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Abstract Since the Korean Meteorological Society was organized in 1963, the climate dynam-
ics fields have been made remarkable progress. Here, we documented the academic develop-
ments in the area of climate dynamics performed by members of Korean Meteorological
Society, based on studies that have been published mainly in the Journal of Korean Meteorologi-
cal Society, Atmosphere, and Asia-Pacific Journal of Atmospheric Sciences. In these journals,
the fundamental principles of typical ocean-atmosphere climatic phenomena such as El Niflo,
Madden-Julian Oscillation, Pacific Decadal Oscillation, and Atlantic Multi-decadal Oscillation,
their modeling, prediction, and its impact, are being conducted by members of Korean Meteoro-
logical Society. Recently, research has been expanded to almost all climatic factors including
cryosphere and biosphere, as well as areas from a global perspective, not limited to one region.
In addition, research using an artificial intelligence (AI), which can be called a cutting-edge
field, has been actively conducted. In this paper, topics including intra-seasonal and Madden-
Julian Oscillations, East Asian summer monsoon, El Nifio-Southern Oscillation, mid-latitude
and polar climate variations and some paleo climate and ecosystem studies, of which driving
mechanism, modeling, prediction, and global impact, are particularly documented.
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Fig. 1. Time-Latitude cross section of OLR (Colors, Units: Wm™), (a) the barotropic mode of the relative vorticity (Contours,
Units: s™'), and (b) the baroclinic mode of the relative vorticity (Contours, Units: s™') regressed onto time-series averaged over
Indian Ocean (75°-95°E). Note that the blue (red) indicates the enhanced (suppressed) convection. Contour’s interval is
0.3 x 107, solid line means cyclonic (anti-cyclonic) vorticity in the Northern (Southern) Hemisphere, the gray line means zero.

Adapted from Song and Seo (2012).
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Fig. 2. May-September wavenumber-frequency spectra of 10°N-10°S averaged 850-hPa zonal wind (m” s ) for the (a) RA2,
(b) SAS, (¢) RAS, (d) KF2, (e) CCM, and (f) ENS experiments. Individual May-September spectra were calculated for each
year and then averaged over all years of data. Only the climatological seasonal cycle and time mean for each May-September
segment were removed before calculation of the spectra. The bandwidth is (180 days)™'. Adapted from Ham and Hong (2013).
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A- O A5 d3Ad3 FHdA = dholl A
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for Environmental Prediction, NCEP)] 1 Z7] ¢
A5 el AE W 1F A F s Hohet

Atmosphere, Vol. 33, No. 2. (2023)



130 F=717383 7158 Bof sk i A%

0-0) ACC (ALL) b) MSSS (ALL)

Pressure(hPa)

1000 1000

5 10 15 0 10 15 20 25 30

0.E) ACC_(DJF) 0.9) MSSS_(DJF)

Pressure(hPa)

5 10 15
e) ACC (JJA)

10
0 D) _MSSS_(JUA)

30

100 100

300

Pressure(hPa)

w

o

o
o -
o

1000 1000

S5 10 15 20 25 30 0 5 10 15 20

Lead time (day) Lead time (day)

25 30

Fig. 3. ACC (left) and MSSS (right) of GPH in the NH 30°~90° for GloSea5 hindcast experiments initialized in (a-b) all
seasons, (c-d) DJF, and (e-f) JJA as a function of lead time and pressure level. Adapted from Kim et al. (2018a).
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gk o]elgk AJZF XS g & o9 & 4
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Fig. 4. (a) Climatological mean precipitation (color, mm day™"), 200 hPa zonal wind (thick line, m s™') and 850 hPa wind
(vector, m ™) during average Changma period (6/21~7/20). (b) Schematic diagram of five air masses influencing Changma

