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ABSTRACT

This study investigates the extreme temperature and precipitation indices as defined by the Expert Team on Climate Change
Detection and Indices (ETCCDI). We calculate 14 indices representing extreme climate over East Asia. Here, we utilized the
ensemble results of NIMS-KMA (National Institute of Meteorological Sciences and Korea Meteorological Administration)
climate models (UKESM1 and K-ACE) for analysis of long-term variation in present-day (1995 ~2014) and future (2015 ~
2100) periods. The spatial distributions of simulated daily maximum and minimum temperatures and daily mean precipitation
are comparable to those of ERAS reanalysis data. Simulated extreme indices are well reproduced in the present-day period,
although the NIMS-KMA climate models tend to underestimate annual minimum temperature extremes and overestimate
extremes in precipitation intensity. In the future scenarios (SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5), intensity and
frequency of warm temperature extremes increased for the late 21st century, but magnitude and number of cold temperature
extremes significantly decreased. Changes in extreme precipitation associated with a warming climate are becoming more

intense and frequent in Southern China. But the changes in precipitation duration indices tend to have high uncertainty under
SSP scenarios.
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g 7139171 A4 BAs] sl AAT 7135 4t
AE T o]-EH 1.5C2T o|shE AgtA7]7] 93 24
7t iETE ol AL BERE SR vt EF 2018
d e R F2dS)E 1.5C EEEIA Y mEH A
T B 7]20] ZHHEAQ 1.5CAA 05C7 § LETH
TR71% @] =Ed 7hsAdo] B & 8t oyt A
FHQl 7% FHdE S7HE AeE yoHEi Sl
(IPCC, 2018; Shim et al., 2019).

Syt E3t 7|FHstE Qs Ak, AEA, AH,
Y, A, oldA] & ohdRt 9ol 24 A3t A A
Tl ef7F HEHKEL 2011). Kim et al.(2015)°] W=,
SEutete] vjEf ¢ 9 djorz Qg 2 A Fofj7t
7t Ao AFEH. B3, BT Hob=sS STt
o2 ey 11X A5 AUA G HoiE S7HAIE
Aoz HAYEAcHHoe et al., 2018; Sung et al., 2021).

Hot oyt o FF 3% 12 @49 SV Qs
= 91t oA 4u7F S71s) A w9 F84% HiF
37 Qth(Lee et al., 2014). o] 7|FHI}= Qg thef
gk Abglolqro] AAsHA tfgotaL, S37E S AT
o7 BXA3517] €3t ETCCDI (Expert Team on Climate
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ZH7IAHSHLL IPCC A6} B7FE A (The 6th
Assessment Report: AR6) Tf-3 E = 7| ZH3} HA X
de fsi SEAREIAEA
Pathway, SSP)of| 7|29 W% L 7= (Representative
Concentration Pathway, RCP)E WISt |28 27} 7|&
Ho}l HE AU E AFEstal Sl AFAREClAl Al
513 Ath(Lee et al., 2019; Sung et al., 2020; Sellar et
al., 2020; Shim et al., 2020). SSP A|4&]2+= IPCC AR6
of MeAl =4 MALEHN ASAAHS S 7|&o=R
7| Hsto] oiet fske} o] wet 5719 IFoE o]
FA ATHO Neill et al., 2014; 2017). SSP1-2 A1} 7+
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SSP2= @A FAIEE FAISHE 344 FH2olthFig.
1). SSP39] A9 A Z-5o] oA 7] FHsto] FHok
3t Aejo Fol= AHRo|u, SSP4= EP5Oo 7 91F 7]
FHst 48 HA 9 g/go] ofE HREo|t} mpAEto R
SSP59] A< st Az 9Edf w2 7|& ZAS o]Fof
715 ¥st 482 ofgA] oy Ash= oj# g AoR I
Aole AZolth. 2 AFollME 7147148t
oA Fot= AFAIAHEI(UKESMI, K-ACE)2] =3¢
71% 19 45 BIFtE o, SSP AU E 7|Hte
2 BopAlo} I35 A5 AHEstal vlE #skE Ao
Hotth 2o A= = 71A3Tst oAl CMIP6©] Hods
A YAt Apm 9 B4 B A AEEA 3FoA = &
A Azo] tigt 9] Fs F7t E 73St AlyE| Q0
o2 F97|% WSt dis] disilon, 442 99F 9
22 £02 s

