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lower melt extent than the average of the past 25 
years, which is consistent with weak surface cold 
temperature anomalies in December 2007 (Fig. 6.2) 
and January 2008 (Fig. 6.4). The Amery Ice Shelf, 
Queen Maud Land, Wilkes Land, and Ross Ice Shelf 
have an extremely low melt extent and melt intensity, 
which is likely associated with the strong positive 
sea-ice extent anomalies in these regions and the 
influence of the strong positive SAM and 2007–08 
La Niña event.

f. Sea-ice extent and concentration—R. A. Massom, P. Reid, 
S. Stammerjohn, and S. Barreira
2008 was a year of exceptional seasonal vari-

ability in Antarctic sea-ice coverage, characterized 
by three distinct phases of overall sea-ice extent 
anomalies: i) well above average (January–April in-
clusive and December), ii) moderately above average 
(May–June), and iii) average to slightly below aver-
age (July–November), but with substantial regional 
variability that ref lects patterns of atmospheric 
circulation. 

The analysis is based on monthly mean Nimbus-7 
SMMR (1979–87) and DMSP SSM/I (1987–present) 
sea-ice concentration data from the NSIDC Sea Ice 

Index project (Fetterer et 
al. 2008). Note that 2008 
data are processed from a 
combination of NSIDC’s 
preliminary (Meier et al. 
2006) and NRTSI data that 
have lower quality control, 
but they must be used be-
cause the quality-controlled 
data are unavailable at the 
time of writing. Accord-
ing to Fetterer et al. (2008), 
however, this effect is likely 
to be of the order of less than 
10,000 km2. 

Monthly ice extent and 
concentration anomalies for 
2008 display a distinct zonal 
asymmetry (Figs. 6.7a–d), 
largely in response to the 
location and intensity of 
climatological low and high 
pressure centers described in 
the atmospheric circulation 
section. The January–April 
period was characterized by 
the persistence of anoma-
lously high sea-ice concen-

trations in the Weddell Sea and almost the entire zone 
from the Indian Ocean through the western Pacific 
Ocean and western Ross Sea sectors (from ~40°E 
eastward to ~160°W; Figs. 6.7a,b), resulting in record 
and near-record zonally averaged monthly ice extents 
during January–April. With an ice extent anomaly of 
3.4 std devs (+33% or 1.7 × 106 km2) above the long-
term (1979–2000) mean of 5.1 × 106 km2, January 2008 
continued from December 2007 as being a record 
high for that month (Fig. 6.7e), that is, ~11% greater 
than the previous record high for January (in 1996). 
Major positive anomalies of +28% occurred in both 
February and March (3.31 and 3.16 std devs above the 
mean, respectively) and +18% in April (2.27 std devs 
above the mean). Record monthly high values were 
also recorded in March and April: the March 2008 
anomaly exceeded the previous record (in 2001) by 
about 10%, and April was about 5% greater than the 
previous highs in 1979 and 1982 (Fig. 6.7f). February 
2008 saw the second-highest monthly sea-ice extent 
on record. The persistence of unusually compact sea 
ice in many regions into the summer melt period led 
to difficulties in ship navigation during the critical 
shipping (base resupply) and tourist season of early 
2008 (especially in accessing the Ross Sea). More 

Fig. 6.6. Surface snow (a) onset date, (b) end date, (c) duration in days, and 
(d) melt area, for the austral 2007–08 melt season. 
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extensive sea ice also occurred in the May–June pe-
riod (late autumn to early winter), but at lower levels 
compared to the previous four months. 

Fig. 6.7. Antarctic sea-ice extent and concentration anomalies for (a) Jan, 
(b) Apr, (c) Sep, and (d) Dec, and coincident trends in (e–h) sea-ice extent, 
all for 2008. the bold black line represents the long-term monthly mean sea 
ice extent (1979–2000) for that particular month, while the dashed black line 
is the monthly mean for the month in 2008 (both equivalent to the 15% ice 
concentration isoline). the ice concentration anomaly is computed from the 
monthly mean ice concentration relative to the long-term mean (1979–2000) 
for that particular month. the ice concentration anomaly is only calculated 
for the area covered by sea ice for the month (in 2008) in question. Bi is 
 Balleny islands. 

In contrast, sea-ice ex-
tent was generally close to 
(i.e., within ±2%) the long-
term mean for July through 
November, although it was 
aga i n cha rac ter i z ed by 
marked regional variability. 
Negative anomalies in the 
Amundsen/Bellingshausen 
and northwest Weddell Seas, 
the Indian, and west Pacific 
Ocean sectors were compen-
sated for by positive anoma-
lies in the northeast Weddell 
and Ross Sea sectors. The 
sea-ice extent during Decem-
ber, 12.2 × 106 km2, was well 
above the long-term average 
of 11.1 × 106 km2. 