(from Seo et al., 2011).
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F= SRS FolrloloAe] AFEE WA 2
e FAZo A e EME 1do EA ujFo|tt
(Son et al., 2019). EJHE 7 Y& HA}Ho R Hole
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shH Aup FoMrol oE Bl 944Hs T
3 A HHoZRE JFS WA dgo] ATE o
gt} Lee and Kim (1992)2 vt ZzjHs oAl <]
gFada AdEE &9 ek dE-HEEP) =
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al., 1997; Jang and Jhun, 2004). 2322 Jang and Yeh
013)lA = FEFaE 1990 Fuk o] 3 A7)0
oA ti71ze] FE WES Tl s AAIgol
7] HEAS =S Btk v Avkes o)
AR A= FEHES] sl =9 vlgle] 3
£ 7FA(Kim et al, 2017a) 7t Ashs &
of ZJalxl= AeS HIth(Ha et al., 2001). T3 A
Y7t ALS Ay HEske 49d= AsiA=
S Bol7|% FTHOh, 1996). 718 AUkr} 723l
1997, 1998 AE § A5HE FoMrot B
Al LR THYim et al., 2006). o 543 A]17]¢]
7€ 1590014 89 15¢ Fol ARt o]z gt A 5H3
& Z7|H(WNPSH)e] A% &7go] FElghe Hltt
' dTE dtk(Yeo et al, 2012). 3FA2F o]FA A
Yk 3 o452 Foaiel &, it o) 3

¢

ol
Yo

= xe

>

fou 4,

m ol
2 of o N gt ob ¢

2

o i

Sh=t7)1248ks oy 7] #3349 23 (2023)

et L VA A REA gk Gt
7Hetale B 4 gl
HEES A Fkze] 9 T FTE % FH
1<l

=
=
FE A Zde i @4 B
and Kim, 2007; Jo et al., 2020). 3L
e, 2349 v K Fe=

[
of
[>
il
2
flo

o ZYEH L 12%2] NEE JeERfZ Q)

222 BN} o E B o R u)F W
2 Z7IAEE AR G R &g Folalo}
Holth, o]& F5317] fal BAdS Bdo] /A
HAth B2 SuUiAY, SEEYE, o BE S, 52
=¥ 59 dg4H 2=, FEHol U1E FHY, 54
< 2|9 9] 4E/(Outgoing Longwave Radiation
o2 ¥d¥) 52 FoMAo} B e Awle] Fa3
891 2H(Ha et al., 2005; Son and Seo, 2012)= 8}3]
Aok @A 7123 A-ABE 3 ARt 3]2joA
T olygt A Rdle] AAE &&sta Ut H
ol FEAL XY dFH 25 T3 ke 7FRo|
FEFS F= AR FAotHTIE SF3AthHam et al.,
2019). $HH 7174349 715 SA 2”0 GloSea69]
GC3.1 HH¢] RY& FopropAS WNPSHS| K¢
of Slojx Hrh o] HJN, ¢7] AFLE #HS
I} vz TR E o] o5 Adso] 271 HEelX=
GAE AZE Ho|Z Utk(Kim et al., 2021).
7] AFED S ARES A2 dsto] e
7] oM o] BALE Fal Fobrlol oF E] Al
- AlZ17F o wep A dRbE o R A E Zlo=m
o dstar A, #5719 St wEh 1 e Egh
AE Aoz o4dstal Yt Min and Jhun, 2010) (Fig.
5a). CMIP3, CMIP5, CMIP6 #7} =4, 7jdmd
TEE 1.5°C/2.0°C HAPPI (Half a degree Additional
warming, Prognosis and Projected Impacts) 22| 1]
& 719 Aue oA BF Aul g EFgE Fot
Ao} R of|A] 214 7] Fatel] tA = 15~30%2] <4
S71E <2438 tH(Cha et al, 2007; Seo et al., 2013;
Kwon et al., 2017; Shim et al., 2019). 53] Figs. 5b,
collA Hol= ZA"E dF{Ad A 7P =
ZdE e Azl W= bR ¥ 24 S
71ehE RS0 Qlo] tf7] EQbg el o Eo] IA %
|8 Aoz At AA ofro} EEPdYgL 22.6%
g4E AS2 A ZHATH(Moon and Ha, 2017).
NCAR®] WRF REd& A8 A% T FHT,
St o] B B, A& 7R o] Ftst

LrRrfT—

s
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Fig. 5. The spatial distributions of the East Asian summer
monsoon rainfall for (a) the difference of outputs between
SRESA1B scenario and 20C3M scenario using the MIROC3.2
(hires). Those for (b) cumulus convection and (c) large-scale
condensation (from Min and Jhun 2010).

= A2 AWEATH(Jung et al., 2015).

