During the International polar Year,
we assess our knowledge of recent
Antarctic near-sur face temperature and snowfall variability—two
key parameters for understanding
Antarctica’s role in climate change
and sea level rise.
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Fig. 1. Antarctic digital elevation model (Liu et al. 2001) with geographic features and
location names mentioned in the text. The pink circles indicate the locations of longterm Antarctic instrumental records. Topography plays a first-order role in determining
Antarctic climate, and therefore maps of annual mean near-surface temperature,
snowfall accumulation, and wind speed have spatial patterns that closely follow terrain
elevation. The coldest, driest, and least windy regions are located at the highest reaches
of east Antarctica (blue and purple shades), while warmer, wetter, and windier regions
generally are located along the coastal margins (orange and red shades).

A

ntarctica is a challenging region for conducting
research because of its geographic remoteness, climate
extremes, vastness, and lack of permanent human
inhabitants. A sparse network of about 15 manned
stations, mostly along the coast, has provided a continuous
instrumental weather record for a continent 1.5 times the
*Byrd Polar Research Center Contribution Number 1366
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size of the conterminous United States since the International Geophysical Year (IGY) in 1957/58 (Fig. 1). Even the
long-term annual and seasonal means of basic parameters
such as snowfall and clouds across Antarctica are not
yet fully agreed upon. Additionally, the combination of
short records and large interannual climate fluctuations
compared to the six inhabited continents (Table 1) make
determining temporal changes difficult.
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Table 1. Year-to-year variability [as measured by standard deviation (σ) of the area-averaged
annual ERA-40 MSLP and 2-m temperature for 1980–2001 over the seven continents (land grid
points only**). Antarctica has about 2 or more times the annual variability of MSLP compared to
other continents, due to the high frequency of storms in the unbroken stretch of Southern Ocean
surrounding the continent. Near-surface temperature variability is second to Europe.
Continent
Europe
Asia

σ MSLP (hPa)

σ2-m temp (K)

7.5

0.62

0.61

44.7

0.29

0.36

North America

21.1

0.39

0.53

South America

17.5

0.24

0.21

Africa

29.6

0.36

0.23

Australia

8.1

0.75

0.32

Antarctica**

12.7

1.49

0.56

*

*

Surface area (106 km2)

Excludes Greenland.

In order to ensure that it is a proxy of the regional synoptic variability, σ MSLP for Antarctica is calculated only for ocean grid points south
of 60°S (a region with a total surface area of 21.4 × 10 6 km2). Over the high, icy land grid points, Antarctic surface pressure is dominated
by the strong seasonal temperature cycle, rather than synoptic variability. The σ MSLP over the land grid points has a similar magnitude to
that for the ocean grid points (1.73 hPa).
**

Satellite remote sensing and atmospheric models
have been key tools for filling in gaps in the instrumental record. These techniques have especially
improved our knowledge of the spatial variability
of, for example, temperature (Comiso 2000), wind
fields (Parish and Bromwich 2007), and snowfall
(e.g., Turner et al. 1999). However, relatively short
satellite records, and chronological changes in the
quality and volume of data assimilated into models,
have hampered efforts to understand temporal
changes. Atmospheric model reanalysis fields are
generally unreliable over Antarctica prior to the
modern satellite era (~1980), and are of reasonable
quality thereafter, thereby providing only a 25-yr
record of homogeneous spatiotemporal information
on Antarctic climate variability (e.g., Bromwich and
Fogt 2004). Nonetheless, even within the past 25 yr
some reanalysis variables still have questionable temporal trends compared to observations (e.g., Johanson
and Fu 2007).

