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ABSTRACT

This study examines the overall changes in the characteristics of winter cold
surges over Korea for the period 1979-2014 using ERA-Interim reanalysis data
and the relationship between these cold surges with large—scale climate variability.
The cold surge is defined based on the synoptic criteria such as the strengthening
of the Siberian high and the subsequent abrupt surface temperature drop within
2 days. Using the dynamical indices of cold surges developed by Park et al. (2015),
cold surges over Korea were classified into three types according to their dynamical
origins: wave type, blocking type, and local type. The wave type cold surge is
associated with a southeastward expansion of the Siberian High and a northerly
wind, which is caused by growing baroclinic waves. The blocking type cold surge
is associated with a southward expansion of the Siberian High originated in the
Arctic and a northeasterly wind, which is caused by subarctic blocking and deepening
of the East Asian coastal trough. The local type is associated with fast traveling
upper-level waves.

For 36 winters (1979-2014), the detected 278 cold surges were classified into
the 3 major types, resulting in 144 (51.8%), 109 (39.2%) and 24 (9%) cases under
wave, blocking, and local type cold surges, respectively. Compared with wave or
local type cold surges, blocking type cold surges exhibit a longer duration and
stronger intensity. Examination of the long—term change in cold surge occurrences
shows different interdecadal and intraseasonal variations among the 3 types. The
number of total cold surge days decreased slightly corresponding to the warming

trend over Korea due to climate change, while blocking type cold surge days increased



despite the warming trend, especially in December. Moreover, the blocking type
tends to occur more frequently with a longer duration and stronger intensity, which
leads to exceptional extreme cold winter. The number of blocking type cold surge
days is strongly correlated with the monthly mean air temperature, with a correlation
coefficient of -0.79.

The wave type cold surge displays no association with the phase of large—scale
climate indices, while the blocking type cold surge has a dependency with respect
to the Arctic Oscillation (AO), Western Pacific (WP) pattern, El Nino/Southern
Oscillation (ENSQO), Pacific North America (PNA) pattern and Pacific Decadal
Oscillation (PDO). It is further found that the occurrence of these cold surges is
more likely when the AO, WP, ENSO is in its negative phase and/or the PNA and
PDO is in its positive phase, which are enhanced the East Asian monsoon circulation.

Cold surges of different dynamic origins may have different interdecadal variation,
so it is important to investigate long—term variation of total occurrences as well
as for the different types. Therefore decadal changes in cold surge characteristics
over Korea are analyzed. Power spectrum analysis of temperature reveals that
the low-frequency variabilities with a period longer than 10 days are significantly
enhanced, while the high—-frequency variabilities with a period shorter than 10 days
are weakened in the 2000s. This corresponds to the result that cold surges were
stronger and lasted longer during the 2000s compared to those that occurred in
the 1990s. The more frequent strong and long—lasting cold surge occurrences in
the 2000s are strongly associated with the more frequent strong negative phase
of AO and WP, which shows an in—phase relationship with East Asia Winter Monsoon

circulation.
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1. M2

Zhou et al 2009; Wu et al 2011), 201049 3= B2} WA= 704 o] X
tf 43} ol iAol 7|EHUH. 20149 vl=r SARS} &5 X9, 283 7yt
o= 209 o 7152Q1 jHoprh whAgste] ofF 509 2ol ol2= HAA &4
251 AZE ol 71F T E AR AAA g7t g5l wEt AR
A ol 715 Aol digt A4l R &4 AAL 50l 8= Qich

