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Abstract : In response to the increase in atmospheric carbon dioxide and greenhouse
gases, the global mean temperature is rising rapidly. In particular, the warming of the
Arctic is two to three times faster than the rest. Associated with the rapid Arctic
warming, the sea ice shows decreasing trends in all seasons. The faster Arctic warming
is due to ice-albedo feedback by the presence of snow and ice in polar regions, which
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have higher reflectivity than the ocean, the bare land, or vegetation, higher long-wave
heat loss to space than lower latitudes by lower surface temperature in the Arctic than
lower latitudes, different stability of atmosphere between the Arctic and lower latitudes,
where low stability leads to larger heat losses to atmosphere from surface by larger
latent heat fluxes than the Arctic, where high stability, especially in winter, prohibits
losing heat to atmosphere, increase in clouds and water vapor in the Arctic atmosphere
that subsequently act as green house gases, and finally due to the increase in sensible
heat fluxes from low latitudes to the Arctic via lower troposphere. In contrast to the
rapid Arctic warming, in midlatitudes, especially in eastern Asia and eastern North
America, cold air outbreaks occur more frequently and last longer in recent decades.
Two pathways have been suggested to link the Arctic warming to cold air outbreaks
over midlatitudes. The first is through troposphere in synoptic-scales by enhancing the
Siberian high via a development of Rossby wave trains initiated from the Arctic,
especially the Barents-Kara Seas. The second is via stratosphere by activating planetary
waves to stratosphere and beyond, that leads to warming in the Arctic stratosphere and
increase in geopotential height that subsequently weakens the polar vortex and results
in cold air outbreaks in midlatitudes for several months. There exists lags between the
Arctic warming and cold events in midlatitudes. Thus, understanding chain reactions
from the Arctic warming to midlatitude cooling could help improve a predictability of
seasonal winter weather in midlatitudes. This study reviews the results on the Arctic
warming and its connection to midlatitudes and examines the trends in surface
temperature and the Arctic sea ice.

Key words : Arctic amplification, midlatitude cold air outbreaks, global warming, Arctic
sea ice, surface temperature
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Climatological-mean (contour) and trends (shading) of surface air

temperature from 1979 to 2018 over the Arctic for (a) March-April-May

(MAM), (b) June-July-August
(SON), and (d)

(A, (c)

December-January-February

September-October-November

(DJF). Hatched areas

indicate 5% significant level for trend. Unit of surface air temperature

trend is °C/decade.
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Figure 2. Climatological-mean (contour) and trends (shading) of surface air

ool

1o ra 8

i

dov ofor U orlu o o A T oY rlo
n)

temperature from 1979 to 1998 for (a) March-April-May (MAM), (b)
June-July-August (JJA), (c¢) September-October-November (SON), and (d)
December-January-February  (DJF) and from 1999-2018  for (e)
March-April-May (MAM), () June-July-August (JJA), (g)
September-October-November (SON), and (h) December-January-February
(DJF). Hatched areas indicate 5% significant level for trend. Unit of surface
air temperature trend is °C/decade.
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Figure 3. Trends of the Arctic sea ice concentration for (a) MAM, (b) JJA, (c¢) SON, and
(d) DJF and (e) time series of sea ice concentration of the Barents-Kara Seas
indicated by pink line. Hatched areas indicate 5% significant level for trend.
Unit of sea ice concentration trend is %/decade.
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Figure 4. Trends of the Arctic sea ice concentration for (a) MAM, (b) JJA, (c) SON, and
(d) DJF and (e) time series for MAM, JJA, SON, and DJF from 1979-1998.
Hatched areas indicate 5% significant level for trend. Unit of sea ice
concentration trend is %/decade.
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Figure 5. Trends of the Arctic sea ice concentration for (a) MAM, (b) JJA, (c¢) SON, and
(d) DJF and (e) time series for MAM, JJA, SON, and DJF from 1999-2018.
Hatched areas indicate 5% significant level for trend. Unit of sea ice
concentration trend is %/decade.
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5], Aut7lol= oY s= AA7F A9 GIdd
il =6l S8, 7hefel, FHEH TG 5= gdAa
7F T35t HA|set HEES|® o]FAI7] B
o oYy =7t @A5] &1 ot wiEllx-7te}
3o Wt oY xl 23 %oA 15 %2 &9
1, 200749 o]&= 15% o|stz 7+Aastatt. 7
2o A¥lol= iy swof 2 Habrt glol
=l gl S8b7|& vl =6 28, Zheks), 1
2|1 ZPAEZO|E0A sjyo] ZAshs FA|

e

1= -7tetelo] W oy el

QoA AFE vlet 2ol FYE BT 2

stole 2ystn Fwo] WAsL et

ofo] FHET} W Fo] QU FANY
= ane Qe 7]Ee] st e
wYe 4 ARIH (Cohen  and
Entekhabi, 1999: Cohen et al., 2014). %