Combined, the East and West Antarctic Ice Sheets
have the potential to raise sea level by ~70 m (Shepherd
and Wingham 2007). The larger East Antarctic Ice
Sheet is approximately in balance but the smaller
(Greenland sized) West Antarctic Ice Sheet (WAIS)
is losing mass and contributing to sea level at a rate of
0.13–0.41 mm yr–1 (Zwally et al. 2005; Velicogna and
Wahr 2006), largely due to regional ocean warming
near its base, which is situated below sea level (Payne
et al. 2004). There is evidence that the thinning rates
of several large glaciers composing WAIS have accelerated recently, raising concern that WAIS could
potentially contribute substantially more volume to
sea level rise in the future (Thomas et al. 2004). The
unpredictability of WAIS has underscored the urgency to understand and attribute Antarctic climate
changes.
Thus, there is a compelling need to lengthen
Antarctic climate records, and if possible to do so
in a manner that represents their spatial variability
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over the complex topography so that regional changes
can be assessed. Innovative techniques that blend the
spatial information provided by remote sensing and
atmospheric models with the temporal information
from instrumental and ice core records have been
employed to achieve this goal. Here we summarize
the new perspective on Antarctic near-surface temperature and snowfall variability that has been gained
in recent years using such techniques. These two
parameters are of key importance for understanding
Antarctic climate change and the contribution of the
Antarctic ice sheet to global sea level rise. Snowfall
is the largest contributor to the growth of the ice
sheets (Bromwich 1988; van de Berg et al. 2005), and
near-surface temperature controls surface melting
(e.g., Picard et al. 2007), which in turn has important impacts on the stability of Antarctic ice shelves
and glaciers (van den Broeke 2005; Marshall et al.
2006).
NEAR-SURFACE TEMPERATURE. In contrast to widespread temperature increases globally
(Hansen et al. 2006), instrumental records indicate
statistically insignificant (p > 0.05)1 seasonal and
annual near-surface temperature changes over
continental Antarctica from the late 1950s through
2000 (Turner et al. 2005a). The notable exception is
the Antarctic Peninsula, a finger of land composing
about 4% of Antarctica’s surface area (roughly the
size of California). The peninsula projects equatorward into the Southern Ocean (Fig. 1), and thus has
a climate that is milder and more strongly coupled
to the ocean than that of continental Antarctica.
Temperatures on the northern half of the peninsula,
which spans latitudes analogous to Scandinavia in the
Northern Hemisphere, frequently reach the melting
point during the warm months (Torinesi et al. 2003).
Statistically significant temperature increases have
occurred at one or more stations in all four seasons
and annually over the past five decades (Turner et al.
2005a), with annual magnitudes among the largest on
Earth at Faraday/Vernadsky Station located at 65.3°S,
64.3°W (+0.56 K decade–1 from 1951 to 2000, p < 0.05).
The substantial warming on the peninsula has been
cited as a contributor to the dramatic breakup of a
1

