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Abstract

In recent years, humanity has faced unprecedented challenges due to climate
change. Using long-term observations, we explore the effects of Stratospheric Sudden
Warmings (SSWSs) on the atmosphere, as well as the relation between SSWs and the
Arctic Oscillation (AO). Examining atmospheric variables during SSW time periods
using NCEP/NCAR Reanalysis data from 1991-2010, we find that mean zonal wind
reversals occur during SSWs for all years between 2000-2010, denoting the occurrence
of a major warming. Since major warmings were previously known to occur only once
every 2-3 years, this indicates an increase in major warming frequency in recent years.
Finally, we find that SSWs can affect the upper troposphere and regions near the
surface to a certain degree, with downward vertical winds appearing over eastern
North America for one week following the occurrence of an SSW. The zonal index
near the surface also shows a decreasing trend during this time, indicating weaker
zonal winds surrounding the polar region (the negative phase of the Arctic oscillation),
causing an increase in high latitude temperatures and a decrease in middle and low

latitude temperatures.
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Brief Description:
« NCEP/NCAR Reanalysis 1

Temporal Coverage:
« 4-times daily, daily and monthly values for 1948/01/01 to present
« Long term monthly means, derived from data for years 1981 - 2010
« Values are instantaneous at the time indicated in the files

Spatial Coverage:
« 2.5degree x 2.5 degree global grids (144x73)
« 0.0E to 357.5E, 90.0N t0 90.0S

Levels:
« 17 Pressure levels (mb): 1000,925,850,700,600,500,400,300,250,200,150,100,70,50,30,20,10
« Some variables have less: omega (to 100mb) and Humidities (to 300mb)

Update Schedule:
« Daily
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# 11991-2012 # ~ SSW # 4 p Hp L4 (10mb)

) Day of Peak Temperatures Type
Winter | ssw Period | Calendar Day Index (1 = displacement,
Day (1=1Jan) 2 = splitting)
1991 — 1992 133&%%‘ 1992.01.11 1 1
19921993 | 1200020 | 1993.02.01 32 1
1093 1094 | 1o 20 " | 19931227 04 1
1094 - 1095 | 100015207 | 19041231 00 1
10951996 | Tpoo oL | 1996.01.19 19 1
1996 - 1997 | oo~ | 1996.12.21 10 1
1997 - 1998 | roon ol | 1998.02.01 32 1
1998 - 1999 | oo | 1998.12.12 19 1
1999 - 2000 | 2000295 | 2000.02.07 38 1
20002001 | 200tV | 20001207 24 1
20012002 | 200t | 20011218 13 1
20022003 | 20001222 | 2002.12.28 03 1
20032004 | 205207 | 20031216 15 1
20042005 | 2050277 | 2005.02.19 40 1
2005 2006 | 2000101~ | 2006.01.09 09 1
2006 - 2007 | 20012297 | 2006.12.30 01 1
2007 - 2008 | 2090118 | 2008.01.23 23 1
2008 - 2009 | 200010 " | 2000.01.22 22 2
20092010 | 250OL1 7 | 20100125 25 1
2010 - 2011 | 20001207 | 2011.01.04 04 1
2011 - 2012 | 29t12:23= 1 5514 19 5 06 1

2012.01.05

16




w s & E B X SSW iw %8 #2(1991~2012)
e R RE > 508 b/ 80 2% &# B SSW &

FoEY BRI EERE
1-1~® 11-21 > 2 d +F j3

AFee g e 47 > AP

NCEP %
% s (MY W 30°N~90°N ~

d 23+ RERFERFEADFLE

A

F R E](lOmb)

B 11-3 1993~1994 % + SSW = Er /ﬁﬁ‘zﬁﬁf’“ i

E] 11- 4 1994~1995 ﬁxﬂ SSW = Zr /ﬁ “xs‘.ﬂ*ﬁ" i F R E](lOmb)

B - ol ] ) I I B
2079 2211 2343 244.2 (ﬁ f:‘-‘ : K)



T

ANy
Bl 11-9 1999~2000 & + SSW 7 & i %E F5 F¥ 5% 1* 4 /5 §](10mb)

[ I [ ) I W I B— sy
168 2078 2213 2343 244.2 (ﬁ (el K)
18



Rl 11-11 2001 2002 B % SSW B E gt § R ?](10mb)

F 11-13 2oo~2oo4 54 SSW 3 it &tfﬂfﬁ* % 1 # £ F1(10mb)

R N S [ I I I B g
138 2078 720 7343 Z44.2 (E o K)

19



) S B ) I I B —
198 207.9 2211 2343 244.2 (E f\’v : K)

20



=
» o =X

¥ & B1(10mb)

N el e . = N

e

B 11-21 2011~2012 %+ SSW {7 & s SEpF ¥ & 1 4 ;8 [B](10mb)

e K)

R AL P o AP SSW g et Lok e 5 LR - A et o ¥
o APFILSSW I K G TR E mE Y g BE 0 R FPIFR TR
02 AFREEH S A A RS Ao A BB DR BEP SRR w0 BB

w R E R R A .

