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Antarctica

Critical role in the global climate system
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Where’s the Antarctic data?

IPCC  TAR (2001)

IPCC AR4 (2007)
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Sept. 5, 2006 | Science 

New evidence shows Antarctica has warmed in last 150 years 
Vince Stricherz     vinces@u.washington.edu   

Despite recent indications that Antarctica cooled considerably during the 1990s, new research suggests that the
world's iciest continent has been getting gradually warmer for the last 150 years, a trend not identifiable in the
short meteorological records and masked at the end of the 20th century by large temperature variations.

Numerous ice cores collected from five areas allowed scientists to reconstruct a
temperature record that shows average Antarctic temperatures have risen about two-
tenths of a degree Celsius, or about one-third of a degree Fahrenheit, in 150 years.
That might not sound like much, but the overall increase includes a recorded
temperature decline of nearly 1 degree in the 1990s, said David Schneider, a
University of Washington postdoctoral researcher in Earth and space sciences.

"Even if you account for the cooling in the '90s, we still see that two-tenths of a
degree increase from the middle of the 1800s to the end of the 20th century," said
Schneider, the lead author of a paper detailing the work published Aug. 30 in
Geophysical Research Letters.

The main reason that Antarctica appears to have cooled during the 1990s is that a
natural phenomenon called the Antarctic Oscillation, or Southern Annular Mode, was
largely in its positive phase during that time. The Antarctic Oscillation is so named
because atmospheric pressure in far southern latitudes randomly oscillates between
positive and negative phases. During the positive phase, a vortex of wind is tightly
focused on the polar region and prevents warmer air from mixing with the frigid polar
air, which keeps Antarctica colder.

Typically the Antarctic Oscillation alternates between phases about every month. But
in the 1990s the positive phase occurred much more often, Schneider said. Without
the influence of the Antarctic Oscillation, he said, it is likely the Antarctic would show
the same kind of warming as the rest of the Southern Hemisphere. Before 1975,
Antarctica appears to have warmed at about the same rate as the rest of the
hemisphere, about 0.25 degree C per century. But since 1975, while the Antarctic
showed overall cooling, the Southern Hemisphere has warmed at a rate of about 1.4
degrees per century.

"The second half of the 20th century is marked by really large variability. The periods
of cooling correspond with a very strong positive Antarctic Oscillation," Schneider
said. "The caution is that we don't fully understand the feedbacks between overall
climate warming and the Antarctic Oscillation. But having the 200-year record is what
convinces us that there is a relationship between Southern Hemisphere temperature
changes and Antarctic temperature changes."

He noted that other research has suggested that ozone depletion in the Southern
Hemisphere is keeping the Antarctic Oscillation in its positive phase for longer
periods.

Schneider began the work for his doctoral thesis and completed it as a post-doctoral
researcher. Co-authors of the paper are Eric Steig, Schneider's thesis adviser, and
Cecilia Bitz of the UW; Tas van Ommen of the Antarctic Climate and Ecosystems
Cooperative Research Centre in Australia, Daniel Dixon and Paul Mayewski of the
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Filling in a data void...

Ice cores used in stack, regressed upon temperature



Calibrated annual temperature reconstruction.



SAM-related variability evident for past 100 years

Orcadas temp
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Though not all variance is explained by SAM
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Overheating Antarctica
Alicia Newton

Geophys. Res. Lett 35. L07502 (2008)

Computer models of climate change have overstated Antarctic warming, say

scientists. The large volumes of water locked up in the Antarctic's ice sheets,

which could raise sea level if melted, have created intense interest in how

much the region is likely to warm.

Traditionally, this has been estimated mainly from models, as observations

on the ground are sparse. But Andrew Monaghan at Ohio State University

and colleagues have now compiled temperature and snowfall data across

Antarctica and compared them to model simulations. Monaghan's team

found that whereas the models estimated about a 0.75 °C temperature rise

over the last century, temperatures actually rose by only 0.2 °C over the

continent. One exception is the Antarctic peninsula, which has warmed by

several degrees. The models did a good job of representing changes in

snowfall, which increased in the later part of the twentieth century and

decreased in the past decade.

The discrepancy in temperature change may result from the models overestimating the amount of water vapour in the

Antarctic atmosphere. Interestingly, when temperatures are colder over Antarctica, there is less snowfall to replenish the

ice sheet, which could potentially increase sea level rise, although other factors also affect the overall amount of ice on the

continent.
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Climate Models Overheat Antarctica, New Study Finds

May 07, 2008

BOULDER— Computer analyses of global climate have consistently overstated warming in Antarctica,
concludes new research by scientists at the National Center for Atmospheric Research (NCAR) and Ohio
State University. The study can help scientists improve computer models and determine if Earth's
southernmost continent will warm significantly this century, a major research question because of
Antarctica's potential impact on global sea-level rise.