In this case, p is the probability that the temporal trend of a
time series will be zero for multiple realizations of the time
series (Moore and McCabe 2006). The value of p = 0.05 is
the commonly used limit for statistical significance of a
trend. If p > 0.05, the trend is expected to be zero for at least
5% of realizations of the time series and is considered to be
statistically insignificant.
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Rhode Island–sized portion of the Larsen B Ice Shelf
in 2002 (Scambos et al. 2003), which paleoclimate
records suggest existed for at least the prior 10,000
years (Domack et al. 2005). The causality of the
inhomogeneous pattern of Antarctic temperature
trends—little change at the Antarctic continental
stations, but strong warming on the peninsula—has
been attributed to a combination of factors, including
a strengthening of the circumpolar westerlies
(Thompson and Solomon 2002) and regional sea
ice variability (e.g., Jacobs and Comiso 1997). The
fluctuations of the circumpolar westerlies, referred
to as the Southern Hemisphere Annular Mode (SAM;
Thompson and Wallace 2000), have an especially
important impact on Antarctic climate variability,
explaining about 1/3 of the total variance in surface
pressure (Hall and Visbeck 2002). Recent studies suggest that the observed strengthening of the SAM has
an anthropogenic component resulting from greenhouse gas increases and stratospheric ozone depletion
(Marshall 2003; Marshall et al. 2004; Shindell and
Schmidt 2004; Arblaster and Meehl 2006; Cai and
Cowan 2007).
Skin temperature records from Advanced Very
High Resolution Radiometer (AVHRR) instruments
on board the National Oceanic and Atmospheric
Administration’s suite of polar-orbiting satellites
have been developed to obtain an enhanced spatial
perspective of Antarctic near-surface temperature
variability beyond the handful of instrumental
records (e.g., Comiso 2000). For example, Kwok
and Comiso (2002a) employ the AVHRR record
and find a statistically insignificant temperature
decrease over continental Antarctica from 1982
to 1998 that is broadly consistent with the instrumental measurements, but provides more detail of
temperature changes over the Antarctic interior
where only two long-term instrumental records exist.
While promising, AVHRR temperature records are
still relatively short (1982–onward) and should be
supplemented with other records when possible
because they are biased toward clear-sky conditions
and because distinguishing clouds from the high,
cold Antarctic terrain can be problematic in existing
algorithms (Comiso 2000).
Three recent studies have employed statistical
methods to extend the Antarctic temperature record
at the continental scale. Schneider et al. (2006) reconstructed a continent-average Antarctic temperature record from ice core stable isotopes and found
that despite large annual and decadal variability,
a slight positive trend of about 0.2 K century–1 has
occurred since ~1880, which appears to be weakly
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in phase with the rest of the Southern Hemisphere. surface temperatures for a length of time that approxChapman and Walsh (2007) performed an objective imately doubles that of the existing spatially compreanalysis of Antarctic near-surface temperatures from hensive, reliable Antarctic temperature records from
the early 1950s through 2002 and found that the AVHRR and model fields. Figure 3 demonstrates
overall Antarctic temperature trends depend on the how the data can be applied to evaluate regional
period for which they are calculated, being positive near-surface temperature trends in each of the 24
prior to 1965 (through 2002), and mainly negative Antarctic glacial drainage basins. The maps show that
thereafter, although never statistically significant the annual temperature increases on the peninsula
for any period (despite some regionally significant have been consistent throughout the past 46 yr, while
trends). Monaghan et al. (2008) present a spatially the trends over continental Antarctica have been
resolved analysis of Antarctic
near-surface temperature variability from 1960 to 2005,
constructed by blending the
instrumental temperature
record with model reanalysis
temperature fields from the
40-yr European Centre for
Medium-Range Weather Forecasts Re-Analysis (ERA-40;
Uppala et al. 2005). The use
of ERA-40 background fields
inherently accounts for the
effects of the atmospheric
circulation and topography
on spatial variability in the
new temperature record, while
the temporal variability is
derived from the instrumental record. Monaghan et al.
(2008) compare their record,
the AVHRR record of Kwok
and Comiso (2002a), and the
objective analysis record of
Chapman and Walsh (2007)
with independent observations and find that all are
useful for evaluating regional
near-surface temperature variability and trends throughout Antarctica. The datasets
Fig. 2. (top) Annual Antarctic near-surface temperature anomalies (K)
are consistent with each othduring 1950–2005 from four datasets described in the text. Anomalies
er at the continental scale,
are with respect to the 1980–99 mean. (bottom) The annual and seasonal
indicating that overall there
linear trends (K decade –1) for each dataset during the common period
have not been statistically
1982–2002. None of the trends are statistically significant from 0 at the
95% confidence interval, as indicated by the error bars. Note the close
significant Antarctic nearagreement between the Monaghan et al. (2008) and Chapman and Walsh
surface temperature trends
(2007) datasets (r = 0.96) despite using different techniques. The Schneider
since the IGY (Fig. 2).
et al. (2006) time series fits the instrumentally based records remarkably
The new records of
well considering it is based on ice core stable isotope records. Note that
Chapman and Walsh (2007)
the Schneider et al. (2006) trends are only calculated for the annual case
and Monaghan et al. (2008)
through 1999, per the limitations of the dataset. (Not shown: For the longer
provide monthly and annual
datasets, none of the annual or seasonal Antarctic near-surface temperature trends are statistically significant if calculated for 1960–2002.)
1° × 1° grids of Antarctic near1298 |
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statistically insignificant and the sign is dependent
on the time period analyzed. The especially large
interannual variability of near-surface temperatures
over the Antarctic Peninsula and West Antarctica is
evident from examining the most recent trends. For