223 Buid R Aol BAH 525

# 2ol Seo and Choi (2022)& vl A 7359
ZBAAE kel date] Ak Akl R, o
714 A, AR o &3 9 7k AR 23] )
FE WsfA 2 7S FARE A3 69 A W
2= ek 3 ZFE 500064 15009 F=e] A
A 7t sle Aer FAEIY ol vl 84 F
71 A &3 Wt 85%E AFASH M
AAA & Qo AgeS Bl Faw A
I mm@ AFR TSt 3090914 110922 F

A},

=

o o

b e S I L = a1 ) 133

2.3 Az} Hrl sHA-LH7| HSEE

231 9y 9%

Auxe] W e An B st s
9] 7el AJazrgol 93t Hjola 2 3= (Bjerknes
Feedback)ell 28t Aoz 2 A& AT, A5 eS
As7] sl A AR EAF o] E(Delayed Oscillator)
7+ AF7 o] 2(Recharge Oscillator)©] 1980 dth S-wtk
7 1990t 9kl 4zt ARFE| AT o] Fo F
8 O|EES YRS Y A8 B HME HE
ZIe® B S-S A4 S v s
i eEtE dys 2YS F9 A= ATHAR and
Kang, 2000, 2001). 3t A}ZH o] 2o|X AAg &
w9} olH % Aolo] Agme] YojA Hukrel B
B Abolel] 7 W) Agel EAlgke] AAHh
(Kug et al., 2003).

Aot th71e] e JEAge] oI vop s
)=o) gt Al elske A=A ATET. 9
o elore) dl4H ex WA B2 REA
g olgdln 2t gel 2E FFHon BAs,
ook VN FAF olF A=l g F
83 Z2A| 2 o] AAEATHAD et al., 1999). &=
3, eoks Feus SAF oF s=uo] 7}
15 ogte] AL oW Aow x4y

Zt Ay 5

F A=A e o]2x= AAHSTJin and An,
1999; An et al, 1999; An and Jin, 2001). & &
W, F2%F gedo] 7Fet 4 5N Hdute}
A7) B4 AslEAR, AR olF FJrwo)
et A9 AF w3 duke), @] 5] Askd
o] A= AT

Azl AF % o8t Wt opje} WA el

2 AAHJTHKang and Kug, 2002; An and Kim,
2017). &9 s 2= op=wre]o] thgk thr]e] W
ol &9 dFH 2% ohxgold] tigh 7] vhE-E
o A %o wgaly] el sk vlofay 2 3
Tul S ks Atk Aotk B seH 2k v
g21e] w3y o]Fo] HA3 <87+ 3 (Nonlinear
dynamical heating) 2.2 Y-k $J2del ZAg
o] Y Fo g EAste] Ao A7} gkl
Hlgl 73 7 5ol AAEAJATHin et al., 2003; An
and Jin, 2004). H]A ¥ ©| /& F FHESF A9 &
AolFae]l A/t Warle] o ez &
Aste] AL op7|ths FAE AAE ATHSu et
al, 2010). Im et al. (2015)2 Ik vj=w =4S
EAste] v dlS AFH o2 EAs.
T3k, olgf gk Bt o] A BiFe] o8 W
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shelar g A S, 2 Au) WAL Eo] At
A THAN, 2004; An and Hong, 2015).
due} ks 2 A7 giRE ol A

AA .
An and Wang (2001)2 F7FHA Gl B el S-
7] He BEES o]&ste] & WS s 2
28|57t SEHE G mgete] 4o sleH 2x9
AFE 7] A Fske 2ALZd AYxe] EA47|7t
UEPES AAIBHAL, ol 34 olalg B3l Y
o] A B9l 5YE MAdskdnh olefg Ald 3
A AR A d F7IE wel gton, ol AW
5o A7|ek #dE 5 dsol AAEATHAn and
Choi, 2009). Ham and Kug (2014)= t}Fst 7|5 %
FEY AMIATY BoJE A5k, B2y 7%
°] AX}(bias)’} 1A ALIHEHS Belo] JTF
F=A EAE AT

A== westerly wind burst (WWB)S} 22

718l oaf o] AlRtE AL, W e
gk wk=t)h Kug et al. (2008) o] 23k ©7] vl 7
Aol dgstA B8] Bl duxe} ghuke]
QQ2dell ozl ZAatA AdEE dHEith &, dvs
Al7] A7) AF ok 7E Hed w) @7] vk
AAEe] Ak WEAds Fvete] duyee] weS
A7l 9L sk, ol a AF d#dd
TN Ao et = nbgr Aol 23k oA
wHstol] o3 Aolghal vkt By Aol o]4dshd
28-S ] AAEHATHKug et al, 2009a; Sooraj,
2009a; Kug et al., 2010a).