21



X

% & SSW A4 7k AR R

Bt Y 0 L0 3 SSW AT kA R R T (AO) - R F At ik
Bt @R* 7RG E & B % § p 30°N~90°N 210 mb + 7§ & $=tg
B o s E & SSW Tk ehsi 5 4 ol > BT iacd 2 2 F 12 ¢

% 2 1991~2012 & % & i SSW & tg
B 1991~1992 | 1992~1993 | 1993~1994 | 1994~1995 | 1995~1996 | 1996~1997 | 1997~1998
SSW 3R tg(K)|  42.19 29.93 35.41 39.31 30.54 30.69 33.24
ERB 1998~1999 | 1999~2000 | 2000~2001 | 2001~2002 | 2002~2003 | 2003~2004 | 2004~2005
SSW iR #§(K)|  32.29 30.14 35.72 37.45 41.32 34.94 30.37
E B 2005~2006 | 2006~2007 | 2007~2008 | 2008~2009 | 2009~2010 | 2010~2011 | 2011~2012
SSW 3 i(K)|  33.10 35.43 39.92 43.12 35.40 37.63 33.73

" 45

5 40

P4 35

I

1 30

K 5

— O DO X Hh N PO OIS O IO X OHS LN DO N0 ™D

@@ﬁ@@@ﬁ@ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ
N q’\*o, P PP T AP I PITTELTHFISI
AN U R AN B U A N N SR BTN

sk

Tk R RS 1t (SSW) i T

)3

w

TSk B

it i T b

~ SSW i &

SRS Y

FAER
B 12 1991~2012 & SSW i& t54%%" @]

Pe o & 4 5 2 & (major)#? =t & (minor) -

ik gy 0 B SSW # 1 &

oA AR A

Zogi

BT AR ERF G R RAE L o T AR o AL

a7 en1991~2012 & > g2l A RF A AR OB
)

REHRG hab T iRt &

22

K;_% _!—

PN R ﬂy$@m?MM@i%ﬁﬁuﬁﬁﬁW@ﬂMb%@&ﬁﬁé

m SSW

J‘?‘f_,%l

T g i R T s AT V4

3EHF A - % 4n o i 21 & U-wind A




f%1991~2012 & # b 3

-

#

S 60° chilicdp st B 18 0 g IR 13 KR 13 ¢ 7 i

Ve T 9k

I

FEFES s T BT AT RBRE L A SSW L] g7 g X

o
[e]

09 =

® 13-11991~1992 # % % U-wind 60°N # p 5 T ¥5(10mb)

o

o O o
O I «

(s/w) 2 pum-n

o O o o
© <

(s/w) 2 3% puim-n

s
1S %

@) 13-2 1992~1993 & * ¥ U-wind 60°N # p s T 35(10mb)

o
[ce]

o o o o
© < «

(S/w) @3 puim-n

@) 13-31993~1994 & * ¥ U-wind 60°N * p s T 35(10mb)

o
Lo

O O O O O o
< MO N A —

(S/w) =@ 3 puim-n

-20

] 13-4 1994~1995 & * & U-wind 60°N = p & T 35(10mb)

23



@ 13-6 1996~1997 # * ¥ U-wind 60°N + p s T 35(10mb)
@) 13-7 1997~1998 & * ¥ U-wind 60°N * p 4w T 35(10mb)

@) 13-51995~1996 # * ¥ U-wind 60°N # p s T 35(10mb)

o O O o o
® B I & OOAAU_.OO o O O O o O O O O OO oo

© © N 0 O© < « T MO N - N M

(s/w) 3 3 puim-n (S/w) T3 puIm-n (S/w) B3 puIm-n (S/W) T 3% pUIM-N

24

) 13-8 1998~1999 & % % U-wind 60°N # p s T 35(10mb)



] 13-9 1999~2000 # * ¥ U-wind 60°N # p s T 35(10mb)
[ 13-10 2000~2001 # * % U-wind 60°N # p s+ T 35(10mb)
) 13-11 2001~2002 & * ¥ U-wind 60°N & p s - 5(10mb)

S g9 g o sgggge

0 © < «

(s/w) @3 pum-n (S/w)E 3 puIM-|)

10
20

(S/w) 2 puim-n

] 13-12 2002~2003 & * ¥ U-wind 60°N = p 4w T 35(10mb)
25



000000
< O N A 1..