A Source: Figure 1 in O’'Neil et al. (2014)
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Fig. 1. The Shared Socioeconomic Pathways (SSP) It is
divided into five domains by the challenges of
mitigation and adaptation to climate change.
This figure is taken from O’Neill et al. (2014).
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715 HoE AuET] ffsto], S dTeklolA 4t
&3t UKESMI (UK’s Earth System Model versionl) 9
K-ACE (KMA'’s Advanced Climate Earth System Model)
AFALRHEE Az S ARESHHEH(C]F NIMS-KMA A
FA 28 RE) UKESM1T} K-ACE: 22 fj7] mdg
AFgstal Qo 43 SfAEE= 9F 135km(1.875° x
1.25°)0]31, A7 AL & 85507 o|FA Urk(Sellar
et al., 2020; Lee et al., 2019). AR&3F A3y} B4 7|71
A 2.9] A% (Historical) 201(1995 ~2014d) 2 ojzfA
T AUE] Q. 861(2015 ~21004) olch. mlE A ALtz
o= AAZZFAFZ2IH(World  Climate
Programme, WCRP)2 ZAgLE7l AISH|W ILZAE
(Coupled Model Intercomparison Project Phase 6, CMIP6)
o] 78 MIP % 3H4<l ScenarioMIPO] Tierl A9 4%
(SSP1-2.6, SSP2-4.5, SSP3-7.0, and SSP5-8.5) AI& A}
251G tH(Eyring et al., 2016; O’Neill et al., 2017). £4]0f
ARGE Hee AFHAVIA(TASMAX),  dFA7L
(TASMIN) 3! Z=f(PR)o|H Hdo] Wi W5/gdof of
o ESAUAS S017] s, 4 HEe 27|2Ae tEA
ARt 3719 PFE AmE ARSI AFAFONA
NIMS-KMA HEoA A=EH 7], 4, BARE 5 2070
o] 8 7|F 840 sl ¥ E AEAA =} Bl F7t
StRLOH, FotA[oF A FoflA ThE CMIPS 2 HjH] &
2 9] =22 H¥rkSung et al., 2020). o] Hlgto &
NIMS-KMA A|FAARIRE 2tz= 2020 =71 7|56
5 B2 AUge 9%e ¥ssgon, 7144 73R
E9S 59 B /183 35 ARE AFAL Ak
T B ARE gt 2 A7I|HY AEASAE e
L=zl A|F % IPCC AR6 71915 95 AR = EAl
E|(ESGF)E &3] AHAE I Qt(Lee et al., 2020).

Research

AFA 2R G AF2EL ARRLE (gridded data)2 &
2] digo] mojm Jled e 5 mde] Ak Bt
U BAS AN PIAE AF BEAR Bops A4
@] 7IRke] A5 &E5t= Aol A o|th(Hwang et
al. 2018). LA 29 AFT A7 % B A%
FHE AFHIL A= JA 713 A=A 7|1FHSE A5
4 7| 2dy AT 5 TR 2opollA FiflstA &8
1 QukKim et al., 2020; Sillmann et al., 2013;
Ciccarelli et al, 2008; Wang et al, 2006). TEtA],

