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Abstract The sudden stratospheric warming (SSW), which is characterized by an abrupt
increase of polar stratospheric temperature by several tens of degrees in a week, has been
known to affect tropospheric weather and climate on sub-seasonal time scale in the boreal win-
ter. Such downward coupling has been often examined in North Atlantic and Europe, but rarely
examined in East Asia. In this study, by applying the two definitions of SSW to the reanalysis
data, the possible impacts of the SSW events on the surface air temperature (SAT) and tropo-
spheric circulation in East Asia are analyzed. It is found that Eurasian continent, including
Siberia and the Northeast Asia, tends to experience anomalously cold SAT for up to sixty days
after the SSW events. The resulting SAT anomalies largely resemble those associated with neg-
ative Artic Oscillation. However, over East Asia, SSW-related SAT change is weak and not sta-
tistically significant. Only during the extreme SSW events when the downward coupling
between the stratosphere and troposphere is strong, East Asia exhibits significantly cold SAT
anomalies. This relationship is presented by grouping SSW events into those followed by cold
SAT anomalies over East Asia and those by warm anomalies for varying threshold values of
the SSW events.

Key words: Sudden stratospheric warming, East Asia, surface air temperature, stratosphere-
troposphere downward coupling
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Table 1. Central date of SSW events for (middle column)
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90" percentile and (right column) wind reversal definitions.

Year 90p Urev
1957~1958 27 JAN 1958 30 JAN 1958
1958~1959 29 NOV 1958 -
1959~1960 2 JAN 1960 17 JAN 1960
1960~1961 12 DEC 1960 -

- 21 JAN 1961 -
1961~1962 - -
1962~1963 30 JAN 1963 30 JAN 1963

- 3 MAR 1963 -
1963~1964 - -
1964~1965 - -
1965~1966 11 DEC 1965 18 DEC 1965

- 20 FEB 1966 23 FEB 1966
1966~1967 - -
1967~1968 5 JAN 1968 7 JAN 1968
1968~1969 28 NOV 1968 29 NOV 1968
1969~1970 29 DEC 1969 2 JAN 1970

- 8 FEB 1970 -
1970~1971 14 JAN 1971 18 JAN 1971

- - 20 MAR 1971
1971~1972 - -
1972~1973 2 FEB 1973 31 JAN 1973
1973~1974 13 MAR 1974 -
1974~1975 - -
1975~1976 - -
1976~1977 24 DEC 1976 10 JAN 1977
1977~1978 - -
1978~1979 21 FEB 1979 22 FEB 1979
1979~1980 18 MAR 1980 29 FEB 1980
1980~1981 2 MAR 1981 6 FEB 1981

- - 4 MAR 1981
1981~1982 - 4 DEC 1981
1982~1983 - -
1983~1984 27 FEB 1981 24 FEB 1984
1984~1985 27 DEC 1984 1 JAN 1985
1985~1986 - -
1986~1987 23 JAN 1987 23 JAN 1987
1987~1988 2 DEC 1987 8 DEC 1987

- - 14 MAR 1988
1988~1989 - -
1989~1990 - -
1990~1991 4 FEB 1991 -
1991~1992 - -
1992~1993 - -
1993~1994 5 JAN 1994 -
1994~1995 - -
1995~1996 - -
1996~1997 19 NOV 1996 -
1997~1998 31 DEC 1997 -
1998~1999 17 DEC 1998 15 DEC 1998
1999~2000 - 20 MAR 2000
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Table 1. Continued.

Year 90p Urev
2000~2001 14 DEC 2000 -
2001~2002 30 DEC 2001 31 DEC 2001
2002~2003 19 JAN 2003 18 JAN 2003
2003~2004 1 JAN 2004 5 JAN 2004
2004~2005 - -
2005~2006 16 JAN 2006 21 JAN 2006
2006~2007 25 FEB 2007 24 FEB 2007
2007~2008 - 22 FEB 2008
2008~2009 25 JAN 2009 24 JAN 2009
2009~2010 9 DEC 2009 9 FEB 2010

- 26 JAN 2010 24 MAR 2010
2010~2011 - -
2011~2012 7 FEB 2012 -

2012~2013 25 DEC 2012 -
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Fig. 1. The number of SSW events during extended winter (NDJFM) for (a) PCI and (b) U, definitions. Black, dark grey and
grey bar indicate the number of 90p, 95p, and 99p SSWs in a), respectively. Also, black bar denotes the number of U, SSWs

in b).
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Fig. 2. Lead-lag composite of PCI during the life cycle of SSW event for (a) 90p and (b) U,., definitions. Lag 0 means the
central date of SSW (vertical-black line). The tropopause (~200 hPa) is shown with horizontal black line. Shaded areas
indicates statistical significance at the 95% confidence level according to a Student’s t-test. Values are shown on logarithmic

scale.

N
L
ju L

|

kO o

|
—_

il

_‘I

JR_{E
2oz o rll T 2 S ok

-

gl

Z PCI HoAT EX] 5= 5dA%
Fe A A vE, F4
SEOI7F FFoE ABHA U=
MR Fe WA FEsles Al Te =X
t} 919 olf= 23] Felo| upek
LS S
et al, 2010). AAZ F HojoX BF EdF29 &
2 2958 Y AE pCle] AF7TRE HoFEh)
2 NAM A58 59] 43 AE 7 -1
=2 1= 0 1o
oF 20 WFE ASH TS ?
=
=4 PCI9] ¥3= A5 24 o] F oF 507}

(criteria)°] T}E7] wj&Eel Ao g HAGHETE A F O
A2 735 PCle
- At FAEEC|E 48] o
= Al SAIST
2 FAgE) 5302 MIER|T PCIY] 7
9 90% M-