o 2 F

2.32 dYx=9] oFy

2000t FHF Sof AUl djElo] wj$- theks}
A 24 ¢ dote A4 gFd A7) g &
waiA FPEJTh 2rle FEIEUG] daE 2

Cold Tongue EI Nino

-
-
-
-
-
-
-

c———=> current

- wind

Eof gk Wk Fg

=7F 73l YeEhdE ¥ A duyset tE2A F
el ge] sl 2t A wshe FEHIREY
Juxof gt A77F HAFEATHKug et al., 2009b,
2010b). THIB Y A= SAMelF olF H= 2
7] g4 Hewo] W] F238 JTS glo] A
A=Ak B, SEsEge] 7] &3 9 EnkE of
A Ade] s 227t THHEYG dux
34 2 FFg] T8 qIFS T F A
S tH(Yeh et al, 2015; Jin et al., 2013). Kim et al
(2012 ZsHA weet FEES dy=<l 2009/10
I 5L A58

2000 ©]F FEIEYF Yyt Ao & 2}
wd sl th Yeh et al. 2009y = 2 /)5 R Y
719Rst AES FA st A2dstel] o3 FE
& AYmrt A DAY £ ASS ANG B
B wopth T3 FEl G ol e
=9 EYPAE AF2u8 Ay QoA Y&
o] B3 = AthHam et al., 2015). A+ 23}
oluz}, Haae] M3K(Choi et al., 2011), EThA
ol oW £3H(Yu et al., 2015)9} 7S T} @
294 U5 HBAI(Yet et al, 2011; Kim et al., 2012;
Lee et al., 2019)° ]3] 7 7FA] ejeo] dAum A
A ¥ 7 dgol A HAT Jang et al. (2013)
2 7% 2y YoM 2ol B3} wiet ¢
3 F 7 FHe] Ay HAe] 2=, o] 7]
F4e] wWstel] 7IQIghal AAsHATE HZddle &
T3 F 7 FHe dYx B oplE, £ ¢ o
Fot HES v dUn g AFE oA
2ATHe.g. Shin et al., 2021). Aol Bl&) ivke
ol g s|Ele] thydo] ofstrtal B HATH(Kug
et al, 2014). o|9} 7S AUx gFAo] et A
= Yeh et al. (2014a)°ll4] BF FH=E HH=HATh
(Fig. 6).
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Fig. 6. Schematic diagrams for two types of El Nifio (from Yeh et al., 2014).
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O

iy

233 ¥ 35FE
AYne S G FolA B s Al o
fﬂc’ok«] g 2 thr] WEel 2 FFE Hx
, FE W gt 53], MEEE bt A
Hol e Y HEe Iy HEAd AAA
ZiojA, Ay /e kel oS 7hsRIAtE ARR-H
ATHKug et al., 2005; Soorja et al., 2009b). Kug
and Kang (2006) A1]xz8} olEoko] N2 Fa2hg
3l A= d4H 25 5ol g due] 4
T VR e] whE 9 Agko] YehdS Xﬂ"]s}‘}i
AL, o] 7HEE ¥ B RoME Y5
et al., 2006a, b). TiF--9] 7| $R3
V=S Bojtal Jlou, tha =
o] lom, Ry RO FHL B VTG B
ole} A J&o] AAEATHKug and Ham, 2012).
Ham et al. (2017)2 21=%k9] E}O]E J__.Q} ENSO
ofe] Aol H o *FHIL USS HAls]
= Sk

=F uk ofue} th kel s ME X ENSO
e DA A gl A= ST Ham et al.
(20133)—0— OdEH —-a*EH AMFe] sl 257 Ay st
_’, oC‘EH —»ﬁ—T’/H/\i"k«] FEF

RO omy H rlm

:i oft
B rlo
kd
o
o
F
o,
o

%*é | ‘2}%5 ﬂ 2 Zﬂ/\] }915} o] E%—E— =5
UG 7| FRYNHE WA} HEe| /HIS S
S tHHam et al.,

2015). o|AtzlEl By 2g

LrEOHﬂn

at =
i o 1°k‘4L(Atlant1c N1no)9‘r Arj SN g o5
SEE ME bE i7USES F3l v JEe] &
= gl 9% MIS Zﬂ A&t tHHam et al,,

