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Understanding differences in Antarctic sea-ice-
extent reconstructions in the Ross, Amundsen,
and Bellingshausen seas since 1900

Ryan L. Fogt!, Q. Dalaiden?® and M.S. Zarembka'

Antarctic sea-ice-extent reconstructions provide needed historical context to the large variability depicted in the

short satellite observations. However, it is important to be mindful of their uncertainties, especially when comparing

reconstructions based on paleoclimatological and instrumental data.

The South Pacific sector of the Antarctic
coastline, consisting of the (moving east
from the dateline) Ross, Amundsen, and
Bellingshausen seas, has demonstrated
some of the strongest trends in Antarctic
sea-ice extent since the satellite era (1979;
Parkinson 2019). The annual mean sea-

ice concentration trends (expressed as

% per decade) from 1979-2020 (Fig. 1a)
show statistically significant increases in
the western Ross Sea and decreases in

the Bellingshausen Sea near the Antarctic
Peninsula. Even with significant trends, these
regions are marked with strong interan-
nual sea-ice variability partly influenced by
teleconnections from the tropics (Holland
and Kwok 2012; Meehl et al. 2016; Purich et
al. 2016).

To help place the trends depicted by the
short time period of satellite observations
in a longer historical context, several sea-
ice reconstructions for the South Pacific
sector based on both paleoclimatological
records and instrumental observations have
been created. Abram et al. (2010) used the
chemical information from an ice core from
the Antarctic Peninsula to reconstruct the
annual sea-ice edge in the Bellingshausen
Sea (70°W-110°W) in the years 1900-2004.
Similarly, a later study by Thomas and Abram
(2016) reconstructed the annual mean sea-
ice edge at 146°W for the years 1702-2010,
marked as a green dot in Figure 1a.

To understand processes behind the sea-
ice-extent changes on longer timescales,
Dalaiden et al. (2021) combined ice-core and
tree-ring-width records with an Earth system
model through a data assimilation method
to provide annual historical estimates of

not only sea-ice extent and concentration,
but also the atmospheric circulation (tem-
perature, pressure, winds) during the years
1800-2000. More recently, Fogt et al. (2022)
reconstructed seasonal sea-ice extentin the
sectors from Raphael and Hobbs (2014) from
1905-2020 using a principal component
regression technique that employed obser-
vations of pressure and temperature across
the Southern Hemisphere, and indices from
leading modes of climate variability known
to influence Antarctic sea-ice extent. Despite
the potential to increase the understanding
of historical sea-ice variations from these re-
constructions, Fogt et al. (2022) noted a very
weak interannual correlation between these

datasets, making it challenging to know the
reliability and usefulness of each dataset; yet
understanding these uncertainties and dif-
ferences is fundamental to ensure a correct
application of the reconstructions.

South Pacific Antarctic sea-ice extent
since 1900

Figure 1b shows the annual mean (ap-
proximately related to the August-October
values for the Abram et al. (2010) recon-
struction) sea-ice reconstructions for the
Amundsen-Bellingshausen seas (top panel)
and Ross-Amundsen seas, along with satel-
lite observations. Importantly, the Fogt

et al. (2022) reconstruction was explicitly
calibrated to the satellite observations, so
itis not surprising that it agrees the best
with the observed values in both regions. In
contrast, the Dalaiden et al. (2021) recon-
structions are not calibrated to observations,
but rather are extracted (here, using the
Raphael and Hobbs (2014) sectors) from the
climate model simulation that is guided by
paleoclimatological data. These differences
in methodology certainly contribute to
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the differences among the various recon-
structions, since there is more agreement
between the paleo-based reconstructions
(all except Fogt et al. 2022) than between
the paleo-based and instrument-based (only
Fogtetal. 2022) reconstructions.

Nonetheless, the recent changes are cap-
tured to varying degrees by all the recon-
structions, showing decreases after 1979

in the Amundsen-Bellingshausen seas, and
increases in the Ross-Amundsen seas (Fig.
1b). Prior to 1979, however, there are notable
differences in the average sea-ice condi-
tions, with opposite behavior between the
paleo-based and Fogt et al. (2022) recon-
structions. In the Amundsen-Bellingshausen
seas, the paleo-based reconstructions
frequently indicate above average sea-ice
extent in the early-to-mid 20th century,
whereas the Fogt et al. (2022) reconstruc-
tion indicates below average sea-ice extent
during this time (Fig. 1b, top). The variability
is opposite in the Ross-Amundsen seas: here
the paleo-based reconstructions frequently
indicate below average sea-ice extent in the
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Figure 1: (A) Sea-ice concentration trends (% per decade) from 1979-2020, with areas of stippling indicating
trends that are statistically different from zero at p < 0.05. The lines denote the sectors used to define the sea-ice
extent - with the dashed lines showing the sectors established by Parkinson (2019) and the solid lines sectors
defined by Raphael and Hobbs (2014). (B) Timeseries of annual mean (August-October for Abram et al. 2010)
standardized sea-ice extent for the Amundsen-Bellingshausen seas (top row) and Ross-Amundsen seas (bottom

row).
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a) Annual Mean Sea-Ice Extent, 30-year Running Trends

Fogt et al. (2022)
Dalaiden |
et al. (2021)