NIMS-KMA A|GA| AR R E o] A Ah&3t FoFAoF 7]
Za R SRR Holds BUHE Slsh AEAA
7 9 BEARS olgudTt WA 180 Bl gt
H71E Yl 9571714 B A E| (European Centre for
Medium-Range Weather Forecasts, ECMWF)oJ| 4] A|5-5}
= I E AEAH AR ERAS (ECMWF ReAnalysis
version 5)&  AFES}Ith ERAS A& Copernicus
Climate Change ServiceE: 9l A|lZEil YO (FHI:
https://cds.climate.copernicus.eu), AEA X729 43 3j
AEL 025° x 02595 721 % 1440)2.2 o]FA 9]
ot 283 AFAAH D27 E A4RE ETCCDI =3t7]
F459 DY WAS 5} ARAAE Bt opek
G274 FEAE (Met Office Hadley Centre)of| A A3
AFoh= HadEX3 BEARE &85 th HadEX3 AtE+=
A4S AEE 7R AET AAE " St $4
5 ATt o, % e 1.875° x 1.25°(AA
42192 x 144)2 o]|F|A Ith(Dunn et al., 2020). £417]
2 IPCC AR69IAM HsH= 209 Pt FAIE
(1995-20149) 7|ZHA=E AMEZoH, Al B9
HOE 93] BE A== NIMS-KMA A FAIAREE A
2o} ZQABHA] 1.875° x 1.25°(AA2: 192 x 145) AR
A9 Wakstaith

=2 ZSKe)

w2h HAYSHA] 7] Wizl ¥ = B HIE A
Hut Aozt AV Utk meA AAZAAT
(World Meerological Organiation, WMO)oJ| A= Z3H7]5
of Aol A &9 A9 T4 XSt ole IH
Aol etele AASHIL SIEHWMO, 2009). 2 % w1
ARE B FWT WSS WA 9L WY > AES
FFohE 3715 #4290 ETCCDIE 4 2l3tal 9loH, o]
= 2% ¥4 A5 16719 A5 B A 1R F 2770
o] A& FAstal et & Aol A= SSP AL 2.9

2 397159 Wk, 2%, 9 A&AZ0] et dstE
A 7] I3, ETCCDI S37| 3 A4 F 7] T A
87let A B A5 671E A3 A Eokth(Table 1).

HA FA 7]15(1995 ~ 2014)0]| gt S| EA] &
At &, A4 715 did] Bl 214]7] S5H2081 ~ 2100
Wyoll tigt ot E AAlstlet. 3, o] 7HA=

H
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ARESEATE B4 9l FoRAloF  EH|R1(20-50°N,
110-145°E)-2 Takeshima et al. (2020) A7+E #5190
o, NIMS-KMA A|FA|AERE O] XHutAT S 0]-23
SAo tigt F37|*x40] W EA5HATHFig. 2).

o] dA 7|39} SSp v A IR AEE F
HEOF Hgstqion, 7 ARHEE Allele] &

K92 AP

2SN N
D10 AN gl pot

Table 1. List of 14 extreme temperature and precipitation indices and their definitions

Label Index Definition Units
TXx Hottest day Annual maximum daily maximum temperature C
TXn Coldest day Annual minimum daily maximum temperature tC
TNx Warmest night Annual maximum daily minimum temperature t
TNn Coldest night Annual minimum daily minimum temperature C
TX10p Cold days The number of days when daily maximum temperature < 10th percentile Days
TN10p Cold nights The number of days when daily minimum temperature < 10th percentile Days
TX90p Warm days The number of days when daily maximum temperature > 90th percentile Days
TN90p Warm nights The number of days when daily minimum temperature > 90th percentile Days
Max-1-day
Rx1day precipitation Annual maximum 1-day precipitation mm
amount
Max-5-day
Rx5day precipitation Annual maximum 5-day precipitation mm
amount
R95 Very wet days The number of days when precipitation > 95th percentile on wet days (= Imm) Days
Extremely wet . .

R99 days The number of days when precipitation > 99th percentile on wet days (= Imm) Days
CDD Consecutive dry days Maximum number of consecutive days when precipitation < Imm Days
CWD Consecutive wet days Maximum number of consecutive days when precipitation = 1mm Days

East Asia land mask

S0°N

40N

100°E 110°E 120°E 130°E 140°E

Fig. 2. Domain area of East Asia (20-50°N, 100-145°E)
adopted from Takeshima et al. (2020). The
yellow color indicates land mask grid cells in
NIMS-KMA Earth system models
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3.1 XAAHIDY Go| Ms

