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THE AMUNDSEN SEA LOW

Variability, Change, and Impact on Antarctic Climate

BY M. N. RAPHAEL, G. J. MARSHALL, J. TURNER, R. L. FOGT, D. SCHNEIDER, D. A. DixoN, J. S. HOsKING,
J. M. JonEs, AND W. R. Hoegs

The Amundsen Sea low (ASL) has deepened in recent decades, influencing the West

Antarctic climate.

he predictability of polar climate on interannual

to multidecadal time scales has been identified

as one of the Cryosphere Grand Challenges
(CGCs) by the World Climate Research Programme
(WCRP). Improving polar climate predictability
in the Southern Hemisphere (SH) requires a better
understanding of the interactions between the sub-
tropical and polar jets, the nonzonal circulation, and
the surface climate. Here, we address one aspect of
this CGC: the role of nonzonal circulation in driving
Antarctic climate variability. In particular, we discuss
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the Amundsen Sea low (ASL), which represents a key
component of the nonzonal climatological circulation
with significant influence in the Pacific sector of
the high southern latitudes and links to the tropical
Pacific. The ASL strongly influences West Antarctic
climate, including parameters such as sea ice extent,
temperature, and precipitation, by controlling vari-
ability in the meridional wind field (Hosking et al.
2013). Recently, the ASL has deepened, perhaps with
stratospheric ozone depletion playing a part (Turner
etal. 2009). This trend is also concurrent with rapid
ice loss from some West Antarctic glaciers, which
is being driven by ocean circulation changes (e.g.,
Pritchard et al. 2009) that in turn are strongly con-
trolled by the surface wind field (Thoma et al. 2008).

As a result of the lack of long-term surface-based
in situ observations in the Amundsen, Bellingshau-
sen, and Ross Seas, it is only with the recent advent
of reliable reanalysis data that the impact of the ASL
on the Antarctic climate is beginning to be better
understood. However, given the marked trends in
West Antarctic climate (e.g., Bromwich et al. 2013),
there is a need to evaluate our understanding of this
feature, to identify where gaps in our knowledge ex-
ist, and to suggest how these gaps might be filled. In
this paper we summarize the current understanding
of the ASL, focusing on the following: its variability
and change using observations from the last three
decades, its impact on the climate of West Antarctica,
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the influence of tropical teleconnections on ASL
variability, its behavior over the past millennium as
derived from Antarctic ice core records, and projected
ASL changes using Coupled Model Intercomparison
Project Phase 5 (CMIP5) data.

OBSERVED VARIABILITY OF THE AMUND-
SEN SEA LOW. The ASL is the climatological area
of low pressure located in the South Pacific sector of
the Southern Ocean (SO), which comprises the Ross
Sea, the Amundsen Sea, and the Bellingshausen Sea,
over the latitude band 60°-70°S. The reanalysis datas-
ets show that climatologically it is the deepest of three
mean sea level pressure (MSLP) centers observed
around Antarctica (Fig. 1a). Baines and Fraedrich
(1989) conducted rotating tank experiments to in-
vestigate the mean atmospheric circulation at high
southern latitudes and suggested that the ASL results
from the interaction of the mean westerly flow with
the high orography of Victoria Land. Their experi-
ment was purely barotropic, but modeling studies,
such as that of Walsh et al. (2000), showed the im-
portance of baroclinicity, which is in itself dependent
on the orography. However, more research is needed
to fully understand this particular structure of the
MSLP field around the continent.

In simple terms, the ASL is present because of
the large number of depressions in the South Pacific
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sector of the SO that have either moved south from
midlatitudes or developed in the highly baroclinic
zone of the circumpolar trough around Antarctica
(Fig. 1b). Fogt et al. (2012) identified more than 550
individual depressions per year in this sector based on
reanalysis fields. At monthly and seasonal time scales
the ASL is clearly apparent in most mean MSLP fields
(see Fig. 1a), although occasionally two low pressure
centers are present in the former. Figure 1 shows that
itis not easy to relate the storm density and depths of
the depressions to the climatological ASL, since the
climatological location of the ASL does not occur at
a clear maximum of storm activity.

There is a well-defined annual cycle in the aver-
age zonal location of the ASL, with the low being
found immediately west of the Antarctic Peninsula
in austral summer (December-February) and moving
westward to the Ross Sea by winter (June—August)
(Fogt etal. 2012; Turner et al. 2013b). There is also an
annual cycle in the meridional location of the ASL,
as the low is farther north in summer and at its most
southerly location in late winter. In contrast, the ab-
solute depth of the ASL has a semiannual form, with
the lowest pressures in the equinoctial seasons, since
this is the dominant cycle observed in the MSLP fields
in the Antarctic coastal zone (Turner et al. 2013b).

