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Cold polar glaciers on Axel
Heiberg Island near the
Arctic Circle in Canada’s
Northwest Territories.
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During winter in
the northern
hemisphere, ice
and snow cover
half the world’s
land area and
some 30 percent
of the oceans.

Overview

There have been two Ice Ages over the past 150 000 years,
and a long interglacial period which lasted from about
125 000 to 75 000 years ago. We are currently enjoying
another interglacial period—one that this time may be
intensified far beyond natural ranges as a result of global
warming caused by the accumulation of greenhouse gases
in the atmosphere. Indeed, it is possible that this global
warming could be greater than any of the temperature
fluctuations undergone during the transition from an Ice
Age to an interglacial period.

Yet much of the Earth— which can justly be referred to as
a glacial planet—is blanketed in ice and snow, even during
interglacial periods. During winter in the northern
hemisphere, ice and snow cover half the world’s land area
and some 30 percent of the oceans. About 10 percent of the
land area is covered with glaciers, which contain 75 percent of
the world’s freshwater resources. Most of this is stored in the
huge ice sheets of Greenland and Antarctica. The remaining
glaciers and mountainous ice caps cover an area of some
550 000 km?, nearly all of it in North America and Eurasia.

Glaciers can be regarded as the residual remains of the
large ice bodies of the past Ice Age—or as the precursors of
the ice sheets of the next Ice Age. And just as the sizes of the
massive ice sheets that characterize Ice Ages are a crude
indicator of climatic and environmental change, so are the
planet’s glaciers a sensitive instrument for measuring more
subtle changes over shorter timeframes.

Because the ice in glaciers is near melting point, glaciers
act as sensitive indicators of climate change. The spectacular
and worldwide retreat of mountain glaciers this century is
the strongest evidence so far of the fact that the Earth’s
average surface temperature has changed significantly and
rapidly since the Little Ice Age ended in the last century.

Glaciers are of great scientific interest in their own right
but their study also has practical importance in many fields.
As ice accumulates over thousands of years it provides a
record, in cold storage, of the atmospheric conditions
prevailing when the ice was formed. It was a study of ice
cores that enabled scientists to establish background levels
of carbon dioxide and other chemicals in the atmosphere
before industrialization began.

The study of glaciers is also important in the design of
hydroelectric schemes, since it is often the water released
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glaciers flow slowly, and are found mainly
in the polar regions and in the driest parts
of the Asian mountains.

There is also a third type of glacier with
characteristics midway between these
extremes. These transitional glaciers are
found where precipitation is between 500
and 2000 mm a year, and average
temperatures are a few degrees below
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freezing point. They are common in
Svalbard, the Argentinian Andes, the
inner Alps and most mountain ranges in
Asia. The relationship between these three
types of glacier, average air temperature
and precipitation is shown in Figure 4.
The photographs below show typical
examples of maritime, transitional and
continental glaciers.

the background

Figure 4 The
relationship between
precipitation and
average annual air
temperature
determines the nature
of a glacier: maritime,
transitional or
continental.

Three types of glacier:
maritime mountain
(Portage, in southern
Alaska, below left);
transitional (Svalbard,
in the Arctic north of
Scandinavia, below);
and continental
(Urumgi in China,
bottom).
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In glacierized areas where there is some
melting during the summer, small amounts
of meltwater can infiltrate the snow layer
that fell earlier in the year. This meltwater
then refreezes, leaving a distinctive trace of
warmer summers which will remain
hidden deep below the surface after
centuries of snowfall have covered it up.
The amount of refrozen melt layers in a
core taken from such a glacier is a reliable
guide to summer temperatures. As Figure 6
shows, analysis of an ice core taken from
Devon Island in the Arctic shows that the
20th century must have been by far the
warmest century since the Middle Ages.
Similarly, analysis of ice cores on Colle
Gnifetti in the Swiss Alps has revealed the
rise of acid precipitation since the middle
of the last century (see Figure 7).

The way in which a glacier builds up
through accumulation is relatively simple:

it is governed mainly by the amount of
snow that falls on the head of the glacier.

Ablation is more complicated. The
intensity of melting caused by solar
radiation depends on the reflectivity of the
material exposed on the glacier surface,
since only absorbed—not reflected—
radiation contributes to heating. Fresh
snow reflects 80-95 percent of solar
radiation, old snow 50-80 percent, firn
30-60 percent and ice 1540 percent. These
figures illustrate the importance of
summer snowfall in protecting glaciers
from ablation.

