










leading to more absorbed solar radiation. Because of increased
heating from below (ocean) and above (atmosphere), combined
with increased liquid precipitation, the Antarctic sea ice is ex-
pected to decline in the 21st century. As shown in Fig. 5, all three
scenarios show a loss of the total Antarctic sea ice area over the
21st century (0.4 × 105 km2 per decade for B1, 2 × 105 km2 per
decade for A1B, and 3.02 × 105 km2 per decade for A2), with
the greatest loss occurring in the Atlantic and Indian sectors
of the Antarctic. Additionally, the rate of decline accelerates after
the late 2060s for the A1B and A2 scenarios. Thus, improved re-
presentation in models of atmosphere–sea ice–ocean interactions
will be critical for forecasting Antarctic sea ice changes as cli-
mate warms.

Methods
The observed SST datasets used in the study include the Hadley Centre Sea
Ice and Sea Surface Temperature (7), and the extended reconstructed sea
surface temperature (8) for 1950–1999. Precipitation and evaporation
obtained from the European Centre for Medium-Range Weather Forecast
40-Year Reanalysis* for 1958–1999, and Antarctic sea ice index obtained
from the National Snow and Ice Data Center† are used to facilitate the
analysis. We use model outputs from (i) the NCAR Community Climate Sys-
tem Model 3.0, and (ii) the Geophysical Fluid Dynamics Laboratory Coupled
Climate Model, including the preindustrial control experiment, the climate
of the 20th century experiment, and the 21st century climate projection
experiments. We identify the dominant spatial and temporal patterns of
SST variability in the Southern Ocean using EOF analysis. The EOF mode
identifies regions that are closely related and with strong gradient (spatial
variability), and the PC indicates the amplitude of EOF as it varies through
time (temporal variability). Here, we focus on the first EOF modes that are
statistically significant (24). We use the singular value decomposition
analysis to identify the dominant coupled pattern between the ERA40’s
precipitation minus evaporation and HadISST SST south of 40 °S for
1958–1999.
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Fig. 5. Time series of the total Antarctic sea ice area anomaly (×105 km2) for
the three scenarios during the 21st century.

†http://nsidc.org/data/g02135.html

Liu and Curry PNAS Early Edition ∣ 14993 of 14993

G
EO

PH
YS

IC
S

D
ow

nl
oa

de
d 

by
 g

ue
st

 o
n 

M
ar

ch
 1

, 2
02

1 

http://nsidc.org/data/g02135.html
http://nsidc.org/data/g02135.html
http://nsidc.org/data/g02135.html

