AR TN 2015-02

Mig]

S
-

APEC?7|

— >
. > S ® A A a
L » A A A 4 A <
. b2 T s A At «
v vv vv vv g vvvv vavPvP»P»Mbbbsb 4 ;AAA «
v 4 A |
¢ v VVVVVVVVV' ""”’ b’)‘LAAAAA <« <« <
yy> PP > > p. b W < ‘
v "'vvv 4 ‘AAA 4 < .
RS S PR RRE ) .
<<<<vvvvv .AA44444. * Cm
1““1‘ A‘A“AAAAA. Cﬁ
M<<11<‘ A44444<<. £
vvyy \ AL RA RN 0:
ve'Y 4444<<<<. m
4‘44“4“‘44 AM
Vo v '
4“‘“11
«“‘1
«"11
'1
.VVVVvv
.Vvav v
P > > >
o—E vv"" | >
.VV VVVVvv..
K|r Q0L
[ 3 L
— 'v p
'S 'V
1AL
m v"'v
.VPPPVV
»’ "Pv
h >P A
— »’ ” A
”’ >>
™ Aass.’
5”’ ’b
A a
Abbbbb LA
zu 8.
.AAAAA»;;. .
o S wddat
—_— 4 a
: _._._E ~‘AA AALL
m I 44t
E __A_ﬁ AA 4 « « « ¢
i’ b 44 < ¢ 4
M oar o AR
110 .« ‘
- ’
|u.u|h ol il
__o._ &0 %0
N N



APEC7|SME]
HREHTM

1lo
rok

sz 0{E& 7|2 oSS ¢
o

An Empirical Model Approach for Summertime Temperature Prediction in
South Korea

oy
09

A 7|

Ol

ol
1|
om

HARETN 2015-02

APCC

APEC CLIMATE CENTER



Felehs ol a
o1gol G5lol 35
Bl
5 B 7|2
LR 2 e 715

EE
of
fot
o
ol
{0 Ol'ﬂ
=
<
o
o
=)
j&

FeFoz A2 60%
%%Hﬂ&;} }}%Hﬂ?
zmﬂuw»mwﬂﬂ

2 342 A

-1 =0

f
ok
>
2
5y
<%
N

e;

ol
_Et
i
E
=
o?:
jakif

)
H‘T
oy

o2 oft
(S

>~
el

o o
o,
o
)
e
>
o

1o
dr o
o
N

e L -IFw
2
o o
e
)
HRTY
My, ox
t
s Héi
>
ot
& T
>

)

rE X

o fo X
o,

o

o

o?

)

1
24

2

)
SUR RO

-

ko

i

o

)

ofo

ol

ol

(d

18 K

— 12

2

22

o

il

,

o

L)

N

r d)
%
o
T
)
Y
1
~
T
[an
12
S
]

-
Y
=)

12

el 1%
X rlo
N of

19 oY

_0|L
Hi oft (2
:(I)g
o
%
N ofo
Ruigyee
i N
E
flo
>
r2
o
>,
1
T
ox
—0|—"
Ir
~N
ot

e

o, i
12

=
Q
2
|\
o
o
-y
rood
i
[
v}
i
o,
feieu)
X
~
rE

lo zE 9 ofo
o

z o r]
2

il
ne
e
-
o
r g
=2

>
ofo
"
r|

=
o

ol
ol
ol
N
o ph M
X
o
—
rlo
N
T
r {
0%~
ol
=2
=
o
o
o

> 0]
2 1o
A ot

N

=

o, ol
o o
12
N

i

T
g

N

Zluel o534 7129 5 =017] 18l AA S o]
= & /NEs3laL, o8 APEC 75418 v il
85 1@‘41 ! 401]3**614/\17*011*1 Tﬂlb}a‘r oI5

ot

=

e
R
rlr
_1

4 Jo m¥ ox op
ot e g
Lo X

o

o 2

I A x
S
=k
o o =
o JN
<t
2B
Xy
_10 —|—'
é

_4 _Lz
O
:V‘z
12
]o
U
>1L
flo
z
o
mlo
lﬁ
ro
i)

2
e g

2
>
=
NE il
i R
of
X
[
2
ol
e
i)
2
_Il)l'

2015. 3¢
APEC 7|54 A%
A



ABSTRACT

This study investigated the predictability of summertime (June through
August, JJA) temperature in South Korea. On interannual time scale, the JJA
temperature variations in South Korea were, to a large extent, associated
with the large-scale, low-level circulation variability in East Asia. The yearly
variability of large-scale JJA circulation was then quantified by area averaged
850hPa geopotential height, termed as Korea-Japan index (KJI, 30~45N,
120~150E) and western North Pacific subtropical high index (WNPSHI,
15~25N, 110~140E). These indices were linked with remote forcing of
tropical origin. The KJI was coupled with a decaying El Nifio a month in
advance, while the WNPSHI was influenced by sea surface temperature
(SST) anomaly in the western North Pacific and a developing El Nifio one
to three months ahead. In addition, the JJA temperature over South Korea
affected directly by tropical SST anomaly in the western North Pacific in
May. Based on these teleconnection patterns, a multivariate regression
model using the SST surrogates for the KJI and WNPSH as explanatory
variables and a simple empirical model with an area averaged May SST
were established to reconstruct the JJA temperature in South Korea. Both
of the empirical models predicted reasonably well the JJA temperature with
correlation coefficients of 0.57 for the multivariate regression model and 0.53
for the simple empirical model. These statistical models were also used to
predict monthly temperature and, likewise, the predictability differed little.
In contrast, however, if these models were applied to a suit of multi-model
ensemble (MME) seasonal forecasts, the multivariate regression model
outperformed the simple empirical model at all lead times ranging from one
to six months. The notably different predictability arguably arose from the
higher fidelity of the simulated tropical SST in the Central and Eastern Pacific
than in the Western Pacific. In addition, the multivariate model outstripped the
one-month lead MME prediction for summertime temperature, suggesting
that the reproducibility of tropical SST, despite the regional dependency, can
pave a promising way for a statistical model to predict JJA temperature in
South Korea.
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1. A&

ofAJo} A #<=(Asian Summer Monsoon, ©]8F ASM)2 7] 1% 3HA] <= (In—
dian Summer Monsoon, ©|3} ISM), &-oFA]o} 3HA] <= (East Asian summer monsoon, ©]
3 EASM), 18] 31 -4 e E 9k 3} A] H<5=(Western North Pacific Summer Monsoon, ©]&}
WNPSM) © =2 G+4d ¥ tH(Wang and LinHo, 2002). ©] 7kt EASM= -$-7]12] Al2F A]7] 4l
419 fjA] ol whe} A oA 0 7 wlo]f(Mei—yu, =), &vHChangma, -F-2]Heh), 12|31
uko]-¢- (Baiu, ) 2F &=, -elvkeke] A9 gt 713k 231 o] 54 (62 ~84, o]
SFJJASE-Z-8) ol A7) 60% o dol AT H o] TF AZst Ad A7 s = &

o, $ ool BALE B WER §7) ol S 718 WE A A e ke e
% QU ek ER o) F Fof Bl A5 MHAYSHE H4 (heat wave) & o1 7] o]
FParahis thE Aol Asolck. mekx] EASM o o]sh Balel 245k 71 el tidt o) 54
S 0]

