South Pacific at ~50°S (Fig. 6.3a). Nearby, negative
temperature anomalies of more than 1°-2°C (>2.5
standard deviations; Fig. 6.3b) occurred across West
Antarctica and the Antarctic Peninsula. Figure 6.2b
shows that temperatures averaged over the polar cap
were also below average throughout the lower half of
the troposphere from mid-January through March.
The circumpolar zonal winds (Fig. 6.2¢c) were above
average from February to March, beginning first
at ~75 hPa during February and propagating down
through the troposphere during March.

During the late fall/early winter (April-July)
period, the atmospheric circulation around Antarc-
tica was strongly meridional (Fig. 6.3¢c). Negative SP
anomalies were present across much of the high-lati-
tude South Pacific (indicating an increase in low pres-
sure occurrence west of the Antarctic Peninsula) while
positive SP anomalies were located in the South Atlan-
tic and off the east coast of New Zealand (Fig. 6.3c).
This atmospheric circulation caused large regional
temperature anomalies. In particular, the April-July
period was marked with above-average temperatures
across the Antarctic Peninsula and eastern West Ant-
arctica (>1 standard deviation), and below-average
temperatures over extreme western West Antarctica
near the Ross Ice Shelf and extending out over the
Ross and Amundsen Seas (>2 standard deviations;
Fig. 6.3d). Turning to Fig. 6.2a, geopotential height
anomalies averaged poleward of 60°S were weak and
primarily <1 standard deviation from climatology
during the April-July period, reflecting the regional
nature of the anomaly patterns in Fig. 6.3¢,d. An in-
crease in the magnitude of the circumpolar-averaged
zonal winds developed during June (Fig. 6.2¢), with
positive zonal wind anomalies throughout the tropo-
sphere and stratosphere during this month, the most
significant being located above 50 hPa (>1.5 standard
deviations). Last, the April-July period began with
strong positive temperature anomalies poleward of
60°S between 300 hPa and 200 hPa (+1°C; >2 standard
deviations; Fig. 6.2b), which developed in February
and persisted/intensified through March and April,
before finally weakening after May.

The regional atmospheric circulation anomalies
changed once again during the August-September
period. From Fig. 6.3e, the most prominent circu-
lation anomalies influencing West Antarctica are
positive SP anomalies over the Antarctic Peninsula
and negative SP anomalies in the Ross Sea (along
and east of the dateline). Associated with these two
circulation anomalies were large positive temperature
anomalies across western West Antarctica and over
the Ross Ice Shelf (>6°C and >3 standard deviations)
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and cold temperature anomalies over the South-
ern Ocean west of 150°W (>2 standard deviations;
Fig. 6.3f). Across East Antarctica, weak positive SP
anomalies dominated most of the ice sheet during
August-September (Fig. 6.3e) and, for the most part,
temperatures were near-average to slightly above aver-
age. Averaged poleward of 60°S, August-September
was dominated by weak positive geopotential height
anomalies throughout the troposphere and strato-
sphere, the most significant located in the troposphere
during September (Fig. 6.2a). The polar cap-averaged
temperature anomalies were near zero due to the can-
celling effect of strong positive and negative regional
anomalies in Fig. 6.3f; however, the troposphere and
stratosphere were altogether warmer than average
(Fig. 6.2b). Circumpolar zonal winds were also near-
average over the period, with slightly weaker-than-
average zonal winds observed during September when
the region south of 60°S reached its strongest positive
SP anomaly and the SAM index reached —1.12.

