An overview of atmospheric circulation reconstructions from Antarctic ice core data

An
University of

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

Method: Correlation of ERA-40 driven back trajectory clusters with chemical data from the ice core. They found that [NO,] 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 NO; 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.

(NIRRT [
Peel and Mulvaney (1992) Tellus “
“Time-trends in the pattern of ocean-atmosphere
exchanges in an ice core from the Weddell Sea sector of

Antarctica”

Where: Dolleman Island, eastern Antarctic Peninsula
Method: Pioneering method where individual species, or groups of species, in the ice core data were
linked to specific precipitation delivery mechanisms.

Results: They concluded that the marginal ice zone of the Weddell Sea has become an important source

of moisture for this region over recent times. However, their results are questionable as sea-salt derived
ions, such as Cl, have since been shown to be derived from “frost flowers” that form on new sea ice.

Period examined: 1795-1985

Reusch et al. (1999) JGR
“Spatial variability of climate and past atmospheric circulation

patterns from central West Antarctic glaciochemistry”

Where: Byrd, west Antarctica (4 short cores separated by 200km) Period examined: 1954-1994

Method: Interesting multisite technique combined with simple circulation reconstruction: they identified two ice core
EOFs of note — marine sea-salt influenced winter air masses and biogenically and stratospherically influenced summer
air masses.

Results: These mechanisms were shown to be consistent between sites despite average concentration and
accumulation not being so. Therefore, over the four sites, the large scale atmospheric circulation delivering
precipitation is assumed to be uniform and imposed upon the synoptic and mesoscale spatial variability.

Other information: Reusch et al. (2005, “Towards ice-core-based synoptic reconstru  ctions of west antarctic
climate with artificial neural networks” 1JoC) have also used a multisite dataset combined with a neural networks
technique in order to define transfer functions between synoptic weather patterns from ERA-15, AWS data and annual
accumulation and major ion chemistry from the same four Antarctic ice cores.

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: Their review of glaciochemistry concluded that: [NO] reduces with increased accumulation; Ca, K and Mg are derived from
terrestrial dust or exposed bedrock on the Antarctic or South America, and indicate changes in atmospheric circulation to incorporate
these features or changes in sea ice cover and; that MSA can be a proxy for SIE, ocean productivity or ENSO.

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

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.

Other information: This analysis was extended by Kreutz et al. (2000, “Sea level pressure variability in the Amun  dsen Sea region
inferred from a West Antarctic glaciochemical 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.
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Legrand and Kirchner (1988) GRL

“Polar atmospheric circulation and chemistry of recent (1957-

1983) South Polar precipitation”

Where: South Pole Period examined: 1957-1983

Method: One of the first works identifying chemical signals in Antarctic ice core data that were derived from
atmospheric circulation. Observed that [Na] in the winter snow layer at South Pole was indicative of meridional

transport.

Results: Inferred that meridional transport weakened since the early 1980s. This result is consistent with a more

positive SAM index.
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Mayewski et al. (2004) Annals of Glaciology
“700 year record of Southern Hemisphere extratropical climate

variability”

Where: Siple Dome, Law Dome (east Antarctica) and South Pole Period examined: 1300-1996

Method: See Souney et al. (2002) above

Results: The period 1700-1850AD departed from the usual pattern seen over the 700 year record: they describe a
switch from the “out-of-phase alternation of multi-decadal long phases of EOF1 and EOF2 modes of the 850hPa
field” to a lower tropospheric circulation regime characterised by “in-phase behaviour of the of the Amundsen Sea
Low component of EOF2 and the East Antarctic High component of EOF1" during this period. This has implications
for the atmospheric circulation patterns delivering precipitation to these sites. They also discuss a rise in
temperatures at Siple Dome during the 19" Century and its relationship with an increased frequency of El Nifio
events penetrating to the pole during this period.

Other information: A similar study (Legrand and Feniet-Saigne (1991) : “Methanesulfonic acid in south polar snow
layers: a record of strong El Nifio?", GRL) found that increases in the South Pole MSA data were concurrent with EI
Nifio events over the period 1922-1984. This paper can be traced directly forward to similar work, such as
Meyerson et al. (2002): “The polar expression of ENSO and sea-ice variability as recorded in a South Pole ice
core”, Annals of Glaciology). The MSA-ENSO link could be driven by the impact that El Nifio has on the sea ice
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Enomoto (1991) Climatic Change
“Fluctuations of snow accumulation in the
Antarctic and sea-level pressure in the southern-

hemisphere in the last 100 years”

Where: South Pole, Dome C and Law Dome Period examined: ~1860-1970

Method: Correlation between accumulation data and SLP observations from stations
located between 40-50 S. This allowed a reconstruction of SLP for this region to be
created for a 100 year window.

Results: Spectral analysis of this reconstruction shows a 20-30 year period, which, it is
proposed, was due to an oscillation feature of the wave-number zero SLP variation — a
limitation of the sparseness of the input observations.

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.

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

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.

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.
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Souney et al. (2002) JGR
“A 700-year record of atmospheric circulation developed
from the Law Dome ice core, East Antarctica”

Where: Law Dome, east Antarctica Period examined: 1300-1996

Method: Similar to Kreutz and Mayewski (1999) and Kreutz et al. (2000), this study found a dominant EOF
that was linked to some characteristic of atmospheric circulation, i.e. sea-salt concentration for the June
layer in the core is related to winter circulation “intensity”.

Results: Concluded that the most intense winter circulation occurred during the 19t Century and the least
intense during the 18 Century. Whilst their meteorological analysis does show significant correlations
with over half of the June datasets from the 20 Antarctic stations they examine and some links with
meridional pressure gradients from the NCEP-NCAR re-analysis, these were quite basic analyses.