A major feature through-
out the year is anomalously 
low sea-ice extent for every 
month in the  Bellingshausen/
Amundsen Seas (west Ant-
arctic Peninsula) sector. This 
represents a continuation in 
the long-term trend in this 
region (Stammerjohn et al. 
2008). The juxtaposition of 
this major sea-ice “indenta-
tion” to strong positive (ice 
growth) anomalies in the 
adjacent Ross Sea sector is 
largely due to the dominant 
impact of surface winds asso-
ciated with a persistent deep 
low pressure system centered 
on approximately 240°E, 
68°S (the “Amundsen Sea 
Low”; Fig. 6.3g). This leads to 
sustained west-northwesterly 
airflow across the west Ant-
arctic Peninsula sector to 
hold back autumnal ice-edge 
advance and accelerate the 
spring retreat, causing dy-
namic sea-ice compaction 
against the coast and islands 
(Massom et al. 2008). It is 
most strongly seen in 2008 

during October and November. By the same token, 
the more southerly outflow of cold air from continen-
tal Antarctica along the western flank of this system 
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creates a strong ice-edge advance, and in 2008 led to a 
positive ice concentration and extent anomaly across 
the Ross Sea sector from April through December. 
The increased occurrence of an intensified Amund-
sen Sea Low is contemporaneous with an increase 
and poleward shift of the westerly circulation in the 
high-latitude South Pacific, which happened in 2008 
in response to La Niña and/or positive SAM condi-
tions, as well as a wave-3 atmospheric circulation 
pattern. Finally, the 2008 continuation of decreased 
sea ice in the Amundsen/Bellingshausen Seas is par-
ticularly noteworthy given the recent association of 
the decreasing regional trend with amplified surface 
warming of the West Antarctic ice sheet during the 
last 30 years (Steig et al. 2009).

g. Ozone depletion—P. A. Newman 
Analysis of the 2008 ozone concentrations is based 

on data from the NASA Aura satellites, in particular, 
the KNMI OMI and the JPL MLS. PSC information 
was obtained from the NASA LaRC CALIPSO instru-
ment. NOAA/NCEP provided analyses of satellite 
and balloon stratospheric temperature observa-
tions. NOAA/ESRL regularly launches ozone- and 
temperature-measuring balloon instruments from 
the South Pole. Figure 6.8a displays the average area of 
the Antarctic ozone hole from 1979 to 2008, estimated 
by first summing the area of the daily total column 
ozone values less than 220 DU from the Aura OMI 
observations, and then averaging these estimates 
from 21–30 September. Based on these measurements, 
the Antarctic ozone hole was the sixth worst on record 
for 2008, fifth worst when using SBUV total ozone 
from the NOAA polar orbiter satellites. The area of 
the hole was approximately 25 million km2 (9.65 mil-
lion mi2), somewhat smaller than the 2006 record of 
27.7 million km2 (10.7 million mi2). The very large 
ozone hole area is consistent with severe depletion 
caused by the high levels of chlorine and bromine 
in the Antarctic stratosphere. At present, ODSs are 
estimated to have only decreased by about 4% from 
the peak levels in the 2000–02 period. 

The total ozone values over Antarctica steadily 
decreased from July to early October 2008. Aura OMI 
observations showed ozone values of about 230 DU 
near the edge of Antarctica (inside the stratospheric 
polar vortex in early July) and a low value of 100 DU 
on 4 October 2008. Balloon-borne ozonesonde ob-
servations from NOAA/ESRL at the South Pole also 
showed similar behavior. On 22 August total ozone 
estimated from these sondes was 260 DU, with a de-
crease to 107 DU on 28 September. The ozonesonde 
profile information showed that the large losses oc-
curred in the lower stratosphere by late September, 
with a near complete loss of ozone in the 14–20-km 
layer on 8 October.

Figure 6.8b shows the temperature average (based 
on the NCEP–NCAR reanalysis) for September at 
50 hPa averaged from 60°–75°S (edge of the polar 
vortex). The September 2008 period was nearly the 
coldest on record, but comparable to 1980, 1987, 1989, 
1998, and 2006. The cold temperatures result in an in-
creased frequency of PSCs, where chlorine molecules 
are converted from their nonreactive forms into their 
reactive forms; the latter leads to rapid ozone destruc-
tion. In terms of season-integrated totals, CALIPSOs 
indicate that the 2008 season PSC volume started 
on par with the record 2006 season but dropped off 
significantly in August. The overall PSC volume in 

Fig. 6.8. (a) Ozone hole area, 1979–2008. the area is 
calculated by first calculating the area enclosed by 
the 220 DU value over the Southern Hemisphere for 
each day from 21 to 30 Sep, and then averaging these 
10 days. the area of the north American continent 
is indicated by the horizontal bar (24.71 million km2). 
(b) temperature at 50 hPa from 60° to 75°S during 
Sep 1979–2008. the vertical bars represent the range 
of values from the individual days of Sep. the Sep 
average over the 1979–2008 period is indicated by the 
horizontal line. 
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