Radiation contributes about two-thirds of
the energy available for melting. The
remaining third comes mainly from
heating by the atmosphere as warm air is
convected onto the glacier surface. The rate
of melting depends largely on the air
temperature above the glacier and hence

Gaissbergferner in the
Oetztal Alps, Austria:
the exposed lateral
moraines clearly
indicate 20th-century
mass loss.

Sketch below shows the
Rhéne glacier in 1856.
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Uses of the data

The inventory data are already proving
useful in a number of ways. For example,
the data showed that most of the ice in
regions of North America where there are
long valley glaciers is contained in the
largest and thickest glaciers; in the Alps, by
contrast, most of the ice is to be found in
small, thin mountain glaciers. This has
implications related to global warming.
The North American glaciers are likely to
provide glacier meltwater to the sea—one
of several causes of sea level rise— for a
considerable time before the flow is
reduced because the glaciers have become
smaller. In the Alps, however, most
glaciers will be reduced in size fairly
rapidly and many could disappear. About
half the ice that existed in the Alps at the
end of the Little Ice Age has already melted
as a result of 20th-century warming; a
further reduction to perhaps one-quarter of

today’s area and a few percent of today’s
volume is to be expected if the next century
is markedly warmer than this one.

Glacier monitoring now attempts to
provide several types of information.
Observations on glacier length are the key
to comparing today’s glaciers with those of
the past. The technical difficulties of glacier
monitoring mean that remote glaciers must
be monitored by aerial photography and
high-resolution satellite imagery. At the
same time, meaningful comparisons of
glacier data can be made only where the
data span relatively long periods of times
and exist for carefully designed groups of
glaciers. A good example is shown in
Figure 11. These groups will provide the
baseline data from which glaciologists will
have to work as they try to interpret what
future changes in mass balance tell us of
climate change and global warming.

taking stock

Figure 11 Long time-
series data on glacier
length are invaluable
material for the world-
wide analysis of glacier
response to climatic
changes over long time
scales. Note how much
more valley glaciers
respond to climate
change than do small

" mountain glaciers.
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Glaciers and the environment

The Belvedere glacier
in Italy, covered with
debris and including a
moraine-trapped lake.
The risk of glacier
floods from such lakes
is increasing as 20th-
century warming
causes glaciers to
retreat.
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More detailed information will be useful
on glaciers where physical measurements
can be made. Mass balance observations
can be correlated with climate change and
this has enabled experts to assess the
sensitivity of glaciers to climate change in
relation to the altitude of their equilibrium
lines. Observed changes in glacier mass can
also be expressed as energy changes, thus
allowing experts to make direct
comparisons between changes in glacier
mass and anthropogenic enhancement of
the greenhouse effect. The overall shrinking
tendency of glaciers in the Alps—for which
the best documentation exists—is broadly
consistent with the estimated
anthropogenic greenhouse warming and
now seems to be leading, increasingly
quickly, to climatic conditions outside the
range of the climatic variations that have
occurred since the end of the past Ice Age.

One of the original aims of the inventory
was to evaluate the freshwater resources
stored in perennial snow and ice on a
global scale. This aim proved somewhat
ambitious but the inventory data so far
compiled have already been of great use in
estimating high-altitude precipitation and
potential run-off from mountain areas
where it is difficult to establish
precipitation gauges.

Finally, monitoring is providing a
systematic collection of data on special
events such as glacier surges, the instability
of tidal glaciers, glacier floods, ice
avalanches and eruptions of ice-clad
volcanoes. The compilation of this material
is an important addition to data on natural
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disasters and may be of future use in
elaborating early warning systems to
mitigate the effects of glacier-related
hazards. The relevance of these data is
likely to increase, if only because the
formation of lakes on the margins of
retreating glaciers as a result of 20th-
century warming is continually increasing
the hazards from glacier floods.

A century ago, when glacier monitoring
began, it was clear that decades of patient
work would be needed before the scientific
study of glaciers could bear useful fruit.
This it has now done—just in time,
probably, to help in the battle against the
effects of the enhanced greenhouse effect
and the global warming that seems likely
to follow it. Glacier fluctuations already
provide the most important evidence we
have of 20th-century warming. The
importance of monitoring glaciers will
certainly increase if enhanced greenhouse
gas warming turns from a prediction to a
reality. Glaciology has always been
interesting; more recently it also became
important. Now its development has
become urgent.

Much more remains to be done. There is a
need for more and better data, for
improved communication between
observers, modellers and theorists, and for
the more widespread introduction of
advanced techniques, particularly high-
resolution remote sensing. The World
Glacier Inventory is a beginning on a long
road—a road that may turn out to be very
long indeed.
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