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ABSTRACT

This study explores the long-term trends of extreme temperatures of 270 observation stations in East Asia (China,
Japan, and Korea) for 1961-2013. The 5th percentile of daily minimum temperatures (TN05%) and 95th percentile
of daily maximum temperatures (TX95%), derived from the quantile regression, are particularly examined in term
of their linear and nonlinear trends. The warming trends of TN05% are typically stronger than those of TX95% with
more significant trends in winter than in summer for most stations. In both seasons, warming trends of TN05%

tend to amplify with latitudes. The nonlinear trends, quantified by the 2

"_order polynomial fitting, exhibit different

structures with seasons. While summer TN05% and TX95% were accelerated in time, winter TN05% underwent
weakening of warming since the 2000s. These results suggest that extreme temperature trends in East Asia are not

homogeneous in time and space.

Key words: East Asia, quantile regression, extreme temperatures

A Y Al (), Hol A
‘IRMA’ (9 J)QP ] A 2q
gt ke wjsf (109) & %J Aol ofgt 4zt A
7 v BaE Qi) T FOAE Bt gfer e 3]
AR e PSS oIk Aow deiA glon)
(Mitchell et al., 2016; Kim et al., 2016; Dixon et al., 2005),
o] wjiZef 7| SH3le] g F3t7] @AAFe RlEe} Ak ¥
sl that o] A|4sElo] Pk o1BA FeLe Al W
o] 27}l ALH FeA L] WIE 7ol A AR

T
ﬁ
12
o
o
Kl
to
i=}
N
%
o
>~

AJslar gleo] A#H o (Alexander et al., 2006), TthoFst
Aol gt A& FfE Ao o] RX|HA] 2|3} AHof| w)
2} Se7]20] 248} Aeko] A= thEA vEhtar el
grol=it} (Grotjahn et al., 2016; Sheikh et al., 2015; Franzke,
2015; Donat et al., 2014; Stephenson et al. 2014; Alexander
et al., 2009; Choi et al., 2009). o2t} 2R {5 2] FHILT o)
A HlSgE S @A) wskt ‘/}E}‘J’E’r (Kim et al,
2014; Lee et al., 2013).
7120 A7 Hel Al Tt MY £718 ol

o] ollz}l, Lut3} AHsFo| 7]«J— (Franzke, 2014; Ji et al
2014; Lee and Kang, 1997) -2 ©F5}%]+= (Kosaka and Xie,
2013; Stocker et al., 2013) H]A1& 2|0l Hs}E Hltl=
Ak BRI ol 7o) A7) WL 417 "Aﬂ“PO
= AR o glon, Bl W H o Az

' Corresponding author: seokwooson@snu.ac.kr

Received February 28, 2018 / Revised April 06, 2018 / Accepted April 27, 2018

http://www.ekscc.re.kr



o
0=
Ho
op
o
e

158

ol 4 & ojulich (Franzke, 2014). o] 2 wietol
A Kim et al. (2014)2 3Ht= A7) 7] T=ALR A YEt
Ui Fa)e el vidE 2APL AQEE Foie 5

2 BAtks 22 sttt

23] Fa129] 7] FAE RS 95 2 1
are) 1EAlE 2 Ud (e NES)| ske Bl
o} ojnf FEEE 7EAE BANOR AEE B Bo)e
£ 7lEoR s, Al A2 IS A48 5 o

L5 7|&0 = 3t} (Grotjahn et al, 2016; Sheikh et al.,
2015; Donat et al., 2014; Stephenson et al., 2014; Choi et al.,
2009). 71 54 71K olgse] FAIE ek A
oAt F3t7]2 @] Hlme] tigt FAIE HojF|
ozoll, SRt AA|S] AL sh7]olle of=eol Stk o
e BAS FEab] 9I8) Ui ATelHE 2915 ol
BH2 olgle] B4 HeI4E 7F0R HojE Il
ZAE A} SFT) (Franzke, 2015; Kim et al, 2014;
Lee ct al, 2013). 295 SRS 5 Beleo] 48 9
v FAIE 8 4= QLS Bt ofe), o] o]83f 13t
SE7129] FAlE 712 gl tigt AR e SRR
o) Wiwo} o] gt 4RE we wgch w3k 2w
waol Y3t /gE Baw s o] tie] 5] ARgsis
HaAlmat Blad wf oo oigt WE=rh YWk
(Koenker and Hallock, 2001). o=z}l @ 7]12] o]Akx]o] <
3 2 Kol B 4 gl Falee 7] 412 Slske
o] Rt el Hroh

B ApolaE Bole BFRAS Shbmo] 483 A
ATES] 24 oS okl (o= spyshuA st
(Kim et al., 2014; Lee et al., 2013). Franzke (2015)2 3
Aeje] B7] TleARel] B9l BALAS Ao 2, ¢
< 59 HollM= Azt 2o wpe} S317]122] Z=A)7} b
© vhEA) ek A8 ERIsirt Sokilor x|e Ed 7]
FH0E thge] B4 AW FHu s B4 Ad o
T R ENE B b IO R PREL o
o A7 5495 7, 238t Bk AER Ao et
th2A] Yehdarl Itk (Choi et al., 2009). 023t 294 tf
P o, Bol BFNAS ALgstel wrt Sk
doiel Fobrlot x|ofel Sarlee] AgHel 4] s}
At Aelol aet olgA Uiz Selstnd stk
E F57]20) 27 TR SA1E BATSle] ARaTolA B