ALH qHEAR] ol7|E FFORE hKcold surge)et E3Hcold day)& &
T A 7 A2 ASd W2 72 dutEne FolA IS EolA|ut o] &2
g ofsh= FAIA Afo)7t dt. FotAlof Stk AlH|E]ot 17|e] “dslet o] =R
B op7|H= ARIaL AXS i 71T olfE 1~2¢ Yol Ax 27t F43] &
Aok= @402 AOlshH (Zhang and Wang: 1997; Chen et al, 2004; Jeong et
al, 2005), = 714782 24A17F ool 10% o]ie] 7|2 shdo] A2 o shaf=s
O|HE Iragttt v S3U2 B94 Be 574 ¥ °olstE 7|20] Hojd & A
o=t AlAlolA7]+ (World Meterorological Organization, WMO)= € |117]
20| 1029ET F2 &2 F3 A9 43 HhLz Askal Stk Part et al
(2011) 52 A+ 2327t APEHA Bt 712 S71e TA Serde] W=
SHA A FAIE HolANt jhubs A7 2usto| = Eskal o[ s] RIvs] 33}

A QA= EEHE QU
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Shgo] gt A4ts FE STINE IS FAeE XFgH] YUt (Joung and
Byun, 1987; Lim, 1995; Park et al., 2014;, Ryoo et al., 2005, Park et al.,
2014, 2015). Joung and Byun (1987)¥} Lim(1995)2 SHIof shulrl 2 o
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Al 5o A e} vl Bof gt A AEQ AFHdE EA45H3eH, Ryoo
et al (2005)°4= e Shot WA Aots ST 246 60°E=FH dgth
AY 1hso] e Z3kE FEAXIT L W Park et al (2014, 2015)% &°HA
of FE EFSH] Yol SHAEHT 7IHE 0|85 45 ti7] sido] IA F7HA
F9, BeB(wave-train type)@t AA17|4F (blocking type)22 +EHES 8
231, o Yoprt dghy tf7] &8 11E5to] (Pelly and Hoskins, 2003) gHts
ok 95ty gt 245 Jidetict. E3E flolE B ) Ho E2b] B
stoto] Zwrt o 3w, S B9 sk 3% A47F 29 phased o EAY

H=7F w22 AASHIT.

BoAo} jHE AL 719 tiqtk WE/9 shu=E 7Hestal i+t 7] W
ko] BAA AWdS B4k A EI XU BotAlof gt Aol Y
F= 71%F JAAZE ZAE5 (Arctic Oscillation), MlE-&29F 25 (Madden-Julian
Oscillation, MJO), H#& (Southern Oscillation), 45# W&/ 5°] 4% ATt
(Chen et al., 2004, Gong and Ho ,2004; Jeong and Ho, 2005; Jeong et al., 2005,
2006; Kim et al., 2009; Park et al., 2010, 2011b). Chen et al (2004) & so}AJo}
St} 2 Hlw=o} ENSOQ Jd= WAL Sk sfofl gt EAgo] S7ieks AlAlst
AUt Jeong et al (2005) = A&E ®F 7|23} BoFAof A Gof|A 9] gtz MJO
o #&o] 31z, MJO tiF2] F4lo] Aol YAT o FobAlor ghute] =7t 735}
S AAISHTE ERE Kim et al (2009) 2 7Hef-siall=s] A H9o] FA43%F szt
20} HHEo] fiFHNA HFHOEY oy Aupr} Hslglof w1~ 2% 434
F4-8§=0]9 AE7t oA &9 BSES st ole 9% AHd 2 5715
OoFAIITHIL A5, Jeong et al (2006) 2 AJH|2|ol A|o] sl AJF5HolA
SP7F ol dFE Fof oF IFY Fo Forrfor A jhp WA
AL = 9SS AT ESE Gong and Ho (2004)2}F Jeong and Ho (2005)=
=°] AO phase?} #HE 5= 25 9 485019 oz}, AEZ|FO] Ald¥o] Fotrof
= 1!

