
 

594

 

ISSN 0001-4338, Izvestiya, Atmospheric and Oceanic Physics, 2008, Vol. 44, No. 5, pp. 594–605. © Pleiades Publishing, Ltd., 2007.
Original Russian Text © E.A. Jadin, Yu.A. Zyulyaeva, E.M. Volodin, 2008, published in Izvestiya AN. Fizika Atmosfery i Okeana, 2008, Vol. 44, No. 5, pp. 641–653.

 

INTRODUCTION

The problem of climate and ozone layer changes is
closely linked to the long-term changes (on time
scales of about ten years or more) in the interactive
ocean–atmosphere system. Global warming and
ozone layer depletion are caused not only by green-
house gas and freon increases in the atmosphere. An
important role in the observed climate and ozone layer
changes is played by natural long-term changes in the
ocean and atmosphere [1].

The long-term changes in the ocean and atmo-
sphere have been the objective of a number of studies.
We mainly discuss only some results concerning the
extratropical changes during the Northern Hemi-
sphere winter. Teleconnections of the tropospheric
geopotential are well known: the Pacific–North Amer-
ican (PNA) pattern, the North Atlantic Oscillation
(NAO), etc. [2]. These correlations of the midtropo-
spheric geopotential have a rather definite spatial
structure and are related to the propagation of Rossby
waves in the troposphere.

Trenberth [3] showed that sea-level pressure aver-
aged over the Aleutian Low region had a completely
different regime (~2-hPa decrease) in the winter sea-
sons (November to March) of 1976–1988 than in the
previous years (1946–1975). These long-term pres-
sure changes correlate well with the PNA index, and
the pattern of correlations with tropospheric parame-
ters in this region agrees with the PNA pattern of the
500-hPa geopotential. The interannual changes in the
atmospheric parameters are connected with the Pacific
and Atlantic sea surface temperature variations, which
also have a definite spatial pattern [4]; however, mech-
anisms whereby the long-term extratropical oceanic
variations affect the atmospheric circulation are still
unknown [5].

Teleconnections of European and Russian climate
with interannual Atlantic SST variations have been
discussed in numerous studies (e.g., [6, 7]). Analyzing
SST variations for the winter seasons of 1900–1988,
Deser and Blackmon [8] have shown that the first
empirical orthogonal function (EOF) of Atlantic SST
anomalies has a monopole spatial pattern with a center
of action in the Gulf Stream region and that its coeffi-
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Abstract

 

—The leading modes of interannual and long-term variations in the stratospheric and tropospheric cir-
culation and total ozone (TOMS data) and their relations to Northern Hemisphere sea surface temperature
(SST) anomalies are investigated using the monthly mean NCEP/NCAR reanalysis data for the winter months
of 1958–2003. Strong correlations are indicated between the interannual total ozone variations over Labrador
and the North Atlantic and changes in the stratospheric polar vortex. The onset of major stratospheric warmings
is connected not only with the strengthening of westerlies at the 500-hPa level in the midlatitude Atlantic, but
also with the weakening of tropospheric winds over the north of eastern Siberia and strengthening over the Far
East. In years with major stratospheric warmings, abnormally cold winters are observed in Eurasia, especially
in eastern Siberia and northeastern China. The calculated simultaneous (with no time lags) correlations of the
stratospheric circulation changes with El Ni~no/La Ni~na events  give evidence of low correlations between the
tropical Pacific SST anomalies and the stratospheric dynamics in the Arctic. However, there are high correla-
tions of the extratropical Pacific and Atlantic SST anomalies with interannual tropospheric and stratospheric
circulation variations, the stratospheric dynamics being more strongly connected with Pacific SST than with
Atlantic SST anomalies. The interannual changes in tropospheric circulation are coupled to SST anomalies in
both the Pacific and the Atlantic. Mechanisms of long-term changes in the interactive ocean–atmosphere–ozone
layer system are discussed.
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cient exhibits secular changes with transition toward
positive values after the 1940s. The second EOF of
Atlantic SSTs has a dipole pattern with positive
SST anomalies near Newfoundland and negative
anomalies near the southeastern coast of the United
States. Its coefficient experiences quasi-biennial
(~2

 

−

 

2.5 years) and long-term changes (with a period
of ~9 years in 1900–1944 and ~12 years in 1945–
1988) with a strong negative trend after the 1940s.
Temperature, sea-level pressure, and wind changes
agree with the known mechanisms of the interaction
with Atlantic SST anomalies.

