
Antarctic Peninsula warm winters influenced by 
Tasman Sea temperatures	

Kazutoshi Sato1,2, Jun Inoue3,4,2, Ian Simmonds5, Irina Rudeva6,5

1:Kitami Institute of Technology, 2: JAMSTEC, 3: NIPR, 4: SOKENDAI, 5: The 
University of Melbourne, 6: Australian Bureau of Meteorology 

Sato, Inoue, Simmonds and Rudeva (2021) Antarctic Peninsula warm winters 
influenced by Tasman Sea temperatures, Nature Communications, 12, 1497.
https://doi.org/10.1038/s41467-021-21773-5.	

16th Workshop on Antarctic Meteorology and Climate (WAMC) (21-23 June 2021)



Introduction: Antarctica Peninsula warming in winter	

Nicolas & Bromwich 2014	

The Antarctic Peninsula (AP) of West 
Antarctica has been one of the most 
rapidly warming regions.

Significant warming has reported by 
previous studies in observations (Gonzalez, S. 

& Fortuny 2018; Steig et al. 2009; O‘Donnell et al. 2011) 
and reanalysis data sets (Ding et al. 2013; Turner 

et al. 2013).

Although positive trends in surface air 
temperature were found in all seasons, the 
warming rate of AP is particularly marked 
in winter season (June-August: JJA).
(O‘Donnell et al. 2011; Nicolas & Bromwich 2014)	



Introduction: Tropical-polar teleconnections 	

	Ciasto	et	al.	(2015)	

The relationships between atmospheric 
circulation over the Sothern Ocean (SO) 
and tropical oceanic variability, often 
called “Tropical-polar teleconnections”, 
have been examined in previous studies.

Previous investigations have shown that 
anomalous sea surface temperature 
(SST) heating in the tropical region 
generates a Rossby wave train from the 
tropics to the Antarctic region via the SO, 
resulting in deepened the Amundsen Sea 
Low and West Antarctic warming. 
(Ciast et al. 2015; Li et al. 2015; Irving & Simmonds 
2016)	



Introduction: Warming over the Tasman Sea	

 Shears  & Bowen 2017	

In recent years, considerable warming 
has occurred in the Tasman Sea.
(Oliver et al. 2014, 2017, 2018; Shears & Bowen 
2017)	

Mid-latitude and polar teleconnection 
patterns are seen between the Tasman 
Sea and Antarctica (Liess et al. 2014). 

SST trend during 1982–2016 (OISST v2)	

A warming Tasman Sea has strengthened the westerlies between high and 
mid-latitudes (increased baroclinicity) (Duran et al. 2020). 

These results suggested that Tasman sea warming have influenced 
cyclone tracks over the SO, resulting in AP warming. In this study, we 
investigated the impact of Tasman sea warming on AP warming.	



Warm and cold Antarctica Peninsula winters	

We evaluated a time series of averaged surface air temperature anomalies 
for June to August over the period 1979-2019 at six stations  (Bellingshausen, 
O’Higgins Esperanza, Marambio, Vernadsky and Rothera) in the AP (left).

To investigate the causes of the temperature differences, we constructed 
difference maps of atmospheric and oceanic fields between composites of 
warm winters (thirteen years exceeded +0.5σ) and the cold winters (twelve 
years less than -0.5σ) using the NCEP CFSR reanalysis data (right). 

Six Antarctic Peninsula stations	

Warm AP winters	

Cold AP winters	



Difference maps of T700 with SLP and Z300 with WAF300 (warm - cold)	

Over the Drake Passage, a strong SLP gradient between a cyclonic 
anomaly over the Amundsen Sea and an anti-cyclonic anomaly off the east 
coast of Argentina leads to northerly warm advection over the Weddell Sea 
and AP (left). Although a strong wave-like structure in Z300 over the SO is 
similar to atmospheric responses to tropical SST anomalies reported by 
previous studies, the strongest wave anomaly pattern appears over the mid- 
and high latitude (right). 

Dotted areas 
denote significant 
differences 
exceeding the 95% 
confidence level. 	



Dotted areas 
denote significant 
differences 
exceeding the 95% 
confidence level. 	

Difference maps of cyclone densities and precipitation (warm - cold)	

To address the causes of SLP anomalies over the SO and Antarctica, 
composite maps of the densities of cyclones in warm and cold AP winters are 
shown (left). There were positive differences in the density of cyclones 
over the Antarctic coastal regions, particularly in the Pacific sector. The 
positive precipitation anomalies over the south-eastern Pacific and 
negative anomalies to the east of Argentina and New Zealand are 
consistent with the changes in cyclone density (right).	These patterns suggest 
that the cyclones tended to shift poleward in warm AP winters. 