Aol 1719k AeRtoRA Sht WA It HAY 242

=
XN
AL
1l
rE

A7 FA JlustE Qs gt s BTtk ARbge] Wkl et

=] = 1l
SobAlo} 2|9 gt WA ES AT Y] WES e k. FotAlol Ao



1. M2

o] AL 712 ¥sAd 4 g Ao A7) WedS Aet A4S0 wE, 19709
HFE 20008 ZH7FA] FOoFA|of AHo] ALZE 7|22 T30l S7FHAL, AlHIE
of 174} FoMoF B9 A Adcke A¥e HAo BT (Gong and
Ho, 2002; Chen et al., 2004; Wang et al., 2009). 19504 ©|& & Fo}A|o} XY
olA 4 6 o F& gol AEEE S T Hleae AGHo=m FAasiAd
A9t (Zhai and Pan, 2003; Zhou and Ren, 2011; Jlang et al., 2012), Chen et
al (2004)2} Ou et al (2015)= EOHAIoF A Hof A Fhue] T4 Kl A= 1980
toflAl 1990 o= AAsHA]l XAl o]% 2000dH = hut A Hlkrt @358 &
7Fstal Hkal EAskitt. Heo and Lee (20000= 22 A& oldA2 W=l &
273%0] F5H yetys ALE ojid7]2 30 SOt AL £ B A
of 17| 1l FREo] JFE vkl EAskit

o e apdel AT 35 9 2% Al 39 B wons
St A geo] et At S4o) WEA 2ekd 4 Uk FolAlol

o 3T SR B PR TIPSR WY AL /¥ 42 sehp]
ST A TRk Sate] o] WA B4 solof ¥ Aolth. 1Y 12

SHFE (120°E-130°E, 35°N-45°N)ollA @< B+E ALd 2&8 5= s (AO)
9] power spectrum= HOoF= Zlolth 20009 AERE At 2uslo] gt =
deiEln 22 oldHel gl slSEcks WolH St delol washe
o A9 e/ FZel7] fdl 200092 7IElE 7IZE W] (1979-2000,
2001‘2014) Z} 71200 gt 7123 A0 ¥s F71E HAISHIT 2000 o] &
71L& W5Ao] Zehd wiell, 20004 o]Fofl= 10Y oie] A7 7]
= EF %1‘:}. 719 ’l‘7] Hole} $74 AO F719] W3} E3
9t} o] #=| shuto] Ht
F}E'Jr iy # A Otﬁ 20009 °]¥ AO7} -Euet AL
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Figure 1 Power spectra of daily mean winter SAT averaged over Korea and AO in 1979-2000,

and 2001-2014. The black curve in each figure represents the 95% confidence level. Three gray
vertical lines indicate (from left to right) 20, 10, and 5 days.

B4 g, Shise] DA Bilel B4 LAHE 43 o)
Y] ARE W B4 Amglths HolA] gbH Aeks XpREth e Yt
o AZF WEAS SFEE ol TR AR R (A W B4, AW WS4, B
7] WEANA 1 B4 AA g stk E TR 7% A4S s
s W] mNE gFe BaskuA sgich oloh HRol St we] WEAol



oA AR RhhE st AZE 7|20l vl = JTFE AuE7] s
European Center for Medium-Range Weather Forecasts (ECMWEF) Re-Analysis
Interim (ERA-interim) At& (Dee et al., 2011)9] YB+H 7|23} sfH7 L= AR
Skt E3 Ste] FHIE EA5ka Stk 5449 ¥l FolE AuEY] s di7]
A o1% AYEE AR SIQlth e gkt o] FRRE vl diE 7% Q]
25 AmE7] 98], ol= 7|SAHAIE (Climate Diagnostic Center, CDC)%} o]=+
7|19 EA1E (Climate Prediction Center, CPC)e] EH|o|A|oA AlFE= 71F A
4 AE 9 Folro} AL 24 A4 (East Asia Winter Monsoon Index, EAWMI)
S AT AR AEE Table 10 eIt 7172 1979/80 ~ 2014/159
367 AZE(11¥E ~ 3¢)o] EA =3I

Table 1 Climate indices used in this study.