example, during the 26 yr spanning 1980–2005, the
large positive trends on the peninsula are statistically
insignificant, as are the large negative trends in West
Antarctica. The high variability in both regions is due
to, among other reasons, the strong influence of the

Fig. 3. Linear trends of annual Antarctic near-surface temperature (K decade –1) for (a) 1960–2005, (b) 1970–2005,
(c) 1980–2005, and (d) 1990–2005, calculated from the area averages from the Monaghan et al. (2008) dataset in
each of the glacial drainage basins (defined following Vaughan et al. 1999). Larger dots represent larger trends
as specified by the legend. For example, the red (blue) dot in the legend labeled “1.5” (“–1.5”) represents a
trend that is >1.5 (<–1.5) K decade –1. Statistical significance is represented by symbols: “+” is p < 0.10, “*” is
p < 0.05, and “Δ” is p < 0.01. The statistical uncertainty accounts for the variance, as well as the methodology
and measurement error.
AMERICAN METEOROLOGICAL SOCIETY
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El Niño–Southern Oscillation (ENSO; i.e., Bromwich
et al. 2000; Kwok and Comiso 2002b; Bromwich et al.
2004). The ENSO signal is transported from the tropics to the high southern latitudes by a climatological
Rossby wave train that causes pronounced geopotential height anomalies in the southeast Pacific Ocean
near the coast of West Antarctica (Turner 2004, and
references therein).
The potential impacts of atmospheric warming in
Antarctica may be most marked during summer, when
temperatures along the coastal margins hover near 0°C
and melt occurs regularly (Liu et al. 2006). Regional
temperature trends during summer (December) are
shown in Fig. 4 for two periods: 1970–2005 and 1992–
2005. Superimposed on subtle temperature decreases
from 1970 to 2005 are strong, statistically significant
temperature increases over East Antarctica since the
early 1990s. The increases are consistent with satellite
microwave observations indicating slightly positive
melting trends in regions of coastal East Antarctica
during roughly the same period (Liu et al. 2006;
Picard et al. 2007). The onset of positive December
temperature trends over most of the continent in the
early 1990s coincides with a slackening of the SAM
during summer, which has been strengthening since
the 1960s (Monaghan et al. 2008). When the SAM
strengthens, temperature decreases occur over continental Antarctica, opposed by increases over most

of the Antarctic Peninsula (Schneider and Steig 2002;
van den Broeke and van Lipzig 2004; Marshall 2007),
a pattern that has dominated Antarctic temperature
trends since the late 1960s (i.e., Figs. 3b,c). It is too
early to tell whether the recent positive summer nearsurface temperature trends will continue, because
both temperature and the SAM are subject to strong
interannual and interdecadal variability, and because
cooler temperatures resulting from the eruption of
Mount Pinatubo in the early 1992 may have contributed to the positive trends as well. For example, if
the period for which the recent December trends are
calculated is increased by only two years (1990–2005,
not shown), the resulting trends are of similar magnitude and sign to those for 1992–2005 (Fig. 4b), but
they are not statistically significant in any of the 24
basins. Such a result emphasizes the importance of
having long records of meteorological parameters for
analyzing climate change. Next, we evaluate snowfall,
a critical term for determining the mass balance of the
Antarctic ice sheet.
SNOWFALL . Snowfall accumulation is the
primary mass input to the Antarctic ice sheets,
and is the net result of precipitation, sublimation/
vapor deposition, drifting snow processes, and
melt. Precipitation—overwhelmingly in the form
of snowfall—is dominant among these components