= T AT SR AR A A A 8- SHolA 2 Eol 2 Utk AAE ook

9 Z7] 7]1%-= (long—range forecast: 170Xt} 71 A| 7R
Aol 7155 ARE SE7IAIE Filol EE-ste] 917] e 9 8| Bihs Al=shs vt
(Lloyd—Hughes and Saunders, 2002), 7] 7]%o|=2] &k 7}3l= 7|5 o= A 5o 17}
7HA] =9 A4t

o
dr Wi
o
)
(o]
o
1
o
¢ (o]
N
M
Mo
o=
N

rir

7155 FAe] A= th7] -l g3 2ol wel Ao Ak Sl A
2lo] A1), < o] Folxl A=re] #HA X B = o] Hls| 54 o] Hold A7)
of| & 1.2 AAakS 757 8k tH(Krishnamurti et al., 1999; Palmer ef al, 2000; Shukla
et al, 2000; Doblas—Reyes ef al, 2000). t)7]1—3alF 235 2h-g-of 33t 284 o]s)|E n}
gog dA de] T8 Q= 475 7R A 7 7 E mEE o Lim and Kim,
2006). 3 HA 71H2 i R (O PR S ti 515 = 138 sk 7] s 9A
2] A9 e] 7] el gt A iS4 - FESLolE EWE B 2 (em—
pirical model) & T53te] 7] o5E FashH= Aol o] WS A
u ol 8] Wk A Az o3 A = - & 5o thd
T 21 (sea surface temperature, SST) —ol] 23] o= 7}53F AFo] Hkso] k= o
TA e 7]zt (Palmer and Anderson, 1994; Goddard et al, 2001). 743 &



AR AP A F 1Y AS5dS £] 2]ele dAoR W el MER oY A
o g Bl =9 o S21A (predictor) Q1 A = —%15 (El Nifio-Southern Oscilla-
tion, ENSO) 2 7€} thvt 5 A 35 ZA =]l gt 984 olafi7} X WA 5438] ]
ATt T WA 7oA S 71 A A e = AT 7155 (global climate model,
GCM) & &-8-3}i= 98H4] A o= (dynamical seasonal forecast) 0]t} 184 Ald o=
& ulg] Ak SST (prescribed SSTY & AAIZ 07 B83to] t)7] AES o) &8k
t7] GCM (atmospheric GCM, AGCM) ot 5-2 t)f 7] 2} 3| k2] Ael7F 25 oS5 = A
2 GCM (coupled GCM, CGCM) = ©]-&-5fo] =719 5-2] 7|54 BE BAksit) ost4 7
A 5 7 Aol A ks 71 A ES B0 (simulation) 3 ¥4 © & A2 4]
52 (numerical model) & ©]&slP 2 UNkA o7 A3 wel 7] of n]s)] A4S A H.O

ASAdol stk v B B U As] 54 A o= 7o) netow &

o
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3t %] ] 9] 7] % 2} (climate anomaly) 7} TFE A
o], Ag] & o Ha] Wolzl x|l 7hol Fulst A

e} il o
“A A (teleconnection)” ©|2} stt}, AWEA 0 7 AAAAL 7 7|2, 71, 18]al
T 7] HAlel| X5 0% HEEE|A, 18] 3l tigf R YER G} oA X

Aol 9] A7) low—frequency) HIEA]S BAER=t) v G231}, B2 M) ol o] <
sk ASM#} Ak of 2] 74A] @A ko] EAsk=t, ol & 5 A8l (intraseasonal) =-
< 73 (interannual) A|ZHFEA Fd BT} 250k A efE < thite 55 obr] ot Far
East Asia) A% ell 21719 (A71$H A BAFE fFesto] 915 Folrlot o F & 7]=0] B
R} ssol(Goh) A= A e 2 $k}(Nitta, 1987; Kawamura ef al, 1996; Fukutomi and
Yasunari, 2002; Lu, 2004). Nitta (1987)+= o] 944743 sjdlo] Aol efF e g 7}

< (convective heating) 2 -5 %= =744 7} 73 (local baroclinic structure) ol th st &

O

1) Prescribed SST: 7|3 % +¥ SSTol| 57 A]7]9] 75 SST HAx} (observed SST anomaly) Fi= o5 SST 2} (forecast
SST anomaly) & tl8te] AHE3F SSTE <Jn].



e (dE FH) =9 H2} (barotropic vorticity anomaly) &S H.0]31 “Pacific—
Japan (PJ)” #€lo]z} W&}l Tsuyuki and Kurihara (1989)+ AlEY PJ #j¥lo] =
o FHT} gtof 5ol O RS W, o= Aol AEfE oA 7158+ T4 72 53
Ao (easterly shear) 7} 2015 Rt stol 5ol O ZalA 9wk Al Alo] o] -
A%t B (barotropic—baroclinic coupling mode) H=8t gtof 5ol v} 733l #] 7] wZo]th(Ly,
2004). 18 H<* Xie er al (2009)-> PJ sijglo] A w7} gt o 3l o & Hell vet
L= Ik 2ol &J8l de)d Ao ] v 77} oFshe] AL -g-opr| o} w=mo] Zdtu = 7 d Al

i T B4 X9 9) a1 e Qe U9 A k) v 58 ko) A
S zk= b (Guo and Wang, 1988; Kripalani and Singh, 1993; Zhang, 1999; Kripalani and
Kulkarni, 2001), L 24-2] 347 32 53] 2o 5ol Q1= U152 sk B2 %
2] AH-S- W2l T} (Kripalani and Kulkarni 2001; Krishnan and Sugi 2001). & 2ol = A%
)53 &F W (cold—tongue) oA T2 HAshH= A 0% oA AAE 57421 A1z (cold—
tongue El Nifio, ©]3} CT Y 3x) ol Blste], 2 5 S &F 2| 9ol A Aok A28 3
B €] Y & (warm—pool El Nifio, ©18F WP &Y 3x) 7} ¥ 31 %] 1= (Yeh et al., 2009), 1]
S AR O o] Aol 2 Q15 AT H|l €] Aol A FrAIEE 4= gl Ao w et o
HE vl A CT Ayt idehs o532 7122 el vla) v A3-S, 19
T WP A7 idsh= of 53 7122 d ol v] &l 32 A S Btk Kug et al, 2010).

FlelA At 27382 ArhollA] SST 4l 2% thi Wsel 7]1% o = A7}
ofdu] X942 7] &3 A e il vt R w8 Wl e JEe v 9leE 9
e}, 1) #4 E8-5 ER e
T HlnA FEEl R Sse id, 55 Bt E= A
O % - Gk o R oS8kl It (Wang er al, 2008). b Ao SST W53}

H d-opdeh A7 g w3t ol E St o5 ZRGACIS L
ol|Zoll E-g-Sheha, HukT S0 o 54 715 Wisel tial &gk A oA 59] 54

7he 5 Qe
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o
©
>
o
2
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tiks nL._,

g ol f1Ash ERb S 0] FET oS xpHshs HHIFE Y 1719 (North



Pacific subtropical high, NPSH) 2} NPSH2] A% 7 Alol| 4] Jr- o F-- of] A 5= HA4]
g ek 117] ¢k (western NPSH, WNPSH) 2 EASM¥} A thA] #1719} (tropical storm, TS) 2]

ot

HEAS A= FQ QAo |t (Liu and Wu 2004). 138 A ¢)shd WNPSHE] H %
2 2 oAt Ik (Schott ef al, 2009), oF ol &4 BH 2 (Sui et al., 2007), 18|31 &

ol B8 < (Wang et al, 2013) €] SST W5l 7|1 8k=H], o= ¢ Al —otd ] SST &=
WNPSHS] |5 e1x}=2 Ag-ahd WNPSH 4 W% oS54 0] AA et 435 1 v vol
7} WNPSH2] ¥l 98-S = EASM TSS) 3 W% o&Ado] 8l /g &=
AT (Wang et al, 2013).

