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ABSTRACT

Recent work has identified variability in the Pacific Ocean SST with a structure qualitatively similar to ENSO,
but at lower frequencies than ENSO. Zhang et al. have documented the atmospheric circulation anomalies in
the Tropics and Northern Hemisphere that are associated with decadal ENSO-like variability and compared these
anomalies to those associated with the (interannual) ENSO cycle.

Here the authors extend the study of Zhang et al. to the Southern Hemisphere using the National Centers for
Environmental Prediction–National Center for Atmospheric Research reanalysis data for 1958–96. Consistent
with previous studies, the Southern Hemisphere circulation anomalies associated with ENSO display a telecon-
nection pattern from the central tropical Pacific into the far southeastern Pacific Ocean. Comparatively larger
circulation anomalies are found in the Southern Hemisphere associated with the decadal ENSO-like variability,
though aloft the structure of the anomalies emphasizes the polar vortex with an adorning wavenumber-3 anomaly
along 608S. There is a common pattern of SST anomalies throughout the South Pacific associated with the ENSO
and the decadal ENSO-like variability, and these anomalies appear to be forced by (inferred) surface heat flux
anomalies that should be associated with the changes in the atmospheric circulation. Finally, subtle differences
in the tropical circulation anomalies are found to be associated with the two different timescales of variability.
Further studies are required to demonstrate whether these differences are responsible for the different structure
of the tropospheric mid- and high-latitude circulation anomalies in the Northern and Southern Hemispheres.

1. Introduction

Analyses of the structure of the ocean–atmosphere
variability in the Southern Hemisphere have been ham-
pered by the paucity of meteorological and oceano-
graphic data, especially over the southern oceans. While
many studies over the last two decades have documented
the structure of the interannual variability of the tro-
pospheric circulation (largely dominated by ENSO) in
the Tropics (e.g., Wallace et al. 1998, and references
therein) and Northern Hemisphere (NH; e.g., Horel and
Wallace 1981), fewer works have addressed the year-
to-year circulation anomalies in the Southern Hemi-
sphere (SH; e.g., Rogers and van Loon 1982; van Loon
and Shea 1987; Karoly 1989; Kiladis 1997). Recent
work has also focused on interdecadal climate vari-
ability of the ocean–atmosphere over the North Pacific
and parts of North America (e.g., Nitta and Yamada
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1989; Trenberth 1990; Trenberth and Hurrel 1994; Nak-
amura and Yamagata 1997), in which the broadly known
‘‘regime shift’’ of 1976–77 appears as an outstanding
example (e.g., Graham 1994).

Zhang et al. (1997), hereafter referred as ZWB, doc-
umented the spatial signatures of the interdecadal cli-
mate variability in the Pacific basin and compared them
with the patterns associated with the ENSO cycle. Their
analysis is largely based on marine surface observations
from the Comprehensive Ocean–Atmosphere Data Set
(COADS; Fletcher et al. 1983) for the period 1950–93
and restricted to the region north of 308S. They found
that interannual and interdecadal variability exhibit
roughly similar spatial signatures in the sea surface tem-
perature (SST), sea level pressure (SLP), and wind stress
fields. The recently released reanalyzed atmospheric
fields by the National Centers for Environmental Pre-
diction–National Center for Atmospheric Research
(NCEP–NCAR) encompassing the period from 1958 to
1996 in a 2.58 3 2.58 lat–long global grid (Kalnay et
al. 1996) enable us to reexamine the structure of the
low-frequency variability of the atmosphere and extend
the results of ZWB to focus on features in the SH south
of 308S. In this short contribution we have followed the
same methodology of ZWB. The leading EOFs of the
SST that capture most of the interannual (ENSO-related)
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FIG. 1. Normalized time series of the 6-yr high-pass filtered cold
tongue index (CT*) and global residual (GR). The interval between
tick marks is 1.0 std dev.

and interdecadal (ENSO-like) components are regressed
on relevant meteorological fields, to reveal some of their
spatial signatures.