NIMS-KMA A ZA|AEIREO] 3tA o] AL &
A= AR 71341995 ~ 2014)0] tig AF+ 2 AE
H A 7|23 A7 9D IFFHS ERAS A&
AAr= e v W SktHFig. 3-5). ABA LI ee 4
HEH HENRES} AFAIARRES] F7F E2o| of
HABALE7E 0,982 5] FARSHA UEFSLth(Fig. 3a).
SHA|TE BobAlop o] tigt AEHRC] dHHF HiL
712 14.7Co|H AFAAEREL 140C02, Ko
Al BoJgt A 17|22 AEAAFS} H|weA oFet &
o] HAK(-0.8C)E EIth AYEEE= 59 S5 Aot
22 1% A Y} F= AFUHFNAY Zo|7} FiH
DEoA RojH ABd AT 2E HEAAES} H
W3 &S AEHAA(0.98)S Bt T Y= 17]L0]

9

v}

(al) ERAS tasmax at present-day 14.72

(a2) NIMS tasmax at present-day 13.95

I

o rr

Aojdoz 2o BACLICY} 70w, oleig 3
9= WS AqoA F36HA Ul th(Fig. 3b).
T TS BeA2d] dPoR £ SR
A g siRkRlelel Slmcjol 4t WFHE 54
| Yeht= 5 AP A+ (Freychet et al., 2016; Kwon et
al., 2017)2F FAFSE A3k HIth(Fig. 3c). SHAITE A=
Mozt welo] AR ¥a Thh Tr] mejsh
Aol Uyepte.

Ad Hgto] s AmEH, HEAXES qdEHo=
£3 R0} YRAGN 52 U Hsleo] Uehgto
U, A AR R EOA BojH I Hur| 22 T 55
A Gof| A AR o] o] YehdThFig. 4a). & A7
2o 9 Qg xS 53 HRAL A9
T gt FHOIA 2 27 YEHoH, A9
Siet YRS AQotH AWt om ZLAAHEGo| A
SRR H8) THARY %S BATHFig. 4b). ol
Aol A7t ASEe ERAAHY JFo R F, 9

O W 2 O
{lr_>~|.4ro

Ol

(a3) Difference (NIMS - ERA5)
- -

Corr=0.98

(b2) NIMS tasmin at present-day

3.53 (b3) Difference (NIMS - ERAS) -1.87

o K 3
(c1) ERAS pr at present-day 279 (c2) NIMS pr at present-day

=

)
’

CrNwaURN

Corr=0.93

Fig. 3. Spatial distribution of the annual mean daily maximum temperature
(a1-a3, unit: °C), daily minimum temperature (b1-b3, unit: °C), and daily
precipitation (c1-¢3, unit: mm/day), respectively averaged in 20 years
(1995-2014) from ERAD reanalysis data (a1-c1), NIMS-KMA ensemble
mean (a2-c2), and their differences (a3-c3). The domain average value
is shown in the right corner. And spatial correlation (Pearson R) between
the ERAb reanalysis and the NIMS-KMA simulated variables are shown

in the bottom right corner (a3-c3).
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AlEjol 11719F9] X7k 7I7e] o
g M| BE 1% A Fo|A AGs
ol ABEAXR

SLEIE T

A

o melo 4 AHEE 7] B0l el
goz e
dHel QR Hxo) YEEL 54
3 598
et o2 do] uje) we

(a2) NIMS tasmax at present-day 26.62

=7 UERHT v, 74%%
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Eﬁ(Flg 5¢),
ohas TJrEHE,] = Aol
A A (0.83) 2 H YT

o] 4g

(a3) Difference (NIMS - ERAS)
'm |

(c3) Difference (NIMS - ERA5) -0.00

Fig. 4. Same as Fig. 3,

(al) ERA5 tasmax at present-day ~ 1.27

(c1) ERAS pr at present-day 1.02
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Corr=0.91

but for JJA mean.

