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Winter Surface Air Temperature in Korea
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Abstract The statistical prediction model for wintertime surface air temperature, that is based
on snow cover extent and Arctic sea ice concentration, is updated by considering El-Nifio
Southern Oscillation (ENSO) and Quasi-Biennial Oscillation (QBO). These additional factors,
representing leading modes of interannual variability in the troposphere and stratosphere,
enhance the seasonal prediction over the Northern Hemispheric surface air temperature, even
though their impacts are dependent on the predicted month and region. In particular, the predic-
tion of Korean surface air temperature in midwinter is substantially improved. In December,
ENSO improved about 10% of prediction skill compared without it. In January, ENSO and
QBO jointly helped to enhance prediction skill up to 36%. These results suggest that wintertime
surface air temperature in Korea can be better predicted by considering not only high-latitude
surface conditions (i.e., Eurasian snow cover extent and Arctic sea ice concentration) but also
equatorial sea surface temperature and stratospheric circulation.
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Fig. 1. (a) The leading mode and (b) EC time-series of SC from the multivariate EOF analysis of October SC, SI, SST, U20 and
December-February SLP anomalies. (c-d) As in Fig. 1(a-b) but for SI. (e-f) As in Fig. 1(a-b) but for SST including Nino3
index. (g-h) As in Fig. 1(a-b) but for U20 including QBO index.
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Table 1. Variance inflation factor for each predictor in each £ xgsl Aol ACC7T S7FsFS th(Figs. 2a,
SC + SI =gl A= ug-S F7KSC + SI+ U20)

model. b).
SC SI SST  U20 SRS we Holzeldl, shite 55%& X 5
SC +SI 1.18 1.18 - - 3 gAo} A, g7}, w5 AR FH 2 A
SC + SI + SST 1.61 1.16 143 - AA ACC7t F7FsFtH(Figs. 2a, c). Al & 1A}
SC+ SI+U20 2.66 1.20 - 2.76 = A}g-3F SC+SI+SST9 SC+SI+U20 2ol A
ALL 2.16 1.23 152 252 =29 vt s4m Lxo] W2 2y)sle] ALL B

B¢ DS W= AR ASflA ACC ol B
Rtk Z, SC+SI BFo] F W5 F7hshM ACC

7hssithal & 4 Qi TFAGH R FUIEIeH, Hrp Ao RE SC+
SI+U20 B3] dlFH 255 F718IRe o <]

32 €Y 84 ol 28 HAS gk &4 o] Yehte Aol 27% S7tstaL, wizbrt
Figure 2= |5 AAES st vhe 4le] & AE SC+SI+SST B0l AT vt F71skd
A RYPOR d&e ALH g Exbt 7123 A & Wl 20% FUtshe AoE B oo, 1292 9y
A 28 7He] ACCE Y Zlolth. 7} g o] Wi mdidlEd F2dFTE B 5 H’L 7123 A
9 #e A siFste A A% N FolA T Ao AW S Pl 7T Ze R FAHET
AXSR o8 Ax7E 2AA e HIES on|gitt 19 71ee b2 g3 vugds o 47 HPJ HE A
129 ALL 2&o] U] 379 RS54 Blatste]  RF ARERO®R ERko] ACCTLF &2 Aol 71
76%° AFsh= 7MY W AGeA] BAHCRE §F WA FESIAL A, BE BFo] Hok 48% ©]4
oJstH =2 ACCE HAthFigs. 2a-d). RHH, F715 o] A<l A Eﬁlﬂoi froldk dE5H4E B 5

= d= 012}01] we} o Fdo] ks NG o= 3 ZUT=, ofEiulol wkrt 1293 29 Hlsﬂ
OJZMl wel g2, SC+ SI 282 fFefr]of x| ACC7}F =31 feprlol A9 ACCE ditd o= =
A ACC7F AdbH o7 A el dl4H 255 o} o2 B o A Aol AFRE 4719 9= 2zt
F7HSC +SI+SSTHA S u Br] A3} ZAA7}F Hhe = 53] 199 73 Aol 225 ¢ 5 AUtk

d

SC+SI+SST SC+SI+U20

Fig. 2. The ACC of surface air temperature in each linear regression model for (a-d) December, (e-h) January, and (i-l)
February. The values that are statistically significant at the 95% confidence level are denoted by dots. The percentage of the
regions that are significant is shown at the bottom.
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L2 Lﬂ FoH BFE DAt v BE 2dG
Eol 2 ACCT} ‘)rEP’]'E} ol RS FEAHL
= 22 % Q3 we] o]5 AYA 53] T
stk 2lg omdth. AYn-PEREs E2dF)
AE wF S FPATE 4TS s, SC+
SI &9 sl 22 (SC+SI+SST)E F716H9S
w A 2t %— Ao} A g9 ACCT} EoH
(Figs. 2e, f) 454 }E‘% Z7HSC + SI+ U20)3H3