Climate Index (reference) Source
AO Arctic Oscillation (Thompson and Wallace, 2000) NCEP/CPC
E/”A W East Asia Winter Monsoon Index (Wang and Chen, 2014)
EU Eurasian Pattern NCEP/CPC
MEI Multivariate ENSO Index (Wolter and Timlin,1998) NCEP/CDC
NAO North Atlantic Osillation (Barnston and Livezey, 1987) NCEP/CPC
ONI Oceanic Nino Index NCEP/CPC
PDO Pacific Decadal Oscillation Index (Zhang et al., 1997) NCEP/CDC
PNA Pacific/North American Pattern (Barnston and Levezey, 1987) NCEP/CPC
WP Western Pacific Index (Barnston and Livezey, 1987) NCEP/CPC

2.2 ool ol

2 Ao Jhub= Aol 17|49 Aotet FA4%t 7129 st YEdE F
X ZAE v o g AHoJHY Zhang et al. (1997)%} Jeong and Ho (2005)9] st
o &R g2 wet, o3 T2 F 7o tEE o St oA 9] it A9
At AA, Aol H5Z (90°E-115°E, 35°N-55"N)Q] A& 117|¢fo] 7}a}e]

r
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10

olof gitt. A H 317]4e] F42 Fig 20 HAIH Aol 49 (@t gkx) ol 9
Aslojof 51al, 1 F419] sH~]4o] 1030hPa Het 7of gtk AE 17149 F4]
AL Zhang and Wang (1997)° @} 1000hPa 929 gro] =1 871 A=t
A gEG 2 AFeE AFHY F HAR dus #AT A9l iz
(120°E-130°E, 35°N-45°N, 7l ut2) oA FA% 7| 5] x| =ojof gt
ot AR 7129] FhE 24~ 48 A7 Well R =] ojof shed], 1 gho] 361\t AL
H d¥d 712 ofeE] 9] EE WA Hoh 1.58] Aok gtk 7jEH oz oo
of st = U 2L} AZE B 2% o|stolojof gttt ko] FTE A I
Wit 7120] ALH Yudt 7 ofeEE|Y] #FE HWAET -0.54) oo] HE AIY
o= Aottt E3L, oA it FRETY| o|dof MELR E "HA5H EH,
T s A&5AR1 She ghE arE gl

Winter mean SLP and Domain Pa

B60°N -
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5
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a ’
20°N ‘k\ul £ : . :
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[

1024 1028 1032 1036
Figure 2 Spatial distribution of mean sea level pressure (SLP) during winter season (November

to March, NDJFM hereafter) from 1979 to 2014. The blue and red squres indicate the region of Korea
(120E-130E, 35N-45N) and Siberian High (blue solid line, 90E-115E, 35N-55N).



ojlggt FIF 7= TATI 36WZF 278709 hubrt FHRbolA AR Ao
B UERRal, Ao g g 1.543]9] vt ISk 2o s YEhHth o] 4
TE0lA BotAotollA gyt wiE 1.853] (Zhang et al., 1997), 1.43] (Jeong
and Ho 2005), 1.563] (Woo et al., 2012) ¥Ask= A3} fAeH 2yt & = 9l

2.2 3 SEfe] B2

Park et al (2008, 2011) SSAET 7S AMESIo] A5 di7] =8-d2] FH|9
w2t Fotrlor ks FA F7HA] B, A5 flolE Byt E2H Erjlo® FERE
HRQlth E217 9] thbs 29 A0 duf A HAsks Aol ey folE
EFI9] = AO Phase®}t FH5H| AR SISIH. Park et al (2015) 2Ht IAFA]
2PVU (potential vorticity unit) 2] 29| djglo] F=8% E4o] Uelds A=,
ok== 19 (R1, 110E-140E, 65N-90N), %& 5= (R2, 110-140E, 35-GON), SAEAg
& (R3, 143E-173E, 30N-55N) A9 Bt 3] Zol& ol-&sto] F ghpe] {3
TEohe o jhut QIEAS JESIGIH. o] AHollA= Park et al (2015) o] 7idet
St} QIEIAE ARESIGI oM, Alite] HoYdS sl 29 T4l 300hPa A9ale oR=Te]
£ AR8sto] thZat o] gt A= (W, BI) & AT (29Ho49] gt EAo]
A% AAAE F5o] Yehds SRIsta).