As described in detail in Kalnay et al. (1996), the 6-
hourly reanalyzed fields were produced using a frozen
weather prediction model and an enhanced observa-
tional database that includes conventional, aircraft, and
satellite data, and hence they represent one of the most
complete, physically consistent datasets of the atmo-
spheric circulation and related thermodynamic fields.
However, before presenting our results, it is worth com-
menting on some important caveats in the use of the
NCEP–NCAR reanalysis. The model uses prescribed
SST and sea ice as lower boundary conditions. The SST
boundary condition is the Reynolds reanalysis (Reyn-
olds and Smith 1994) from 1982 onward; the U.K. Me-
teorological Office SST dataset (Folland and Parker
1995) was used for the early period. Since SST obser-
vations south of 308S are particularly sparse (Folland
and Parker 1995), the extrapolated SST field in this
region is largely determined by the algorithm used in
its calculation, rather than representing an accurate pic-
ture of the actual SST field. Before 1973 the sea ice
dataset used in the NCEP–NCAR reanalysis project un-
dergoes a climatological mean annual cycle in the
Southern Hemisphere (Parker et al. 1995; Kalnay et al.
1996), despite the significant year-to-year variability of
the sea ice around Antarctica (e.g., Simmonds and Jacka
1995). Hence, the reanalyzed air temperature field near
the ice edge is heavily influenced by the lack of sea ice
anomalies in the surface boundary conditions. The third
caveat in the use of the NCEP–NCAR reanalysis for
studies over the Southern Hemisphere involves incor-
rectly assimilated Australian surface pressure bogus
data (PAOBs) between 1979 and 1992. Although this
error must be kept in mind in the foregoing discussion,
the assessment by NCEP–NCAR (see http://wes-
ley.wwb.noaa.gov/paobs/) indicates that the impact of
this mislocation is very small on monthly and longer
timescales.

2. Results

Figure 1 shows the time series of the 6-yr high-pass
filtered cold tongue index (CT*) and the ‘‘residual’’ time
series of the global leading EOF of SST (GR) for the
period 1958–93. The cold tongue index (CT) is the av-
erage of SST anomaly in the equatorial Pacific (68N–
68S, 1808–908W), and it captures most of the ENSO-
related variability (Deser and Wallace 1990). Although
most of the variance of CT is contained in the inter-
annual range (;2–6 years), we applied a 6-yr high-pass
filter to CT to exclude interdecadal variability in the
resulting time series (CT*). ZWB performed an EOF
analysis on the global monthly anomalies of SST. The
corresponding principal component (G) is still domi-
nated by interannual variability but also exhibits longer
period variability. The CT* was linearly fitted to G, and

the resulting time series was substracted from G to form
the global residual time series (GR) shown in Fig. 1.
Although GR also contains some year-to-year variabil-
ity, it is linearly independent of CT*, and it captures
most of the interdecadal variability of the global SST
(ZWB).

a. Interannual variability

The regression of SST, wind at the 0.995 sigma level
(hereafter referred as surface wind), and SLP onto CT*
using all calendar months is shown in Fig. 2 and can
be compared with Fig. 12 of ZWB. The signatures of
the interannual variability on the SST field in the SH
are mostly confined to the Pacific basin. As hinted in
the ZWB analysis (their Fig. 12a), the subtropical South
Pacific is dominated by anomalies out of phase with the
ones occurring in the tropical Pacific, centered at about
308S, forming a symmetric pattern about the equator
with their counterpart in the North Pacific. Farther south,
the SST–CT* regression changes its sign, to reach a
maximum over the Ross Sea. The consistency of these
features in the SST field with the atmospheric circula-
tion above is discussed later. The spatial structure of the
interannual variability of the SLP field (Fig. 2c) in low
latitudes is characterized by the well-known dipole over
the southern Pacific and parts of the Indian Ocean,
which lies in the heart of the Southern Oscillation. The
region of negative CT*–SLP regressions over the central
subtropical Pacific extends southwestward to reach the
Southern Ocean below Australia.