WNPSH ' W-5/d 3} A2kl goprlob x|ef o] i 715 Bd wgAdel #e A=
- S oA R E Sl Tref L Aol et uhel gho] EASME: A A 0% 7
A==, o) EASME) A4 1A= A shs 7] Agale] uls gl gopalof A o]
g} sl ets A 4 0% A& th=7] wiZo]tH(Tomita ef al, 2011). o] & A7-ellX =
i SST 5-& o) & Fall ‘3¢ 7T 2.2 o5 7h stk 813 x] WNPSH} gk 87| 7]
= Ate]] ARG RES FEdte] L 714= ardstal, Ao SST 52 WNPSHE 54!
A= Bgsto] b S| 7] 2-& 5ok 494 RS /Re 5 o158 A e
A ell5 B9 oS Ahg el A galo] 1 &8 7 & st sl o) flsl 1)
Feluet A5 7129 A Ws s wAaL, 2) ol sk (ke vt o] Ad
T Tetatglor, 3) gelvet R tit R webd B Wsat A g A SST R
FO e AAGE RES B8k, 4) o] F o] 85} %ﬂb}ﬂ}fﬂ S 71 A s

o}



2. A5

2.1 #5215

2.1.1 3= 7)1 x5

B Aol AREEE S E 71 AR 0.1° @F 10 km) =2 AR Ah g 2 J8kA]
o 37485 A A~ 5 (Automated Synoptic Observing System, ASOS) of] 2] &l & 5% 3
4 A5FE Axsst Zloloy @A & 817) BS540l ASOS AE7F 3 = 1 AA|RE, ©]
A7) FH2L 1979GHE 20127 F717E /P4 0 = 257t 4 5o 9l 597 ¥
S4E AdEste] S U S F8l AAkstslolh 2 Aol AEs A== A
&) 91X Figure 1o BAIEI T, 2 #540] 9 - A= 2 & JHE Table 19 A
Alsaitt

okl
Fi
=
Ei

W of| = Kriging 719, 9371 2] 714 (inverse distance weighting, ©] &} IDW)

719, &2+ (polygon) 719, 22+ (triangulation) 715, B ~Z2}el (thin—plate spline)
71 Sol lor, o] WS dAE = Zste] 37 UiakS 8lsh | = vk (Haylock er

al, 2008). o121 33 Uit S & Kriging 7% 0] 78 thazzolm] Jugh o s &
A4 Qo (g AF H &, 2011; Herrera et al, 2012), ¥le] @ 71388 7] &l st
AT Rk& 4eslok = wdo] Qlek. ofel, & Aol A= ulad sk R B Ao 3
2] 249 Uit A2 Al 3sh= IDW 7S AEssdt) o] 71HS Az 3k 47 98 1
Tl P54 GE) HE B A SR, 717 A 9] el Wk sk 713 sled
a7} 00l 717H5-11 A Fato] BT a7k ARSGE Tk B352:0) 4] Ul AXA Bk =

= 3N 8

oA7IA 2= AEA2A
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oM, d = AR 1, 9 B3 q Aole] Ar)2A

d={(z—z)

§3hH 7Phe #E40] o]
ERRE SR

71 213l A (3) ol Az

39N

+(y—y)

AVA A AA HEPR= 7
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Figure 1. Map of the 59 ASOS stations used in this study.
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Table 1. List of the 59 ASOS stations along with their location and height above sea level.

Satation Name Station No. Latitude(°N) Longitude(°E) Elevation(m)
Sokcho 90 38.25 128.57 18.1
Daegwallyeong 100 37.68 128.72 772.6
Chuncheon 101 37.9 127.73 77.1
Gangneung 105 37.75 128.88 26.0
Seoul 108 37.57 126.95 85.8
Incheon 112 37.48 126.62 68.2
‘Wonju 114 37.33 127.95 148.6
Ulleungdo 115 37.5 130.92 222.8
Suwon 119 37.27 126.98 34.1
Chungju 127 36.97 127.95 115.1
Seosan 129 36.78 126.5 28.9
Uljin 130 36.98 129.42 50.0
Cheongju 131 36.63 127.43 57.2
Daejeon 133 36.37 127.37 68.9
Chupungnyeong 135 36.22 127.98 224.7
Pohang 138 36.03 129.38 2.3
Gunsan 140 36 126.75 232
Daegu 143 35.88 128.62 64.1
Jeonju 146 35.82 127.15 53.4
Ulsan 152 35.55 129.32 34.6
Gwangju 156 35.17 126.88 72.4
Busan 159 35.1 129.03 69.6
Tongyeong 162 34.85 128.43 32.7
Mokpo 165 34.82 126.38 38.0
Yeosu 168 34.73 127.73 64.6
Wando 170 34.38 126.7 352
Jeju 184 335 126.32 20.4
Seogwipo 189 33.23 126.55 49.0
Jinju 192 35.15 128.03 30.2
Ganghwa 201 37.1 126.45 47.0
Yangpyeong 202 37.48 127.5 48.0
Icheon 203 37.27 127.48 78.0
Inje 211 38.07 128.17 200.2
Hongcheon 212 37.68 127.88 140.9
Jecheon 221 37.15 128.18 263.6
Boeun 226 36.48 127.73 175.0
Cheonan 232 36.77 127.12 213
Boryeong 235 36.33 126.55 15.5
Buyeo 236 36.27 126.92 11.3
Geumsan 238 36.1 127.48 170.4
Buan 243 35.72 126.7 12.0
Imsil 244 35.6 127.28 247.9
Jeongeup 245 35.55 126.87 44.6
Namwon 247 35.4 127.33 90.3
Jangheung 260 34.68 126.92 45.0
Haenam 261 34.55 126.57 13.0
Goheung 262 34.62 127.28 53.1
Yeongju 272 36.87 128.52 210.8
Mungyeong 273 36.62 128.15 170.6
Yeongdeok 277 36.53 129.42 42.1
Uiseong 278 36.35 128.68 81.8
Gumi 279 36.12 128.32 48.9
Yeongcheon 281 35.97 128.95 93.6
Geochang 284 35.67 127.9 226.0
Hapcheon 285 35.55 128.17 33.1
Miryang 288 35.48 128.75 11.2
Sancheong 289 354 127.87 138.1
Geoje 294 34.88 128.6 46.3
Namhae 295 34.82 127.93 45.0
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2.1.2 AR 2=