Changes in the ASL can also be related to global
and hemispheric modes of climate variability. The
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FiG. I. (@) The mean MSLP for austral fall (Mar-May) 1995 from the ERA-Interim. The red cross marks the center
of the ASL in this season. (b) The tracks of all depressions for the same period based on the University of Mel-
bourne cyclone tracking procedure. The colors indicate the central MSLP values of the individual depressions.
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absolute depth of the ASL is significantly lower during
the La Nifa phase of the El Nino-Southern Oscilla-
tion (ENSO) compared to El Nino. This is consistent
with the impact of the Rossby wave train emanat-
ing from the central Pacific Ocean during El Nifio
events, which leads to increased blocking across the
South Pacific and the establishment of the Antarctic
dipole in sea ice and surface air temperature (Yuan
and Martinson 2001). The difference in absolute
depth between the two phases of ENSO is greatest in
winter. However, there is no statistically significant
difference in the zonal location of the ASL between
the two phases of ENSO (Turner et al. 2013b).

In addition, the absolute depth of the ASL is
strongly influenced by the phase of the southern
annular mode (SAM), which is the primary mode
of atmospheric variability at high southern latitudes
(e.g., Marshall 2003). Variations in the phase of the
SAM result in an exchange of mass between the
Antarctic and midlatitudes. In the positive (negative)
phase, MSLP anomalies are negative (positive) at
high (mid) latitudes, resulting in a stronger (weaker)
polar jet. In a given season, there is a statistically
significant correlation between the longitude of the
ASL and the zonal wind speed over the SO to the
north of the ASL (40°-50°S): stronger westerlies are
associated with the ASL being farther east. Attempts
have therefore been made to determine the absolute
ASL strength or relative central pressure by sub-
tracting the background area-averaged MSLP (area
averaged over the region 60°-75°S, 170°-290°E) in
order to remove the SAM influence, as described in
Hosking et al. (2013). The annual cycle of the ASL
relative depth shows a minimum (maximum) during
winter (summer).

Turner et al. (2013b) examined monthly trends
in the absolute depth and location of the ASL, based
on European Centre for Medium-Range Weather
Forecasts (ECMWF) gridded data. They showed
that both are highly variable over the 1979-2008
period. For example, there were three months when
the absolute depth changed significantly: a decrease
in January of 1.7 hPa decade™, primarily in response
to the SAM becoming more positive; an increase in
March of 1.4 hPa decade™, due to higher pressures
in the circumpolar trough; and a second decrease
of 2.1 hPa decade™ in September, dominated by a
remarkably deep ASL in 2008, which had a mean
monthly central pressure of only 958 hPa. At a sea-
sonal time scale the ASL has deepened most in austral
spring (September—-November) and fall (March-May),
reflecting an increase in the regional amplitude of the
semiannual oscillation since the late 1970s.

AMERICAN METEOROLOGICAL SOCIETY

IMPACTS OF THE AMUNDSEN SEA LOW
ON ANTARCTIC CLIMATE. Studies examin-
ing the impact of the ASL on Antarctic climate have
focused on temperature and precipitation across West
Antarctica and the Antarctic Peninsula, as well as
sea ice concentration in the Ross, Amundsen, and
Bellingshausen Seas. Statistically significant relation-
ships with various climate parameters may be noted
outside these regions but many of these are likely due
to the relationship between the ASL and patterns of
large-scale variability such as SAM and ENSO.

Hosking et al. (2013) demonstrated that the main
impacts of the ASL on regional Antarctic climate are
directly tied to its variations in location and strength.
In particular, the longitudinal location of the ASL has
the most consistent and persistent influence, often
leading to anomalies of opposite sign in temperature,
sea ice, and precipitation in the coastal and shelf
region from the Antarctic Peninsula to the Ross Sea.
Figure 2 shows the impacts on meridional wind (top
row) and surface temperature (bottom row) for condi-
tions when the ASL is centered (plus signs in Fig. 2)
farther west (toward the Ross Sea) compared to years
when it is located farther east (toward the Belling-
shausen Sea). Notably, the temperature differences are
consistent with changes in the meridional wind, with
more northerly flow anomalies (negative meridional
wind values) nearly collocated with warmer condi-
tions, and vice versa. These general relationships
imply that many of the impacts of the ASL are related
to changes in the atmospheric circulation, especially
the geostrophic flow.