2g olgsio] Aol 2 AYSAL
o BHRE7F & APRG 5 °C 7R Y

FL Aelzlol RAQLE 5 hPaoli E7teh

2e A, ol MEY Flo) e
el 57b 32lm dup =2ap ofuxle] A
] 2o]tt (Cohen et al., 1991: Gong et al.,
2003).
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ri

r2 |d oy
Mol S

L,
28 A&EH ASRE= 45H Al
ol sigstol m50| g9 %3 AEAENS
=8 3&271Z A-sstth. Table 12 AlH|2jo}-
s=2jot A9 94RE olssl 29 7R A
A 5= AR dHIAE BoFE
WA} BAN Gol2E 1% ol ol
B &2 Moz mAlstAt. 11 Aly2]o}-
g3ejote] U oSl 19w 29A &
ot YT= Fr Hor UEdH. &, AH
ol-gZelole] JteA P Ik g
Zetuea ofsto] AFS FE Aolth. oA
ARSAME oo AR Hutgol wusl
9)tt (Cohen and Entekhabi, 1999; Lu et

al., 2008; Allen and Zender, 2011). =Z2t4

Table 1. Correlation between the Arctic Oscillation index and snow over
Siberia-Mongolia. Red, blue, and green letters indicate 1%, 5%, 10%
significant level.

AO index
Sep Oct Nov Dec Jan Feb
Sep -0.03 -0.18 -0.09 -0.32 -0.05
Oct 0.06 -0.26 -0.20 -0.17 -0.14 -0.15
Snow Nov 0.21 -0.14 -0.01 -0.26 -0.43 -0.41
cover Dec 0.16 -0.11 0.12 -0.16 -0.03 -0.33
Jan -0.03 -0.07 -0.03 0.06 0.15
Feb 0.19 -0.19 0.04 0.08 0.00 0.00
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Figure 6. Composite difference of surface air temperature between +1 standard

deviation of sea ice concentration over the Barents-Kara Seas.

Rl49] ofst= A
FAHEG § gst
7tsh2 gubsitt (Francis and
Vavrus, 2012; Cohen et al., 2014).
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ufal = -statelol A A|s7HA]
& Z7bt =35t ol: a1
of wat ge ol Hol sYolA
2oz ofAfCt B30 &
2] Z=, 53] FYotrotoflA = 3
Uetdt. S8 dA4ss 7teRts
g 2A UstYARE, sAR ez Jolgt
A9 violZd s GO =shdt. Suls7
=, 54 AI7] (20008F8 20109¢71A]) &2
o] = syt fetAlor Fe sANCcR &/
ot WAIE EolR7|= st} (Honda et al,
2009; Inoue et al., 2012; Tang et al.,
2013; Kug et al., 2015: Kim et al., 2014:
Cohen et al., 2014; Mori et al., 2014). 5}%]
o A2 So] B3 evsiel F9lwole] AL
oFe}E|Qick T RSt AW S ot 2o
2 Fgete AREwl wauEy Ao
(McCusker et al., 2016: Blackport and
Screen, 2020). Figure 39] ZA%oA = 2009
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Alofe] Wzbsl7t UERGA] of o2 uhA,
ATIEoR 23 ddn Y Aol o2
A YUeds Zez wddEn. J2ne 5o
2detel SH= 718 APE Ao o
27 Uehts d)do] st & o A=A 4
w5 2 =ast rt

upall = -71atsfo] sfwle] wwrF Aow 9
F=o] YAst Uzt oivle 79RE
MAS] YR AR SFe e g Qs 7}
2eled] ge 17}01 ~080] 89 T 9¥A

o] %

offof shy

42 55 B2 ol @9l EY Hi
0] AlH2fots meet ¥

(Liu et al., 2012: Ghatak et al., 2012:
Wegman et al., 2015). QoA AmE b} 9}

de sfyoz How Hd, ot vRI=-7}
2all7h mEdt sigot el fYEE 2ol
7] wgolch. gry HmsjFel olo] sl
BONY siF57 B4 ¥ BERo2 R QX|H
ulel=-statsfe] Aol A|Aslo] &
d=7]x stttk (Sato et al., 2014;
Nakanowatari et al., 2014: King et al.,
2016; Schlichtholz, 2016). tt& H3tof| 9st
W 3 DYE Afo]2Eo] BNl 23
e FUETA E0 2722 sask=tl, ol
o5l sfwlo] ZrAsH7|= Stk (Kim et al.,
2017). &|Zofl= 3
efsfiof] wEshe 79
v  dQlez

BN
o
3
(0]
fr
i)