The last quarter of 2014 started with near-average
SP and temperatures across most of Antarctica from
October to December (Fig. 6.3g,h). The only excep-
tion was the Antarctic Peninsula, which saw colder-
than-average temperatures (Fig. 6.3h) due to the
development of negative SP anomalies in the South
Atlantic and positive SP anomalies in the South Pa-
cific, which collectively led to increased cold, offshore
flow across the Peninsula. In December, the most
pronounced nonregional circulation pattern of the
year emerged, with negative pressures/heights across
the Antarctic continent, stronger-than-average cir-
cumpolar zonal winds, and the largest positive SAM
index (+1.32) of the year (Fig. 6.2).

c. Surface staffed and automatic weather station
observations—S. Colwell, L. M. Keller, M. A. Lazzara, A. Setzer,
and R. L. Fogt
The circulation anomalies described in section 6b

are discussed here in terms of observations at staffed

and automatic weather stations (AWS). A map of key
locations described in this section and throughout
the chapter is displayed in Fig. 6.4. Climate data
from three staffed stations (Bellingshausen on the

Antarctic Peninsula, Casey in East Antarctica, and

McMurdo on the Ross Ice Shelf) and two AWSs (Gill

on the Ross Ice Shelf and Byrd in West Antarctica)

that depict regional conditions are displayed in

Fig. 6.5a—e. To better understand the statistical sig-

nificance of records and anomalies discussed in this

section, references can be made to the spatial anomaly
plots in Fig. 6.3 (the shading indicates the number of
standard deviations the anomalies are from the mean).
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throughout the chapter.

Fic. 6.4. Map of stations and other regions used

At the north of the Antarctic Peninsula, a record
low (since observations began in 1969) monthly mean
temperature of —0.1°C was observed at Bellingshausen
in February (anomaly shown in Fig. 6.5a); record-high
wind speeds were recorded at Bellingshausen in No-
vember, 1.82 m s above the mean (Bellingshausen
meteorological data starts in 1968). Monthly mean
temperatures at Rothera Station on the western
side of the Antarctic Peninsula were similar to their
respective 1981-2010 averages, with temperatures
slightly below average during the summer months
and slightly above average during the winter months.
The lower-than-average temperatures at the north-
ern Antarctic Peninsula continue a recent trend of
cooling in this region, as reflected in Fig. 6.5f, where
austral summer temper-
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Fic. 6.5. (a)—(e) 2014 Antarctic climate anomalies at five representative stations
[three staffed (a)-(c), and two automatic (d)-(e)]. Monthly mean anomalies for
temperature (°C), MSLP (hPa), and wind speed (m s™') are shown, + denoting
record anomalies for a given month at each station in 2014 and * denoting tied
records in 2014. All anomalies are based on differences from 1981-2010 averages,
except for Gill, which is based on averages during 1985-2013. (f) Austral summer
(Dec-Feb) mean observed temperatures for stations at the northern Antarctic
Peninsula, 1976-2013. Also shown are linear trends from 1995-2013. The year on
the ordinate axis represents the Dec of each summer season.
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8 years (see also Colwell
et al. 2014; McGrath and
Steffen 2012).

In the nearby Weddell
Sea region (not shown),
the monthly mean tem-
peratures at Halley and
Neumayer stations were
near-average year-round
with two exceptions: 1)
April at Neumayer, where
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the monthly mean temperature of —22.0°C tied the
record low previously set in April 2007; and 2) in
early August at Halley, where a new daily extreme
minimum temperature of —55.4°C was recorded.

Around the coast of East Antarctica, all of the
Australian stations (Mawson, Davis, Casey) had some
months with temperatures above and below average,
with Casey (Fig. 6.5b) and Mawson showing similar
differences from the long-term mean. All three sta-
tions observed record or near-record high monthly
mean temperature values for November (Casey
—3.7°C; Davis —2.5°C; Mawson —4.0°C). Casey expe-
rienced high winds in September with gusts of up to
64 m s~ recorded on one day, leading to a new record
high monthly September wind speed (Fig. 6.5b).

During 2014, much of the interior of the Antarctic
continent started out with below-average tempera-
tures during austral summer, followed by above-av-
erage temperatures during austral fall through spring,
as seen in Fig. 6.3. At Amundsen Scott Station, for
example, lower-than-average monthly mean temper-
atures were recorded during February and March,
followed by higher-than-average temperatures during
April, May, and June. Dome C II in East Antarctica
had lower-than-average temperature, pressure, and
wind speed for most of the year, especially in June,
July, and August.