Hosking et al. (2013) also linked changes in sea
ice concentration to the ASL variability. Broadly,
increases in sea ice concentration align with regions
of below-average temperatures in Figs. 2e-h, while
sea ice concentration decreases are observed with re-
gions of above-average temperatures. The changes are
most marked at the sea ice’s edge and are statistically
significant, especially during austral winter [cf. Figs.
6m-p in Hosking et al. (2013)]. These relationships
again show the strong dependency of wind-driven
climate variability associated in particular with the
ASL location. Indeed, a study by Holland and Kwok
(2012) demonstrated that sea ice trends surrounding
Antarctica are largely consistent with near-surface
wind changes associated with a deepening of the
ASL. In their study, they observed northerly winds
increasing near the Antarctic Peninsula, with
southerly winds intensifying off the Ross Ice Shelf.
Through these wind-driven changes, the deepening
of the ASL thus partially explains the increase in sea
ice extent (equatorward ice motion) in the Ross Sea
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Fic. 2. Composites of the lower minus the upper quartile for the ASL longitude (positive for farther west vs farther
east), for (a)—(d) 10-m meridional winds and (e)-(h) surface air temperature for each season (columns), based
on ERA-Interim data from 1979 to 2011. Plus signs denote the location of the ASL for each year, and the thick
black line indicates statistically significant differences at the p < 0.05 level. [Modified from Hosking et al. (2013).]

and decreases in the Amundsen and Bellingshausen
Seas (ice compaction toward the coast).

In addition to its location and intensity, the spatial
extent of the ASL can be important in determining
its impact on Antarctic climate. In particular, Clem
and Fogt (2013) demonstrated that the greater breadth
of the ASL, stretching from the Ross through the
Bellingshausen Seas, leads to uniform impacts on
temperature, wind, and pressure across the Antarctic
Peninsula in austral spring. In other cases, smaller
spatial extents of the ASL tend to only influence the
western Antarctic Peninsula, while the northeastern
Antarctic Peninsula is more strongly modulated by
variations in the SAM.

THE IMPACTS OF TROPICAL VARIABIL-
ITY AND TRENDS ON THE AMUNDSEN
SEA LOW. The Amundsen-Bellingshausen Sea
(ABS) region exhibits some of the largest interan-
nual atmospheric circulation variability in the SH,
due in part to orographic forcing and in part to its
location in the South Pacific, where atmospheric
Rossby waves associated with ENSO variability have
a year-round influence (e.g., Schneider et al. 2012b).
As previously mentioned, ENSO plays a significant
role in determining the depth of the ASL. The most
energetic Rossby waves associated with ENSO vari-
ability in the SH occur in spring (e.g., Jin and Kirtman
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2009), and hence the strongest correlations between
ENSO variability and the ASL generally occur in this
season too. In its La Nifa phase, in spring, ENSO
is associated with a deeper ASL and with warm air
advection toward the Antarctic Peninsula and West
Antarctica. However, from spring to summer the sign
of the correlation of the phase of ENSO with respect
to air temperature anomalies over Antarctica reverses
in many locations.

Given the persistent interannual ENSO signals
in the ABS, it is natural to ask how much influence
the tropics have had on the ASL and related climate
changes in this region. A number of recent studies
have suggested that tropical teleconnections have
contributed to atmospheric warming in West Ant-
arctica and across the peninsula (e.g., Ding et al.
2011; Schneider et al. 2012a), and to sea ice loss in
the Bellingshausen Sea (e.g., Li et al. 2014). However,
a different line of research suggests that polar strato-
spheric ozone depletion has been the major driver
of atmospheric circulation trends in the SH over the
past few decades (e.g., Polvani et al. 2011). To inves-
tigate the relative roles of tropical SSTs and radiative
forcing (including ozone depletion) on circulation
trends over Antarctica and the Southern Ocean, we
conducted a series of experiments with the Com-
munity Atmosphere Model, version 4 (CAM4; Neale
etal. 2013). Results from two of these experiments are
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presented in Fig. 3 and are compared with trends in
the ECMWF interim reanalysis (ERA-Interim; Dee
et al. 2011). In the first experiment, time-varying
tropical SSTs were prescribed over 28°N-28°S, with
climatological SSTs and sea ice in the extratropics and
fixed radiative forcings. In the second experiment, the
same SST and sea ice conditions were prescribed, but
radiative forcings varied with time. These forcings
are consistent with those used in the CMIP5 histori-
cal experiment (Taylor et al. 2012). A five-member
ensemble was developed and conducted for both
experiments, and the results shown are the ensemble
mean, using all months of the year.