(a2) NIMS tasmax at present-day  0.18

(a3) Difference [NIMS ERAS

(b2) NIMS tasmin at present-day -10.
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(c2) NIMS pr at present-day

(c3) Difference (NIMS - ERAS) 0.30

chNwWBLON

ShNwWaLMO

Corr=0.83

Fig. 5. Same as Fig. 3,

but for DJF mean.
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40 T T =5

(a) (b)
35} E {1 10} -
T30 10 15
25} {  -20f =
==
20 s s -25 L .
TXx TNx TXn TNn
‘ ‘ 60
140} (€) = | (d)
50}
120
£ T
£ 100} > =
E 3 30
80 == 1 20}
60 - E 10} ——
Rxlday Rx5day CDD CWD

Fig. 6. Box—and-whisker plots for present-day

(1995-2014) extreme indices: (@) TXx, TNx,
(b) T™Xn, TNn, (c) Rx1day, Rxbday, (d) CDD,

CWD from NIMS-KMA models with ERA5
reanalysis (pink circles) and HadEX3
observation (blue plus signs)

Hdubg o2 wdoA Azd A 7199 712 d ¢
o] Bojgsol AEAAESL} Bl P2 o, dF Ao
A HAE Loy sotrlor A|Y Hdt R HF
FAFSHAl Uit Stz %o thigt wjE HekE AwE
71e] %A HadEX3 #EAE 9 ERAS JEHREE ©]
&l @A 715l Wt sorlot 7123 49 I3
A5 A4eta AFAARRE GAE 7F HAE v
St tHFig. 6). HAEIRE st FT7|: A¢E
(TX10p, TN10p, TX90p, TN90p)- &7+ 2 Z}ol7} QL
of 1ol ALstqirt.

AR 7190 tigt 4 H17]29] A HHZH(TXx) L
7129 A HHZHTNx)= 42 348+ 12T} 229+
04Co % YEGOH(Fig. 6a), Y2i17]29] A 4y
(TXn)TF A FA7]29] A FAZHTNn)S -8.9£0.7CL} -
18.7+1.0C 0.2 HOJEtH(Fig. 6b). REZHE AHAH
A H17]L9] FFAG(TXx, TXn)2] AHELSH Q(IQR,
Interquartile range)o]] HadEX3 #=X7 7} YA|519 0,
ERAS AEMxEe} vlwstd Hugh( A3 o IA
(A et ZAZH(TNn)of| et 2do] Hoj 3
< ERAS AEAXE Y HadEX3 WSAES}F B 514
Tha AR S HIioh

AR 7150f digt 2do] 1Y Fof = (Rxlday)y} 5L
A 75K Rx5day)S Z42F 76.4 1.9 mm, 141.3 +3.0 mm
2 EAEQITHFig. 60). Rxlday®] %9 B33t GAk #¢)
7} Yehtort AR RE ojg} Hws] oFt F4ake B
9t} RxSday®] 49 REo|A O3t 74 T3to] &3
AR TR oF 30% A= 27 melsha Yk shAT
72:0] A|&A7k} BAF 2491 FAggR|4UL(CDD)%}
A EAS(CWDYe 22 35.6+ 1797} 11.1£0292
TEATe} T 27t Thavah me] Aol Vet
ou, wiE ARAAGRNE fA SEow etk
(Fig. 6d). CMIP Zeo] 4] 2O]gt CDD ZgHx|57} B
oF AMEOE i BOSRe BAL mdo] Ot P5S
WSk AT B delx F dEA A
(Stephens et al., 2010; Srivastava et al., 2020; Chen et al.,
2021).