Edee Y
of zto]7} A SEA N, o]H g Al E Eg FASTE
o] EAL F HAFE oz 4R dtkKolstad

o

Aol & Yeldt). Figure 2+ F 7HA A<] Wi
o714 PClz $HA AF¢eh uhel o] 65°NF-E 55
7HA e HtE A9Ak oikelR, A Fol 4
| NAM Ao EelAHog 2 guE 7}
(Baldwin and Thompson, 2009). E9%2 WA

FAEol e e A9
obr==E|7F UER7] AlZFete] A Al
oAl L Hdigke] yehdth ol A5H IA
T g0l 2-3FRk] o] RS HofFET o]
A&, olv FhEEC|7F ARzl oa €

# JEl2 Eolrted HaFoR 127199 A7k
2955 AJALSITE Figure 2014 % shte] HF8igH
AZ=A o FAs Wyl AEAolu mFax
FHol 9GS vHtE= Holth EASL o)
PCI7} HlFdoz Husd, 53] X% A
Ao fofgt JFS vz ol#s 4F
A3 AFe A&EH o= HAYSHA] A TE,
60 FoF tFH =3

L olEE Bdse

o)A

r

w9 A e 9 olg @ BAEe A
A 2 dER BAse WA A% 439 2 O

A opegz|e] 54
Dunkerton, 2001;
al., 2013).
AEA-tiRd 3 34 3
SJa] BASE WA ol F 60 e

95 2 Jeh L 9JtkBaldwin and
Thompson et al., 2002; Mitchell et

3L

2 10 o O%ﬂ

A 3359 A9E oheTeE ZAMIATHFig.
3). F EAFE Aol BT FA A ] Fo| A
AIER ohnE|el FHE AFo|r 9] 9] opt
g i 7d7kA et st ¥
SAE FdHE Bojerh 2 dEl vkt
g2 oAl JSEHH, freEA
A obeTEE AlRHE Aol At
stk ey o7k ook skl
Fotrlot Al fejuigt FIFL

-
a—
A=

-

[e] ]
T
=
T

9] oh=Ze|7t sttt
A= FFA = &
o] obwwe]zt YepaL v B8 A delM e
o] opiwE|7h Felaith. & Aol FAARI Fht
AGeME BAHCE FolalA] e ofF oFsl
9] ohm@Ezh il FolAlo} e ot
3 &l ob=2e7t EAF o] vehdtt o8 d A

371 HE 2 Fo S3sF ddE 7] dt v

i dlo

a

%~ fAlFsFeH(Thompson and Wallace, 2000). T3+ 5
EASe Ao W mE AAE H|AIRS 9

(Figs. 4a, b), Un 2 A9l3t 79 2493 02 3

Ae] g ohwielst JrhE o e Anr

Atmosphere, Vol. 25, No. 3. (2015)



466 5 EAs o] FoMr o A2 PR = FF

250/ (m)
QA
\ |

2500/ (m)

28507 (m)

b)

L &
g"///// o

Fig. 3. Composite map of geopotential height anomalies at (top) 50 hPa, (middle) 500 hPa, and (bottom) 850 hPa over north of
20°N averaged during 60 days after onset date of SSW. Left (right) column shows geopotential height field for 90p (U,e,).
Contouring intervals are twice bigger than shading intervals. Black boxes indicate the area of East Asia (110-145°E, 30-45°N).
Hatched lines show statistical significance at the 95% confidence level according to a Student’s t-test.
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Fig. 4. Composites of (top) SAT anomalies and (bottom) cool days over north of 20°N during 60 days after onset date of SSW
for (left) 90 percentile and (right) wind reversal definitions. Contour interval of SAT anomalies (cool days) is 0.5 K (2 days)
with white. Black boxes demonstrate the area of East Asia (110-145°E, 30-45°N). Hatched lines show statistical significance at
the 95% confidence level according to a Student’s t-test.
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Fig. 5. Temporal evolutions of (top) SAT anomalies and (bottom) cool days averaged over East Asia (110-145°E, 30-45°N) and
for each 10 days interval from lag —30 to lag 60. Lag 0 means the central date of SSW (vertical-black line). Closed circles show
statistical significance at the 95% confidence level according to a Student’s t-test.
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Fig. 6. Composites of (top) SAT anomalies and (bottom) cool days over north of 20°N averaged during 60 days after onset date
of SSW for (left) 90 and (right) 95 percentile definitions. Contour interval of SAT anomalies (cool days) is 0.5 K (2 days) with
white. Black boxes demonstrate the area of East Asia (110-145°E, 30-45°N). Hatched lines show statistical significance at the

95% confidence level according to a Student’s t-test.
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Table 2. The number of 90p, 95p, and 99p SSW events for
cold East Asia (CA), warm East Asia (WA), and neutral East
Asia (NA).
Std. 0.5 1.0
Strength  90p  95p  99p 9p 95p 99

CA 12 8 7 8 5 4
WA 13 9 1 8 5 1
NA 13 6 0 22 13 3
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f19] 71zel wet TEPS e Edee 2 3F
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Fig. 7. Same as Fig. 2, but for (left) CA and (right) WA cases.
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Fig. 8. Composite map of geopotential height anomalies at (top) 50 hPa, (middle) 500 hPa, and (bottom) SAT anomalies over
north of 20°N averaged during 60 days after onset date of SSW. Left (right) column shows each variable for CA (WA) cases.
Contouring intervals are twice bigger than shading intervals. Black boxes indicate the area of East Asia (110-145°E, 30-45°N).
Hatched lines show statistical significance at the 95% confidence level according to a Student’s t-test.
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