In recent years, much attention has been given to
the interaction between changes in natural climate and
the ozone layer [1] and to stratosphere–troposphere
coupling [9]. In particular, this is concerned with the
results of studies of Thompson, Wallace, et al. [10,
11], where strong correlations were found between
interannual and longer term extratropical sea-level
pressure variations during the Northern Hemisphere
winter (January–March) and Arctic stratospheric geo-
potential variations, which they called the Arctic
Oscillation (AO). The AO index was defined as the
interannual variations in the coefficient of the first
EOF of sea-level pressure north of 

 

20°

 

 N [10]. The
regressions of the interannual changes in the geopo-
tential of the lower (not middle) Arctic troposphere
and stratosphere on the AO index have a nearly sym-
metric longitudinal pattern and resemble an analogous
stratospheric pattern of the Southern Hemisphere (the
Antarctic Oscillation, AAO) in September–Novem-
ber; hence, they were called “annular” modes [11].
Thus, apart from the well-known teleconnections of
the tropospheric circulation [2], which are caused by
the horizontal propagation of Rossby waves in the tro-
posphere, there are strong correlations of tropo-
sphere–stratosphere coupling, which are due to the
influence of the vertical propagation of planetary
waves on the atmospheric circulation during the win-
ter–spring period. Earlier, Baldwin et al. [12] discov-
ered significant correlations between the interannual
changes in the stratospheric polar vortex and the
NAO, the index of which is determined as the differ-
ence in sea-level pressure between Iceland and the
Azores. In the Atlantic sector, the spatial pattern of the
AO is very similar to that of the NAO, as are the inter-
annual variations in their indices [9]. The long-term
changes in the AO index had a positive tendency after
the late 1960s [11]; however, in the past decade, there
has been a decrease in the AO index, which is difficult
to understand from the standpoint of anthropogenic
forcing of climate changes [13].

The causes of the Arctic and Antarctic Oscillations
and their long-term changes are now extensively being
discussed [14]. Possible causes may be the nonlinear
interaction of dynamic atmospheric processes [15],
increased anthropogenic emissions of greenhouse
gases into the atmosphere [16], ozone layer depletion

[17], and the influence of interannual and long-term
Atlantic SST anomalies on atmospheric wave activity
and the ozone layer [18, 19].

The aim of this study is to analyze interannual vari-
ations of stratospheric warmings occurrence and their
relations to changes in the tropospheric circulation
and SST anomalies in the winter period (December–
March) and to develop a physical mechanism that
could explain natural variability in the ocean–tropo-
sphere–stratosphere system on interannual and longer
term time scales.

The data used for analysis were the monthly mean
tropospheric and stratospheric zonal wind, surface
temperature, and Pacific and Atlantic SST anomalies
for each month (December–March) of 1958–2003
from the NCEP/NCAR reanalysis [20] and total ozone
(TO) data (TOMS data for 1979–1992 and ground-
based data [21]). In contrast to the commonly used
geopotential data [2, 11], we consider zonal wind
changes because they have more distinct nonzonal
features during December–March. To remove sea-
sonal variations, deviations (anomalies) from the
average over the given period were calculated for each
month. Since there is evidence of the enhancement of
the coupling between the stratosphere and the tropo-
sphere in January–February [22], the emphasis was
placed on analysis of midwinter data. The analysis
was conducted by means of EOF expansion and singu-
lar value decomposition (SVD) of the fields consid-
ered. The SVD makes it possible to find modes of two
time-varying fields that have the strongest nonlocal
correlations [23].

INTERANNUAL CHANGES IN STRATOSPHERIC 
DYNAMICS AND TOTAL OZONE

The mechanism of stratospheric warmings is asso-
ciated with the effect of quasi-stationary planetary
waves on the stratospheric zonal circulation, as a
result of which unusual changes in the potential
stratospheric vortex occur [24]. During stratospheric
warmings, planetary waves retard the westerlies in the
Arctic stratosphere, induce strong downward motions,
and lead to a warming, which can reach tens of
degrees in a few days in the stratosphere. One of the
necessary conditions for stratospheric warmings is the
focusing of planetary waves into the polar strato-
sphere [25], which depends on the zonal displacement
of the line between westerly and easterly winds (criti-
cal line) in the equatorial stratosphere [26, 27]. Note
that, in spite of much research [9, 28], the causes of
interannual variations of stratospheric warmings
occurrence are still unknown.

