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Fic. 1. Change in surface air temperature (10-yr means) due to doubling CO,,
for months December—January—February, as simulated by three high-resolution
climate models: (a) CCC: Canadian Climate Centre, (b) GFHI: Geophysical Fluids
Dynamics Laboratory, and (c) UKHI: United Kingdom Meteorological Office.
Figure reproduced from Houghton et al. (1990), with permission of the

Intergovernmental Panel on Climate Change.

Has the predicted Arctic warming been observed?
The relevant climatological database over Arctic sea
ice is very sparse. For example, there are no reliable,
basinwide datasets for surface air temperature or sea-
ice thickness for even the past 20 years, much less the
past 100 years, although new data are now becoming
available as a result of political realignments. Even if
observations were plentiful, the CO, response would
have to be distinguished from other temporal varia-
tions, including the forced response to variations in at-
mospheric aerosol concentration (volcanic, anthropo-
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genic and biogenic), as well as natural
variability. Undaunted by these difficul-
ties, investigators have looked for cli-
mate trends in the Arctic, but with incon-
clusive results. Kahl et al. (1993) report
no trend in Arctic Ocean surface tempera-
tures over the past 40 years. Analysis of
data from several sources during the pe-
riod from 1961 to 1990 led Chapman and
Walsh (1993) to conclude that summer-
time Arctic sea-ice extent had decreased
by a small but significant amount, while
there was no discernible trend in winter-
time extent. They found significant
warming over high-latitude land areas,
but little change over the Arctic Ocean
and, in fact, a significant cooling over
Greenland. Johannessen et al. (1995) and
Maslanik et al. (1996) have analyzed sat-
ellite passive microwave imagery and de-
termined that the decreasing trend in
summertime ice extent has continued
through 1995. Bjorgo et al. (1997) have
recently reported that the negative trend
of Arctic sea ice for 1978-95 is apparent
in the winter data as well as the summer
data.

Extratropical cyclone activity has also
been rising north of 60°N since at least
the mid-1960s. These high-latitude in-
creases, which are most pronounced over
the central Arctic Ocean, are associated
with significant reductions in sea level
pressure, which do not appear to be di-
rectly related to the North Atlantic Oscil-
lation (Walsh et al. 1996; Serreze et al.
1996). Serreze et al. (1995) and Maslanik
etal. (1996) show that the downward trend
in Arctic sea-ice extent (Johannesen et al.
1995) is driven primarily by late summer
to early autumn ice anomalies in the Laptev and East
Siberian Seas. Maslanik et al. (1996) have attributed
the Eurasian sector ice reductions to a combination of
thermodynamic forcings, in which warm southerly
winds east of the region of increased central Arctic
storm activity result in more rapid melt, and the dy-
namic effects of increased wind-driven ice transport
away from the coast. It remains unclear, however, how
the regional increases in cyclone activity associated
with the ice reductions may fit into the larger context
of observed changes in Northern Hemisphere climate.
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