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Fig.1 Time-height daily evolution of AO indicesduringthe 2 stratospheric sudden warming eventsin the Arctic. Red
color correspondsto negative AO indices sudden warmings while blue color correspondsto positive AO indices
strong polar vortex . AO indices between -0.5 and 0.5 are not shaded white color . The horizontal grey line
approximately indicates tropopause *
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Fig.2 Composites of time-height evolution of AO indices for A 18 weak polar vortex events negative AO and
B 30 strong polar vortex events positive AO . The color shading isthe same asin Figure 1 except for
that weak AO indices between -0.25 and 0. 25 are not shaded **



10 21
1 2
1 2
Andrews 1 Holton 1
0
Charney 18
QBO
QBO
AO
EP
AO
Quiroz @ 1977 1
60°N
AO
AO EOF
AO
AO 2



11

3o 8 8

Haight {km)|

5:
D::
B
o

fa Laliucs
3 a b 1989 1987 1
1989 1 AO
1989 1
1 a’n? a n?
600 80oN 1987
Fig.3

Hasight (frm)

a and b are monthly zonal-mean zonal windsin January 1989 and January 1987

0510 15 m/s
AO

1987 1
d 1989

1987 1
1987 1

D

respectively. Dark

shading areasindicate easterly winds. Solid contours indicate westerly wind velocity. Contours ae0 5 10 15 m/s

and soon. In January 1989

phase. Comparing a with b

polar night jet and a weaker subtropical jet.
by the square of the earth radius a’n
January 1989 and January 1987
upper troposphere. However

the AO was in the positive phase while in January 1987

the AO wasin the negative

one can find that westerly wind distribution in Figure 3a ischaracterized by a stronger

2

the maxima in 1987

ais the earth radius n?isthe refractive index

located between 600

¢ and d arespatial distributions of the refractive index multiplied

for wavenumber-1 for

respectively. The refractive indicesin both 1989 and 1987 have maximain the

80oN aregreater. Thismeansthatin

January 1987 itismore readily for planetary waves to propagate into the stratospheric polar region *

21

Thompson
25 30
Baldwin
3
AO
AO

AO

AO
50
AO

2
3
AD
3.0
AO
AO

AO
AO
1998 1999
12 2
1 12
AO
2 3
18
AO
30 AO 1.5
2 AO
AD
AD



12

21
1 2 1 2
10
AO Baldwin 10
AO AO 10 mb
3
Bald-
win ¥ Thompson ! Baldwn 151
AO AO
3
Baldwi n 15 16
B0
QB0
2223 Wallace 2 27
QBO
12627
Thompson 14 26 28
AO 21 AO
AO QBOo
Thompson 1 1958 __
1997 40 AO AO
1 225 AO
29 82
Thompson 12 %4 QBO
Hartl ey 2

Black % @BO

Baldwin 16

4
7 10

Baldwin

15 16 AO



13

1987 1
3d
7
3 29
Hartmann
Hu 7 Hu 8
AO
60°N
1 Polvani 3
2 2 Thompson
nyz o (L) (;) 1 P
u acosgp 2NH
2 1 f2
£0) &:os(p _[ucos(p ] —(poi) 2
a a? cosg o N2 AO
ukNHf o 2
o f win 13
n2 EP
nZ
1 2 k 3 AO
k 1
1
60 Pdvani
2 Thompson 14
Hu 7
3
1
1989 1 3a AO Baldwin

AO

3b AO
3c Hu
1987 1
Hartmann 31 EP
31 3
Kushner 32
Baldwin 13
AO
AO
AO
Bald-
AO
Polvani 331
EP
0.8
EP
EP
e Baldwin B
13
AO AO



5

14 21
Charlton 3 AO
AO 5 AO
AO
AO
250 50 mb
AO AO
5 AO
2 3
3
Black ¥ AO
AO
AO
Kodera 3 AO 2
AO AO
11 12 AO
AO
AO 2 3
Charlton 34
1
Baldwin 1013 AO
AO 25
AO
AO

References

Andrews D G Hdton J R Leow C B. Mddle Aimosphere Dy-
. Academic Press 1987 489.