Fig. 4. As in Fig. 3, but for December (austral summer) Antarctic near-surface temperature trends (K decade –1)
for (a) 1970–2005 and (b) 1992–2005.
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(Bromwich 1988). Precipitation falls most abundantly
along the steep coastal margins (coincident with
the red/orange hues in Fig. 1), up to ~2,000 mm yr–1
water equivalent (WE), due to orographic lifting of
relatively warm, moist air associated with the many
transient, synoptic-scale cyclones that encircle the
continent (e.g., Simmonds et al. 2003). The influence
of synoptic activity decreases inward from the coast,
and over the highest, coldest reaches of the continent
the primary mode of precipitation is due to cooling
of moist air just above the surface-based temperature
inversion. This extremely cold air has little capacity to
hold moisture, and thus the interior of Antarctica is a
polar desert. A region roughly the size of the United
States receives <200 mm yr–1 WE (e.g., Vaughan et al.
1999; Giovinetto and Zwally 2000).
In recent decades, estimates of snowfall accumulation over the Antarctic ice sheets have been made by
three techniques: surface-based observations, remote
sensing, and atmospheric modeling. Constructing a
reliable dataset of snowfall accumulation from these
methods has been difficult because of the remoteness of the continent, the questionable accuracy
of snowfall measurements, isolating snowfall and
snowfall accumulation signals from satellites, model
shortcomings, etc. (see Bromwich et al. 2004 for a
thorough review). Considering the limitations of
these techniques, it is not surprising that the longterm-averaged continent-wide maps of snowfall
accumulation over Antarctica yield a broad spectrum of outcomes. The results from several studies
range from 119 mm yr–1 WE (van de Berg et al. 2005)
to 197 mm yr–1 WE (Ohmura et al. 1996) for the
grounded ice sheet (estimates for the conterminous
ice sheet, which includes the ice shelves, are generally
~10% higher). Most recent estimates suggest that the
mean annual snowfall accumulation over Antarctica
is about 150–170 mm yr–1 WE (Vaughan et al. 1999;
Arthern et al. 2006; van de Berg et al. 2006). It is
important to establish accurate long-term snowfall
accumulation records for Antarctica because they
are used in calculations of the ice sheet mass balance:
the net result of snowfall accumulation minus ice loss
from discharge and melting (e.g., Rignot and Thomas
2002). A 25-mm WE discrepancy in Antarctic snowfall estimates is the equivalent of 1 mm of global sea
level, and thus can lead to considerable uncertainty
in ice sheet mass balance estimates (e.g., van den
Broeke et al. 2006).
Assuming a reasonable estimate of annual
Antarctic-averaged snowfall accumulation is
150 mm yr–1 WE (i.e., 6-mm global sea level equivalent), it is clear in light of the current global sea level
AMERICAN METEOROLOGICAL SOCIETY