WI (Wave train Index) = R3 - R2
Bl (Blocking Index) = R1 - R2
1 A3 F 278719 sty O 33 o] ERE

(1) wave type ( WI > 0 and WI ) BI ) : WI 7} &¥<=o] Bl Ht} & 72 714
o FolE E}ie] Rtupr EREY FEpAlol &AL Syt BE, EAEE
ol ridge-trough-ridge o] F35F HolE w&lo] 25 Yepdrh. S &
A A F oF 52%2 ) (1447)7F olof sigEw, & 3t A4= 438YU=
HlolB Bl o] Hit A& 7|72 oF 39 ojth
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Figure 3 (Left) Scatter plots of Bl and WI for the wave type (red dots), blocking type (blue dots),
and unclassified (black dots) cold surges classified by the dynamical indices develped by Park et
al.(2015). (Right) Composite maps of geopotential height anomaly at 300hPa (Z300) for wave, blocking,
mixed types and unclassified cold surges. The significant values at 95% confidence level are indicated
by thick black contours.

(2) blocking type ( BI » 0 and WI < BI ) : BI 7} 9¥ol9] WI ¥t} & &
7 o E2pd Bl htE BRErh ol ofEe Adn £

ks th <9 ot E Eok 3= 29 EAS Bt gt iy

A4 F % 39%9 gt (109771 ol sig=H, & st 4= 44092 &
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o] St 9y A7HA] A AT AFlehe R o g sl gtk A g AlH|E
of 17| Ut 55 Ao YARE AVIYY A TA WIFLE |Y-A
71% couplet 25 BT olHT 7|dFRE BEEOA 9 VS HEE &
YAA e 7| 2S5 553 A7 I9T= Stk folE Bjlo] gtule} Hlwst
9, E2H] Bl9] StaollA AlHEor a7 1 A7) At ¥ ZA YERH
St Y ool AlH|2lol 17| BTt wE5H Rt Al b=t Rt A
O]Z o AHE 17|%-A7|Y couplet 27} o] AL FAEOEZH SHIE 9 &
ORAlol Aol M ke B717F BS Aok o A4HE
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Figure 4 Composite maps of geopotential height anomaly at 300hPa (Z300), mean sea level
pressure anomaly (MSLP) and 2-meter air temperature anomaly (T2m) for day -6 to day +6 relative
to cold surge occurrences of wave type. The significant values at 95% confidence level are indicated
by thick black contours.
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Figure 5 Same as Fig 4. but for the blocking type.



3. gtz Simio| Al Z2H £ 13

Z300 SLP

T2m

lse €l /jg
S AN
[ |

[T [T W [ [ [ [
8-765-4-321012345678 6 -5 -4 3 2 1012345 6

] I

I -
120100 -80 -60 -40 0 0 20 40 6 8 100 120

Figure 6 Same as Fig 4. but for unclassified cold surges.



| SR oo £ Hat A iR 7S HSEno| Sy

rol

29 62 flolE Eilol} 221 Blow BREA ok dhwo] GHEE et
W o, R A%elA ol FHel gyl dBelt oji oo By
2L P o] S8 FuIsHA) ot At WA 204 Allol 11ge] 374
shem, 9y 9 Seluele BH0% 4 el 1719-A71% couplet
27 GAEAE Sk B F B85 ARl B 4 ok dt gol) /)R 24
o= Ajelol 3719t0] sleh 4 71 vt Holsy] tEe] FrH Aol
Uehhe Aoz Bolth ok AXEAY AYH ALY /N deHoz
3o AW GHo| Nojdon okl WA, B8 AStE Pt Amw