Solomon S. Stratospheric ozone depletion A review of concepts
and histoy J . Review of Geophysical 1999 37 275-316.
Randel W J Wu F. Cooling of the Arctic and Antarctic polar

namics M

stratosphere due to ozone depletion J . Journal of Gimate 1999
12 1467-1479.

Ramaswamy V et al. Sratospheric temperaure trends Chserva-
tions and model simuldions J . Review of Geophysical 2001
39 71-122.

Hartmann D L Wallace J M Limpasuvan V et al. Can ozone



15

10

11

12

13

14

15

16

17

18

19

20

21

22

depletion and greenhouse warminginteract to produce rapid cimate
Change J
97 1412-1417.

Proceedings of the National Academy Scienies 2000

Thompson D W J Solomon S. Interpreation ofrecent Southern-
Hemi sphere cimate change J . Science 2002 296 895-898.
Hu Y Tung K K. Possible ozone induced longterm changes in
planetary wave activity in late winter J . Journal of Qimate
2003 16 3 027-3 038.
HuY Tung K K LuJ. A closer comparison of decadal aimos-
pheric trends between Northern-Hemisphere ealy and lae winter
J . Journal of Gimate 2005 18 2 924-2 936.
Thompson D W J WallaceJM The Actic Gecill aion signature
inthe wntertime geopdential heght and temperature fidds J .
Geophysical Reseacth Letfers 1998 25 1 297-1 300.
Baldwin M P Dunkerton T J. Ropagalion of the Actic Qgcilla-
tion from the stratosphere to the troposphere J . Journal of Geo-
physical Ressarch 1999 104 30 937-30 946.
Kodera K. @ the orign and naure of t he interannual variabil ity
of the winter stratospheric circulation in the Northern Hemisp here
J . Journal of Geophysical Research 1995 100 14 077-14 087.
Thompson D W J Lee S Baldwn M P. Amospheric Processes
Qverning the Northern Hemisphere Annular Mbde/ North Alan-
tic Gcillaion inthe AGU monograph on the NAO M .ed. by
Hurrell JW  Kushnir Y Msbeck M Qtersen G 2002.
Baldwin M P Dunkerton TJ. Sratospheric Harbingers of anoma-
lous weather regimes J . Science 2001 294 581-584.
Thompson D W J Baldwin M P Wadlace J M. Stratospheric
Connection to Northern Hemisphere Wintertime Wea her Impli-
cations for Rediction J .Journal of Cimate 2002 15 1 421-1
428.
Baldwin M P Stephenson D B Thompson D W J et al. Srato-
spheric memory and skil | of extended-range weather forecasts J .
Science 2003 301 636-640.
Baldwin M P Thompson D W J Shuckburgh EF etal. Weah-
er from the Sratosphere J . Science 2003 301 317-318.

J . 2006.

Charney J G Dazin P G. Ropagali on of planetary-scale disturb-
ances from the lower tothe upper @ mosphere J . Journal of At-
mospheric Science 1961 66 83-109.

Holton J Mss C. Sird ospheric vacillation cycdes J . Journal of
Aimosphoric Science 1976 33 2 218-2 225.

Quiroz R S. Tropospheric-stratospheric polar vartex break down of
January 1977 J . Geophysical Research Letters 1977 4 151-154.
Walace J M. Noth Allantic Qillation/Northemn Hemisphere
annular mode one phenomenon two paradigms J . Royal Mg
tearological Society 2000 126 791-805.

Thompson D W J Wallace JW. Regional climaeimpacs of the

23

24

25

26

27

28

29

30

31

32

33

34

35

36

Northern Hemisphere annular mode J . Science 2001 293 85-
89.