rise of about 3 mm yr–1 (Leuliette et al. 2004) that
assessing the temporal variability of Antarctic snowfall is an important undertaking. Even small temporal
changes to Antarctic snowfall will have important
implications for sea level rise. Atmospheric models
have been the primary tool for assessing temporal
variability. The latest studies employing global and
regional atmospheric models to evaluate changes in
Antarctic snowfall indicate that no statistically significant increase has occurred since ~1980 over the
continent (Monaghan et al. 2006a; van de Berg et al.
2005). It has been problematic to assess model precipitation trends prior to ~1980 because of artificial trends
or jumps in model fields related to the change in the
volume and type of data available at the onset of the
modern satellite era in 1979 (van de Berg et al. 2005;
Bromwich et al. 2007). However, such a short record
(~25 yr) is hardly long enough to establish whether
meaningful trends exist due to the strong interannual
variability of snowfall (Monaghan et al. 2006b).
To extend the length of the Antarctic snowfall
record, Monaghan et al. (2006b) use the spatial information provided by atmospheric model precipitation fields from ERA-40 to extrapolate a suite of
ice core snowfall accumulation records in space and
time. The ice core records were extracted during the
International Transantarctic Scientific Expedition
(Mayewski and Goodwin 1997), a multinational field
program aimed at extending knowledge of Antarctic
climate variability over the past 200 yr. The resulting
spatially resolved snowfall dataset spans 1955–2004,
approximately doubling the length of the existing
model-based records. An updated time series from
the dataset, now adjusted to ref lect the ERA-40
snowfall variance at interannual time scales, is shown
averaged over the continent in Fig. 5. The extended
time series sheds a new perspective on Antarctic
snowfall variability. For example, the record suggests
that Antarctic snowfall over the past five decades may
be influenced by a long-term cycle. The 5-yr running
mean (in blue) suggests that the period of the cycle
roughly follows that of the Pacific decadal oscillation
(PDO; e.g., Trenberth and Hurrel 1994), with lower
values prior to the mid-1970s, and then transitioning
to higher values thereafter, at about the same time as
the famous 1970s “climate shift” in the Pacific Ocean
(Miller et al. 1994), and perhaps transitioning again
to lower values around 2000, about the time the PDO
shifted toward a negative phase. The signature of
the PDO, which strongly resembles a low-frequency
version of ENSO (Zhang et al. 1997), has been recognized previously in an isolated record from an interior
high-elevation site in East Antarctica (Ekaykin et al.
september 2008
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means of decreasing the
availability of the snow-free
nesting habitat required
by the birds (Fraser and
Patterson 1997).
S N O W F A L L /
T E M P ER A T URE
SENSITIVITY. Considerable uncertainty still exists among estimates of the
global sensitivity of precipitation to temperature
fluctuations, which range
from 2% to 7% K–1 (Held
Fig . 5. Annual Antarctic snowfall accumulation (mm yr –1, in red) during
1955–2004 from Monaghan et al. (2006b). Anomalies are with respect to
and Soden 2006; Wentz
the 1955–2004 mean. The 5-yr running mean is shown in blue. The ±95%
et al. 2007). The discrepconfidence intervals for the annual anomalies are shown in gray. The statisancy remains unresolved
tical uncertainty accounts for the variance, as well as the methodology and
mainly because of the varimeasurement error.
able quality and length
of precipitation records
2004), but this is the first time the signal has been sug- available, especially at high latitudes (e.g., Zhang
gested at the continental scale. It is noteworthy that et al. 2007), as well as the fact that the sensitivity of
the cyclic signature in Fig. 5 is present in both East precipitation to temperature is dependent on many
and West Antarctica when the record is examined signals operating on a range of time scales (Allen
regionally (not shown).
and Ingram 2002). Clearly, it is important to improve
Figure 5 indicates that there has been little overall and when possible extend precipitation records in
change in Antarctic snowfall during the past five order to gain estimates of the temperature sensitivdecades, despite surface temperature increases in the Southern
Hemisphere as a whole (Brohan
et al. 2006), including the vast
ocean regions that are largely the
source of Antarctic precipitation
(Delaygue et al. 2000). The continent-averaged Antarctic trend is
the net result of both positive and
negative regional trends, which in
some drainage basins are weakly
(p < 0.10) statistically significant
(Fig. 6). The positive snowfall
trends on the western side of the
Antarctic Peninsula have been