Figure 1 shows the first and second EOFs of the
30-hPa zonal wind anomalies in January 1958–2003,
expressed as correlations (in %) of wind anomalies at
each grid point with interannual variations of their
coefficients. Shaded areas show statistically signifi-
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cant correlations (at a 95% significance level). For
other winter months, the correlation pattern is analo-
gous, except that interannual changes in the expansion
coefficient differ from the January ones. To find out
how the January fields for each year vary, the EOF
coefficient for a given year (in arbitrary units) should
be multiplied by the spatial pattern of correlations.
The contribution of the first EOF to the total variance
is 49% and that of the second EOF is 14%; that is, the
first EOF is the leading mode of variability of strato-
spheric dynamics. Its spatial pattern shows changes of
opposite sign (dipole) in zonal wind between the sub-
tropics and the stratospheric Arctic vortex, which have
a nearly zonally symmetric (annular) pattern. The
major stratospheric warmings in January 1960, 1970,
1977, 1985, 1987, 1994, 1998, and 2002 are associ-
ated with the minima of the first EOF coefficient, dur-
ing which a deceleration (easterly anomalies) of the
zonal wind in the Arctic stratosphere and the enhance-
ment (westerly anomalies) of the subtropical jet, par-
ticularly over the Pacific, are observed. The maxima

of the coefficient of the first EOF are associated with
cold winters of the Arctic stratosphere, which have
become more frequent since the mid-1980s [28].

Despite the smaller contribution of the second EOF
to the total variance, it is important for stratospheric
circulation changes in some years. The pattern of the
second EOF is characterized by two opposite changes
in the zonal wind over the Atlantic, Europe, and the
United States, which are associated with a strato-
spheric anticyclone and cyclone, respectively, in years
with stratospheric warmings. The contribution of the
second EOF is most pronounced during the major
stratospheric warmings in January 1977 and 1985
(positive peaks of the second EOF coefficient). In
these years, the contributions of the first and second
EOFs over the west coast of the United States are
added, which results in very strong stratospheric
warmings. Note that changes in the coefficient of the
second EOF have a negative tendency after the mid-
1970s.
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Fig. 1.

 

 (a) First and (b) second EOFs of the anomalies of zonal wind at 30 hPa in January 1958–2003 expressed as the correlations
(in %) of wind anomalies at each grid point with interannual changes in the expansion coefficients (in arbitrary units). Hereafter,
the correlations statistically significant at 95% are shaded. (c) The solid line shows the coefficient of the first EOF, and the dashed
line is the coefficient of the second EOF.
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Quasi-decadal changes are observed in total ozone
variations as well, because the long-term stratospheric
circulation changes play an important role in the vari-
ability of the ozone layer [1]. Figure 2 shows correla-
tions of TO anomalies with interannual changes in the
coefficient of the first EOF of 30-hPa zonal wind
anomalies in January 1979–1992 and the anomalies of
ozone at the ozonometric station of Goose Bay (

 

60°

 

 W,

 

53° 

 

N) and zonal wind (with the opposite sign) in the
Canadian Arctic (

 

130° 

 

W, 

 

80° 

 

N), where connections
of the stratospheric polar vortex with TO changes at
Goose Bay are most pronounced [18].

The stratospheric warmings are associated not only
with a temperature increase and the weakening of
westerlies or even the reversal to easterlies, but also
with a TO increase over the North Atlantic. Indeed,
the TO was abnormally high in the Canadian Arctic
during major stratospheric warmings in January 1970,

1977, and 1985 (negative minima of the first EOF
coefficient; Fig. 1), with large longitudinal differences
between TO variations. The largest TO increase was
observed in the Labrador region, while at the Pacific
coast of Canada, on the contrary, there was some TO
decrease. In years with stratospheric warmings, a
stratospheric anticyclone forms over the north of east-
ern Siberia and Canada, and air with high ozone con-
centrations is transported from the Chukchi Peninsula
into the Labrador area, with a simultaneous ozone
decrease over the Pacific coast of Canada owing to the
inflow of air with small ozone amounts from the low-
latitude Pacific [29]. The TO increase at Goose Bay
during stratospheric warmings is also observed during
the longer 1964–1997 period (Fig. 2), as in 1980–
2004 (not shown). The unusual period from the mid-
1970s to the early 1990s is distinguished from the
other decades by the strongest connections of the TO
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Fig. 2.