St el 714 W okl 5 HAGA Wabt

718 ARAE U= Belstsict.
2goMe 2 Atoll o8 Akt Ao thef 7]

Journal of Climate Change Research 2018, Vol. 9, No. 2

10

o . AMO A

sk S5] Sak)e0] FA1E AgHom T ¢iF why
31 B9l FFAEA L oof TiFk S04 774 Wl T 7]
S} ololx|iz 3AoA BotAlot Sl 20] B7] 4
2 BAfslol, 2 Fal AbellollA] Aut 1o ujeh e
5} 7o) ol Ao|Z Mol Bl E uAF 4
of Bz 27 TR A4S BAjste] Sobklo} 718 wish

oA Lbehk R AT A D Ao B 25 A
WISk A8 disl AsE Sk 4ol A e
R0k ATl A 7t AT el el d=efeick

2, At U HEAuny

21 Xt=

7180) A7|2F WS SIsh] $18 Fokilot 2ol ¢]
A AR 3, YR Y o BEF 2 Huole
(TX)Z} A7} (TN) 425 o] §3}gich Halol A8t
277k2 196149 190 1208 20134 89 3127H4] S3UgH
o) Aag Feaict A V2717t Fk X8 olFolit
A20] Q= AHTE Aol % 2707 A\He] Ex|Ho)
et Bae Ssgsioion], FrpER T 1), S5
177, Qi 1427 X300) RS AMgstelry Alde] whe
Fele AEE TR S8 A 71 A AR 5
BT ALE (1229, DIDTH 983 (6-8Y, TA)R e
SEECEE

B9 Sl AR Aol A B £914 (90 43
9 A wERels B giat wilow Falec)
ZAE A BAT 4 ook ol T} e S40R E

V= min{z (=) ly; =y ()l +Z 7 ly; _Yr(xi)l} M
{ilyi<yr(x)} {ilyi>yr(x)}

n he] Azl ste] i = 1,2, ,noln, vt n A %
2 UA G ofnlateh 9] Aol SRld 4 glRe] £
91 BFEA S TR SHe B9I% - o] A g 7]
Foz A} Bald exje] At Fol Havt Hes
Shz 2AIE ok 2AAE TEHe WhEe UutHow AL
S HAATHL v 03 AT T Al AR
2e] T2 ol gtk ol Aol Zich. o]gA| o3} A



= BHEAME oIt SotAoL X|

o Al d9igks o]8 ;Ptq FAAE Fehe oA ot
7<H A7} Het AA| whdE7] wfiZol] oA ol Sfsf FA)
7h AURA AXAY 2o = BiE EY 4 ek ool
Sl &9l BHEAS AR e Eazof| et 7Ho] =9t
A Feths oS Zh=rh AR A d-tolA Bzl viet
o] A o 22| e} 277|120 HEUEPL b
3t AHEELE o]FX] o=t} (Kim et al, 2014). 18} Z]
2AFHO A FAE ok HollA AR O] 3ol of
gk 7pgo] ste7] wimoll, St ARl RlETF S 22
IEA Uehd 4= Qdeh £ SHEAE AN =2
3k Amof| tigt 7He AERtemA ot a4 I
o e AR B 4 9ok

2 Apolis Faplee] 4] WEAS els] 9
of 574 291 = ZF Adel web Har)9 95% 29
(TX95%)2} FA7]29] 5% &9 (TN05%)Z XA
o] W o5& 317|290 95% 9 (A TX95%)= =4
I A AHEIE Uehe Ao, AL A 79
5% 91 (DIF TNO5%)= ghot ¥ AlElE vepdch ®
B 012 HA7Iee] 5% B9 WA TN0S%): ot o
27 A7be] exe} PAE AERA Aol Wi} Bl
Re FAm, ALH 2117129 95% B (DIF TX95%)

L (ROBAT DA ARE Bg ke

2k Boline] A 418 ARl 134 A4 2R
o) 234 ZAA 02 ARSIGLE ROl BlFRAL Ea)
12} ARl A Z3l7|2.0] AEz0l 27} 3o 7
ojulated, 27} TR FAAS S371e] A7 HslelA et
U sl Wele UeRich, nAaAe) 271 24 o
5 2A1410) o]k Ape] AoigroR Akl 4 Sk %

AZE e o) w2 & 7(t) 9] ek 7(t) =alt—p)® +T0
BT 1, 09] 217 FolH L FAle] HAGAS ek
s A5 ek Ea Sle] WAelA pe 2ol Zytol
WSS ARS ofujgith ) pS oF 1) S AAAe] 2%
ot FAAS ZEA FHl= s 24T 4= qlen, o]

off whet 22} vk FAA e et A4S Sl WS7ITolA
U bs 2% 419 #3kE A4 ollA gl &
Qith (Kim et al., 2014).