:‘_1‘

e} st WA BERS AR, Aol 17]9k] ZEEwA FobA
of Aejom A5 dEAshe, st WAe] SeetE FHOR T7]9-A7]%)
couplet 727} AElo] BEANY W1E SRt olFAA Skt 7|0
FEER dashe A2 B 4 Yk ot 9ol eelo] Sue) A9 fehiol g
QHzol 4 317]gto] FAH o] Adlelol 37]%to] M WEASHE v, By et
of ghwte] A9 TG Flo] okEIo] AN Y AAHORE YEOR Fsiol
A7} 317]9te] Zstetis Zolt Sk, glol= Elle] wpuct Beby el
St o @ A7 ASHT 1 A% B9 ene ALH B /e o Qs
Qe mlTY,

3.2 oMt ol APEL 59

[ =

B4 712E (1979/80 ~ 2014/159) 5 A vt Wgo] ARbY EHS Abwn
7] 9180, WA @tk 24 ASCS numben9h ok LAHCS day9)?] Y BES
Huotth 1Y 7L Tt A%e} Sht 4o Q¥ RS shut EeiE ek
o=, Seleleld WA Tks AW 53] 129 190] Bol WAysk= 7
o} 2 Qe & T Qg th As 1290] MAE Yehia AREoR a
£ 542 malth goju ehgle] gk 1197 1290 ABHoR vehi:
Ba}7] g9lo] shuks 12937} 1Q0] wo] ukgettt Ao g 7]Lo] ke 1193}
Jof upAYshs Sk 9ol Qo] Skt Bom 28 A2(129, 19, 290
27 ERQle] St o ol MRS & 4 ok 1T £ ehel o] WAEE:

>~
tad

oy,

(o)

ol
-

(ON)
i

e



3. Bie SOl Al-ZZH 4 | 15

—1o

=AA Rtk 7P 2 10 2 3 Wt A dERdTh St Si(EA ei)
d HliEE, Hol2 e dhuts dE AL T A
o of 3ui= g 3U9| X&7I7e 7AW ol d¥= A HERdT R,
M Bl Shubs dhr d4e] B }‘:‘EWJ 0] 2ot AABHA| ke ol
dEE £2H B} ehe] A&TIRte] tES Qluiddth. Y Wit 4949 A&zt

=l 53] 12¢ dh= & 28%1°] 143%101] g, Bt 5Y9HES 71 b
Tgde & = Aok

o o
e,
4>
°
a0

>,
r>~
mlm

W-type cold surge over Korea

300 100 150 50
mCS number mCS number
240 + T 80 120 + + 40
--CS days ] --CS days 9]
2180 - 602 ¢ 90 - 302
z £ = €
hel 3 © =]
n 120 -+ - 40< o, 60 A - 20
O g v 3
60 L 20 30 + 10
0 + 0 0 A r 0
NOV DEC JAN FEB MAR NOV DEC JAN FEB  MAR
B- r r Kor Other cold surge over Korea
150 type cold surge over Korea - 1535 g cq
mCS number mtotal num
120 + + 40 120 + + 40
CS days g -=-CS days g
%90- —30E %90 - T+ 30E
hel 3 © 3
«~n 60 A - 205 o, 60 + T+ 20€
O 3 © 4]
30 A - 10 30 + - . + 10
0 A - 0 0 - - 0
NOV DEC JAN  FEB  MAR NOV DEC JAN FEB  MAR
T2m over Korea
10
5 -
w
o
[
L]
T 0 A
NOV DEC FEB MAR
-5
Figure 7 Monthly variation of cold surge number (grey bar) and cold surge days (blue line) for

total, weve-train, blocking and unclassified type. The lower panel is 2m air temperature.
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Figure 9 Interannual variation of (left panel) monthly cold surge number and (right panel) cold

surge days for wave (red bar), blocking (blue bar) and unclassified (black bar) type over Korea. The
thick soilid and dashed lines indicate 5 year running average and regression lines of total cold surge.
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Figure 11 The number of cold surge days for wave and blocking types based on monthly (left

panels) AO, EU, ONI, WP and (right panels) EAWM, PDO, PNA index. The thick lines is a sliding means