The ENSO-related SLP pattern in the midlatitudes is
largely dominated by a region of positive values cen-
tered at 608S over the southeast Pacific (Fig. 2c). The
equivalent barotropic character of this feature is evident
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FIG. 2. Global reanalyzed fields regressed upon CT*. (top) Sea
surface temperature (SST). Contour interval is 0.1 K per standard
deviation of CT* (std dev)21. The zero contour is omitted and negative
contours are dashed. (middle) Surface winds. The reference vector
is 1.5 m s21 (std dev)21. (bottom) Sea level pressure (SLP). Contour
interval is 0.25 hPa (std dev)21. The zero contour is omitted and
negative contours are dashed. Regressions are based on all calendar
months, from Jan 1958 to Dec 1993.

in the regression of CT* upon geopotential height at
250, 500, and 1000 hPa for the winter months (Figs.
3a–c). At the upper levels, there is a signature of a wave
train extending from the low latitudes near the date line
toward the southeast Pacific. The so-called Pacific–
South America pattern (PSA; Mo and Higgins 1998) is
consistent with the Rossby wave response to equatorial
anomalous heating (Hoskins and Karoly 1981) and it
resembles the Pacific–North America (PNA) pattern
over the NH (Wallace and Gutzler 1981). This winter-
time, wavelike pattern was found by Karoly (1989) in
his composite analysis of three ENSO events (1972,
1976/77, and 1982), and it also emerges as one of the
leading circulation pattern in the SH in timescales rang-
ing from daily (Mo and Ghil 1987), to intraseasonal
(Mo and Higgins 1998), to interannual (Kidson 1988).
The presence of a deep, anticyclonic anomaly over the

southeast Pacific during the warm phase of ENSO is
consistent with an increasing number of blocking epi-
sodes to the west of the southern tip of South America
and Antarctica peninsula during ENSO, reported by Ru-
tllant and Fuenzalida (1991) and Renwick (1998). The
blocking of the westerly flow in conjunction with the
weakening of the South Pacific subtropical high indi-
cates that there is an equatorward shift of the storm
track axis over the central Pacific from its climatological
position (Sinclair et al. 1997) and, consequently, the
wintertime precipitation tends to be higher than normal
across subtropical South America during the warm
phase of ENSO, while at the same time the southern tip
of the continent experiences drier than normal condi-
tions (e.g., Aceituno 1988).

The maps in Figs. 3a–c also show two minor negative
centers around 608S, one over the Weddell sea and the
other at 1108E, and a weaker but extensive belt of pos-
itive values centered at 408S extending eastward from
the eastern Atlantic to Australasian sector. This mid-
latitude belt of anticyclonic anomalies across most of
the Indian Ocean (for CT* . 0) may be connected with
the decreasing number of cyclones in the subtropical
Indian Ocean, Australia, and the southwest Pacific dur-
ing the warm phase of ENSO (Sinclair et al. 1997),
which produces drier than normal conditions in this re-
gion (e.g., Ropelewski and Halpert 1996).

The annual march of the midlatitude circulation
anomalies associated with ENSO variability is illus-
trated in Fig. 4 (left panels) by the seasonal regression
maps between 500-hPa geopotential height and CT*.
The midtropospheric PSA pattern is weaker during the
austral summer (December–February; DJF) and stron-
gest in the autumn. While the trough over the subtropical
Pacific reaches its maximum extent in July–August
(JJA) the positive anomalies in the far southeast Pacific
are somewhat less pronounced in midwinter relative to
the anomalies in the transition seasons. This result is
consistent with the composite analysis of Kiladis (1997),
where it is found that the pressure anomaly pattern dur-
ing cold phase Southern Oscillation events is mostly the
opposite to those during warm events, except during the
JJA, when the ‘‘inverse PSA’’ is not very evident. The
wintertime lack of symmetry between cold and warm
phases of the Southern Oscillation would produce a
weaker signal in a linear analysis as the one presented
here.