3.2 SI2X|5 Oj2iHY

AFA AR RG] AR AYS B AEH A
71%-9] S| EAFES 7|EO R SSP 4F 7|FHS) A
U2 eo] W FotAlof ST A= ml HSHE Al
AFSFQATH(Fig. 7). BoFAlol A 9] S317]9] E(TXx,
TXn, TNx, TNn)9] ¥H3l= @A 7|5 tfH] 214]7] 5t
T3t 571 Aol UEsth(Fig. 7a-d, Fig. 8a). ¥H4
o7 AgtAa HjE&AFo| 123t SSP1-2.6 A[UE|Q H|
LA7IA H|&o] &2 SSP3-7.01} SSP5-8.5004 =3t
712A4=2] F7H7F Atk §35] 717 vl 2040714
= AlUE|E Zol7h A2 gtou, 21417 FHEF o] %
E AYg o] wgt & 2ozt A tH(Fig. 7a-d). ©]
ot At AFPATNAE FASE A4S FR1st 5= 9
9Jth(Shin et al, 2021). FE3}, 37|29 Fr:
SSP1-2.63} SSP2-4.5 A|lUg]2.9] AL 214]7] &4 o]&
7} o] YtsiA]= ¥, SSP3-7.03} SSP5-8.5 ALt
goojA= A& F7PF Uerkth olHg £441
= 24 7HEEESE S Y Wit & Eo=
Z718 & A2 Qugtt}. SHE A9 A9 =]
A4 AL AUt oz Folrop A H} ARG
H3} Fgfo] Yepg oy, St 29 9] AAprt FES)
A grop EAof AgHAo]7] wfZo] A3} sfiAof Fo7}
2T HTHFig. ALA2).

214)7] T8k 23817]29] 745 (TXx, TXn, TNx, TNn)y=
A4 t¥] 29~ 7.9C /2.7~ 7.1C / 2.7~ 67C / 3.2~
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8.6C 0% Z717} AWEAY, A7 (TXx)Q} A
A7]2(TNn)°] SSP Alutz] o] what 7p3 & §ish £
Btk & 72 A oEEH 29 ALH vt
AT AHEHA FEEe] 917 HEo(KMA, 2012), 21
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Fig. 7. Change in anomaly series of extreme climate indices averaged over East Asia during
2015~ 2100 from the SSP scenarios. The dotted reference lines and values denote the
ensemble mean value (+1 standard deviation) for the years 1995~ 2014 in each plots.
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Fig. 8. Changes in extreme temperature intensity and frequency indices: (a) TXx, TNx, TXn, TNn,
(b) TX10p, TN10p, TX90p, TN9Op for the late 21st centuray (2081 ~ 2100) relative to the
present-day mean (1995-2014). Each color denotes a different SSP scenario and the
boxes and whiskers indicate the interquartile model spread range between the 25th and
75th percentiles) and the total ensemble range, respectively.
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Fig. 9. Spatial distributions of the annual mean extreme temperature intensity indices: (a1-a4) TXx,
(b1-b4) TNx, (c1-c4) TXn, (d1-d4) TNn during 2080-2100 over East Asia from (a1-d1) SSP1-2.6,
(a2-d2) SSP2-4.5, (a3-d3) SSP3-7.0, (a4-d4) SSP5-8.5 scenario relative to the present-day mean
(1995 ~ 2014). Black dotted grids represent the changes are statistically significant at 1% level. The
domain average value is shown in the low right corner.
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Fig. 10. Spatial distributions of the annual mean extreme temperature frequency indices: (a1-a4) TX10p,
(b1-b4) TN9Op, (c1-c4) TX90p, (d1-d4) TNOOp during 2080 ~ 2100 over East Asia from (al-d1)
SSP1-2.6, (a2-d2) SSP2-4.5, (a3-d3) SSP3-7.0, (a4-d4) SSP5-8.5 scenario relative to the
present-day mean (1995~ 2014). Black dotted grids represent the changes are statistically

significant at 1% level. The domain average value is shown in the low right corner.
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Fig. 11. Changes in extreme precipitation intensity, frequency and duration indices: (a) Rx1day,
Rxbday, (b) R95, R99, CDD, CWD for the late 21st centuray (2081 ~ 2100) relative to
the present—-day mean (1995 ~ 2014). Each color denotes a different SSP scenario and
the boxes and whiskers indicate the interquartile model spread (range between the
25th and 75th percentiles) and the total ensemble range, respectively.
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Fig. 12. Spatial distributions of the annual mean extreme precipitation intensity indices: (a1-a4) Rx1day
(b1-b4) Rxbday during 2080-2100 over East Asia from (a1-b1) SSP1-2.6, (a2-b2) SSP2-4.5, (a3-b3)
SSP3-7.0, (ad4-b4) SSP5-8.5 scenario relative to the present—-day mean (1995 ~ 2014). Black dotted
grids represent the changes are statistically significant at 1% level. The domain average value is
shown in the low right corner.
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214171 1 SREFeT A9 A 9E B¥FE
AR #25 HAth dA 7190l Hdt Aol =4
Uehd S5 5ot 42 9 Sy} i A oA F
7} 73%o] Yebdth(Fig. 3, Fig. 12). 53] 23} &
Eordol wet olet A AeFe