"We can now compare computer simulations with
observations of actual climate trends in Antarctica," says
NCAR scientist Andrew Monaghan, the lead author of the
study. "This is showing us that, over the past century,
most of Antarctica has not undergone the fairly dramatic
warming that has affected the rest of the globe. The
challenges of studying climate in this remote environment
make it difficult to say what the future holds for
Antarctica's climate."

The study marks the first time that scientists have been
able to compare records of the past 50 to 100 years of
Antarctic climate with simulations run on computer
models. Researchers have used atmospheric observations
to confirm that computer models are accurately
simulating climate for the other six continents. The
models, which are mathematical representations of Earth's
climate system, are a primary method for scientists to
project future climate.

Antarctica's climate is of worldwide interest, in part
because of the enormous water locked up in its ice
sheets. If those vast ice sheets were to begin to melt,
sea level could rise across the globe and inundate low-
lying coastal areas. Yet, whereas climate models
accurately simulate the last century of warming for the
rest of the world, they have unique challenges simulating
Antarctic climate because of limited information about the
continent's harsh weather patterns.

The study was published on April 5 in Geophysical
Research Letters. It was funded by the National Science

Foundation, NCAR's primary sponsor, and the Department of Energy.

The authors compared recently constructed temperature data sets from Antarctica, based on data from ice

Comparing reconstructed & instrumental temperature 
records with IPCC model simulations

Monaghan AJ, Bromwich DH and Schneider DP, 2008:   
Twentieth-century Antarctic air temperature and 
snowfall simulations by IPCC Climate models. 
Geophysical Research Letters, 35, L07502, doi:
10.1029/2007GL032630. 

(this story is ranked 5th in google search for 
“Antarctic climate”)



How do 20-th Century 
simulations compare 
with “observations?”

(Monaghan et al., 2008)



Schneider, D.P., and D.C. Noone, 2007: 
Spatial covariance of water isotope 
records in a global network of ice cores 
spanning twentieth-century climate 
change, Journal of Geophysical 
Research, 112, D18105, doi:
10.1029/2007JD008652.

What is the global connectivity of Antarctic ice cores?

ice core locations & modeled d18O



We are moving towards a global data base of ice core 
records...

...regional and global-scale 
signals are evident, but 

many coverage gaps exist.
(Schneider and Noone, 2007)
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(http:JJplanetsave.comJfilesJ2008J08Jelnino.Upg) While much of the world is

focused on the Arctic during this Northern Hemisphere’s summer, my own

polar region is once again in the scientific news. Apparently, dramatic year-

to-year temperature swings, as well as a century-long warming trend across

West Antarctica, are not solely the fault of humans. Granted, we haven’t

helped matters.

And while our getting let off the hook a little is and of itself intriguing, the

source for West Antarctica’s mysterious temperature swings makes its home

in the tropical Pacific Ocean.

“As the tropics warm, so too will West Antarctica,” said the National Center

for Atmospheric Research’s (NCAR) David Schneider, who conducted the

research with the University of Washington’s (UW) Eric Steig. “These ice

Written by Voshua S Hill

Published on August 17th, 2008

in Climate Science = Research

W Comments

Schneider D.P., and E.J. Steig, 2008: Ice 
cores record significant 1940s Antarctic 
warmth related to tropical climate 
variability, Proceedings of the National 
Academy of Sciences, 105, 
12154-12158.

An exceptional mid-centruy El Nino recorded in West 
Antarctic ice

(ranked 7th in google search for 
“Antarctic climate”)



Elucidating the connection of the tropics with Antarctic 
climate:  A key role for tropical SST?



Elucidating the connection of the tropics with Antarctic 
climate:  A key role for tropical SST?

SST & SLP anomalies during the 1939-42 El Nino

(Schneider and Steig, 2008)



Not all bad news for models

EOFs 1&2 in a 1150-year simulation using the Climate System Model version 1.4  (simulations by Caspar Ammann et al)



Modeled & observed spatial patterns in near-surface temperature

EOFs 1&2 of satellite-derived temps (Schneider et al., 2004)

surface temps vs SAM and SOI 
(Kwok and Comiso, 2003)



Summary
•Antarctic climate is poorly observed

•ITASE ice cores fill in a huge data gap

•Climate reconstructions based on ice cores enable comparisons with climate model simulations

•Coupled climate models have trouble reproducing the observed trends in Antarctic temperatures

•SST trends, El Ninos, are strongly linked to Antarctic climate, and are evident in the ice cores

•Atmospheric models forced by observed SSTs do a reasonably decent job of reproducing observed 
changes

•SST appears to play a stronger role in driving Antarctic trends than does ozone depletion

•West Antarctic warming over the past 100 years is greater than East Antarctic warming/cooling