%—-‘%E ke g7 HEE Ak o] gk
A Zow dEA vk 71Ee 2 REHES
& (North Pacific Oscillation)o] Ao A]=}fe]] <F

@ o

Sk
[}
2 % % Jrfe A7 olof, o9} HUE 54 3
o] dy Age] BH0R YIS v o

7t AA = A H(Park et al., 2013; Zhao et al., 2020).
T3, dojrdne] 9x 2 AE g dus 319
off J&ke Frh= A77F HE Itk (Park et al., 2021).
ot o}, BefjH et ol 271 (Yun et al., 2015)
3} ol FElE g WE(Yeh et al, 2021 Park et
al,, 2020)= Ay Holo] FgS Frle AT =

FE A

234 dY=s}t H7F WF 2 /1FEs

Ayize] HEA 9 EAL w7l o8] A4 =
SHY G XY AdAFY 279 dY=e] HF
A A77F o] ARAACE dua A thAn
et al, 2010, 2011; An and Choi, 2013). 19703t} =&

R e R

=34 -7y - AgE 135

o)F Aol EAo] Folnd Wae A, ol
t Bade) Wse A9 5 gl daw A7
A g Tl AAEATHAN and Jin 2000; An and
Wang 2000; Wang and An, 2001, 2002; An et al,
2006; Lee et al., 2012; An and Bon, 2015). ¥5} o}
ek, s 34 W 2719 B s 3 th7le
W5l Aol BRo] YRS Fr A0 1 o
ATH(Yeo et al.,, 2017a; Kim et al., 2022).

wj7ge] waje] ojs] Aujie] E4o] My,
Bujso] 54 WL oAl WA FFS FE Y
waF g5 ago] EAgo]l AAEHATHChoi et al,
2009; Choi and An, 2013). Kim et al. (2020)2 <44
el o3t sjoke] MAY o Rl oJ% s
3t HHse] WAl F4 W TS KRS
S-o] AAEJT}. Choi et al. (2012)% A =0} F
A 9 77 Asse] BEgel F /K e Ay
o] ¥ wistel WHsiA HHE 4 AeS AASATh

AU} wiAATe] 743k B A ;q]_roﬂ 7135
e AUk S fove WEE FEFTHAN
et al., 2008; Yeh et al, 2014b, c; Yun et al., 2019).
E3], Kim et al. (2014)2 94X H]o}aY 2~ E9HY
H A% $NL Fael, /1 Fase] BE Ik 2

T T =

]4 a7t A3 AolA] gkow, A=} e3P e

Eatol7t 8% 948 A8 F USE AAE
9\1@. Tk 7] st ok ti7]e] HAdE whge] W
37 Ay Z7] Wl S & 4 Aol B
25 ) th(Watanabe et al., 2012; Ham et al., 2016). &€
g S ge] Wl :L?ﬁ AdYx HEd 9T =

T Aol Eg AAEATHHam et al., 2018).

235 dYx= 9%

AV t7] 944438 Tl dATHA FFS
n) X3z, 7| Swste] ofs] 1 sje2 eI th(Kim et
al., 2014; Zhang et al., 2016; Yeh et al., 2018). 7]%
[4NT olyz}, AYtRe] oF 9 nAHA FE
o FJIFE WA= 7402 yeltti(Jeong et al.,
2018; Wie et al., 2021). B3}, EH» = S R
g 7]1% Q49 X7 T T2 IS F= o=
YelsttH(Song et al., 2011; Yun et al., 2012; Kim et
al,, 2020). dUxe} A7) Fete] AHALL FAd F
71¢] WEol wgk E2A 7= Th(Yoon and Yeh,
2010; Kim et al., 2016; Lee et al., 2018). %”44‘194
geke v 715 WskKug et al., 2010¢) 2 27]F
717HAn et al., 2017)°] wEl A& A2 By
At

A8} gpife] e iﬂ_
F= AeZ 4#A AthFig. 7).

T
LR o Bl UREAS L

rli%
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Fig. 7. Korean Temperature (a, ¢) and precipitation (b, d) associated with two types of El Nifio (from Kim et al., 2014).

