt AR @AV e T Udeg,
Strachan et al. 2013; Wehner et al. 2015; Roberts et al. 2020a). =3t
@d RE(CESM1.2)Rbg A&7 wfitel, Rde] =g re3t 343t
= W gl ok el AthA TS B Qxfel Hekd = Qv
l® CESM1.2 ®+= CAMS Wl A 7|t HERby SYHE Y ==
Zgjsg oA XA BEEEE Aol 9 om(eg., Bacmeister et al.
2014; Shaevitz et al. 2014; Small et al. 2014; Wehner et al. 2015;
Bacmeister et al. 2018; Li and Sriver 2018; Chu et al. 2020), ¢] < #
Al AEaEd 2ol ket #o] Slvha d# A th(Bacmeister et
al. 2014). 2AA=Z CAM59 Ui 7 (convection scheme)= 7|4k
SAMOOI A = o] 213 S dEH Gl A e HFE o7 aA 7HAdE v Ao
™ (Song et al. 2020a), ol =& WX FLxoA v EH dfA7

o] eAE A F s AT tldo AL FA0e GAE

[}
Aol mask Azl A% A

m

N

o
L=

g RS ARE 7Ol GEEY 27 21
= 75 ok wEbN gk e 7R EE o] &3 COE 7
A7t AaA7e AP g5 GAE AR dE duATIgs F
e Aas FEeUE, 2d EA e oxe] d s AFA A=
ABRE 45 F dS Aot

tH AT dUAVIY 4 dagsdE o Fa% dAHEE
of ETAET. & AT AV F4 dagF2 AW AT (Strachan

i A
et al. 2013)°] M]3 ERAI Al2AAtgolA HAAGF doiA7Its Ay
A AA GA P (cf. B AT Figs. 2b-c9t Strachan et al. (2013)2]
Figs. 3f, 4f ®la). =3k z} Ad A7t A7 #53 v
sHAl AdstA E Fom (1 A, 5 HEuE G W S el A
HAxH dfA7|tel Az (e A=) Bkt oA5H dfA7|be A
T A FA2HF7ET(Fig. 3a). AN =(CF 100 km) EE-ES ALE
MaPATE(eg., Bell et al. 2013; Roberts et al. 2015)o] = ¥ <
= 2 B
x|

Lo 2 o

Algk Qa2 Holx e ZAog Hol olyd Qe
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e FAEES] g dds FEAE= X o (1) TRACK ¢ag
=5 AFg3 AP AT E(eg., Strachan et al. 2013; Hodges et al. 2017)
% Zeo] FH FF(eg, 500-hPa) AR E ARESte]l AdiA 7]9te] 29
3 g A Fx2E YS Jgs] @Es Y, (2) B-spline WAY, HAA

AR5 (steepest ascent method)¥ Zo] A A 7|19t A Ao A
Tetst AV A=fe ALl B ES ASskA v daE 47 A
Ad A& FAe2 F5HEr. TRACK ¢aglsely tE A5 4
AZI F4 dags 2= AFH AMgEsts A B3 £ a4 Ao] &
Aoty g A7 FA dagFel = ARyl dabd
7] w9 (e.g., Horn et al. 2014; Zarzycki and Ullrich 2017; Bourdin

et al. 2022), 27} o]el T3] HTE duA7IY F4 dudES At
S3od Ay AHEAdS vs =4 7 s Aot

kA g o g o Aqe A
HollZ= o M Heo]l SATH. WA & AFolA+= In(GPD st
of oA A PG A £
7HA b o2 A %

t 7t % Ads Asl= 35 (500-hPa) 45715
dHow Hl23k #E5 BEvH(2dE A ol HE A
Bell et al. 2013; Chu et al. 2020)¢] 33 H|=3Al, e Al
(Hadley cell) =& 97 +3H(Walker circulation)¥ #2 Hx= A4
Fub =] Wl 3 ddss, 2 duiArIeE 2
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84l GPI (dynamic GPI, DGPDE &3 7]¥¥stel w& dox7]
o A Ex g HEAs sME B ode =3 T