 

 (top) Correlations (in %) of total ozone anomalies in January 1979–1992 with interannual changes in the coefficient of the
first EOF of zonal wind anomalies at 30 hPA. (bottom) Ozone anomalies (DU) at Goose Bay (53

 

°

 

 N, 60

 

°

 

 W) (solid line) and anom-
alies of zonal wind at 30 hPa (–2 m/s) at 80

 

°

 

 N, 130

 

°

 

 W (dashed line) in January 1964–1997.
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variations with the Arctic stratospheric dynamics.
Thus, the TO changes provide evidence of a variety of
quasi-decadal periods in the long-term variability of
stratospheric circulation and the related ozone layer
changes.

STRATOSPHERE–TROPOSPHERE COUPLING

The problem of the interaction of stratospheric and
tropospheric dynamics has been discussed extensively
in recent years [9], when it has become clear that the
variability of the stratospheric circulation and ozone
layer depends not only on the interannual and longer
term changes in quasi-stationary planetary waves
propagating from the troposphere, but variations in
stratospheric parameters can also affect the tropo-

sphere [30]. Therefore, it is important to investigate
the dynamic coupling between the stratosphere and
the troposphere.

The first (17.4% of the contribution to the total
variance) and third (11.2%) EOFs of 500-hPa midtro-
pospheric zonal wind anomalies and their coefficients
for January 1958–2003 are shown in Fig. 3. Analysis
has shown that these modes of tropospheric dynamics
are related to stratospheric circulation changes and
stratospheric warmings. The second EOF (12.2%) is
weakly connected with stratospheric warmings.
Indeed, interannual changes in the coefficients of the
first EOFs of wind anomalies at 30 and 500 hPa have
a similar time behavior. The major stratospheric
warmings of 1970, 1977, and 1985 correspond to the
main feature of the pattern of the first EOF, dipole
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Fig. 3.

 

 First and third EOFs of zonal wind anomalies at 500 hPa (left panel) and correlations (%) of wind at 500 hPa at each grid
point with the coefficient of the first EOF of wind anomalies at 30 hPa (solid line at the bottom), and of wind anomalies at 30 hPa
(right panel) with variations in the coefficient of the third EOF of wind at 500 hPa (dot-and-dash line at the bottom). The dashed
line shows the coefficient of the first EOF of wind at 500 hPa in January 1958–2003. Units are arbitrary.
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oscillations (westerly wind anomalies at middle lati-
tudes and easterly anomalies at high latitudes in the
Atlantic), which agree with a negative phase of the
NAO. However, it can be seen from Fig. 3 that similar
500-hPa zonal wind variations were also present in
January 1963 and 1966, but no strong stratospheric
warmings were observed. On the other hand, the
warmings of 1994 and 2002 are not coupled to the
minima of the coefficient of the first EOF of the
500-hPa wind.

Major differences between the patterns of the first
EOF of tropospheric circulation and correlations of
the 500-hPa wind with the coefficient of the first EOF
of stratospheric circulation take place over northern
Siberia. It is in this region that the third EOF of
midtropospheric zonal wind anomalies makes the
largest contribution to stratosphere–troposphere cou-
pling. The absence of stratospheric warmings in Janu-
ary 1963 and 1966 can be explained by a contribution
from the third EOF in this region, where large west-
erly anomalies of the 500-hPa wind were observed
over northern Siberia and easterly anomalies were
observed over China. Usually during major strato-
spheric warmings in 1977, 1985, 1994, and 1998, the
third EOF describes the opposite situation in these
regions: easterly 500-hPa wind anomalies over north-
ern Siberia and westerly anomalies over China.

The onset of stratospheric warmings requires not
only the presence of a strong tropospheric anticyclone
over the Atlantic (blocking), but also the presence of
easterly anomalies of zonal wind over northern Sibe-
ria, which was noted by Baldwin et al. [12], who
found strong connections of zonal-mean atmospheric
circulation with changes in the cross-polar index
(500-hPa geopotential difference between 

 

80°

 

 W, 

 

62° 

 

N
and 

 

100° 

 

E, 

 

58° 

 

N), which includes variations in tropo-
spheric parameters over northern Siberia, associated
with the third EOF of the zonal wind at 500 hPa
(Fig. 3).