ASE Fokrlol A9e] Ttk =8-S FAsH] Sld Y1=-A%E 257 149 4
55 NCEP/DOE A1 242 (Kanamitsu ef al, 2002) 2 A9 0m, SSTO] BA4e
M E A=—H%E 1.0° 742 Extended Reconstructed Sea Surface Temperature
(ERSST) version 3b (Smith et a/, 2008) AF55 AHE8IGITE o] k552 7|3FS BT 34
W (1979~2012W1) 0 = SHtL: 7|2 zk5 9} T sl

i

22 AT AFRE AR S A=

AAT 715 Fbe S| 7] 73 wlwel] wst S &
MME Al el 255 AH-a3IEE APCC MME AP o S A 252
3915, 1870 71 e 2 7| SR SRS Al et o, ol 7] 914 - =4 A
2] Mk Folli= 1070=7, 1670 713ke] Frofskar ek B3t 2007'd shib7 |78 e
Alzetel 312 A SR APAITE 20134
Al Al A =, Ak ke =

2 592 915 TS ATBAL, o1 F Bl APEC H 9570 /| FelSAE HEES 3

Al 2~Ele]| Zrojsh= 7]
71 vk, vheFsh AR R E-S -85 APCC MME A& of
&l 2014 37| 5-E] o] eg] o} Euro—Mediterranean Centre on Climate Change 2] 7 #] -

71 mdo] =714 0 2 8.1 31 9t}
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APCC MME Al o5 A B0 A A 591 MME 7ol th=2] AA e x5 &

= 3 1+5H= Simple Composite Method, T 3] 7541 0 2 %3} A|520) A X = w1

sk A7 Hlo]E] o 3]7 5418 483t Synthetic Super Ensemble Method (Yun et al.,
2005), =214 sl 7o 7ol Aske] /P B A3E B4 Sk Step—wise Projec—
tion Method (Kug et aZ, 2008), 12|11 7] 5-gt=2] S d =ghrol thet o5 G5 sk
9] 91A]ell Azt =3 sk= MME 25 Al oS (Min et al, 2009)-5-0] At 2 ol A
= ti7]ek slief Atol o] s Ag-o] Bl qkell A Aok glo] T == 67) CGCM(Table 2) €]

8 dpEIA



2611 (1983~2008) A5 A= E A~ % 2.5° 114 07 A AA}s) 5t ¢ o]
MR Ele vlaf o=Ado] ot Simple Composite MethodZ #-8-5to] -8 MME
A= ARSI

Table 2. Brief description of model configuration for 6 CGCMs used in this study.

Institute| Model |AGCM | Resolution |OGCM| Resolution Ens. Member

MSC CANCM3 | AGCM3 T63L31 OGCM4 | 0.94°x1.41°, L40 10
MSC CANCM4 | AGCM4 T63L31 OGCM4 | 0.94°x1.41°, L40 10
NCEP CFSv2 GFS T126L64 MOM4 0.25~0.5, L40 20
NASA GMAO GEOS-5 288x181L72 MOM4 720x410 L40 9
PNU PNU CCM3 T421.18 MOM3 0.7~2.8, L29 10
BoM | POAMA | BAM3.0 T47L17 ACON2 | 0.5°~2°L25 22
3. A3}
3.1 92|zl sHA| 7]

l

3.1.1 gy} sHA) 7]-&e] 715skd EA

4] = hash A A o 2= A

2 QF(NF2 3l Fe] ok YAkl 28] FEP) & Wt whebA] vickE EeMil REEo]
A} W2 A 322 Abdo] Biekst ﬁo‘ﬂ]%‘“)r 3}74] 71 22] 71584 B Eofi= o] F 7HH] 247}
HE @& 715 Fard o534 Figure

2a), 64 (Figure 2b), 74 (Figure 2¢), :/_E]L 8¢ (Flgure 2d) 71 —ErE_O]E} HA AEH F
712 Ay Ay o g
W Ao 71R0] il FHA O R ZApE 7]R0] ‘#O}Xltq W““G‘l@ilﬂr Bl RLES R
& %] odo] QX G}, A A 0 7= Akl Uzo] 9] 2] 5k tf o]
71201 25.0°C & 7H 3201, AWk A 250] H5Re) 3= %O] I FEwEY, 72l 7H
S 2 AR g 02 17.9°Coltt. nitte]] 144 & a2 sl A2 7]2o] al 5%
o] gFo R 11 Bt B XSt F- UlFel vlal 2] Fom A8 1 KT 7]
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Figure 2. Climatological mean temperature in South Korea for
(@) JJA, (b) June, (c) July, and (d) August.
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312 5euke} sh 7] 2-o] A W5

S-elubet ol AA Bt oAl 722 715 Fat §hRl 235°CE VIS0 FEIgh A

W M54 (interannual variability) 2 X 1 th(Figure 3). o1& 51 1980, 1993, 12]17 2003
W o2 Fd 3y vlaste] 7]20] 1°C o weton, 53] 19942 Al =91 1993 9] 4
ot 7|0 el vl 2°C A= A8 Skl &7-skar 28] 2°C =2 7154
Q1 7] dso] BSE ATk ol 2| gk aHA| Bt 7122 B Wsh= At 7)) Ad ®is)
of Y540 Rt H A= oot Y= ol At 720 7P =3kd 19982 54 3
7 7]2o] Fdol vl skl ar, At 7120] WekE 2005 ol 2.8]8 AdEekiith
o9} frAkstAl stAl 71-2] 73 d W stel v x|= G 7] A wiske] ek, v € A
d WS FA R ko] A2 v d A TbE, AEA 02 YERA] gk

Figure 301l A5 &1 7]2-8] AlAIA (2 A2 90%9] frolaes sdshs 712
5 FA10.77° C/34—year) & HITE 01714 7]-2-2] FA|+= H| <= Mann—Kendal %
(Kendall, 1955) ¥} A8 3|75 (linear trend test) = ©]-&8Fo] 7433} o] vl ws}o
Figure 3¢l §7 A5 € 7]2:8] AA|LDS SHA] 7] A AID 3} vlsedh =41 (69, 74, 8
ol 2+7}+ 0.68° C/34—year, 0.73°C/34—year, 0.88°C/34—year) & B3 21, 90%2] -2
g Sk FAIF SR Fost 4= 24 62 7129 A AIDolA T YEFSTE FH
918 5 (2012) & 1973~2007d 717 E9E 6 6070 Aol B8 7] g 24
sto] 799 23}t FA7F A oFst = BEe Balsigith 53] o] 7|1t gk 7]
W71 oFst sb FAIE UEhdlo] e FAIE 2 ve Ee 3 AbEE Wl 5
Holed], I Ao %2 S7HE AAISHATE Tt ikt L9 28] vhE X3 H]
SHA, 7 2kt AR oksh= F A dAto] of el FeluEt A ofRke] H5 5 viskel
vl fejuete] 783 849 712 FAloll wEk Bk vhbA Q1 A+t B e sit
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Temperature over South Korea

20.5 LI B | | LI L L] I LI L I LI I T 177 I LI L] I T -4.5
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Figure 3. Interannual temperature variability in South Korea for JJA (black curve with hollow
circle), June (blue), July (green), and August (pink). Time series of monthly mean
temperatures are plotted using climatological anomaly with scales on the right. Units
are °C.