SA Aol Ao tiit 2 widdE £ Wy il 4
olg Mt A2 aTs wrbAA FH OAGS A AY eg,
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Figure 1. Time series of CO, concentration (ppm) during the period TC is tracked in
CESM1.2. Forty years of early RU (2001-2040), peak (2121-2160), and late RD
(2241-2280) periods are shaded in red, green, and blue, respectively.
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Figure 2. (left) Genesis and (right) frequency of warm-season (March—October for
the Northern Hemisphere, October—April for the Southern Hemisphere) TCs from (a)
IBTrACS during 1979-2002, (b-c) ERAI during 1979-2002, (d-e) CESM1.2 during P1
and their differences between (f-g) P2 and P1, (h-i) P3 and P2, and (j-k) P3 and
P1. All variables have units of # month' (10° km? !. Only statistically significant
differences at the 95% confidence level based on two-tailed Student’s t-test are

shown in (f-k).
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Figure 3. Annual cycle of the (a) Northern Hemisphere and (b) Southern Hemisphere
TCs from IBTrACS during 1980/81-2010 (gray; Schreck et al., 2014), ERAI during
1979-2002 (black), and CESM1.2 during P1 (red).
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Figure 4. Same as Fig. 3 but for CESM1.2 TCs during P1 (red), P2 (green), and P3

(blue). Markers denote the months with statistically significant differences with P1 at

the 99% confidence level based on two-tailed Student’s t-test.
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Figure 5. (a) Warm-season climatology of In(GPI) (shading) and TC genesis (#
month' (10° km? !, contour) during Pl. (b-d) Same as (a) but for differences
between (b) P2 and P1, (¢) P3 and P2, and (d) P3 and Pl. Only statistically
significant differences at the 95% confidence level based on two-tailed Student’s
t-test are depicted. Red and blue boxes denote the regions with significant increase

and decrease in TC genesis, respectively.
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Figure 6. Changes in TC genesis (leftmost bar), In(GPI) (2nd bar), sum of the four
components of In(GPI) (3rd bar), and each component of In(GPI) (4-7th bar) at each
region with significant changes in TC genesis (boxes in Figs. 5b-d). For each panel,
all In(GPD-related terms are scaled with the ratio between changes in TC genesis
and changes in In(GPI) to imply their contribution to changes in TC genesis. The

numbers in the parentheses refer to the relative contribution of each term to In(GPI).
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Abstract

Asymmetric response of tropical

cyclone genesis to CO; changes

Hyunsuk Yoon
School of Earth and Environmental Sciences

The Graduate School

Seoul National University

This study investigates the existence of asymmetry in the
response of tropical cyclone (TC) genesis to CO: changes and its
association with the large-scale environment. A TC tracking
algorithm modified from the algorithm of previous studies is applied
to track TCs in the transient CO; reversibility experiment data of an

Earth system model.

During CO, ramp-up (RU), TC occurred more frequently in the
Pacific but less frequently in the South Indian Ocean. During CO,
ramp-down (RD), TC became more abundant in the Southern
Hemisphere but less abundant in the Northern Hemisphere. As a
result, TC genesis was enhanced in the Southern Pacific at the end
of RD compared to the start of RU. This indicates that TC genesis

distribution may respond asymmetrically to CO; changes.

_39_



To understand the changes in TC genesis during each period, the
log of genesis potential index (GPI) and its four components are
analyzed. During RU, RD, and RU and RD combined, changes in the
log of GPI matched well with that of TC genesis in terms of sign in
the regions with significant changes in TC genesis. It was found that
such changes in the log of GPI are dominated by the changes in
low-level absolute vorticity or mid-troposphere relative humidity. This
suggests that relative vorticity and humidity may be the key factors
behind the changes in TC genesis during each period and thus the

asymmetry in the response of TC genesis to COs changes.

keywords : tropical cyclone, genesis, asymmetry, genesis
potential index
Student Numbper : 2020-29511
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