for b-adjacentband.
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Figure 13 Cold surge days for total, wave, and blocking types for strong negative (less than 0.5
standard deviations) and strong positive (greater than +0.5 standard deviations) phases of the climate
index.
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Figure 14 Composite mean sea level pressure with respect to the selected climate indices when
they 0.5 standard deviation. The selected indices and sample size are indicated in each panel.
Composite anomalies that are statistically significant at the 95% confidence level are indicated by
solid black line.
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Figure 15 Same as Fig 14 except for surface air temperature.
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Figure 16 Winter day-to—day variance of surface air temperature at 2m averaged over Korea from
1979/80-2011/12. The solid lines indicate mean variance in the 1980s, 1990s, and 2000s.
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Figure 17 Power spectra of daily mean winter SAT averaged over Korea in 1979-1990, 1991-2002,
2003-2014. The black curve in each figure represents the 95% confidence level. Three gray vertical
lines indicate (from left to right) 20, 10, and 5 days.
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Figure 18 Interannual variability of monthly cold surge days over Korea and monthly indices of

AO(red dot), WP(pink dot), ONI(yellow dot), PNA(black cross), EAWM(ski blue cross) and PDO(green dot).



| SR oo £ Hat A iR 7S HSEno| Sy

Stp A9] 7] WMEol JFE vA= 7ISRIAES] HAE AHET] fsh
119 £719] running correlatione YEFATH (" 19). 124 2 4y A=
1092 #7712 7] ¥s47e] #A7E F3o] Hdlshe AL &5 =l 1980¢
et 200090l A= Bttt A Ueidle BFE 1990d ol 7|25t
WA= % dolsHAl Yehdth. dhutdset AL =5 Xoete] Ak 1980t
20009 ol A YeEtAIRE 1990 toll= fofu|et 2aE UehfA] gkt o=
1990 o]l 7| $AE2] TAZE FosHAl Ut &2 B9 7t FAasto]
A7 AR AlREG AdAoR Sutdert B2 1980d et 20008 HE HlwL sl
HorE o], AtHd o= 20009tHe] WPeF AO2F] Aol =4 Usts AS &5 3

AR
t}. ol 20009 Bebd Ehel gt @ae) Sx70] ekt ojulgic 199 3
ol Ftdso] JFL WAL Kuist 71FA4ES 2] ogen, 29
Q}r
=

=
o] ¢ htdaees SoMor AR & Aot ASA] Feltt S HYS
5 _

% gtk ol 29 AmAsY] HF7] WEe] B dof ule) JHoz S ot

[¢]

ST Shto] 7] viwd #A" diy] 49 HIE AWET] s Al 717t
(1979-1990, 1991-2002, 2003-2014)°l sl Hate 7|23 sfH7|F] of=e]
A AR Yeigich (I8 20 ~ 19 22). fEuet ALE 7|58 Adliske o
HAQ] 7|YHE Aol 17|gH FFAE A7) AEE Ao AEAY
9] 71 HXE & & SloH ol F-UFY HIGAR s W= AL &
Al2"IOR oA T 202 1299 7123 7|9EiR] ] HskE 1980¢H, 1990
ddf, 20009t BwtE ofedeo R yepflet. A2dstolE E-5kTL 1980
Aol Bls) 19909 o fetilot tiS EA15e} HPolE SHOR tiREe] 19
T AY9] 7]20] ¢ WA yepdoh wd 2000¥ ol SR Ho] 7]L0] FEEEH
S71E BHA fEpAof iR i o5l8 A7k A A& & & Sloh olg HE
o 71t wix|9] WslE AwEA 1980Wt o] oFEFAHoRRE A7|YA ofEe
7F U= W 2000890l fEtAlor tiE 1E Aol 17]9Hd obdE|7t
Ueta &5 AASE sl A7 ol ZeE]7t vehdth. ol BokAlo &
& A=) TS FH 200099 gt AP ATt Sk H A9 TS UE
e daket & 4 Qivk 39 202 199 7123 71HiX|9] A7) HsE vErd