Many records were reported throughout the
year for the Ross Ice Shelf and West Antarctica
(Fig. 6.5c—e). Due to the circulation anomalies (dis-
cussed in section 6b), the Ross Ice Shelf and vicinity
saw many extremes recorded in August and Septem-
ber (Fig. 6.3f). Record high monthly mean tempera-
tures were observed in August at Gill (+11.6°C above
the mean; Fig. 6.5d), a tied record high at Possession
Island (-16.2°C, +4.5°C above the 1993-2013 mean
for this station), and near-record temperatures at
Marble Point (+6.1°C above the mean) and Byrd
(+7.2°C above the mean). In September, record high
monthly temperatures were reported at McMurdo
(+6.2°C above the mean; Fig. 6.5¢), Gill (+8.6°C above
the mean; Fig. 6.5d), Marble Point (+6.9°C above the
mean), and Byrd (+9.3°C above the mean; Fig. 6.5¢).
Many of these anomalies in August and September
were more than 2 standard deviations above the long-
term mean (Fig. 6.3f). Record low pressure and record
high wind speed for August were also observed at
Gill (-12.1 hPa below the mean and +3.2 m s above
the mean, respectively; Fig. 6.5d). In November and
December, lower-than-average temperatures were
observed at Byrd and Gill (Fig. 6.5d,e), which are par-
tially reflected in the negative temperature anomalies
across eastern West Antarctica in Fig. 6.3h (although
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not over the Ross Ice Shelf when averaged from Oc-
tober to December). Record temperatures for Byrd
were 4.5°C and 4.1°C below the mean for November
and December, respectively. For Gill, near-record
and record temperatures were 2.7°C and 2.1°C below
the mean in November and December, respectively.

Other months also set records for the Ross Ice
Shelf area and West Antarctica. The highest January
mean temperature was reported at Possession Island
(+2.0°C above the mean) along with a near record for
Marble Point (+2.2°C above the mean). Additional
records were set at Byrd for high mean wind speed
during January (2.0 m s above the mean) and a tie for
May (2.2 m s™'above the mean; Fig. 6.5¢). Gill also tied
record high wind speeds for February and March, (0.9
and 1.0 m s above the mean, respectively; Fig. 6.5d).
In terms of pressure, in addition to the record lowest
pressure observed at Gill in August (as mentioned
above), record low pressure was also observed at
Byrd in April 2014 (10.7 hPa below the mean), with
well-below-average pressure also reported for June
and July.

d. Net precipitation (P— E)—D. H. Bromwich and S.-H. Wang

Precipitation minus evaporation/sublimation
(P - E) closely approximates the surface mass balance
over Antarctica, except for the steep coastal slopes
(e.g., Bromwich et al. 2011; Lenaerts and van den
Broeke 2012). Precipitation variability is the domi-
nant term for P - E changes at regional and larger
scales over the Antarctic continent. Precipitation and
evaporation/sublimation fields from ERA-Interim
(Dee et al. 2011a) were examined to assess Antarctic
net precipitation (P - E) behavior for 2014.

Figure 6.6 (a—d) shows the ERA-Interim 2014 and
2013 annual anomalies of P - E and mean sea level
pressure (MSLP) departures from the 1981-2010 av-
erage. In general, the magnitude of the annual P - E
anomalies (Fig. 6.6a,b) reflect the steep gradients
between low annual snow accumulations within the
continental interior to much larger annual accumula-
tions near the Antarctic coastal regions. Compared to
the 2013 Japanese reanalysis (JRA) P - E result from
Bromwich and Wang (2014), both ERA-Interim and
JRA show quantitative similarity at higher latitudes
(poleward of 60°S). However, JR A has excessively high
positive anomalies north of 60°S. Regardless, cau-
tion should be exercised when examining the exact
magnitudes of precipitation from global reanalyses in
the high southern latitudes (Nicolas and Bromwich
2011); the main goal here is to demonstrate how these
anomalies are qualitatively tied to changes in the
atmospheric circulation.
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