The surface winds regressed upon CT* (Fig. 2b)
exhibit tropical and NH features consistent with those
obtained by ZWB using COADS-derived surface
wind stress and CT*. In the SH midlatitudes, most of
the amplitude is concentrated over the southeast Pa-
cific, in association with the prominent center of SLP
anomalies. For instance, during the warm phase of the
ENSO cycle, there is a significant decrease of the
westerlies in the equatorward flank of the southeast
Pacific anticyclonic anomaly. The weakening of the
air–sea fluxes and the warm air advection by the
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FIG. 3. Jun–Aug monthly mean values of geopotential height regressed upon (left) CT* and (right) GR.
The levels are (a), (d) 250 hPa [contour interval is 10 m (std dev)21]; (b), (e) 500 hPa [contour interval is
10 m (std dev)21]; and (c), (f) 1000 hPa [contour interval is 5 m (std dev)21]. The zero contour is omitted
and negative contours are dashed.

northerly flow would tend to increase the SST at mid-
and high latitudes between 1808 and 1208W, which is
consistent with the positive regression coefficient of
the (extrapolated) SST upon CT* shown in Fig. 2a.
The opposite situation prevails to the east of the
southeast Pacific anticyclone where a tongue of cold

water extends from the Bellingshausen Sea into the
southwest Atlantic (for CT* . 0). Over the Southern
Ocean south of Australia there is a belt of increasing
westerlies that turns equatorward near New Zealand
and increases the low-level convergence in the South
Pacific convergence zone.
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FIG. 4. Seasonally averaged 500-hPa geopotential height regressed upon (left) CT* and (right)
GR for each season (indicated in the left side of the figure). Contour interval is 10 m (std dev)21,
negative values are dashed, and the zero contour is omitted.
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FIG. 5. As in Fig. 2, but based on GR.

b. Interdecadal variability

As pointed out by ZWB, the dominant spatial sig-
natures of SST, SLP, and wind stress associated with
interdecadal variability may be described as ENSO-like.
Over the SH sector that was not shown in ZWB, the
SLP field regressed upon GR (Fig. 5c) indeed reveals
features similar to its interannual counterpart (Fig. 2c),
most notably the presence of a region of positive anom-
alies over the far southeast Pacific with a barotropic
structure in the vertical (Figs. 3d–f), and a broad region
of negative regressions over the central South Pacific.
They indicate, for instance, the presence of higher SLP
in the southeast Pacific and lower SLP across much of
the subtropical Pacific from 1977 onwards. The signa-
ture of interdecadal variability on the SST field (Fig.
5a) is also qualitatively similar to the obtained in the
interannual case (Fig. 2a). However, the regression near
Antarctica between 1808 and 1208W seems suspiciously
high.

There are also some noteworthy differences between
the spatial signatures of the interannual and interdecadal
variability, which are more clear in the maps of win-
tertime geopotential height at several levels regressed

upon GR shown in Fig. 3. In particular, the interdecadal
signature in the geopotential height centered over the
far southeast Pacific is weaker and more zonally elon-
gated, extending from the date line to the southern tip
of South America. Also in the decadal pattern, the sub-
tropical cyclonic anomaly over the central Pacific is
weak and decreases with height and toward the equator,
and the signature of an upper-level wave train from the
tropical Pacific near the date line to the southeast Pacific
is barely discernible in the upper-level geopotential
height field regressed upon GR (Figs. 3c and 3d). The
opposite situation prevails in the NH, where the PNA
pattern is more clearly defined in the interdecadal var-
iability than in the interannual variability (e.g., Fig. 13
of ZWB).

The feature in the GR–geopotential height regressions
over and around Antarctica (roughly poleward of 608S)
is more pronounced than its interannual counterpart (cf.
Figs. 3c, 3f). The SLP and geopotential height regres-
sion patterns exhibit a belt around Antarctica, with the
exception of the southeast Pacific side and two closed
centers at 1458E and 508W with amplitudes as large as
the ones found in the southeast Pacific region. In the
middle and upper troposphere (Figs. 3d,e; 4e–h), the
region of negative regressions covers most of the con-
tinent, forming an elongated quasi-polar vortex. Over
the midlatitude Southern Oceans (;458S) the geopo-
tential height anomalies tend to be out of phase with
those at higher latitudes and amplify from the lower to
the upper troposphere. Hence, the spatial signature of
the interdecadal variability in the geopotential height
over the SH mid- and high latitudes exhibits a zonal
wavenumber-three structure along 608S, with the major
centers of action just upstream of the hemispheric land
masses and substantial fluctuation in the strength of the
tropospheric polar vortex.