Pth(Son et al, 2016). ©]& ALgole= MBS I
kAol o)t %’—i/«] a71qte] FEFe wo} 7|23
A7t 7R AN, =2 Agole %%AL 3719
o] ok AHA 1 FaFe] A= Al AUTkSon
et al., 2014; Kim et al.,, 2015, 2017, 2018a, b). <Y
27t AEsks SHde AEE ol sl 2%
o wel FFo] deAle AoE LA AUTHKim
and Kug, 2019). & 7F4] g2 dyr} gtz 7]
ol ol JFS mA =R U A7z I
th(Kug et al., 2010; Yeo et al., 2017b). 3HA] %t F 7}
A FHe] dyxe] A5 AE Tt FobA, FA
A o8 F 7 Iy Ao Wge o=

YEPITHKim et al., 2014).
2.3.6 AUk 9=

AUk 8 A Bk ofy} o FA JNAS A
ATz FF3] AYHAG, AU =S A
7] 9% A2 & AAFE] A= g gellA A
A (Kug et al, 2005, 2010d; Park et al., 2018).
20001 o Zwroll= S B34S 7H1 o 7] -3
& 2o 7Rkt Ay oS 2] JEE 74

717888 7] A33d 23 (2023)

A ddrygoz AMEEHSTtHKang and Kug, 2000;
Kug et al., 2001, 2005). ©] & th7]-sF A3 e
SEF o] JFo] FAEHA, o]& ©]&3 dYk 4
Zo] AFEAY(Jin et al, 2008; Ham et al., 2012).
Rk oz}, dye 0117«1 HAHETHE N
Hot Alex: YA cHKug et al., 2011; Ham et al.,
2012).

-4:“’““ HEdS o] &% AUk oS A7t &
5] 2 E] 7 9lth Ham et al. (2019)2 Convolution
Neural Network (CNN) 7|H& o]&3}o], 7]£2] 7]
TRYS o83 AUk dFHT o FAe] ¥ T
T d5o] AXEHAL. o] A7t AMAZ LR &
= 01—74, ‘331‘6‘ 7IHE o] 835t Ay
i 98ke olsstE e ATt
MD‘r(Ham et al., 2021; Kim et al.,
1, 2022).

. set-rh7| &F7| HS
9l shgih) 4] Wege ol A
gol tiat B2l 2 et
HA 5 gk 29w oo
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r O
S
e
£

~
o
Ho
X

g thEA FE e RE ARrt 253 £%
o] Zom aF-thr] FEAEe] AAE HYF &
29] re-emergency o] EAs= E

LR FHE S IRbH o R iy
hgahe 54 7HAAL AR th]ef st
3 FHE d719k 7% WEAded IS o
SHE XL A= FEHEF 3 A
EQ Ax 9 JEUF A= A= HY &
=9 Fxo AN TS e
T}H(Song et al., 2021). %= A F
5538 s|-t7] Fszge =

hud

T

9]
1=
L

S
)

Nl e HEe, ol 7 ofF HEY,

Foule) 4EAE Hue el v 22
5 Heglo] EAsa glov] o] Aol s Fo)
457 WEAL AU-FSIE 7] AR
HBE VYT BAYE D Y A0 Uel

O N ooy ¥O Y 2 it S

o ole} 3ol FHI= A9 sF-thr] HEA

24.1 EU-FH= 43483 54

Bt 9= 719 e gul-s9= 94839 9
doll w2} 2 th(Ding et al, 2011; Wang et al.,
2013; Lee, 2018). 53] o528l F 7H9] A/ &
H-59% 944843 delo] d#A UvkDing et al.,
2011). A WA= EAH ¥ %5 v](Western Pacific
North America; WPNA) S{H o2 2 ENSO7} &
He Al & 2dEE BEMBEE A i 25
HEda & dddel Ak 53] SAEH FllA
ofAJolR oJojA]= BHE B F-YE T El (Pacific-
Japan pattern; PJ pattern)©.2 &2]7]%= 3$HCH(Nitta,
1987). & WHAIE 5w S =olAM AAHoz
Ehbe oy JEE A AT A4 (circumglobal
teleconnection, CGT) #{®olg} FEr} dnkzo=z
ENSO7} A12t= = &2 w3 == Aol Zsi
A= B, ofzg7l £, &2 ARvAo-HE A
HE S A tF &5 Asdd & dA7 Ao F
< A7 AAE2 19709 TFRS VIHeR F 4
243 Ee] HEA, ASA, IF Fol AR
FolstA WS HYTH(Wang et al., 2012; Lee
and Ha, 2015). 53] Lee (2018)= 1990\t ZZu}
S 71w Bub 9w AT JRle] Wi &
45 BA AT 198078 2017714 38 &<t
A5 ERkE 9= Adoe] AR 712 9 gFd