H
. of
,
2
o
U
H

9|5} ZolAjo} Mutol] AH 732 s} AEiE Ao
At ol 213}t $50] w2t S5 g 4 &

Journal of Climate Change Research 2021, Vol. 12, No. 2

S EFT Fobilot B A4l A% 371 Zolet
= AYAdFET LA sk= ZFo|tkSu et al, 2021;
Moon and Ha, 2020; Shin et al., 2020; Sung et al., 2020).
SoAlofe} FHIE Z|ojo] Fabzs WAy WEel wal
= HAELY 2]4(R95, R99)Q] Wst AL Zsds 7}
w9} nh AR Ead 571 Aol ekt Tkl
Fig. 11b, Fig. A3b). 95HAIELL 9] 74 A(R95)2} 99T
AErA 9] 73 4=(R99)2] T4 H1=7F @A thH] 214]7]
T ZZF 1.6~ 3197 0.6~ 1.6€ F71S A0 AYEH
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ZotA] At} (Fig. 7m,n, Fig. 11b). CDDQ] ¢ IAt
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3 7|99l 30°N ©]2 o] hF Mol AR §
oulgt T4 A7t UEhoH, HE &3 A9
T 5ot ety et A7 d uEtoA= STt
o] et Aute AdS EATHFig. 13c, Fig. A3b).
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ol 2us}t Ay oo et S5 A9 F Y
= #aste] A7t A EHE E40] yEuAT, E5
& L7t S7Feol Wt o] ek Aozt
ZA =t} (Zhou et al., 2014). CWDY]
gRAdo)H folule FAE Aelstns o
oR 37} Aol Uertout EAA
T WoIth(Fig. 13d).
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Fig. 13. Spatial distributions of the annual mean extreme precipitation frequency and duration indices: (a1-a4)
R95, (b1-b4) R99, (c1-c4) CDD, (d1-d4) CWD during 2080-2100 over East Asia from (a1-d1)
SSP1-2.6, (a2-d2) SSP2-4.5, (a3-d3) SSP3-7.0, (a4-d4) SSP5-8.5 scenario relative to the
present-day mean (1995~ 2014). Black dotted grids represent the changes are statistically

significant at 1% level. The domain average value is shown in the low right corner.
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Fig. A1. Change in anomaly series of extreme climate indices averaged over Korea peninsula
(33.5-42.0°N, 124-132°E) during 2015-2100 from the SSP scenarios. The dotted
reference lines and values denote the ensemble mean value (£ 1 standard deviation) for
the years 1995 ~ 2014 in each plots.
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Fig. A2. Changes in extreme temperature intensity and frequency indices
over Korea peninsula (33.5-42.0°N, 124-132°E): (a) TXx, TNx,
TXn, TNn, (b) TX10p, TN10p, TX90p, TNQOp for the late 21st
centuray (2081 ~ 2100) relative to the present-day mean (1995

~ 2014). Each color denotes a different SSP scenario and the

boxes and whiskers indicate the interquartile model spread
(range between the 25th and 75th percentiles) and the total

ensemble range, respectively.
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Fig. A3. Changes in extreme precipitation intensity, frequency and
duration indices over Korea peninsula (33.5-42.0°N, 124-132°E):
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~ 2014). Each color denotes a different SSP scenario and the
boxes and whiskers indicate the interquartile model spread
(range between the 25th and 75th percentiles) and the total
ensemble range, respectively.
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