vt s 712 Ad Wsa tiakske Aleit - 2E FE51] #I8 ASOS 71+
2b el 743 A W 3H (Empirical Orthogonal Function, EOF) #478- 4]-8-3fal A& A4 &
9} =4 =5 Figure 49} Figure 5 212} =S 3 WA B =9] F7HE (Figure
4a)+= B AP 9} A alAR S A 7 o] s o] Siaks 18] A A& M) =
Agke Bol=H, o= e 7182 71584 & 4
29 A UHE FEjolt ey A BRI S| 71 A HE
£ AWk 7Het e v A ollA 31 HEo] B e o 2 YER Al (Figure 4a),
71 A AL (Figure 4b8] 2 AAd) ol s-2luet abA] 7|2 ko] A1AI A (Figure 4b9]

21303} 71 2] 9hds] ek Y= A Fo = w)Fo] B w), Salue i) 710 A W
= &

SN

o W3 ATE el 2ol EOFS] 3 RS A1ee et glon], gbrol o
of 8 3l 7)) AL (Figure 39] 71& A4S A4 ARSH = ke 210 % gk
& % 9t
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(@) EOF1 (88.7%)
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-3 =
1340 1885 1530 1325 2000 2005 E010

Figure 4. The first leading EOF mode of summertime temperature variability in South Korea. (a)
spatial pattern and (b) corresponding time series of principal component. The number
in parentheses refers to the fractional variability explained by the 1t EOF mode.
Note that sign of spatial variability is uniform over the entire domain. Time series of
summertime temperature anomaly in South Korea are also shown in (b) with scales
on the right (red curve).

EOF -2 of| A A& 5 WA == Figure 49} 52U 3 32] © 2 Figure 59 =A8F3Ath
o] REZ} A= 3HA| 7] RlE/3-L vll-g- wlw]abe (9F 3%) 3 WA Bl i w o] ¢
2y} B2of| A A& T2 135 2= ok 9l 8] (Figure 5a) ©), B]| = W=7 71o] F41-35] 244
ool THY )& S AR, A ellA 4ol A A v E = S E = YeRst) (Figure 5b).
whebs] EOF2] 7 WA BLE= gobaof k] 2] 57| (low—frequency) W57 7 A
e AR YT 4 Atk Kwon er al, 2005).
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(a) EOF2 (3.0%)
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{b) EOF2 time expansion coefficient
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Figure 5. Same as Figure 4 except for the second leading EOF mode.
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84l 742t ©F 73%, 90%, 18111 93%) = Ak, 1 ¥ 3F WEe SEvet A elA 1
TS FEE Kol heH o APE AAZ Suigke Aol fIRIskaL, T AAIE
(Figure 69 71> 2141)2 4 712 A\t AAI A7 A 9] k3] dA)skar olet(Figure 6
O] He AA). & ATl o]y st 5 S SARE, v € et 7129 Al Hel(E
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Figure 6. The first leading EOF mode of
monthly temperature variability
in South Korea. (a) spatial
pattern and (b) corresponding
time series of principal
component for June, (c)-(d)
July, and (e)-(f) August. The
number in parentheses refers
to the fractional variability

15! mode.

explained by the
Note that sign of spatial
variability is uniform over the
entire domain. Time series of
monthly temperature anomaly
in South Korea are also shown
in red curve with scales on the

right.
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One—point correlation (Korea vs Globe), climatology and interannual STD (29850, JJA)
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Figure 7. Climatological mean (red contour) and interannual standard deviation (black contour) of JJA
geopotential height (unit: m) at 850hPa in East Asia. Color shadings depict correlation coefficient
between area averaged JJA temperature in South Korea and JJA geopotential height at 850hPa.
Green (30~45°N, 120~150°E) and blue (15~25°N, 110~140°E) boxes indicate the respective regions
to define the Korea-Japan index (KJI) and the western North Pacific subtropical high index (WNPSHI).
Note that the region defined for WNPSHI is slightly different from that used in Wang et al. (2013),
which is (15~25°N, 115~150°E).

SIS ahA] 7123 tiati =3 Ad WSt Afol o] AdE Hth FgR o w vt
a17] Sl AT A w2 ek 7 x| 9elA] 850hPa A 91aLEe] oo it Al
ALE Fato] S ahAl 71-2] AAI G ¥ v]wstlvh (Figure 8). B2 FE4 A
(15~25°'N, 110~ 140°E) 2} 54 AF2Fe (30~45°N, 120~150°E) JellA] w4 F+5
850hPa A| 9] 11 == 217 WNPSH Index (WNPSHD2} Korea—Japan Index (KJI) = #| % g+

th 2 A3 WNPSHIE= $HE alA] 7183 thek —0.49] &) A= Belem Kile
2k 0.58] 9] ks Bo F A7k 52 o7 Avshs Stk s 7129 WEA
25%% HA o= Ao UEiHE o] e v 24 0 2 5 A5 | 27 WIS (explanatory
variable) & 4to} 2] (4) 2} -2 thH S 317 2] (multivariate regression) < &-3ll Al Al E-& A

T4 & 735 e sl 7180 e WEAo] oF 4497 A 5 it Figure 9).
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ATAE SR &4 7] = 0.058383+KJT — 0.03393xWNPSHI —12.1894 4)

o] W] thA = 3] A A& T3k T AT W9 WNPSHISLFKITAFe] o] At Al4=710.1

of =atel v WaE Lol Aol 325 7% LAEE 3414 (collinearity) o] THA< 2]

(a) ASOS JJ4 Temp vs modified WNPSH index

26 1520
24904 L 1500
25fy | 1as0
_ : : (Corr.. —0.39)
21 L . . . . . . 1470
1980 1985 1990 1985 2000 2008 2010
(B) ASOS JJA Temp vs KJ index
61" : :
Z Z Z , . . - 1500
: L 1490
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(Corr.. 0.49) [1460
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Figure 8. Time series of summertime temperature in South Korea (black curve with solid
circle with scales on the left) together with the time series of (a) WNPSHI and (b)
KJI with scales on the right (unit: m). The number in parentheses refers to the
correlation coefficient between the two time series.



ASOS JJA Temp vs reconstructed JJA Temp
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Figure 9. Time series of summertime temperature in South Korea (black curve with hollow
circle) together with its reconstructed time series derived from a multivariate
regression using WNPSHI and KJI (red curve with hollow circle). The number
in bottom-right corner refers to the correlation coefficient between the two time
series.

3.3 doj-olddf AATE o83 2t sl 712 CIS

ke 514 7)-2-9] Zd Wl WNPSHISF KJ1C] B3H4] 882 24 §tej2] o2 A
T E 4=9lom g gieko] £ x4} A g o F QA Bl AA e A8 Aol g4
307 oS 7hssithd, WNPSHISH KIS o & Q1&1E o] 4-510] 3hit: 314 7]&-2]
AS5E A ET 5= S Blolth 53] Aol obd ] Ato] o] QA TS W sk 7] -3l
A5 A4 W9 (5 t)7) 8- %y SST ¥so] Add sel)o] EAstehd, Aof x|
©] SSTE el5AAtzE e 4= lom FAle o7 —alY 4% 2 dfds Bz 1 4
7 o]l th3t ]2 Argo] 7Fs8HA Pk =R 7 A SST7} 2= i vt A8 4
e GCME o] &3+ AL A5 2] ASAS Al = vk 211, o= GCM2] #1454 <1

TN B RekaL FotAlof SHA| =m0 At 7] W of -] o o S/d o] o] 3] wl-g-
2 whH (Kang and Shukla, 2006; Wang et al, 2009; Lee et al, 2010), Stj] W o} ) €4
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OFSSTOE BAR=AA O F nf-9- =2 o SAS Holal Q7] wWiEolth(Lee eral, 2011; Li
etal, 2011).