We now investigate the seasonality of the SH cir-
culation anomalies associated with interdecadal SST
variability. In the right panels of Fig. 4, the seasonally
averaged 500-hPa geopotential height is regressed upon
GR. The anomaly pattern described for the austral win-
ter (Fig. 4g) is even more pronounced during spring
(Fig. 5h) and weakens in summer and autumn (Figs.
4e,f). The increase in the midtropospheric pressure gra-
dient between Antarctica and midlatitudes associated
with positive values of GR after 1977 implies a strength-
ened and more persistent tropospheric polar vortex dur-
ing spring seasons after the late 1970s. This result is
consistent with the decadal changes of the annual cycle
of the pressure and winds at mid- and high latitudes in
the SH presented by van Loon et al. (1993) and Hurrel
and van Loon (1994) (e.g., Fig. 9 of Hurrel and van
Loon 1994). Recently, it has been suggested that the
reinforcement of the springtime polar vortex has oc-
curred as a decadal-scale upward trend of its intensity
rather than as a discrete shift (D. W. J. Thompson 1998,
personal communication). In any case, it is clear that
the pattern of interdecadal variability obtained from pro-
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jecting GR on the relevant meteorological fields ac-
counts for only a fraction of the long-term circulation
fluctuations in mid- and high latitudes.

Evidence of interdecadal variability of the circulation
over the southern Indian Ocean region during the austral
summer has been presented by Allan et al. (1995) and
Reason et al. (1996). These studies indicate decadal-
scale fluctuations of the anticyclonic circulation, SST,
and cloudiness, with extreme and opposite anomalies
during the periods 1921–41 and 1963–83. Since their
analyses are based on four 21-yr epochs (selected on
the basis of the interdecadal variability of the Southern
Oscillation index), which in general do not match the
decadal fluctuations present in the GR time series, it is
difficult to compare their findings with our regression
analysis.

The surface wind anomalies regressed upon GR are
shown in Fig. 5b. As in the interannual case, the mid-
latitude westerly winds across much of the Pacific are
weakened in response to the anticyclonic anomaly far-
ther south (for positive GR values, like the period from
1977 to 1993). Elsewhere around 458S, the deepened
low pressure over Antarctica tends to accelerate the cir-
cumpolar low-level flow, especially south of Australia
and across the Drake Passage. The low-level (1000–850
hPa) temperature between 1208E and 1408W near Ant-
arctica exhibits departures of nearly 1 K (std dev)21 of
GR, consistent with the warm advection by the anom-
alous meridional flow (Fig. 3c). Since these temperature
anomalies persisted for a long period of time, they may
have a potentially large impact in the ice–sea dynamics
in subpolar latitudes. Furthermore, the reanalysis data
indicate that mean wintertime low-level air temperature
over much of Antarctica and adjacent oceans in the more
recent epoch (1977–93) is nearly 2 K higher than the
mean from 1958 to 1976.

3. Discussion

Some of the SH midlatitude circulation anomalies
associated with the interannual ENSO are different from
those associated with the decadal ENSO-like variability.
On the interannual timescale, the midlatitude circulation
anomalies appear to be due to teleconnections from the
tropical Pacific via planetary waves (see, e.g., Fig. 3
and references in section 2a). The ‘‘decadal’’ circulation
anomalies appear to be more related to wave–mean flow
interactions in the subpolar and polar regions (Figs. 3
and 4).