Both model experiments showed good skill in
capturing the reduction of MSLP around Antarctica,
and in particular a decrease in ASL central pressure,
confirming the mechanism through which tropical
SSTs have played a major role in driving circulation
trends near West Antarctica, as radiative forcings
are not needed to generate the observed trend pat-
tern. The second experiment, with active radiative
forcings, produced trends of similar spatial pattern
but greater magnitude than the first. In comparison
to the SST-only experiment, the radiatively forced
experiment exhibited trends closer in magnitude to
those observed in midlatitudes for the whole year (Fig.
3) and showed a better match to the trends over high
latitudes in austral summer (not shown). Overall, the
forcing by tropical SSTs was too weak to explain fully
the observed circulation trends around Antarctica,
but the deepening of the ASL was well captured in the

CAM4: Tropical SST

SST-only experiment. The tropical SST experiment
does not address the issue of how much the tropical
SSTs themselves have been influenced by anthro-
pogenic radiative forcing, a question that warrants
further research. It is likely that the observed circula-
tion trends associated with the ASL are explained by a
combination of factors, including tropical SSTs, radia-
tive forcing, as well as unforced, internal variability.

PAST AMUNDSEN SEA LOW VARIABILITY
FROM ICE CORES. As the ASL dominates the
wind field over the West Antarctica region (Fig. 2),
there is the potential for a record of past ASL variabil-
ity to be retrieved from ice cores. The basic rationale
is that a deeper ASL results in stronger meridional
flow, which then transports more sea salt aerosol
to West Antarctic ice core sites (Kreutz et al. 2000;
Kaspari et al. 2005). This hypothesis is complicated by
the fact that ice core sea salt concentrations are used
by some as indicators of past sea ice extent (Wolff
et al. 2003, 2006). The physical basis supporting this
latter idea is that sea salt can be concentrated on the
sea ice surface via a number of different mechanisms
(e.g., frost flowers and brine-soaked blowing snow),
eventually forming aerosols that may subsequently be
transported inland by favorable winds. This sea-ice-
related mechanism for mobilizing sea salt aerosols
hasbeen observed at several coastal sites (Wagenbach
etal. 1998; Rankin et al. 2002); however, its ability to
affect higher-elevation inland locations is less certain
(Abram et al. 2013).

CAM4: TSST+RAD

-1 0.6 0.2

0.2 0.6 1

Fic. 3. Monthly MSLP trends (hPa decade™') for 1979-2011 in the (left) ERA-Interim, (middle) an atmospheric
model run with prescribed time-varying tropical SSTs with constant climatological values of other forcings, and
(right) an atmospheric model run with prescribed time-varying tropical SSTs and historical values of natural and
anthropogenic radiative forcings. White stippling indicates trends significant at p < 0.05 based on a two-tailed t test.
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For West Antarctica, Kreutz et al. (2000) showed
that a deeper ASL transports more sea salt aerosol to
Siple Dome (81.7°S, 148.8°W) during austral spring.
They also showed that no significant correlations ex-
ist between Siple Dome sea salt and seasonal mean sea
ice extent in the region. Spectral analysis of the suban-
nual portion (AD 1890-1994) of the Siple Dome ice
core record suggests ENSO teleconnections (3.3- and
7.1-yr periodicities). Examination of the full record
(AD 850-1994) reveals a strong 40-45-yr periodic-
ity over ~AD 850-1700 and an overall deepening of
the ASL during the Little Ice Age period (nominally
~AD 1400-1900) accompanied by a distinct shift
in periodic structure from 60-80 to 80-140 yr that
persists up to the present (Kreutz et al. 2000). Further
research by Kaspari et al. (2005) showed that ice core
sea salt concentrations increase when sea ice extent
increases in some regions of West Antarctica and
suggested frost flowers from newly formed sea ice
as a potential source. However, Kaspari et al. (2005)
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Fic. 4. (a) Locations of the seven West Antarctic ice cores used to provide a regional Na concentration, which
was compared with MSLP and ASL parameters.

ultimately concluded that wind speed and direction
are the primary factors controlling sea salt con-
centrations in West Antarctic ice cores. Intensified
atmospheric circulation causes turbulent boundary
conditions in winter, resulting in greater production
of sea spray aerosols, and/or enhanced transport of
frost flower and sea spray aerosols.