KJIe} WNPSHIZ} 91473 3-E &3l A191% SST % o 7] =32} AA] =lof Ql=A], 1
g =g A o7 A 7hs gk th7]| - s A8 ' o] A=A Ak 218l A
TE 7FOE 1~3/19 2 A AI7HE 2= SSTGEIA 599) £F 850hPa vk (HE]) <] 3]
7] #¥ (regressed pattern) = Alxbstal 71 A 3= Figure 100 =418 A8 Atel] 2
st 7] el A= 280 T A H = o 53 A —ofd] 94 Ak FA
NI — 5T e g el A WNPSH bl ol S1bs = vl -2 —SST ™ ¢ (wind—
evaporation—SST feedback, ©|8F WES HH A 02 7)) 3} 2 % g ol A] ek g
7] (F2 2 A E7]) ©] SST—vig A3 R =o|th(Wang et al,, 2013). W14 WES gmm
& hs] okshd WNPSH A7 2Ash= 73-9-(5, WNPSHZF 38he = 4-9) 1+
0] TF WA= o F s A A FEks ST EA SSTE Aar]7]=Hl, SST7 0}
7ol =7k Ahaeba A PR ERkE 2 4m] shgo] A Ee] A= WNPSH H217}
0% 7 3hd ) vhE $98 WNPSH B4} FA%0] 53 A= w5 717 (A3 & oFshAl
A S Ao =M kel SST o e] & 528t o= ThA] WNPSH HARS %54
21t (Yang et al, 2007; Wu et al, 2009; Xie et al, 2009; Chowdary et al, 2010). gk -

9719] SST—vher ek Bt ey s st = 5-2] SST o] 2l o]}

S BF ofmte] 5 et

1

{

»

5‘.:

il

olgh &2 e A= Fxsto] KJlefl 8191% SST9} sks vt 25 dujn 59
off A% A EE FCEEE ) ol T3 F () 2] SST ofde] o} 3] 21 elsg el A A
% ohegErt vehhedl o) Bhu Y] S8 Ay HE7]9] [F 4 FHo|tt
(Figure 10c). $FA WNPSHI®| 3|73 SST9} a1 vhe 231 3€olA] 8ol 44 4%
AEE S CEEITE D) ol (9 2 ohitte] o} A g Foll A A AF o] & Kol dY
e o) frAReE E o] 1% 0 1 (Figures 10d—1010), 714 07 490 B e

ol A 1719 =3to] FAE o] 11 FErof| M= T ot el 7t % (prevailing wind) €1
SAEZ S SN A TS 2T 0 M SSTO) al-S, 1 BZeo)| A= A opidre] 7}
EANQ FFO 48 F3le o 74 SSTO AbsS 2 aflsl= WES 9§12 7] —afeF A3t

S
R 7 =S T (Figure 10e).
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Figure 10. Regressed patterns of SST (shading) and 850hPa winds (vector) with
reference to KJI (left) and WNPSHI (right) during March (top), April (middle),
and May (bottom). Wind vectors with wind speed less than 0.3 and 0.2 m/s are
omitted in the left and right panels, respectively.
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7] A% 2=g eE)al A7 WES =g 247 Y]] wlito] o), the KI1S] o5 <
A= e ol 3] S8 Ay 5719 34 PEE 2l 592 99 Ht(0~10N,
120~ 140E; Figure 12) SST® #1813l ENSO aec mavetal A1 &FgiTh that KI19] 25
5ol e W Fof] FE3E &9 SST opw @)z} EAeH=t, #]= o]} Fukd
a1 Hbgt obire] o] =24 dfAlo] BEalA] e, o & Rkdshr] flEl (255~10S,
240~ 280E; Figure 12) ol|A 99 H#¥ SSTE | QA2 F7}38kar CTovave} 613
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Figure 11. Regions of SST predictors for WNPSHI. (a) ENSO_dev, (b) WNP_arR.
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Figure 12. Regions of SST predictors (ENSO_dec_war and CT_wmay) for KJI.
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(a) Obs. SSTA(IO-WNP) & Obs. SSTA(May-Mar)
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Figure 13. Correlation map between global SST anomaly with (a)-(b) IO-WNP index as defined
in Wang et al. (2013) and (c) WNP_aprr as defined in this study. The results shown
in (a) are obtained using observations, while those in (b) and (c) are derived using
APCC MME.



(a) TMPKOREA vs March: SST and W850 —— Zm/s
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Figure 14. Regressed patterns of SST (shading) and 850hPa winds (vector) with
reference to summertime temperature in South Korea during (a) March
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Figure 15. Time series of summertime temperature in South Korea (black curve
with solid circle) along with its reconstructed time series (red curve
with hollow circle) derived from a multivariate regression using the four
SST predictors for WNPSHI and KJI. Also shown are the time series
of ENSO_dec_ma (blue curve with hollow circle) with scales on the right.
The numbers in bottom-right corner refer to the correlation coefficients
between summertime temperature in South Korea and the other two time

series.
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(a) TMPKOREA vs Regressed model
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Figure 16. Correlation coefficient between summertime temperature in South Korea and
(@) MME prediction reconstructed with a multivariate regression using the
four SST predictors, (b) MME prediciton of ENSO_dec_maY. Abscissa denotes
lead time with respect to May SST prediction.

Table 3. Correlation coefficient of the four SST predictors between MME and observation. Boldface indicates
the correlation coefficients greater than 0.5.

ENSO dec ay | CT pay | WNP ark | ENSO der

Year NOV 0.06 0.45 0.33 0.69
(-1) DEC 0.18 0.59 0.53 0.77
Issued JAN 0.34 0.59 0.55 0.83
month | . . FEB 0.42 0.67 0.62 0.85
0) MAR 0.45
APR 0.52




1 2ebe) Ag
T ATelM = B5 AR E BEUE vt st 7122 A wiskE olSehs e A
2a5 7iekar o] & CGCM MME A& o5 2Fso]] 2] 8-sho] Z o 6712 <] of 1. 413
oA S aHA| 7129] o5 7Fs A& ARSI ol & 218l WA vkt abAl 71
& A Fomrlob Ao o] AvA g A ek Sk s 7]2e] Ad st ek
ghol Fafl, el ditg E3eke T s A9 B HA B kel A 850hPa A 9] 112 73
W WA skel wi-¢- WA e e BT o] F EClE ke obA] 713t
T2 A Wik Abe] o] AvAd S AR o & vfelstarat - x| oA o o s+t 850hPa
A9 1 EE Z2H} Korea—Japan index (KJT) 2F western North Pacific subtropical high index
(WNPSHD & 7g 2Jakar KJIek WNPSHIE A W2 o] 83 371245 53l AAdS A
T/ g bk, S S 7128] 73 WgAd o] oF 44%77H4] AT w Qv

A3k

!

ks s 7129] 7 W3k} WNPSHIS KJT9) 584 2-8-8 2o Abd
T Slgroll Z_teto] o] A E AgtA] o v Ahe A X912 SST o=
1Ak oli= Ao} ofd ] Ate] o] QA GT-E Whdeh= u)7] =38 —-SST A
b SST o5 Q1AL A o] sk =74 sljA] o] 7hsal7] wiitoltt. o]of whe} 5 ]
1~371€ 9] A3y AJ7FE Z2h= SSTe} 850hPa vEE-2] &1 wdl S FE3)al
WNPSHI®] o & 1212 ey i 7] 9] SST (ENSO_dev) &F 54 Bj % SST (WNP_APR),
2] KIS A5 QIARE Ay 21719 SST (ENSO_dec MaY) 2} @<t SST (CT_MaY)
= AeEiR e, A Ay W) o] SST-ult A% R =5 Sab= ufgt -5 —SST

4
welel B 27} oju|gith, T -elvie sl 712.0) A WEkE A4

Ay o2 ox

i
~N
AN
o
!