An analogous result holds for the circulation anom-
alies in the midlatitudes of the NH. Consistent with
previous studies, ZWB found that the midlatitude
anomalies associated with ENSO are mainly expressed
in the extension of the subtropical jet, presumably
through wave–mean flow interactions and the changes
in the Hadley circulation in the eastern/central tropical
Pacific. In contrast, the decadal ENSO-like variability
is expressed by the classic PNA teleconnection pattern,

suggesting that the origins in the decadal variability
are primarily in the tropical Pacific (see Fig. 13 of
ZWB).

The spatial signatures of interannual (ENSO) and
interdecadal (ENSO-like) variability extend well into
high latitudes and, therefore, our results are relevant
in interpreting climate fluctuations over Antarctica
documented in previous works. Our regressions indi-
cate that in the Bellingshausen Sea (between 708 and
1008W along Antarctica), warm ENSO conditions
(positive CT*) and warm ENSO-like conditions (pos-
itive GR) cause southwesterly wind anomalies and neg-
ative SSTs in this region. By themselves, these wind
anomalies should create lower surface temperatures by
anomalous advection of cold air. However, one would
also expect these wind anomalies to push the sea ice
offshore, expanding (equatorward) the area that is cov-
ered by sea ice. Where ocean is replaced by sea ice,
ocean-to-atmosphere heat flux will be severely re-
duced, further amplifying the cooling of the surface
air during ENSO. Indeed, several studies have found
an inverse relationship between sea ice coverage and
air temperature in the Bellingshausen Sea region (see
Jacobs and Comiso 1997, and references therein).
South of 608S and between 1308 and 1708W (i.e., west
of the anticyclone in the southeast Pacific in Fig. 3c),
warm ENSO events force circulation anomalies that
enhance anomalous advection of warm air into this
region. We also expect that the sea ice should retreat
during ENSO due to the anomalies in the surface wind
stress (not shown, but see Fig. 2b) and the enhanced
warm air advection. Further calculations (not shown)
using the reanalysis data show that during ENSO this
region receives greater precipitation through enhanced
moisture convergence, contrary to the results presented
in Cullather et al. (1996).

The pan-Pacific nature of the anomalies associated
with both the ENSO and decadal ENSO-like variability
suggests that both of these phenomena are rooted in the
Tropics. However, because in both hemispheres the mid-
latitude circulation anomalies are different on the in-
terannual and decadal timescales, we expect the pattern
of the heating anomalies in the Tropics to be different
for these two phenomena. Unfortunately, there are in-
sufficient data to construct from observations the pre-
cipitation patterns associated with the time series in Fig.
1. Instead, we present the surface wind and convergence
anomalies and the upper-level (300 hPa) moisture anom-
alies associated with ENSO (Fig. 6) and decadal ENSO-
like variability (Fig. 7); maps are generated by regres-
sion of the time series in Fig. 1 on the NCEP–NCAR
reanalysis data for all calendar months. In both cases,
the regression maps for DJF and JJA (not shown) are
similar to their respective annual maps, although the
signature of tropical convection tends to be sharper dur-
ing the boreal winter.

As suggested by the moisture anomalies, and espe-
cially by the surface wind anomalies, the convective
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FIG. 6. Global reanalyzed fields regressed upon CT* over the tropical Pacific. (top) Surface wind [the reference vector
is 2.5 m s21 (std dev)21] and surface wind divergence. Dark (light) shading indicates convergence (divergence) in excess
of 0.25 3 1026 s21. (bottom) 300-hPa winds [the reference vector is 7 m s21 (std dev)21] and specific humidity. Light
to dark shading indicates regression from 0.02 to 0.1 g kg21 (std dev)21. Regressions are based on all calendar months
from Jan 1958 to Dec 1993.

anomalies associated with the ENSO phenomenon in-
dicate primarily a southward displacement of the ITCZ
in the eastern and central equatorial Pacific, and an east-
ward displacement of the convection normally centered
over the maritime continent, in agreement with the ‘‘ob-
servations’’ of tropical rainfall (based on outgoing long-
wave radiation and microwave sounding unit data) doc-
umented by Yulaeva and Wallace (1994). In contrast,
the heating anomalies associated with the decadal
ENSO-like variability highlight the northward displace-
ment of the South Pacific convergence zone, with warm
conditions in the tropical Pacific associated with positive
anomalies in convection extending along a line from
about 08N, 1708E to 158S, 1308W. In contrast to ENSO,
there are no organized anomalies in precipitation in the
eastern Pacific associated with the decadal variability.