= QOHEHH Ce ofF Hastloy, 2
Al MER S E?jfz frekrloke] ACC7t F7tet

ATHFigs. 2e, g). 7} & ARt AS5H S FF &
= AaATe Aol vEARE, 7P H2 A olA
BAXCE fofg e VIEeE T ow Y99 &
2] SC+SI+SST 28o] 59%= ALL E¥HTi% 7}
HE AGAA AR 712 dF Aol 34t
(Fig. 2f).

298 193 mFIIAIR SC+SI+SST 2& oA
ACC7F & Aol Ald WIS H(Fig. 2j), M+
s FE ofxzelgl, Foplg]7t, olgH|o} W=
ACC g3t Aol e Aoz Yelgth SC+SI

el slFH 2=F F7HSC+SI+SST)3HAS o
Ho].iﬂﬂ-sﬂr Bu] X9, olghulo} wko] ACCT} &
7¥8h 3L (Figs. 2i, j), SC+SI+U20 2o sj4H &
TE F7HE wol= okzel7ke} w5 A, ol
o} uk=2] ACC7}h —7}0}b ZoR L}EP%:D}(FlgS 2k,
I). 9bd AEd BlERS 3=7KSC + S+ U20)3+9S o

fretrlel S A9 vl 59 ACC7F 2H4ekd
© ™ (Figs. 2i, k), SC+SI+SST 23] 454 vl&s
F7FIRE W= ol 22 AFHE KA HEe] &
olZg7le] ACCE A3 thFigs. 2j, 1). =, 299

AL SH 2= oﬂf‘H S FIAT= HJ“& ”5{
H}E“’ A EE A E s F AoR FgE

ARE QoFsH *6304%011*1 HoFE SC+SI &2
Yol A5A EHTEr T8 HEAY TS F7
2 st o540 Eﬂ G 110%1]*1 gRgs 3
latoint. 9 E Ao wet 7ldste S At
g2A Jepzl sk durd oz 1292 45
Fo sl =29F713E, tRd T8 HEd
Y- PE B ik 72 G54 gl A
2= o] o, 197 292 ASUETE tR/
Heol 7d viEAe] dFel o 2 AR UEuith

Figure 2014 B& Eo] gt AEH 7|25 &
cﬁl Cia=s 7401 R R A= UrE}”E‘r %%‘i Ella=

[e)

y_ﬂ f]oﬂ Saslart= U_E ACCE
AL 124°E~132°E°ﬂ el A Hatste] AFH o=
B 5} tH(Table 2). Figure 2004 o] nle} ko)
BE 2y0] A 95% AlE FEdA frelshe, 12

sh=t7)248ks oy 7] A128¢ 235 (2018)

Table 2. The ACC for surface air temperature averaged over
South Korea (latitude: 33°E~43°E, longitude: 124°N~132°N)
using each linear regression model (see text). The ACC, that
is statistically significant at the 95% confidence level, is
denoted by an asterisk.

SC+SI SC+SI+SST SC+SI+U20 ALL

Dec  0.41% 0.45%* 0.39% 0.44*
Jan  0.55% 0.61* 0.70%* 0.75%*
Feb  0.45* 0.47* 0.41%* 0.42%*

4o AL whe] BE F SC+SI+SST 2&o] 045
o] 7V lrf% ACCE Bt} SC+SI+SST 28L&
Foll vlsl] oF 10%2] 35 %S T
AS Wt OME} g B2 oS AAE o83 ALL
RE¥HT}E ACC7F 0.01 =t} vHd SC+SI ZE o
A& vl F7KSC + SI+ U20)38S wl= ACCTt
7431915, SC+SI+SST 23l 45 vk
7HALL)JE WX ACC7} 0.01 ZAastieh. o
, 1298 g 2EE gHEFHE Y-l
@Lu}: ALH 7] &4 Ao =831 A}
Aoz 4%%3} ol 3= 129 7]20] dYy
o Ado] ube AYPAT 7:]44‘9’]' dALE= A7
olm(Kug et al, 2010) ¥ 574 2go] 7hdtst g
o|A Rk o] st YIS & Wt UeS BT