N

3
3]
=

FA
™=

mlm rlo é

2.3 7old 488

ZF 291 BlFEA Aol tigt fold A4 Hes
L A A|D 2] X743 (autocorrelation)S 123 bootstrap 1
WO A3} (Franzke, 2013). &3] 0|85 Student’s

o Z5b7|20| Y|

i B

FH 24 159

teste] A5 FOIRE HHHIA Sh FAl] B thh

7Pgo] EFEM, olefat 714l uet F4141e] 718717} of
L ool Bl Y ANE IS BesHels BAY
1A 4 Slek AR o83t o8 AR o] 7
ttesto] oFAL ROIEF 2 it} kAol WAL chew}
k. SR o 3 B2 Aot FAT A7\t
FREE ZH 7P AADS 10007 GHELE o] 10007
o 7M AAGERY Hel4 FARYS Fal Qe A4
o AR FAe] HES T 4 k. FA19) LES AA)
B2 AADE] A4 Aok ulaste] fol5F 95%o)A
EAROE fofatA] Bk,

O

rlo

3.1 MY

7128] AAGNA 9l SRS Sl e AR 5
A A7) THE SR)e) HEE 274 ek o)
Dol 712 AAGY] AF 57t FAle 23S Fks v
ul, 249] 197)7 242 o et Lust At Ueiba
22 u|gitt (Kim et al,, 2014; Lee et al., 2013). Fig. 1=
FolAlote] AU HolH, A%, Eito) ohg st AL
4 o HWHALe B Fe1ee) 43 FAE vt
Wiz Qiek 72 Aw=E o Fa 9 HA7] 22 of 5ol WA
S} FA, AL 2285 TRk o 217} 1)
Seick T2 71 o] BAO At el ut o]
£ Helck thigol Ix3E wo| o) HEAt A= o 5H
15~35°C, ALAE 15~10°Ce] L& W9J= Hglon| ol
US| £5) Ao FIA T A0 ek

EJUgERe

uhel Sope] QRS WHe Eao) A% of8d L Wl )

o} ulds a-m , Ao -5~20°CE Ao T
3 718 REES Herh EG ol8T AL BE A7)0 5
S 270 ApSigro] % A ek, 237125}

247|129 Aol iAo 2k Ao yepRdt disat
NG Afolell AR Aee wloldn AR 222 HelE
ZEARE, HA/F 7] Afole] Aol FEEHA| UERA| oF
© A2 E=seh vt B A 72 AR wEofA
UERts 2|94 Alelz 2} disEA|o] YRR dis/s)ef 1t
of v zlolof| ot Fuf= EAETh W] Fo] Ak 1’415“%01]*1
7 Ao a7} A7) ko] Apolrk Aa1, Ae
d 7120l ¥ IA Yotk HIt|= sfefe] 7 vjdo] 7]
moll Zay/E|A7]e: 7k Zo|7k AL, A e wedt 7]

http://www.ekscc.re.kr



- su

Temparature [ C]

10

02
ro
«

r

5
1970 2010 1960 1970 1980

(b) TX &

1980

(a) TX &

1990 2000

: BELING(JJA)

: SEOUL(JJA)

5
1960 1970 1980

(c) TX &

1990 2000

: TOKYO(JJA)

1990 2000 2010 2010

Temperature [T]

i
il

| Il'; |
0
il

§ 5L

-30
1980 1990 1960 1970 1980

Time [Year]

& TN: BEUING(DJF)

2000 2010

(e)

Time [Year]

& TN: SEQUL(DJF)

=30
1980 1970 1980 1990

Time [Year]

& TN: TOKYO(DJF)

1900 2000 2010 2000 2010

(f)

Fig. 1. Time series and linear trends of TX95% and TNO5% at Beijing (a, d), Seoul (b, e), and Tokyo (c, f) in JJA
(top) and DJF (bottom). Daily TX and TN are indicated by dots with different colors: JJA TX (red), JJA TN
(orange), DJF TX (green), and DJF TN (blue). Trends of TX95% and TN05% are indicated by solid line.
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Fig. 2. Comparison between linear trends of TX95% and TN05% at each station in DJF
(blue) and JJA (red). Filled circles indicate mean trends of stations in China, South
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respectively.
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(b) Shape of 2"¢ order fitting curve

in 2" order fitting curve (eq. 1) of each station (a) and the shape of curve based

on the scatter plot (b). DJF and JJA values are denoted in cold and warm colors, respectively. Vertical
dashed lines on Fig. 6a represent the observation period used for analysis. Each unshaded cell of Fig. 6b
indicate the points located on corresponding domain divided by x-axis and red dashed lines in Fig. 6a and
the shape of the 2" order fitting curve. The shaded cell in center of Fig. 6b indicates the points located
on the x-axis (the stations which of “a” values are equal to zero).
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