Lk
O o2 QbR 1= AAe B9 S AN 5 QA2 ENSO dec av7} 43
2 0.2 ZASIEh 4714 SST o3 Qlabs 413 W52 Fgalo] thils: 317128 e

ol 3l AT AAL L N SHA 7123 0.579] G AlE B3l=T, 0

5 AR A8 ENSO_dec MaY 2] A AL} ST 347 712 AJA|D Afo] €]
0

o
o
R}
L o4y o oot 4y

(@)
wW
=2
Ry
%
[d
A
[
N
§2
rlo
=
o
¥
aw
o
o
ol
L

3] 2ot Ao 4 7] o Sol A )
R} O 81714 0.2 o2 8 gk 7]89) 9 o] 248 ENSO syl 213 24 of

=70l vl 24 =3k

30 onETA



Ty 7HA] S A B RS CGCM MME Al oS AFsell 288 49 9 7122 &
WA dehd o= F Zpol7F BRI U=, 53] 6¢ 7|2 il
MAYRRS ©]-§-8 - =3 16%W ArdE 5 glou vhis 3|94 s 2-8ehd A Tt
S W-s/do] 25%= F7FeF3ith CGCM MME Al o SelA th=r 5]
ENSO_dec MAYRF ©]-8-5F | SAd o] H8f -5k 212 o -4 CGCM©
FEE Gl SSTE] Ad WighsE Brp A2 o= Rojsitye= 718 on
A EfE F SSTE] A do] ANEH2] Q1 10 = o] Aol 948k 2= tf (warm pool) ol 4] 2

Aok A1 v 0 018k e 45 1) o] Wale) e ok elvlsk sk A}

4

ojr

4714 SST o= UP%} 01%6P°1 de Wﬁ# 3] A 0 2 5B A3 E Al A LD gl
= A 7% JIA 3t 718 0.3 4
slapsion, €4 722 0.3~0. 54 %):~ EoﬂE}(Flgure a). oef| Hlsto]
¥ CGCM MME?] 31 (34—38N, 126—130E) B+t 5] 712 AlAID 3} #=% 514 7]
2 JJA 2 48 7185 uk2&ba1 0,158 0 F4] ¢kgke} o] Ax}

= 9] HH 5o ]}\o‘:ﬂ;iugil\_—'f%%i

AOR, THE A 2=~ 44 A= 1?*0 Xﬂl"’gﬁéﬂﬁtﬁl@ﬂl%“i%‘i—ll\/ﬂ%ﬂ‘ﬁ

O] 7HA - At A A Gl vEE & S-S oS Al O] T 9l 2-go] B

ro
re
|.|-|
<
i
i
N
rfo
2
I
o
10
ro
oy
il
12
H
e
re
-1
«®



g, A, AEE], o], 20120 = Aol A o] 7 2k} k] oFshel 1 2kl
of Bt AT 71T AT, 7, 1-16.
AAE, G2, 2011: GIS7IHE 7154 12 A4S

159-170.

Ho

5k U abH o] B3k A 7)1 5 6,

3 Qla], AL, 2007: -2lvkeke] 2 1097 7)1 W3k 7|59 2, 79-93.

Anderson J, H. van den Dool, A. G. Barnston, W. Chen, W. Stern, and J. Ploshay, 1999:
Present-day capabilities of numerical and statistical models for atmospheric extratropical

seasonal simulation and prediction. Bull. Am. Meteorol. Soc., 80. 1349-1361.

Chowdary, J. S., et al., 2010: Predictability of summer Northwest Pacific climate in 11 coupled

model hindcasts: Local and remote forcing. J. Geophys. Res., 115, D22121.

Doblas-Reyes, F. J., R. Hagedorn, and T. N. Palmer, 2005: The rationale behind the success of
multi-model ensembles in seasonal forecasting: II. Calibration and combination. 7ellus, 57A,

234-252.

Fukutomi, Y., and T. Yasunari, 2002: Tropical-extratropical interaction associated with the 10-25-
day oscillation over the western Pacific during the northern summer. .. Meteorol. Soc. Jpn.,

80, 311-331.

Goddard S, S. J. Mason, S. E. Zebiak, C. F. Ropelewski, R. Basher, and M. A. Cane, 2001:
Current approaches to seasonal-to-interannual climate predictions. /nt. J. Climatol., 21, 1111-

1152.

Guo, Q.-Y., and J.-Q. Wang, 1988: A comparative study on summer monsoon in China and India

(in Chinese). J. Trop. Meteor., 4, 53-60.

Haylock, M. R., N. Hofstra, A. M. G. Klein Tank, E. J. Klok, P. D. Jones, and M. New, 2008: A



European daily high resolution gridded data set of surface temperature and precipitation for

1950-2006. J. Geophys. Res., 113, 1D20119, doi:10.1029/2008JD010201.

Herrera S., J. M. Gutiérrez, R. Ancell, M. R. Pons, M. D. Frias, and J. Fernandez, 2012:
Development and analysis of a 50-year high-resolution daily gridded precipitation dataset

over Spain (Spain02). /nt. J. Climatol., 32, 74-85.

Kanamitsu, M., et al., 2002: NCEP-DOE AMIP-II Reanalysis (R-2). Bull. Amer. Meteor. Soc.,
83, 1631-1643.

Kang. I. S., and J. Shukla, 2006: Dynamic seasonal prediction and predictability (Chap. 15).
The Asian Monsoon, Springer Praxis, Chicherster, pp 585-612.

Kawamura, R., T. Murakami, and B. Wang, 1996: Tropical and mid-latitude 45-day perturbations

over the western Pacific during the northern summer. J. Meteorol. Soc. Jpn., 74, 867-890.
Kendall, M. G., 1955: Rank Correlation Methods. 2nd ed. Oxford University Press, 196 pp.

Kripalani, R. H., and A. Kulkarni, 2001: Monsoon rainfall variations and teleconnections over

south and east Asia. Int. J. Climatol., 21, 603-616.

Kripalani, R. H., and S. V. Singh, 1993: Large-scale aspects of India-China summer monsoon

rainfall. Adv. Atmos. Sci., 10, 72-84.

Krishnan, R., and M. Sugi, 2001: Baiu rainfall variability and associated monsoon teleconnection.

J. Meteor. Soc. Japan, 79, 851-860.

Krishnamurti, T. N., et al., 1999: Improved weather and seasonal climate forecasts from multi-

model superensemble. Science, 285, 1548-1550.