AaE7t SAALE frolsh st e &
< e (9o g FAA gon, 3 59 =2
ZH[ 9 FHE Fo oA A 9S FAH0E &9 ¥

A% FE4 AR -

137

e

a) 1980-1997

Fig. 8. Interannual variance (shading) of JJA Z200 for the
period of (a) 1980~1997 and (b) 1998~2017, respectively,
and (c) its difference between (a) and (b). In (a) and (b),
climatological mean of JJA zonal wind at 200 hPa (U200)
during each period is superimposed with contour levels of 20
and 30 m s™'. In (c), the difference of climatological U200
(contour) between 1980~1997 and 1998~2017 is also shown.
The contour interval for U200 is 1 m s™'. Green solid boxes
in each panel represent the five key regions (from Lee,
2018).

B2 YebdS B thFig 8). 53] e EajZd|
AT TF A9 55 TATF vi=e] 279
T3 A3t Vel A 7|24 7198 Ao
2 Ak Fo oA QA AxE 7123 o
T4 AYa=e] gsol ARAA FAZ Yepta
o} o9} HEol 19909t FFWE 7|do=w 3
FA A F7) A7) " F5lo] el deS

g
242 THA=E AW ZAYH 71 HWFA

Ar)-F9E 97 AR ohle F9E A
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AW AAEe] W =3 94 RS i THI=
A 47l 2 7)F HEA dFS T e ¥
HA Aok dE B9 B HoiAded I4== 4
= E5 7 HEe 2 AHoA 9 7]l F 7+
5 A& ENSO 415719 A% FeiE Y] 5 +
29 g3 SH(Wu et al, 2011) Ao} HES
t2A 2= 7] £3-S Feste] Fobror 53
A THZuo et al., 2013).

w53 W H
slo} 1o W 7] &3] Wsks B9 T 5
EH e ¥ Folrlol (G LB A
Al713L meete HYE BAME S S7HIA 718
= 5

Eyl_

SolAlol 7| w g =& ARHS 7RI Q)
Aoz AR UthWu et al, 2014).

Won et al. (2017) 52 F2HAlol B3 £E ¢
8 HEAS AP4 A g #4E Fd o
AUES Tl eEive 953 99 72 HEAe
RS A= A BAEIATE 2 A9 A WA
oM FAUEeR FUd F57F Ve,
WA BoM s fEtalol 559 T tFde 4
Aoz ofe] HAL, fEfrlol AEe] {9 A H9
AME o Hapt yehs A5 727 YE T §
H A HA BEE T 69 7]|3 2o AAAS
e 55 Ee] ofslE el feEtrlol wH Y
o] B3 B A&EHIL =& B3 x9F v
o] Fo} BEoF Fito] FukshH, o] wf o] S
zZhgo] 7] ZAHoR #-gate] S Fto
2719 BE, 23 =T FHIAE A7IYA
S FAst] fElvet 69 712 Aol 7143t
o= ENFAN. F WA REE BEH EUAS X
o A5 d"e] sed 2% A AAAS 7HH
I Y=

=
e Row F4SUI o AAYo] GBI
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(Cohen et al., 2020).
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Fig. 9. (b) Early winter (Nov~Dec) mean arctic sea-ice concentration averaged over Box A of figure (a). Probability distribution
of wintertime (Nov~Mar) daily temperature averaged over (c) Siberian region (Box B of (a)) and (d) Korean Peninsula (Box C
of (a)) with years of sea-ice less than 50% (blue) and with years of sea-ice more than 50% (red) (from Min et al., 2015).
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Fig. 10. Time series of annual (green), boreal winter (December-January-February, blue), and boreal summer (June-July-
August, red lines)-mean surface temperature anomalies averaged over (a) the globe, (b) Northern Hemisphere, and (g) Southern
Hemisphere from mid-Holocene (6 kyr BP) to present (0 BP) by LOVECLIM transient climate simulation. Area-averaging for
the land and ocean is considered separately (shown by middle and right panels). From Jun (2019).
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