The lack of such ITCZ signature is consistent with the
broader SST anomalies in the eastern tropical Pacific
on decadal timescales. We note that these results using
the NCEP–NCAR reanalysis data are consistent with
the precipitation anomalies that one would infer from
the differences in the COADS wind stress anomalies
associated with these two phenomena (cf., the middle
panels of Figs. 11 and 12 in ZWB).1

1 While COADS and the reanalysis data are consistent in the in-
ferred location of the precipitation anomalies associated with GR,
these two datasets show large differences in the GR-related winds in
the far eastern, subtropical Pacific. These differences are not sur-
prising, as the GR regressions using the COADS product shows a
surface wind stress structure that is inconsistent with the SLP field,
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FIG. 7. As in Fig. 6, but based on GR.

In summary, the pan-Pacific nature of the ENSO and
decadal ENSO-like variability suggests that the origin
for both of these phenomena is the tropical Pacific and
that the midlatitude anomalies are forced from the Trop-
ics. However, the differences between the pattern of the
midlatitude circulation anomalies associated with the
ENSO and the decadal ENSO-like phenomena suggests
that different physical mechanisms must be at play in
creating the midlatitude circulation anomalies on these
two timescales. Consistent with this hypothesis, we have
shown that within the tropical Pacific, there are notable
differences between the patterns of the surface wind and
upper-level moisture associated with the ENSO and de-
cadal (ENSO-like) variability. It remains to be shown
whether the implied differences between the precipita-

and that stress has a pattern that suggests it suffers from spatial
interpolation (see Fig. 12b of ZWB).

tion anomaly patterns (and, ultimately, the subtle dif-
ferences between the SST anomaly patterns in the trop-
ical Pacific) do indeed force the important differences
in the midlatitude circulation anomalies associated with
these two phenomena.

4. Concluding remarks

ZWB documented the circulation and SST anomalies
associated with the ENSO and the decadal ENSO-like
climate variability in the tropical and North Pacific
Ocean and throughout the atmosphere in the Tropics
and Northern Hemisphere. Zhang et al.’s analysis did
not include the region south of 308S. In this paper, we
extended the work of ZWB to include the entire South-
ern Hemisphere, utilizing the data from the NCEP–
NCAR reanalysis (1958–93). Our major findings in-
clude the following.

R Interannual and interdecadal variability exhibit similar
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spatial signatures in the SLP, low-level winds, and
temperature fields over the Pacific Ocean in the South-
ern Hemisphere. Changes in the SST over the southern
oceans appears to be forced by a local weakening or
strengthening of surface heat flux due to changes in
the atmospheric low-level circulation.

R However, the vertical structure of the interdecadal
component over the Pacific is much different from
that in the interannual case. In particular, the persis-
tence and intensity of the PSA mode during the austral
winter is strongly associated with the ENSO cycle,
while it weakly projects onto decadal timescales. The
spatial structure of the atmospheric circulation anom-
alies over the south Atlantic and Indian Oceans that
are associated with ENSO and the decadal ENSO-like
variability are similar, but the anomalies associated
with the decadal variability tend to be much more
marked in amplitude. Hence, interannual variability
in the SH is associated with the PSA, whose physics
implies teleconection from the Tropics via Rossby
wave propagation. In contrast, on decadal timescales
the ENSO-like action in the tropical Pacific is ex-
pressed in the mid- and high latitudes in a different
form, favoring a polar vortex and zonal wavenumber-
three anomaly along 608S.

R The anomalies in the surface wind convergence in the
tropical Pacific that are associated with ENSO are
significantly different from those associated with the
decadal ENSO-like phenomenon. Further research is
required to confirm that the inferred differences in the
location of the tropical heating anomalies are respon-
sible for the differences in the structure of the mid-
latitude circulation anomalies associated with these
different timescales of climate variability.
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