Wallace J M Thompson D W J. Annular modes and climae pre-
diction J . Physics Today 2002 55 29-33.

HatleyD E Millain JT BackR X etal. A new perspecive on
the dynamical link between the sira csphere and troposphere J .
Nature 1998 391 471-474.

Back R X. Sratospheric farcing of surface cimate in the Arctic
Qcillation J . Journal of Gimate 2002 15 268-277.

Hdton JR TanH C. The influence of the equatorial quasi-bien-
nial oscillation on the goba circulation at 50 mb J .Journal of
Amospheric Science 1980 37 2 200-2 208.

Mintyre M E. How well do we understand the dynamics of sud-
den stratospheric warmings J  Journal of Meteorological Society
of Japan 1982 60 37-64.

Hu Y Tung K K. Tropospheric and equatorial influences on
planetary-wave amplitudes in the stratosphere J . Geophysical
Research Letter 2002 29 DO 10.1029/2001 GL013967.

Chen W Takahashi M Gaf H F. Interannua vaiations of sta-
tionary planetary wave activity in the northern winter troposphere
and stratosphere and ther relations to NAM and SST J . Journal
of CGeophyscal Resarch 2003 108 do 10. 1029/
2003JD003834.

HuY Tung K K. Interannud and decadal variations of planeta-
ry-wave activity stratospheric coding and Northern-Hemisphere
annular mode J . Journal of Climate 2002 15 1 659-1 673.
Hatmann D L Wadlace JM Limpasuvan V etal. Can ozone
depletion and greenhouse warming interact to produce rapid cli-
ma e change J
2000 97 1412-1 417.

Proceedi ngs of the Natlional Academy Sciences

Kushner P Pdvani L. Stratosphere-troposphere coupling in a
réaivey simple AGCM Therole of eddies J .
mate 2004 17 629-639.

Journal of Qi-

Pdvani L M Waugh D W. Upward Wave Activity Flux as a Re-
cursor to Extreme Sratospheric Events and Subsequent Anoma-
lous Surface Weather Regmes J .Journal of Climate 2004 15
3 548-3 553.

Charlton A J ONell A Stephenson D B
of the state of the stratosphere be used toimprove statistical fore-
Royal Meteord ogical Society 2003

etal. Can knowledge

casts of the troposphere J
129 3 205-3 224.

Black R X Mdeniel B A. Dagnostic Case Studies of the North-
en Annular Mde J . Journal of Cimate 2004 17 3 9904
004.

Kodera K Kuroda H. Tropospheric and stratospheric aspects of
the Arctic Qcillation J . Geophys cal Research Letter 2000 27
3349-3 352.



16 21

On the influence of stratospheric anomalies on
tr opospheric weather systems

HU Yong-yun
Department of Aimospheric Siences Shool of Physics Peking University Laboratory of Severe Sorm and
Hood Disasters Peking University Beijing 100871 China

Abstract It was traditionally thought that the stratosphere has little influence on the troposphere. However
recent observational studies show that such a downward influence is significant and important. Especially recent
studies on the Arctic oscillation AO greatly advanced the research in this problem. It is found that stra ospheric
anomalies can have important influences on tropospheric weather systems thatis in winter negative AO anomali es
in the stratosphere can trigger extremely cold weather eventsin the midlatitude troposphere whereas positive strato-
spheric AO anomalies can lead to warm weat her. It is even suggested that signals of stra ospheric anomali es can be
used to predict tropospheric weather in Northern-Hemisphere winter time which can expand the time scale of
weather prediction up to 3 weeks. The present paper reviews the progressin thisresearch area explains the physi-
cal mechanisms of stratospheric influences on tropospheric weather systems summarizes controversial points of
views and suggests some probl ems for future research.

Key words Sratosphere-troposphere interaction Wave-mean flow interaction Planetary waves Synoptic-

scale systems Weather prediction Arctic oscillation.