192 2E 2 ACC7} 0.5 ooz 1297 2
4¢] RYEH v s o 7H =2 ACCE 7=
o]t} SC+SI 2&of] siH 255 F7KSC + SI +
SST)?‘S RS W ACCE 0.06 S76t1 A& nhg
< —r7}(SC+SI+U20)OPME o 0.15 71tk A
A vEe FHS o ACCr ¥ 3A S
AL ol Al WMFE AMES B s 229
4EH H}ﬂ% F7relRe e 22 A4S B
o A BE dF JAE AREE ALL 292 0.75
o] ACCE 7}X% BE By F 7PF =%3 SC+SI
2ol Hla) oF 36%<] AZsgo] FFHUTE 149
AF sl e 459 ke S o BE
ACC7}F Z71ste] & W7} it 7]23) o] 9L
= Wi dEw, ol 7} M4t didste 9y
HIRES F2dFIEe] e 19 7l A
Jo] F& AlARg

292 SC+SI 289 sflH 255 F7KSC+SI+
SSTRS W ACC7F 0.02 F7HH9 2, A5 viEs
Z7HSC+ ST+ U20)3F3S o) 2318 ACC7} 0.04 7+
23tk SC+SI B30 a4 Lxs %7}(sc+
SI+SST)sF =&o] ACC7} 7H =2 Aoz & o,
1293 v R sl 2571 249 7] oﬂ]%é
el 714 Ao R HRlth

_4 _Lz _bll
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SC4+SI+8ST

7F =A UeE X dT ¢dF dxe] JRE w4
3o ThE o] ARTIORE o o] 7}5Ete] Y
o] of|EAe] HH A L& ofngitt. 1292 SC+SI
BN e} T FHAY 28 al SR E AT
o] sl (Balkhash) 59} 2] A]o}e] ulo|Z(Baikal)
I Ato]l Ao ACCTF BAIX SR frolal] 54
| 53] H8AQl AL YebsThFig. 3a). a4
TE F7KSC+SI+SST)sIR S ul L5, nvlolZ
I Alole] ACC7} st ovt o8] SAA
o7 folstar, Aurtet rl=e] els FH Jr] A
AolM= Fig. 20 dAAIA ACCTL ST ot
FroalA = ethFigs. 3a, b). ¥HH, AZ npgto]
¥3td A4 23 (SC+ SI+U20, ALLyS ACC7} 0.2
o|3tZ ARk o= 7 A th(Figs. 3c, d).

1928 SC+SI oA E]7]|9} o}gju]o} Hlx o] B
%, u5 S} 2d@s X Qo] FAHeR {ost
ACCE ZH=T}(Fig. 3e). T 2%=5 F7HSC +SI +
SST)atAS o ofxze]7} HEA{%Fe] ACC7t S7Heh wh
W oHle T8 ACCE ¢F 0.1 Z43Hth(Figs. 3e,
). 454 veHs F7KSC + SI+U20)8kS o ofef
Hlo} wizo} B7], 2-YE, vs S5-9] ACCTE 7
A3t 0.2 oo #e Zte AYo] Hidte v
o TFolrlel X9l ACCTt oF 0.3 kst <Y

(]

Ko
R
=
-

SC+SI+U20 ALL

0.7
0.6
0.5
0.4
0.3

0.2

o) A =4Sz AL HATHFigs. 3e, g). ALL &
32 SC+SI+U20 283 B8] S9obaotel 3

=, 49 ACCT} For 53] e ACC7F oF
0.69= =SkTH(Fig. 3h).

29 SC+SI BF2 T3 HA|olAd, ofxzg]7}
5% A9 ALH 7|20] Ao oF Jhe
3 o7 YeRd, si5H 255 F7KSC + SI+ SST)
S o ofzel7l HEo ACCTF A F7Fskth
(Figs. 3i, j). 45 vhgrE F7KSC + SI+ U20)3F3
< W= T ACCH frostA Ukl BE dF
AAE AHS(ALL)SISS Wl ACCTT dWtd oz =
oE AL Rl & = AATH(Figs. 3k, D).

S X oA o F/do] FAR] S 3]
98lA Fig. 32] LOOCV & ACCE 3t x| o
73t Table 30 YJERNSITE 1292 SC+SI+SST
Kol SC+SI 2&e Hla ACC7F 0.02 F7}FgH 0.38
o] 7H¢ E2 3hs Bt SC+SI Byl 43 vt
25 Y-S w(SC + ST+ U20)= ACC7} 0.22 743}

Table 3. Same as Table 2 but for leave-one-out cross-
validation.

SC+SI SC+SI+SST SC+SI+U20 ALL

Dec  0.36* 0.38* 0.14 0.18
Jan  041* 0.51* 0.43* 0.69*
Feb 0.19 0.12 0.26 0.13
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