Axte ot
(Blackport et al., 2019 Guan et al., 2020).
ojgl ofz] ZiX] ¥<lol o5l 11LYyf 129 £

spelx-7tetsle] 2ol AAHY o) ut

SAb A 9 JTHRAR Qg SAbgZol] o)

ofo] 45| 27t Wod 9l7] WE

gr1e 2 e Aol A UR 94 79
Ho| tj7l= WAL} 171

(Honda et al., 2009;
Overland et al., 2010; Kim et al., 2014), ©j
2 QT SN IR0 E27)S UEIE
stch (Luo et al., 2017; Yao et al., 2017).
vhll = -71eteflof] HEsty] AlARE 1r]QF wAL
© U7lE weste 2AH] ohEeg WIAZ|AL
ol fetAlotof] oieet g TrE=d], of
7189 Ad2jol 7|4 A7)
sttt (Takaya and Nakamura, 2005: Park
et al., 2008, 2011: Kim et al., 2014). o]%&
Aldl2]or 7]} S0l FEAl StHA FAE
Bgoll Atfstales FotAlo A7Id(E)E &
S} (deepening)Al7|H AJ#j2fo} 17]9tat Fof
Aot A71% Afol2 ute} EAHlote] §7]7}
0] BEy Fle, el YRR U
o GiE Ui, Wzt YollobiAl 3%
£ Zz7]& sttt (Overland et al., 2015;
2016).
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Figure 7. Schematic diagram of the chain from Arctic amplification to extreme

weather over mid-latitudes.

+ AEZ|F7F oeted A
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= 348l gepte 4
MBSt (Limpasuvan et al., 2004).
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Mitchell et al., 2013). Z2tE&E|A0] oFst=
AEQ] dotg oulshy] mRo] F9lwe] W2t
3t2 712ttt (Cohen et al., 2014). J2]i
=23 %0l 29 AEY mW FYEA gt
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g opNStoR AWHE wRAARSl 2 2 E@ol Hx 9] tRolc oo ofs) 4]

Yo ARSI GPIolel Jlextolt Fejel 5l wel ool Aolet % el Bo] 24, 4

GN B Fol YR ol- AYE Aol BU 99 S ALUET AY YAE £y

GG gol vl mEe WA gEdch st oYl 22d w9 54, 71FFY 9o

ol2 glstol U B OIS wEo] Al 54, Agsh: 2Rid WA So| ol
o o

elof molgr e FBFEe Dol (bR sl Zadl o o] el sxlREze] &
SOt AZIY (F)o] HEt HUA FH= o7} WAsh= £2 UJER AAE vf glo
ESt 7|29 (Screen et al., 2018), Jun et al. (2018)9]A

= L olelgt 4R 24 ol 7R
ofAl7 Zetue|so] ot Bo MEQ] ARES o] o8l Fof olx] REZF C}E R3y|eo] u
dor| FHwof Fzets: fHttt. BE o <9 A & AFS At vk Qe & &
FHS 5 Y dee FULAoNAN A = sigdact e dA4e} A SRR
Aoz thar YetdR|h d5H 9520 P Ao =24 o8l & ofyet A 2HE
olgt ZetHEIA0] ofgh= LUNH0 AA HEE o] A4t A= off AASH o7t HQs
T AA 2 dojy= Fdol Ao duA o 229 aAE RAA SAEA B
QI AHIZL 2009/2010@ A& H¥rL st o] o] 7]e®ato] tist o et Ads Sl =
A|Qt, ol2{gt HutL HA|9] ghute E5HA] oF = FHE dAYE] dFEE =€ & US
A, giEZY 4% A9xoez o=A Usd = sttt (Jung et al., 2021)
. THE B745 7IHeE adeg AlHgot
QroflAl 7|3t v} o o], 559 sy Ha Y St vRIE-Ziepsh Z2Y Al
7F 29 534E 52 5= et Ayt o] 9] oAl Ao tisiM e & LHAIA
of 9itke @77t ol RUEQIC (Honda et eorch 1099 Aldlelol B F7He ol5s
al., 2009; Petoukhov and Semenov, 2010; AEA Fybyt St 93FE F=r), vilA-
Cohen et al., 2014; Vihma et al., 2014; Zieksfel 119 ZAY] Ade 11€y 1299 &=
Walsh, 2014; Kim et al., 2014; Kug et al., 2 9%e 21 1493 298 ggFo] njojsich
2015; Overland et al., 2015; Mori et al., 1 24 A ot (Furtado et al., 2016). 2o
2014; Mori et al., 2019). stX|gt 2|2 ot A AmE bt e o] wiell=-7tets] A9 A
AFolM 5= sy gaet 9= J24stes o de FY= oFto] a3 ¥ FA|ol x| gt
dol i = FASh: Ao dR=2 FAY 57k Aldlgor | detE Sl &
Be dole ot (McCusker et al., 2016 2fAjol Wyzto] lojete d{[AT 5= AE
Screen, 2017: Blackport et al., 2019; o] oj" 7]&to|| o5 &0 UTIEE=X|= ofAl
Blackport and Screen, 2020: Jin et al., 2829 3ttt (Kretschmer et al., 2016). &2
2020). 721 AxBEo] B2 sfdlo] a2 & AA o= At AL oS 9w
AYSiS = oi7] vheat wHE 7| & HE = Bztoll 7lodsk= Aldlglor FEY SV 2=
o2 72 Uil Qg (Sun et al., 2016; siwie] oA Adds & o A& 7 Hsiok
Cohen et al.,, 2020). 5= &¥) Zraof ofst stct
719 gkgo] o2 YEt= o]f= drollAd 2 AqoM= 559 2deto] oE &y
7]esh 49 S0l £ARE YolA Al Gazt 94 B2 fEtAlorY shabdAdol] o
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