i



3. B SOl Al- 57 &Y

Zoltk. 149 71L& WHolE AwEd (I 21), 1990dol Fetijop FEE x o]
9] 2% ofrE|7t EAcks ¥ E3AHL g9 2% opedE|rt yehdt) vt
| 2000%1011 52 o HA wpEsA L SFAIHET fek]of RO E} 2t
IS B S Sloh 7197 Hsks AmEdE 19909l
Tzt H}F—i &g SHoZ FAo|s whd 2000t BRI Fjof
g ok=gE7t Yehdth ol uRlzsiolA9] wEUS Fret T
Az 199 diste 3 wdo] 457] MeS gt 450 A5
QA TS 27 e, ol 2
Xléd_i ool ggel 2o YapHnh nAeo R 299 7|3l £
WSS AR (1Y 22), FESE SoMotlAY 9] 2 ofr e } 1980
ddiel 2000t YeftE WA 1990 Aol R-3d3t ofAlol BRoA gk O
L& ozt vepdth 719%e] Wsks AnEw 1980 dto] FetAloL g &
HojlA AvkAQl w7|9Hg obed 2j7F Yehuhal RejgF BARolA #7194 of
= 27h yehdth ®HE 1990 diol= i se} HIFelE S40R 19E A9
ol A71L4A ohedelrt ZAIstaL 2000 diol: viE=SE FAoE 17|¢A
ohke 27F Ul BEHE AT 17194 oledErt Yehdth 1980d tiet
v siA 20009THS] H7] SEAL EEjEeFolAl 7Y oheE7t AdolstAl u
bt ol IFAF AZINY A=t fIXlol dFe HAE WP PNA iR
phase®} ¢t sfjglolz}t &k o ik

rw@
5.:

e
!

i)
r_ﬁ, fr o:l‘
0 ol
_91_', -
o cr>* R
- N - J
) N,
%) i)

)
N
X

Y

o,
=N
N
‘@'
ox
2
A
N
rlr
of
02}-"
o)
r
(A
i)
oY
J,‘l
1A

>~l
1m



34 | s S| EX Hat 9 2 715 HEAO| Glzky

DEC

150 1.5
[ 1979-1990
1991-2002
2100 + = 14
& W 2003-2014
)
Q 50 4+ -T- 05
0 1 L0
Total CS WT BT
JAN
120 I
0 1979-1990
[ 1991-2002
o 80 + 1 15
& W 2003-2014
3
40 4 .,
0 -2.5
Total CS T2m
FEB
90 1
0 1979-1990
m 1991-2002
@ 60 —+
i) m 2003-2014
3
30 +
0 Bl

Total CS WT BT T2m

Figure 19 The number of cold surge days classified by cold surge types and monthly mean air
temperature at 2m averaged over the Korea.
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DEC

Correlation

_1 NN IS U I A [ N [N U S N N [N | £y
rrrrrrrrrrrrrrrrrrrrrrrTrTTrrra

1983 1986 1989 1992 1995 1998 2001 2004 2007 2010
+AO +ONI +WP +T2m -EAWM*(-1) = PDO*(-1) +-PNA*(-1)

Relationship between CS days and Climate indices
JAN

Correlation

NN N [ S I S N N (S N S [ [ S N Ny N S O N N N |
T rrrrrrTrrr T

1983 1986 1989 1992 1995 1998 2001 2004 2007 2010

1
—_—

+AO-+ONI-+WP -T2m <EAWM*(-1)-=PDO*(-1)+PNA*(-1)

Relationship between CS days and Climate indices
FEB

Correlation

1983 1986 1989 1992 1995 1998 2001 2004 2007 2010

1
—

+AO «ON| +WP =T2m «EAWM?*(-1) =PDO*(-1) =-PNA*(-1)

Figure 20 11yr moving window correlation between CS days and climate indices.
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Composite mean sea level pressure with respect to the cold surge days occurred in

December during three decades. Composite anomalies that are statistically significant at the 95%

confidence level are indicated by solid black line.
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Figure 22 Same as Fig 21 but for January.
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Same as Fig 21 but for February.
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