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Russell et al. (2006) GRL
“340 years of atmospheric circulation characteristics 
reconstructed from an eastern Antarctic Peninsula ice core”
Where: Dolleman Island, eastern Antarctic Peninsula       Period examined: 1652-1993

Goodwin et al. (2004) Climate Dynamics

“Mid latitude winter climate variability in the South Indian and 
southwest Pacific regions since 1300 AD”
Where: Law Dome, east Antarctica       Period examined: 1300-1995

Xiao et al. (2004) JGR
“Sea level pressure variability over the southern Indian Ocean 
inferred from a glaciochemical record in Princess Elizabeth Land, 
east Antarctica”
Where: Princess Elizabeth Land, east Antarctica       Period examined: 1750-2000

Method: EOF analysis of the ice core species. EOF1 of the data 
described the majority of the variability of sea-salt.  Furthermore, EOF1 
was also shown to be significantly, negatively correlated with instrumental 
records of MSLP from two Southern Indian Ocean (SIO) stations.

Results: They deduced periods of strong (1790, 1835, 1860, 1900, 1940 
and after 1970) and weak (1750, 1795, 1825, 1850, 1870, 1890, 1910 and 
1955) SIO low linked to a shifting of the polar vortex.  Given that this 
variability has an approximately 21 year period, the authors speculate that 
it is linked with the 22 year solar Hale cycle.

Kreutz and Mayewski (1999) Antarctic Science
“Spatial variability of Antarctic surface snow glaciochemistry: 
implications  for paleoatmospheric circulation reconstruction”
Where: Siple Dome, east Antarctica       Period examined: 1884-1994

Method: They performed an empirical orthogonal function (EOF) analysis on the ice core data uncovering five EOFs of 
note and also attempted to assign atmospheric delivery characteristics to each of these EOFs, albeit very basically.

Increased frequency of 
easterlies during 1720-1780 
and early 1800s (Russell et 
al. 2006)

Increased frequency of westerlies
during 1650-1700, early 1900s and 
1950-1980 (Russell et al. 2006)

Periodicity of Amundsen Sea Low 
changed around 300 years ago.  Was this 
related to a change in the link with ENSO 
during the LIA? (Kreutz et al. 2000)

Blocking in South Pacific 
caused by very strong El Nio
events: 1578, 1720, 1728, 
1791, 1828, 1877-78, 1891, 
1925-26, 1982-93 and 
1997(Quinn and Neal 1992)

South Indian Ocean Low shown 
to be strong during 1790, 1835, 
1860, 1900, 1940 and after 1970.  
It was weak during 1750, 1795, 
1825, 1850, 1870, 1890, 1910 
and 1955 (Xiao et al. 2004)

More positive SAM 
index after 1600, 
particularly high 
around 1850 and 
in the early and 
late 1900s 
(Goodwin et al.
2004)

Most intense meridional transport 
during 1800s; least intense during 
1700s (Souney et al. 2002)
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Method: Correlation of ERA-40 driven back trajectory clusters with chemical 
data from the ice core.  They found that [NO3] was strongly linked with the 
ratio of easterly to westerly back trajectories arriving at the site.  This ratio 
was then defined as the Cross-Peninsula Index (CPI; see adjacent figure), 
with years dominated by westerlies (easterlies) showing high (low) levels of 
NO3 in the core. 

Results: This was then used to reconstruct the CPI for the 340-year record 
via a regression analysis. This highlights a period of increased easterlies 
during 1720-1780AD and an increase in westerlies for 1950-1980AD, the 
latter concomitant with a positive SAM trend and western Peninsula warming.

Results: From this relationship, the authors reconstructed an “early winter” SAM for the last 700 years (see adjacent 
figure).  This shows that the SAM was more negative before 1600AD than during the last 400 years.  It also includes the 
recent positive SAM trend.  Spectral analysis of the proxy SAM shows periods of variability mainly associated with 
ENSO but also a strong 10.5 year period in the early record and a 23 year period in the latter.  Whilst discussing possible 
links to the solar cycle with similar periods of variation, they concede that there is no clear evidence to justify such a link.

Method: They found a significant anticorrelation between the 
“early winter” (i.e. May, June and July) [Na] and SAM related 
MSLP patterns from the NCEP-NCAR re-analysis and 
approximately 60 years of meteorological station data from 
the south Indian and south-west Pacific regions.  This Na link 
is assumed to be driven by changes in meridional transport.

Other information: This analysis was extended by Kreutz et al. (2000, “Sea level pressure variability in the 
Amundsen Sea region inferred from a West Antarctic g laciochemical record”, JGR) to include more detailed 
examination of atmospheric data.  They found that MSLP from the ECMWF operational analyses shows a close 
relationship with the strength of the ASL, as Kreutz and Mayewski (1999) inferred it would.

Results: The EOF analysis worked well for this ice core and the EOFs
show interesting and distinct glaciochemical variability – this is driven, for 
this site, largely by changes to the Amundsen Sea Low (ASL) – and they 
found that the majority of sea-salt is transported to the site in spring (SON), 
depending on regional circulation strength.  EOF1, relating to marine air 
masses, is shown to the right.

Introduction: this poster represents a summary of a more comprehensive review of work that has attempted to reconstruct aspects 
of Southern Hemisphere atmospheric circulation from Antarctic ice core data.  The details of four of the major studies are shown
beneath the main illustration, which highlights the circulation changes that have been inferred therein.