(S/w) &3 puim-n

-20

] 13-13 2003~2004 # * ¥ U-wind 60°N # p S+ T 35(10mb)

B 13-14 2004~2005 # * ¥ U-wind 60°N + p i+ T 35(10mb)

(/)

B3 pum-n

] 13-15 2005~2006 # * ¥ U-wind 60°N * p 4w T 35(10mb)

] 13-16 2006~2007 & * ¥ U-wind 60°N = p 4w T 35(10mb)

26



] 13-17 2007~2008 # * % U-wind 60°N # p Jw T 35(10mb)

[ 13-18 2008~2009 # * ¥ U-wind 60°N + p s T 35(10mb)

) 13-19 2009~2010 # * ¥ U-wind 60°N * p 4w T 35(10mb)

o O

o o o
0 ©O© < «

(S/w) & > puim-n

] 13-20 2010~2011 & * ¥ U-wind 60°N & p s - 5(10mb)

27



OMN<TT A OO NODDOMOMOWONLLOOASSN~NOMOOANLN O ASNNSO
C’?w(‘}lt\ll\—ﬁrll\—ll"' A A A NN NOOOONOSSE T TW0LWLW0 o
Bl 13-21 2011~2012 & % % U-wind 60°N % p % - #5(10mb) e

= ~SSW ikt it d g 55 & LT

hORFIT21E khd Regiv 2 &gt R g2 b A * NCEP 10mb
hi BRI N2l EF > FRARE LR S GHE KR 147 g
NP2l ERFERRELREPEA G LA oA &R SRENFT 24T 4

30

1991~1992

2008~2009 —1992-1993
wERs e
—1995-1996
——1996~1997
—1997-1998
—1998-1999
—1999~2000
—2000~2001
—2001-2002
—2002~2003
—2003-2004
—2004~2005
—2005-2006
——2006~2007
—2007~2008
-?008~2009

0 60 120 180 240 300 360 2009~2010
4B E(E) 2o11-2012
B 14 1991~2012 & SSW 'ﬁ P {7 h R R B4 % (10mb)

28



# 3 1991~2012 =

LER R BCLIE

R

1991~1992

1992~1993

1993~1994

1994~1995

1995~1996

1996~1997

1997~1998

RT3

1

1

1

1

1

1

1

R

1998~1999

1999~2000

2000~2001

2001~2002

2002~2003

2003~2004

2004~2005

R TYS S

1

1

1

1

1

1

1

R

2005~2006

2006~2007

2007~2008

2008~2009

2009~2010

2010~2011

2011~2012

TS S

1

1

1

2

1

1

1

N R E R AT

KL @t 5 AR

At Lok oy 7] pE R 22 SSW R A

B

LR KPR (#1200 ~[EE 20 -30~60 X )» 4 4 5 & =47 § 4€.1991~2012

IR

% 4 1991~2012 & # g% p {8 5 % indpdcdciE

EFB¥PiSEX "é‘/ffiﬂ HcHciE o

Winter Peak +1 +2 +3 +4 +5
1991~1992 -8.90 -39.81 -23.41 -0.65 -6.32 -47.81
1992~1993 90.49 64.79 55.56 -2.15 -78.20 -62.72
1993~1994 18.36 8.55 -17.78 -44.85 -56.10 -69.88
1994~1995 21.00 -18.31 -30.70 1.22 10.93 -21.76
1995~1996 -81.82 -94.95 -90.10 -75.95 -66.59 -125.93
1996~1997 -84.34 -43.26 53.10 41.97 37.05 13.66
1997~1998 -17.71 9.24 -40.35 -67.07 -73.85 -86.42
1998~1999 32.24 22.70 -27.01 9.03 0.81 -13.63
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2005~2006 13.74 31.08 31.38 11.12 6.07 5.24
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2006~2007 17.88 62.09 45.08 35.98 7.38 -17.17
2007~2008 125.13 117.63 105.21 45.01 2.88 33.52
2008~2009 -9.03 -8.53 -39.50 -47.01 -56.63 -43.33
2009~2010 74.23 14431 76.72 -37.45 -63.35 -77.76
2010~2011 131 -14.83 -67.34 -45.91 -26.43 -42.03
2011~2012 50.20 53.26 51.05 15.88 -11.90 -16.54

mean 9.87 6.51 -2.02 -16.18 -24.17 -28.71
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