Are there any connections between stratospheric
circulation changes and surface-temperature varia-
tions? The answer to this question is of practical
importance for the long-term prediction of abnor-
mally cold (warm) winters from stratospheric predic-
tors [31–33]. Figure 4 shows the first SVD modes of
the relations between the 30-hPa zonal wind, 500-hPa
wind, and surface temperature anomalies in January
1958–2003. They are expressed as the correlations of
the coefficient of the first SVD mode of the 30-hPa
wind with the 500-hPa wind field and surface temper-
ature anomalies at each grid point. The contribution of
the mode to the total variance is var = 15% for wind
anomalies and var = 16% for temperature anomalies,
and their contribution to the total covariance is SCF =
75% [2, 3].

Apart from the well-known features of strato-
sphere–troposphere coupling [9], an important char-

acteristic of the behavior of tropospheric dynamics is
that two anticyclones appear in the polar troposphere
during stratospheric warmings, one over northern
Canada and the other over northern Siberia. This
results in the transport of cold air masses from the
Arctic to northern Europe and into the regions of east-
ern Siberia and northeastern China [34]. In contrast,
the flow of warm air from the Atlantic produces a
warming in the Labrador region during stratospheric
warmings. Note that the pattern of the first SVD mode
of relations between lower stratospheric and midtro-
pospheric circulations (Fig. 4a) resembles the first
EOF of the 500-hPa wind, but with elements of the
third EOF (Fig. 3).

SST ANOMALIES AND THEIR CONNECTIONS 
WITH ATMOSPHERIC CHANGES

Ocean–atmosphere interaction has been discussed
for years, but there is still no clear idea in understand-
ing the mechanisms of the ocean influence on the
atmosphere on quasi-decadal and longer scales. In this
study, we consider relations between the stratospheric
warmings occurrence and the SST anomalies during
the Northern Hemisphere winter.

El Ni~no  events are the most remarkable phenom-
ena in the interacting ocean–atmosphere system that
can have influence on the stratosphere [5]. However,
our analysis has shown that there are no significant
connections of the Southern Oscillation Index,

defined as the Pacific SST anomalies in the Ni~no 3
region (5

 

°

 

 N–5

 

°

 

 S, 170

 

°

 

–120

 

°

 

 W), with changes in the
Northern Hemisphere extratropical stratospheric
dynamics. The main features of the correlations of the
Southern Oscillation Index with stratospheric zonal
wind variations resemble the pattern of the second
EOF of the lower stratosphere zonal wind (Fig. 1), but
with smaller correlations, which do not exceed 30–

40%. There are no strong connections of El Ni~no/La

Ni~na events  with changes in the stratospheric polar
night jet and the Arctic Oscillation annular mode, in
some contradiction with the results presented in [34].

This does not mean that the El Ni~no/La Ni~na events
have no influence on the stratospheric circulation and
ozone layer, because they have a long-term “memory”
[35] and can lead to extratropical SST variations in
both the Northern and Southern hemispheres a few
years after their emergence. Therefore, it is necessary
to investigate connections of extratropical SST anom-
alies with interannual and quasi-decadal changes in
the stratospheric and tropospheric circulation.

Earlier, strong correlations were found between
interannual variations in the stratospheric vortex of
the Arctic and Antarctic and the ozone content at high
latitudes of the Northern and Southern hemispheres
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and the dipole pattern of SST anomalies (dipole across
the Rockies in the Northern Hemisphere and the SST
dipole across the Andes in the Southern Hemisphere)
for 1979–1992 [1, 18]. A physical mechanism of these
correlations is probably the interference of the oro-
graphic source and the thermal source (depending on
the Pacific and Atlantic SST anomalies) that excite
stationary planetary waves. The result of interference
depends on the shifts in SST anomalies and is most
clearly defined in the stratosphere. To verify this
hypothesis, EOF and SVD analyses of the connections
between the atmospheric circulation and extratropical
Pacific and Atlantic SST anomalies north of 

 

12.5°

 

 N
were conducted for the winter months of 1958–2003.