To investigate further the association between
the ASL and sea salt aerosol transport, we compared
mean annual sodium (Na) concentrations in a series
of seven West Antarctic ice cores (Fig. 4a) to ASL pa-
rameters derived from the analysis of Hosking et al.
(2013) and gridded MSLP data from the ERA-Interim
atmospheric reanalysis. Individually, each ice core Na
record exhibited a negative association with austral
spring (September-November) MSLP in the Pacific
sector (approximately 67°-75°S and 120°-135°W). To
provide a regional signal, we stacked (i.e., normalized
and averaged) the seven ice core Na records, resulting
in a single time series that spanned 1859-2001.
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Fic. 4. (b) Correlation between mean annual Na concentrations in the stacked ice core record from West Antarc-
tica and annual MSLP for the 1979-2001 period. Correlations when p <0.05 are highlighted with cross hatching.

The relationships between the stacked mean an-
nual Na time series and seasonal ASL parameters are
shown in Table 1. They indicate that the annual Na
signal is dominated by austral spring, the only season
to exhibit a statistically significant relationship with
ASL central pressure. No significant relationships oc-
curred between the Na concentrations and either ASL
longitude or latitude. However, it is worth noting the

AMERICAN METEOROLOGICAL SOCIETY

reversal in the sign of the relationship in the former
in summer (Table 1), likely reflecting the fact that the
ASL is generally located farther east of the ice core
sites in this season.

Similarly, plots of correlation between the stacked
Na time series and seasonal MSLP revealed that the
strongest negative associations occurred during
spring, with significance values of p < 0.05 throughout
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ets were detrended prior to analysis.

TaBLE |. Correlation coefficients between the stacked
mean annual Na time series, and the following indices of
the ASL over the period from 1979 to 2001: central pres-
sure (cenP), longitude (lon), and latitude (lat). All datas-

The 50-yr period (2051-2100)
was compared between the repre-
sentative concentration pathway
(RCP) 2.6 and 8.5 future scenario
runs for 28 CMIP5 models. This

enables us to assess the sensitivity

DJF MAM JA SON

of the ASL to changes in radiative
o et L ey UL —0.65* forcing while ensuring that ozone
Na/lon -031 0.13 0.05 0.14 forcing is relatively unchanged.
Na/lat -0.17 0.04 —-0.06 —0.03 Bracegirdle et al. (2014) concluded

“ Significant at p < 0.01.

the Ross, Amundsen, and Bellingshausen Seas in this
season. This strong negative relationship dominates
the correlation plot of annual Na concentration and
annual MSLP (Fig. 4b), further demonstrating that
regional Na concentrations contained in the West
Antarctic ice core record do provide an indication of
past ASL variability. While these results are promis-
ing, further work needs to be done to obtain a more
detailed picture of past ASL variability and its rela-
tionship with regional aerosol transport.

FUTURE AMUNDSEN SEA LOW VARI-
ABILITY. Future changes to the ASL are difficult to
predict because of the high regional variability and
uncertainties regarding its response to greenhouse
gases and stratospheric ozone (e.g., Turner et al. 2009).
To assess future changes in the strength of the ASL,
we evaluated the multimodel ensembles produced as
part of the CMIP5 exercise. The coupled ocean—sea
ice model components exhibit large biases over the
Southern Ocean leading to large uncertainties regard-
ing future oceanic and sea ice change (e.g., Turner
etal. 2013a). However, by comparing CMIP5 coupled
models to their atmosphere-only counterparts [At-
mospheric Model Intercomparison Project (AMIP)
runs], we find that the simulated ASL is insensitive to
surface forcing. Therefore, it is likely that any future
ASL changes will be driven primarily by the modified
atmospheric circulation that results from increasing
greenhouse gases and stratospheric ozone recovery.
As such, the impact of ocean and sea ice errors (within
the coupled CMIP5 runs) on the ASL is assumed to
be of secondary importance.

To gain some insight into what the future state of
the ASL might be, we focus on the relative central
pressure (Hosking et al. 2013). This allows us to disen-
tangle large-scale changes in pressure associated with
trends in the SAM from regional variability. Here, we
address the following question: Is the ASL relative cen-
tral pressure sensitive to increasing greenhouse gases?

[18 | BAMS JANUARY 2016

that regional future change is

insensitive to the horizontal reso-

lution of the model. We therefore
assume that intermodel spread arises primarily from
the different dynamics and physics schemes used
within the models. Histograms of ASL relative central
pressure for each model, which include all their model
ensemble members, show that the distributions are
fairly Gaussian in shape. Therefore, we assess differ-
ences in the medians and interquartile range (IQR)
between RCP 2.6 and 8.5 to quantify, respectively, the
positive-negative shift of the data (corresponding to
a shallower—deeper ASL) and any change in interan-
nual variability.

