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Could Arctic ice be thinning?

A. 5. McLaren, R. G. Barry & R. H. Bourke

GLOBAL warming in high latitudes, the
predicted result of increasing green-
house-gas emissions, could have impor-
tant consequences for Arcticsea ice, Melt-
ing of the ice would lead to a decrease in
both thickness and areal extent, and to
more openings within the ice sheets. Most
of the recent data on sea-ice thinning and
opening have been provided by sonar
measurements taken under the ice by sub-
marines; they have not yet revealed any
conclusive evidence of a trend towards
widespread thinning. On page 795 of this
issue’, Wadhams presents data collected
north of Greenland by British submarines
in October 1976 and May 1987, and shows
that the mean sea-ice thickness is signifi-
cantly less in the later year. The observa-
tion is provocative, but more data are
required before one can hope to discern
overall trends with any confidence.

The complex mixture of open water and
ice of varying type and thickness that
makes up the Arctic Ocean is a significant
component of the giobal chimate system.
The geographical extent and thickness of
the sea ice control the amounts of heat,
moisture and momentum exchanged
between the Arctic Ocean and the atmos-
phere. Climate models’ suggest that a
doubling in levels of atmospheric CO,
should produce significant changes in the
distribution of polar sea-ice extent and
thickness. In turn, such changes would
affect atmosphere—sea interactions and
would have important implications for the
climate of the Northern Hemisphere.

Since the late 1800s, when the earliest
measurements of Arctic sea-ice thickness
were taken, estimates of the overall mean
thickness of pack ice have hovered around
3.0 m. Nansen' published the first measure-
ments of Arctic basin sea-ice thicknesses
collected during his voyage of 1893-1896
in the Fram. He reported an average
thickness of floes in the region of the
Transpolar Drift ranging from 3.1 to 3.8 m.
Field measurements™ by groups in the
Soviet Union indicated that old pack ice
was not less than 3.0 m thick, that peren-
nial ice ranged between 2.3 and 3.3 m, and
that the maximum thickness of non-ridged
sea ice was between 3.0 and 5.0 m. Thick-
ness measurements taken during the
1968/69 British Trans-Arctic Expedition”
gave an overall average of 4.2 m; later
papers’ provided revised estimates of
4.4-4.6 m and 3.7-3.9 m from the Pacific
and Eurasian sides of the Arctic respect-
ively, and a mean overall pack-ice thick-
ness across the Arctic Basin of 3.7 m (ref.
8). But these field measurements, col-
lected by drilling several hundred holes
through the ice, provide an uncertain
representation of the Arctic Ocean ice
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cover, which in places is heavily ridged
and hummocked through wind-forced
convergence and rafting of floes.

Since 1958’ it has been possible to
measure thicknesses using submarine
sonar beneath the ice. The size of the
‘footprint’ sampled by the under-ice sonar
depends on the instrument frequency/
beam-width ratio and the operating depth
of the submarine. These observations are
calibrated for the local sea level by
measurements in areas of open water
(leads and polynyas}).

Based on US submarine cruise results
for 1960 and 1962, Wittmann and Schule”
reported that the average Arctic pack-ice
thickness was between 2.4 and 4.7 m with
an overall average of 3.9 m. Swithin-
bank', Williams e al.”, Wadhams" and
McLaren™" reported sea-ice thickness dis-
tributions from four Arctic basin-wide
submarine cruises, including those of the
USS Nautilus (1958), USS Queenfish
(1970}, HMS Dreadnought (1971) and
HMS Sovereign (1976). But none of these
reports addressed the issue of trends in
ice thickness. As each of the voyages
travelled along different routes in differ-
ent seasons and through various geo-
graphical areas, and in addition as there
were differences in  equipment and
measurement accuracies, it was not
possible to establish a reliable baseline
against which to identify any trend.

There are few published data on the
variability of Arctic ice thickness. Bourke
and Garrett” have presented scasonal
climatologies of ice thickness in the Arctic
Basin, deduced from unclassified sub-
marine sonar data, but they made no
reference to variability. McLaren" com-
pared ice thickness along the same basin-
wide transect during early August in two
different years (1958 and 1970) by using
submarine sonar data from different
cruises. He found that ice was thinner
across 941 km of the Canada Basin in 1970
(mean thickness of 2.39 m) relative to
1958 (mean of 3.08 m). Although the data
from the two cruises varied considerably
in overall quality. they were of similar
quality across the Canada Basin, making
this (0.69-m difference significant.

Ice in the Canada Basin tends to cir-
culate in a clockwise sense, but during the
late summer this motion is reversed owing
to the development of atmospheric
cyclones™". Such changes in ice motion
lead to opening up of the ice, lowering
concentrations by 20-30 per cent” relative
to the previous season. If a reversal of this
sort occurred in 1970 but not in 1958, the
thinning observed by McLaren would be
difficult to explain in terms of normal
synoptic and interannual variability.

© 1990 Nature Publishing Group

Unfortunately, the available atmospheric-
pressure daia for those vears lack the
necessary accuracy to determine this.

Wadhams' observation of thinning of
the Arctic ice cover north of Greenland in
1987 relative to 1976 raises similar ques-
tions: is the Arctic ice really beginning to
thin, or are there still insufficient available
data to rule out normal synoptic and
interannual variability? Recent studies”
of sea-ice extent in the Arctic basin, based
on satellite passive microwave data, have
attempted to determine changes in ice
cover that might indicate warming or
cooling trends. Variations in global sea-
ice extent remotely sensed by the Nimbus
7 satellite during 1978-1987 indicate no
significant trends™: neither do data for
1973-1987 for sea-ice extent in the North-
ern Hemisphere ™.

The fact is that no data published so far
can provide a reliable indication of
whether the sea ice of the Arctic Basin is
thinning, thickening or remaining essen-
tially constant. Wadhams rightly stresses
the importance of monitoring Arctic ice
thickness on a systematic basis. A direct
approach would involve statistical analysis
by season, region and character of atmo-
spheric circulation for each year of all the
high-quality, comparable. basin-wide
under-ice thickness distribution data
obtained by US and British nuclear sub-
marines since 1958, Only then might
genuine trends be distinguished from
natural variability. g
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