Figure 5 shows the first two EOFs of the coupled
Pacific and Atlantic SST anomalies (January) and
their coefficients of coupled as well as separate anom-
alies for the Pacific and Atlantic. The pattern of the

first EOF (16.6% of variance) of the coupled anoma-
lies includes the pattern of the second EOF (18.6%) of
SST anomalies separately for the Pacific with the cen-
ters of action in the Kuroshio region and anomalies of
the opposite sign in the central and northern Pacific,
while in the Atlantic it reproduces the well-known tri-
polar pattern of the first EOF (25.8%) of SST anoma-
lies separately for the Atlantic [4, 8]. From Fig. 5, it
follows that there was an abrupt transition of SSTs in
the Atlantic to the new quasi-decadal regime in the
early 1980s, which ended in the mid-1990s.

Analysis of SST anomalies has shown that this
transition is most pronounced in the Labrador Current
region in the center of action at 

 

50° 

 

W, 

 

57.5° 

 

N. This is
illustrated in Fig. 6, where SSTs averaged for Novem-
ber to December and for January to February 1958–
2003 are shown at this point. There are large differ-
ences in SST changes in this Atlantic region between
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 (a) Correlations (%) of zonal wind at 500 hPa at each grid point with the coefficient of the first SVD mode of the relations
between these anomalies and the anomalies of zonal wind at 30 hPa. (b) The same for the relations between the anomalies of surface
air temperature (SAT) and zonal wind at 30 hPa. (c) Interannual variations in the coefficients of the first SVD modes of the relations
of surface temperature (solid line) and the zonal wind at 500 hPa (dashed) with wind anomalies at 30 hPa in January 1958–2003.
Units are arbitrary.
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Fig. 5.

 

 First and second EOFs of coupled SST anomalies in the Pacific and Atlantic and their coefficients (solid curves). The dashed
and dot-and-dash lines show the EOF coefficients of SST anomalies separately for the Atlantic and Pacific, respectively.

 

the start and the middle of winter. Peng and Fyfe [36]
have also shown that there are large discrepancies in
the spatial pattern of interannual sea-level pressure
variations for the early and middle winter, depending on
SST anomalies in the region 

 

40°–60°

 

 W, 

 

40°–50° N.
This can imply that the usual averaging of data

over December–March (e.g., [8, 10]) may have a sub-
stantial disadvantage in studying the ocean–atmo-
sphere interaction from the standpoint of the discrep-
ancies of wave activity in early and late winter [22]. A
sharp cooling of the Labrador SSTs occurred at the
beginning of 1982, decreasing slowly for several years
during the winter–spring period. In the Pacific, no
sharp change was observed; rather, there was a trend
of the coefficient of the second EOF of SST anoma-
lies. It should be noted that the temporal behavior of
the first EOF coefficient in the “calm” periods of

1958–1981 and 1996–2003 follows the behavior of
the coefficient of the second EOF of the Pacific, but
not during the “disturbed” 1982–1996 period.

The second EOF of the coupled SST anomalies
consists of the first Pacific EOF with dipole-like
changes in the central Pacific and along the North
American coast and the second EOF of the Atlantic
with a monopole pattern with the center of action in
the southern Atlantic. The interannual and quasi-dec-
adal variability of this mode of coupled anomalies
almost exactly corresponds to changes in the first EOF
of SSTs separately for the Pacific. Note that the
behavior of the coefficient of the second EOF of the
Atlantic also agrees with the long-term Pacific SST
changes. The correspondence of the long-term SST
changes in the Pacific and Atlantic requires an expla-

(
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nation, possibly, through the influence of the atmo-
sphere on oceanic variability.

Since there is strong evidence of the existence of
quasi-decadal atmospheric regimes [3, 8], it is inter-
esting to study how these atmospheric changes are
related to interannual and long-term extratropical SST
anomalies in the Pacific and Atlantic oceans. Figure 7
shows the SVD modes of the relations between the
interannual coupled anomalies of SSTs and the zonal
wind at 30 and 500 hPa for January 1958–2003. It can
be seen that stratospheric and tropospheric circula-
tions are associated with different modes of SST
anomalies. The usual dipole changes in the lower
stratosphere zonal wind between the subtropics and
high latitudes correlate most strongly with SST anom-
alies in the Pacific and southern Atlantic, the features
of which are similar to the second EOF of the coupled
SST anomalies (Fig. 5). The SVD analysis of the rela-
tions between stratospheric dynamics and Atlantic
SST anomalies revealed weak correlations (below
40%) of the lower stratosphere zonal wind, the pattern
of which fits neither the first nor the second EOF of
the stratospheric wind (Fig. 1). In contrast to the
Atlantic, correlations of the interannual lower strato-
spheric variations with SST anomalies of the Pacific
alone are strong and have a pattern similar to correla-
tions of the coupled SST anomalies shown in Fig. 7.