attributed to a deepening of the
circumpolar pressure trough,
which has enhanced ascent in
the region (Turner et al. 2005b).
The snowfall increases, among
other climate change factors,
have been linked to observed
Fig. 6. As in Fig. 3, but for linear trends of annual Antarctic snowfall
decreases in Adélie penguin
accumulation (mm yr–1 decade –1) for 1955–2004, calculated from the
populations on the western side
area averages from the Monaghan et al. (2006b) dataset in each of the
glacial drainage basins.
of the Antarctic Peninsula, by
1302 |
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ity of precipitation at a range
of time and space scales, from
global to regional. In the case of
Antarctica, establishing the sensitivity of snowfall to temperature changes is critical for understanding the future contribution
of Antarctica to global sea level
rise. The new Antarctic nearsurface temperature and snowfall datasets can be employed to
evaluate the observed sensitivity
of Antarctic snowfall to temperature f luctuations during
the past 45 yr (Fig. 7). Here we
Fig. 7. Sensitivity of Antarctic snowfall to near-surface temperature
assume that near-surface temfluctuations (% K–1) for the period 1960–2004. The 95% confidence
peratures approximately scale
intervals are indicated by the error bars. Red bars are calculated using
to tropospheric temperatures
annual data, blue bars are from data that has been smoothed with 5-yr
running means, and green bars are from data that has been smoothed
(Allen and Ingram 2002), and
with 10-yr running means. “Coastal” (“interior”) regions are defined
thus can be used to assess the
by
elevations <1,000 m (>1,000 m).
sensitivity of precipitation to tropospheric temperature. Figure 7
indicates that relatively low-elevation regions such as
A recent study of Antarctic radiosonde data indiWest Antarctica and the coastal margins have lower cates significant winter temperature increases in the
sensitivities to temperature changes, likely due to the midtroposphere since 1970 (Turner et al. 2006), but
enhanced synoptic activity in these areas. Higher- a void exists in the record over West Antarctica, a
elevation regions such as East Antarctica and the key region of interest. Johanson and Fu (2007) derive
interior of the continent have larger sensitivities. tropospheric temperature trends from satellite microOverall, Antarctic snowfall has a positive sensitivity wave sounding data over a shorter period (1979–2005)
of between 1% (annual time scales) and 5% (decadal and show that the largest winter tropospheric warmtime scales). Assuming decadal time scales are most ing occurs in West Antarctica. It may be possible
relevant for long-term climate projections, if global to fill the void and gain a longer perspective on the
climate model (GCM) projections of 2–3.5-K tem- recent warming in West Antarctica by employing
perature increases over Antarctica by the end of this techniques like those used to generate the records
century are accurate (Chapman and Walsh 2007), a presented here (e.g., by combining radiosonde records
~10%–20% increase in snowfall might be expected with satellite and/or atmospheric model fields).
if the 1960–2004 sensitivity relationship holds. A
The new Antarctic near-surface temperature and
15% increase of Antarctic snowfall would mitigate snowfall records indicate complex patterns of regional
an additional ~1 mm yr–1 of global sea level in 2100 and seasonal climate variability, but a widespread
compared to today.
signal of Antarctic climate change is not obvious
over the past ~50 yr. Key questions are raised by the
APPLICATIONS AND FUTURE RESEARCH. records. Are summer temperature increases since the
New records have enhanced our perspective of the early 1990s over much of Antarctica part of a natural
space and time variability of Antarctic near-surface cycle or the start of an anthropogenic warming trend?
temperature and snowfall, two key parameters for Is Antarctic snowfall variability strongly influenced
understanding climate change and global sea level by low-frequency ENSO-like variability in the Pacific
rise. In forthcoming studies, the new records will Ocean (i.e., the PDO)? These issues will need to be
provide a means to benchmark the ability of GCMs monitored and addressed in order to place Antarctic
to capture the temporal changes of temperature climate change into a global perspective.
and snowfall over Antarctica during an extended
period of the twentieth century, and to assess the ACKNOWLEDGMENTS. This research is funded
important sensitivity of snowfall to temperature in by the National Science Foundation Office of Polar
the models.
Programs Glaciology Program (Grant NSF-OPP-0337948).
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Antarctic temperature records. Model reanalysis data were
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