The significant positive SST anomalies are seen in the Tasman Sea 
and to the east of New Zealand (left). The zonal wind speed at 300 hPa has 
its strongest positive anomaly to the south of New Zealand (right). In warm 
AP winters, the higher SST in the Tasman Sea strengthens the meridional 
SST gradient between the Tasman Sea and the SO causes the poleward 
shift of the upper-level jet shifts over the south of the Tasman Sea. The 
upper-level jet anomaly shifts cyclone tracks to the south over the Tasman 
Sea.

Dotted areas 
denote significant 
differences 
exceeding the 95% 
confidence level. 	

Difference maps of SST and UWS300 (warm - cold)	



La Niña winters and warm AP winters without strong La Niña winters 	

To investigate the atmospheric response to tropical SST anomalies in 
strong ENSO years, we composited the atmospheric and ocean fields for 
strong La Niña and El Niño winters. Monthly averaged SST anomalies were 
calculated for the NINO3.4 region (5°S-5°N, 190°-240°E) (left). We identified 
strong La Niña and El Niño winters for which the NINO3.4 index values 
exceeded one half standard deviation. 

In addition, to remove the impact of ENSO in warm and cold winters, we 
composited the atmospheric and ocean fields for warm and cold AP winters 
without strong ENSO winters (right). We made the difference maps between 
these winters.



Z300 with WAF300 and SST (warm – cold) vs (strong La Niña – strong El Niño)	

In warm AP winters, the tropical Pacific has a negative SST anomaly 
including the effect of La Niña, and would influence atmospheric circulation 
(e.g. the wave activity flux anomalies) over the SH (upper panel).

In the strong La Niña winters, although the wave-like anomaly patterns 
are similar to those in warm AP winters, a significant wave train appears to 
originate from the tropical Pacific region and extend to West Antarctica. In 
addition, the amplitudes and areas of tropical Pacific SST cooling are greater 
than those in warm AP winters (bottom panel). 

Dotted areas 
denote significant 
differences 
exceeding the 95% 
confidence level. 	



Z300 with WAF300 and SST (warm–cold) vs (warm–cold without strong ENSO)	

In warm AP winters without strong La Niña, although a positive SST 
anomaly over the Tasman Sea and a significant wave-like anomaly pattern 
from the subtropical Pacific to Antarctica, the SST cooling anomaly 
associated with La Niña events is not seen over the central Pacific Ocean.

Tasman Sea warming anomalies contributed to these wave-like anomalies 
from the subtropical Pacific to West Antarctica, even absent of anomalous 
tropical SST forcing . 

Dotted areas 
denote significant 
differences 
exceeding the 95% 
confidence level. 	



Atmospheric response to the forcing over the mid-latitudes by experiments		

To address the atmospheric 
response to the SST 
anomalies over the Tasman 
Sea and tropical regions 
during warm and cold AP 
winters, we conducted four 
experiments (CTL, Globe, 
ENSO, TAS)using the AFES 
All experiment results were 
based on 3-month (June-
August) averages over these 
41 years (1979-2019). 

Climatological daily SST and sea ice cover data from ERA5 were used as 
boundary conditions (CTL). The SST anomalies over the globe between 
warm and cold AP winters superposed on the daily global climatology were 
used as forcing for a global experiment (Globe). SST anomalies restricted to 
the tropical Pacific region (orange line in figure, 5°S-5°S, 170°-260°E: ENSO) 
and the Tasman Sea region (purple line in figure, 48-32°S, 160°-180°E: TAS) 
superposed on the daily global climatology. 



Atmospheric response to the forcing over the mid-latitudes by experiments		

Although the amplitudes of Z300 
response differences between Globe and 
CTL were smaller than those exhibited by 
the CFSR, this anomalous pattern was 
similar to that observed (upper figure). 

In the ENSO experiment, The 
atmospheric response to only tropical 
Pacific cooling is similar to that shown in 
upper figure (middle figure).

In the TAS experiment, a wave-like 
anomaly pattern appeared from the 
subtropical Pacific to Antarctica in the 
Pacific sector, even without tropical SST 
forcing (bottom figure).

From these results, the tropical SST 
cooling associated with ENSO has an 
important role in the AP warming. 
However, the Tasman Sea SST 
anomalies alone produce warm 
winters in the AP. 



Conclusion and discussion	

From reanalysis and model results, the Tasman Sea warming influence 
warm temperature anomalies over West Antarctica, including the AP, 
through a poleward shift of South Pacific cyclone tracks. 

We conducted similar analyses for strong SAM and strong IOD winters. 
However, the amplitudes of atmospheric circulation and wave activity flux 
anomalies in strong positive SAM and negative IOD winters are smaller than 
those in warm AP winters.

Other seasons:
In warm spring (September to November) years, Tasman Sea warming 

and central Pacific cooling SST patterns were similar to those in warm winter 
years.

In warm autumn (March to May) years, although the atmospheric 
circulation anomalies that induced warming over the AP resemble those in 
warm winters, there was significant warming over the Tasman Sea without 
tropical cooling.

In warm summer (December to February) years, the atmospheric 
responses to the tropical pacific SST cooling were not clearly observed over 
the SH. 