Kug, J. S., et al., 2010: Statistical relationship between two types of El Nifio events and climate

variation over the Korean Peninsula. Asia-Pacific J. Atmos. Sci., 46, 467-474.

Kug,J.S.,J. Y. Lee, L. S. Kang, B. Wang, and C. K. Park, 2008: Optimal multi-model ensemble

method in seasonal climate prediction. Asia-Pac. J. Atmos. Sci., 44, 259-267.

ro
re
H-|
<
i
i
N
rfo
2
I
o
Ho
ro
oy
il
12
H
e
re
-1
w
W



Kwon, M. H., J.-G. Jhun, B. Wang, S.-I. An, and J.-S. Kug, 2005: Decadal change in
relationship between east Asian and WNP summer monsoons. Geophys. Res. Lett., 32,

L16709, doi:10.1029/2005GL012026.

Lee, D. Y., K. Ashok, and J.-B. Ahn, 2011: Toward enhancement of prediction skills of multimodel
ensemble seasonal prediction: A climate filter concept. J. Geophys. Res., 116, D06116,
doi:10.1029/2010JD014610.

Lee, J. Y., etal., 2010: How are seasonal prediction skills related to models’ performance on mean

state and annual cycle? Clim. Dyn., 35, 267-283.

Li, C., R. Lu, and B. Dong, 2011: Predictability of the western North Pacific summer climate
demonstrated by the coupled models of ENSEMBLES, Clim. Dyn., 39, 329-346.

Lim, Y.-K., and K.-Y. Kim, 2006: A new perspective on the climate prediction of Asian summer

monsoon precipitation. J. Climate, 19, 4840-4853

Liu, Y., and G. Wu, 2004: Progress in the study on the formation of the summertime subtropical
anticyclone. Adv. Atmos. Sci., 21, 322-342.

Lloyd-Hughes B, and M. A. Saunders. 2002: Seasonal prediction of European spring precipitation

from El Nino-southern oscillation and local sea-surface temperatures. /nt. J. Climatol.,22. 1-14.

Lu, R., 2004: Associations among the components of the East Asian summer monsoon system in

the meridional direction. J. Meteorol. Soc. Jpn., 82, 155-165.

Min, Y. M., V. N. Kryjov, and C. K. Park, 2009: A probabilistic multimodel ensemble approach to

seasonal prediction. Weather Forecast., 24, 812-828.

Nitta, T., 1987: Convective activities in the tropical western Pacific and their impact on the northern

hemisphere summer circulation. J. Meteorol. Soc. Jpn., 65, 373-390.

Palmer, T. N., C. Brankovic, and D. S. Richardson, 2000: A probability and decision model analysis
of PROBOST seasonal multi-model ensemble integrations. Q. J. R. Meteorol. Soc., 126,
2013-2033.



Palmer, T. N., and D. L. T. Anderson, 1994: The prospects for seasonal forecasting-A review paper.
0. J. R.. Meteorol. Soc., 120, 755-793.

Schott, F. A., S.-P. Xie, and J. P. McCreary Jr., 2009: Indian Ocean circulation and climate variability.
Rev. Geophys., 47, RG1002, doi:10.1029/2007RG000245.

Shukla, J., et al., 2000: Dynamical seasonal prediction. Bull. Am. Meteorol. Soc., 81, 2593-2606.

Smith, T. M., R. W. Reynolds, T. C. Peterson, and J. Lawrimore, 2008: Improvements to NOAA’s
historical merged land-ocean surface temperature analysis (1880-2006). ./ Climate, 21, 2283-
2293,

Sui, C.-H., P-H. Chung, and T. Li, 2007: Interannual and interdecadal variability of the summertime
western North Pacific subtropical high. Geophys. Res. Lett.,34,1.11701, doi:10.1029/2006GL
029204.

Tomita, T., T. Yasunari, and T. Hashimoto, 2011: Interannual variability of the baiu season near
Japan evaluated from the equivalent potential Temperature. J. Meteorol. Sci. Jpn., 89, 517-
537.

Tsuyuki, T. and Kurihara, K. 1989 Impact of convective activity in the western tropical Pacific on

the East Asian summer circulation. ., Meteorol. Soc. Jpn., 67,231-247.

Wang, B., B. Xiang, and J.-Y. Lee, 2013: Subtropical high predictability establishes a promising

way for monsoon and tropical storm predictions, Proc. Natl. Acad. Sci.., 110, 2718-2722.

Wang, B, et al., 2009: Advance and prospectus of seasonal prediction: assessment of the APCC/
CIiPAS 14-model ensemble retrospective seasonal prediction (1980-2004). Clim. Dyn., 33,
93-117.

Wang, B, J.-Y Lee, L.-S. Kang, J. Shukla, J.-S. Kug, A. Kumar, J. Schemm, J.-J. Luo, T. Yamagata,
and C.-K. Park, 2008: How accurately do coupled climate models predict the leading modes

of Asian-Australian monsoon interannual variability? Clim. Dyn., 30, 605-619.

Wang, B. and LinHo, 2002: Rainy season of the Asian-pacific summer monsoon. J. Climate, 15,

ro
re
H-|

<
i
i
N
rfo
2
I
o
Ho
ro
oy
il
12
H

e
re
-1

w
o



386-398.

Wu, B, T. Zhou, and T. Li, 2009: Seasonally evolving dominant interannual variability modes of

East Asian climate. J. Climate, 22, 2992-3005.

Xie, S.-P.,, K. Hu, J. Hafner, H. Tokinaga, Y. Du, G. Huang, and T. Sampe, 2009: Indian Ocean
capacitor effect on Indo-western Pacific climate during the summer following El Nifo. J.

Climate, 22, 730-747.

Yang, J., Q. Liu, S.-P. Xie, Z. Liu, and L. Wu, 2007: Impact of the Indian Ocean SST basin mode

on the Asian summer monsoon. Geophys. Res. Lett., 34, L02708.

Yeh, S.-W., J.-S. Kug, B. Dewitte, M.-H. Kwon, B. Kirtman, and F.-F. Jin, 2009: El Nifio in a
changing climate. Nature, 461, 511-514.

Yun, W. T., L. Stefanova, A. K. Mitra, T. S. V. Vijaya Kumar, W. Dewar, and T. N. Krishnamurti,
2005: Amulti-model superensemblealgorithm forseasonal climate predictionusing DEMETER
forecast. Tellus, 57A, 280-289.

Yun, W. T., L. Stefanova, and T. N. Krishnamurti, 2003: Improvement of the superensemble
technique for seasonal forecasts. J. Climate, 16, 3834-3840.

Zhou, T., et al., 2009: Why the western Pacific subtropical high has extended westward since the
late 1970s. J. Climate, 22, 2199-2215.



ATE M 2015-02

BHIE 02 712 5 S I8 ZN BY 67

n Empirical Model Approach for Summertime Temperature Prediction in South Korea

A

APCC

APEC CLIMATE CENTER

APEC 7|=MIE{
612—020 EMHAA| o 207 MEH7=Z 12
Tel: 051—745-3900 Fax: 051—745—3949

www.apcc21.org

E1 www.facebook.com/apcc21 w www.twitter.com/apcc21 oo www.flickr.com/apcc21
B www.youtube.com/APECClimateCenter21 www.plus.google.com/+APECClimateCenter21