Thus, the simultaneous (January to January) rela-
tions between the stratospheric dynamics and SST
anomalies are stronger in the Pacific than in the Atlan-
tic, except in its southwestern area. Although the coef-
ficients of the first SVD modes of SST anomalies in
the Pacific and Atlantic have similar tendencies, sharp
changes in the coefficient of the Atlantic SSTs in
1983–1996 result in the loss of significant correlations
between the Atlantic SST and stratospheric circula-
tion. The correlations between the coefficients of the
leading EOFs and SVD modes of both the coupled
SST anomalies and SST anomalies separately for the
Pacific and Atlantic in January 1958–2003 are pre-
sented in the table.

The pattern of correlations of SST anomalies with
midtropospheric circulation changes is different from
that for the stratospheric circulation, especially in the
Atlantic. The first SVD mode of the correlations
between the 500-hPa zonal wind and the coupled SST
anomalies agrees with the pattern of the first EOF of
the 500-hPa zonal wind (Fig. 4). Calculations of SVD
modes of SST anomalies separately for the Pacific and
Atlantic revealed similar patterns of the 500-hPa zonal
wind with teleconnections like the PNA in the Pacific
and the NAO in the Atlantic. The corresponding SVD
modes of SST anomalies in the Pacific are similar in
structure to those shown in Fig. 7 for the Pacific, while
in the Atlantic they are similar to tripolar oscillations
of the first EOF of Atlantic SST anomalies (Figs. 5, 7).
The behavior of the SVD mode coefficient of the cou-
pled SST anomalies is generally close to that of the
coefficient of the SVD mode of the Pacific SSTs, as is
the pattern for the stratospheric dynamics, but, in con-
trast to connections with the stratospheric dynamics, it
is an average between the SST coefficients separately
for the Pacific and Atlantic.

Thus, not only are differences present in the con-
nections of the interannual stratospheric and tropo-
spheric variations with SST anomalies (with dominant
connections of the Pacific SSTs for the stratosphere
and equivalent connections of the Pacific and Atlantic
SSTs for the troposphere), but these connections
experience disruptions during the disturbed 1983–
1996 period. The causes of these disruptions are
unknown and call for special studies.

DISCUSSION AND CONCLUDING REMARKS

The results of analysis provide evidence that dif-
ferent quasi-decadal periods are present in the inter-
acting ocean–atmosphere–ozone layer system. The
absence of well-pronounced trends in the lower strato-
sphere zonal circulation (Fig. 1) casts some doubt on
the influence of ozone layer depletion on stratospheric
dynamics because of radiative effects; rather, the

SS
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(dashed) and January–February (solid) in 1958–2003.
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interannual and longer term variations in atmospheric
wave activity affect ozone changes, including those in
the ozone hole over Antarctica [1]. The unusual
behavior of the ozone hole in 2002 is a remarkable
example of the large role of stratospheric warmings in
the variability of the ozone layer [37].

Note that analysis of the relations between the
lower stratosphere zonal wind and SST anomalies for
January 1979–1992 has shown the same pattern of
Pacific and Atlantic SST anomalies as in [18], i.e., the
pattern corresponding to a simple interference mecha-
nism of the interaction of orographic and thermal

sources of the excitation of stationary planetary waves
with the centers of action of SSTs in the dipole across
the Rockies. For 1958–2003, however, the pattern of
correlations of SST anomalies most closely connected
with the lower stratosphere dynamics is different from
that presented in [18]. This can be due to the presence
of various quasi-decadal periods and to intraseasonal
differences in the ocean–atmosphere interaction
between October–November and January–March
[38]. Complicated problems of the ocean–atmosphere
interaction and their link to stratosphere–troposphere
coupling call for further investigation.
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