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Seasonal impact of Southern Annular Mode on Antarctic sea ice extent
Edward Doddridge & John Marshall, MIT, USA

The seasonal ice zone in the Southern Ocean is vast; it covers roughly the same area as 
Australia. Through analysis of remotely sensed sea surface temperature (SST) and sea 
ice concentration data, we investigate the impact of winds related to the Southern 
Annular Mode (SAM) on the seasonal cycle of sea ice extent around Antarctica.

The largest SST anomaly occurs in February and 
subsequently decays away. The effect on sea ice exhibits a 
substantially different seasonality; the effect builds over 
several months, peaking in April when a unit change in 
the detrended summertime SAM is followed by a 1.8±0.6 
×105 km2 change in detrended sea ice extent. Due to the 
large uncertainties in the observations, we are unable to 
discern a signal from DJF SAM on the wintertime sea ice 
extent maximum.

We show that positive SAM anomalies in the austral summer are associated with 
anomalously cold SSTs that persist and lead to anomalous ice growth in the following 
autumn, while negative SAM anomalies precede warm SSTs and a reduction in sea ice 
extent during autumn.

120◦W

90◦W

60◦W

150◦E180◦150◦W

February

−0.6

−0.5

−0.4

−0.3

−0.2

−0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

S
ea

su
rf
ac
e
te
m
p
er
at
u
re

an
om

al
y
(◦
C
)

120◦W

90◦W

60◦W

150◦E180◦150◦W

May

−0.6

−0.5

−0.4

−0.3

−0.2

−0.1

0.0

0.1

0.2

0.3

0.4

0.5

0.6

S
ea

su
rf
ac
e
te
m
p
er
at
u
re

an
om

al
y
(◦
C
)a) b)

120◦W

90◦W

60◦W

150◦E180◦150◦W

February

−15

−12

−9

−6

−3

0

3

6

9

12

15

S
ea

ic
e
co
n
ce
nt
ra
ti
on

an
om

al
y
(%

)

120◦W

90◦W

60◦W

150◦E180◦150◦W

May

−15

−12

−9

−6

−3

0

3

6

9

12

15

S
ea

ic
e
co
n
ce
nt
ra
ti
on

an
om

al
y
(%

)

c) d)
Ja
nu
ar
y

F
eb
ru
ar
y

M
ar
ch

A
p
ri
l

M
ay

Ju
n
e

Ju
ly

A
u
gu
st

S
ep
te
m
b
er

O
ct
ob
er

N
ov
em

b
er

D
ec
em

b
er

−2.0

−1.5

−1.0

−0.5

0.0

0.5

1.0

1.5

S
ea

ic
e
ex
te
nt

an
om

al
y
(1
06

km
2 ) 2015

2008

2017

2006

−4

−3

−2

−1

0

1

2

3

D
JF

S
A
M

(d
et
re
n
d
ed
)

Fig. 1 a) Time series of 
seasonal Southern Annular 
Mode values, and trend line 
for austral summertime. 
Data from Marshall (2003). 
b) Zonal wind anomaly 
related to 1σ SAM anomaly 
from ERA-Interim 
reanalysis (Dee et al., 2011), 
and 15% sea ice concentra-
tion contours in February 
and September from NOAA 
optimal interpolation sea ice 
concentration. c) Seasonal 
cycle of sea ice extent in the 
Southern Ocean.
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Fig. 2 Sea surface temperature anomalies calculated as the positive DJF SAM composite minus the 
negative DJF SAM composite divided by 2 in a) February and b) May.

Fig. 3 (left) a) Composites of seasonal SST anomalies for positive 
(blue) and negative (orange) DJF SAM anomalies. b) Composites 
of sea ice extent anomalies for positive (blue) and negative 
(orange) DJF SAM anomalies. c) Impact of 1σ DJF SAM on sea ice 
extent estimate from linear regression.

Fig. 4 Individual years from sea ice extent anomaly composites. 
Note the trend for orange years (following negative DJF SAM) 
to have less ice, and purple years (following positive DJF SAM) 
to have more ice.

Our analysis shows that the 
wind anomalies related to the 
negative SAM during the 
2016/2017 austral summer 
contributed to the record mini-
mum Antarctic sea ice extent 
observed in March 2017.
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