Thomas and |
Abram (2016)

Observed

Ross-Amundsen

Seas

Fogt et al. (2022)

. c 3
Dalaiden | b
et al. (2021) 2 c
Abram i S 5
etal. (2010) 9P
= 3
| o E
Observed Starting Year m <<
Q O NNV 0O WO O 0O N0 N N
Q° N V7 >N DO D
R NI LARC SIRC alRe SR G ANRC IR
-15-1.2-09-06-03 0 03 06 09 1.2 15
trend (stdev per decade)
b) Annual Mean Sea-Level Pressure Trends
pre-1979 1979-end All
0 Dalaiden et al. (2021) 0 _&\
208 |UP" T 7 7/ s0s | O 7/7

60S
90S

|

0 60E 120E 180 120W 60W 0O

0 60E 120E 180 120W 60W 0

0 Fogt and onnoIIy (2021)

308 {
60S
90S

0 60E 120E 180 120W 60W 0

-0.9-0.75-0.6-0.45-0.3-0.15 0 0.15 0.3 0.45 0.6 0.75 0.9

Trend (hPa per decade)

Figure 2: (A) Thirty-year running trends of the standardized sea-ice-extent timeseries from Figure 1b. The
magnitude of the trend (in standard deviations per decade) is shaded, and stippling indicates 30-year trends
that are statistically different from zero at p < 0.05. (B) Annual mean sea-level pressure trends (shaded, in hPa per
decade) for 1905-1979 (left column), 1979-end (middle column), and the full time period (right column). The top
row is the sea-level pressure from the Dalaiden et al. (2021) simulation (which ends in 2000), and the bottom row
is the merged seasonal pressure dataset (annually averaged) from Fogt and Connolly (2021), which ends in 2013.
Stippling indicates trends that are statistically different from zero at p < 0.05.

early-to-mid 20th century, while the Fogt et
al. (2022) reconstruction indicates above av-
erage sea-ice extent prior to the onset of sat-
ellite observations (Fig. 1b, bottom). Perhaps
surprisingly, the correlations with observed
sea-ice concentration are all fairly similar
spatially (not shown), which suggests that the
various regions represented by each recon-
struction is a smaller contributing factor to
the disagreement in the reconstructions.

To highlight the differences further, 30-
year running trends of the annual mean
reconstructions are provided in Figure 2a.
Notably, the paleo-based reconstructions
all suggest that the sign (and often statistical
significance) of the observed trends for the
two regions continue throughout the 20th
century. In contrast, the Fogt et al. (2022)
trends indicate a change in the sign (and
often statistical significance) of the trends
priorto 1979.

The role of atmospheric circulation

Since Dalaiden et al. (2021) reconstructed
the historical changes of the atmosphere, it
is possible to also investigate changes in the
atmospheric circulation in relation to sea-ice
trends. Additionally, Fogt and Connolly
(2021) provide another pressure dataset,
which employs a seasonal, spatially com-
plete reconstruction poleward of 60°S (Fogt
etal. 2019) and the National Oceanic and
Atmospheric Administration 20th-century
reanalysis (Slivinski et al. 2019) equatorward
of 60°S. Importantly, the Fogt and Connolly
(2021) merged pressure dataset avoids
large artificial trends in other datasets over
Antarctica prior to 1957 and, therefore, likely
provides a more robust estimate of 20th-
century pressure trends (Fogt and Connolly
2021). Annual sea-level pressure trends from
the two datasets are displayed in Figure 2b.
In agreement with the sea-ice trends, the
pressure trends from Dalaiden et al. (2021)
are the same throughout the 20th century,

although not statistically significant prior

to 1979. In contrast, but consistent with the
instrument-based sea-ice reconstructions

of Fogt et al. (2022), the pressure trends in
the merged pressure dataset from Fogt and
Connolly (2021) show a reversal in pressure
trends across Antarctica before and after
1979. Since a large portion of the Antarctic
sea-ice extent in this region is driven by the
atmospheric circulation, Figure 2b demon-
strates that changes in the atmospheric cir-
culation give rise to the differences between
the Fogt et al. (2022) reconstructions and
those derived from paleoclimatological data.

Discussion

Further work is planned to better under-
stand the origin of these differences, with
particular attention paid to the atmospheric
circulation reconstruction. In contrast

with the paleo-based reconstruction, the
instrument-based reconstruction strongly
relies on large-scale climate patterns
depicted in the observations, but may not
fully represent the regional and highly vari-
able Antarctic weather that may be better
captured by ice cores closer to the Antarctic
sea-ice edge. Therefore, the impact of the
geographical locations of the observations
used in the reconstructions will be analyzed
through several sensitivity experiments by
including additional records, such as the
near-surface air temperature and surface-
pressure records from Antarctic weather
stations - available since 1958 - and coral
records situated in the tropical Pacific. These
sensitivity experiments will aid in unlock-
ing the contribution to regional Antarctic
sea-ice variations from large-scale telecon-
nections, including tropical teleconnections,
which have been demonstrated to play a
substantial role in the Antarctic climate over
the instrumental period (Holland and Kwok
2012; Meehl et al. 2016; Purich et al. 2016) on
much longer timescales.
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