The scatterplots in Fig. 5 illustrate the difference in
the medians against the difference in IQR (i.e., RCP
8.5 “minus” RCP 2.6). For example, in fall the Hadley
Centre Global Environment Model, version 2—At-
mosphere and Ocean (HadGEM2-AO) model shows
that the relative central pressure of the ASL is around
1.3 hPa deeper in the “high-emission scenario” RCP
8.5 compared to the “high-mitigation scenario” RCP
2.6. The change in the IQR for this model is small in
comparison (~—0.3 hPa).

With the exception of summer, most of the models
show a slight negative shift in the median, with differ-
ences ranging between —1.0 and 0.5 hPa; that is, the
ASL relative central pressure is more negative (deeper)
in most models with increasing radiative forcing.
However, there is no coincident shift apparent in the
IQR. In summer the change in median is distributed
fairly evenly around the axis origin. This season also
has the smallest range in IQR of ~+0.7 hPa, indicating
less year-to-year variability in the meridional wind
strength.

The sensitivity of relative central pressure to
greenhouse gases differs widely across the models;
for example, the Goddard Institute for Space Stud-
ies Model E2, coupled with the Hybrid Coordinate
Ocean Model (GISS-E2-H) is consistently more posi-
tive (shallower ASL) outside of the summer months,
and similarly for the Norwegian Earth System Model,
version 1 (intermediate resolution; NorESM1-M)
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FiG. 5. The sensitivity of simulated relative central pressure for each season in 28 CMIP5 models, to different
concentrations of greenhouse gases. Sensitivity is assessed for each model by calculating the difference between
the median (x axis) and IQR (y axis) from histograms of 50-yr periods (2051-2100) from two contrasting future

scenarios, RCP 8.5 minus RCP 2.6.

in fall and winter. In contrast, the First Institute of
Oceanography (FIO) Earth System Model (ESM;
FIO-ESM), EC-Earth Consortium (EC-Earth), and
Second Generation Canadian Earth System Model
(CanESM2) simulations are relatively insensitive to
such changes. The best agreement across the models
is seen in fall, suggesting that the regional meridional
winds controlled by the ASL will be stronger in the
future as greenhouse gases continue to rise. Similarly,
Bracegirdle et al. (2008) found that fall has the larg-
est increase in regional surface wind speeds over
the twenty-first century when simulated by CMIP3
models following a medium mitigation scenario.

Following the conclusions of Hosking et al. (2013),
the reduction in relative central pressure across the
models here indicates that northerly winds, tempera-
ture, and precipitation near the coast of Ellsworth
Land are expected to increase in seasons other than
summer as greenhouse gases rise. Given the observed
changes in the annual cycle of ASL absolute central
pressure (Turner et al. 2013b), it is possible that such
a response has already begun.

SUMMARY AND DIRECTIONS FOR FU-
TURE RESEARCH. The ASL is an important
circulation feature that influences West Antarctic
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climate variability. Observations reveal that the
ASL has deepened in recent decades with potential
impacts on the regional climate through its influ-
ence on the meridional wind field. The majority of
climate model projections suggest that the ASL will
deepen over the twenty-first century in response
to greenhouse gas increases. Given the observed
decrease, it is possible that this process has already
started. However, atmospheric model simulations of
the past few decades indicate that tropical variability
has played a major role in the observed deepening of
the ASL, suggesting that a longer time period may be
needed to clearly detect the signals of anthropogenic
forcing in the ASL.

Although its influence on West Antarctic cli-
mate is clear, the ASL has been the central subject
of relatively few studies; most ASL-related studies
have been focused on variability within the SAM
(e.g., Fogt et al. 2011) and ENSO (e.g., Lachlan-Cope
and Connolley 2006). It is important, however, to
understand the intrinsic variability of the ASL and
its role in Antarctic climate. Many questions about
the ASL remain to be answered. Some of these are
fundamental, such as, why does the ASL exist where
it does, how do different weather systems contribute
to the climatological ASL, and how does the ASL vary
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at different temporal scales? The influence of the ASL
on recent Antarctic sea ice growth as well as its role
in regional ocean and shelf seas processes also need
to be further examined. Research focused on these
questions should provide answers that will ultimately
improve our understanding of Southern Hemisphere
polar climate and its predictability.
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