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Ice and snow are important components of the Earth’s
climate system and are particularly sensitive to global
warming. Over the last few decades the amount of ice
and snow, especially in the Northern Hemisphere, has
decreased substantially, mainly due to human-made glo-
bal warming. Changes in the volumes and extents of ice
and snow have both global and local impacts on climate,
ecosystems and human well-being.

Snow and the various forms of ice play different roles
within the climate system. The two continental ice sheets
of Antarctica and Greenland actively influence the global
climate over time scales of millennia to millions of years,
but may also have more rapid effects on, for example, sea
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level. Snow and sea ice, with their large areas but relatively
small volumes, are connected to key interactions and feed-
backs at global scales, including solar reflectivity and ocean
circulation. Perennially frozen ground (permafrost) influ-
ences soil water content and vegetation over continental-
scale northern regions and is one of the cryosphere com-
ponents most sensitive to atmospheric warming trends.
As permafrost warms, organic material stored in perma-
frost may release greenhouse gases into the atmosphere
and increase the rate of global warming. Glaciers and ice
caps, as well as river and lake ice, with their smaller ar-
eas and volumes, react relatively quickly to climate effects,
influencing ecosystems and human activities on a local
scale. They are good indicators of climate change.
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Why are Ice and Snow Changing?

= A main conclusion of the Intergovernmental Panel on
Climate Change (IPCC) Fourth Assessment Report of
2007 was that it is very likely that most of the global
warming during the last 50 years is due to the increase
in human-made greenhouse gases.

= The largest recent increases in annual temperatures
for the planet are over the North American Arctic,
north central Siberia and on the Antarctic Peninsula.

= The climate system is influenced both by natural vari-
ability and external factors such as greenhouse gases
and the sun. During the 21st century the most impor-
tant external influence on snow and ice will be the in-
crease in greenhouse gases.

= Overall Arctic temperatures have been increasing at
almost double the global rate. Climate model simula-
tions for the Arctic project further increases in aver-
age temperatures plus a trend to warmer high and low
temperature extremes.

m In Antarctica the recent warming has not been wide-
spread, but model projections for the end of the 21st
century indicate a broader pattern of warmer surface
temperatures.

= Ongoing changes to ice and snow have a predominant-
ly positive feedback effect which will result in acceler-
ating rates of change.
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= Mean monthly snow-cover extent in the Northern
Hemisphere has declined at a rate of 1.3 per cent per
decade over the last 40 years with greatest losses in the
spring and summer.

= Major reductions in snow cover are projected for mid-
latitudes by the end of this century. Parts of the Ca-
nadian Arctic and Siberia are projected to receive in-
creased snow fall.

= Air temperatures are projected to continue increasing
in many mountainous regions, which will raise snow
lines and cause other changes in mountain snow cover.

= Snow is an important ecological factor. Increased fre-
quency of snow thaw due to rise in air temperatures
changes the properties of snow cover, with implica-
tions for plants and animals that interact with snow.
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Projected changes in amount of snow cover will affect
the structure of ecosystems.

= Snow cover is a major influence on climate due to its
high reflectivity of sunlight and its insulating proper-
ties. Decreases in snow-cover extent will act as a posi-
tive feedback to global warming by changing the re-
flectivity of the land surface.

= Changes in snow cover have a dramatic impact on wa-
ter resources. Snow in mountain regions contributes
to water supplies for almost one-sixth of the world’s
population.

= Changes in snow cover affect human well-being
through influences on water resources, agriculture,
infrastructure, livelihoods of Arctic indigenous people,
environmental hazards and winter recreation.
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Ice in the Sea

In the last three decades there have been declines in
the extent of Arctic sea ice of 8.9 per cent per decade
in September and 2.5 per cent per decade in March.
The retreat of sea ice is particularly noticeable along
the Eurasian coast. Sea-ice thickness has declined
in parts of the Arctic since the 1950s and both the
extent and the thickness of Arctic sea ice are pro-
jected to continue to decline with the possibility of
a mainly ice-free Arctic Ocean in summer by 2100
or earlier.

Antarctic sea ice is projected to decline in extent at a
similar rate as in the Arctic, but it is not expected to
thin as much.

Declines in the extent of sea ice accelerate the rate
of melting because more sunlight is reflected by the
bright surface of snow and sea ice than by the dark sur-
face of open water. This is the same feedback process
that results from decline of snow-cover extent on land.
This feedback process affects climate globally.

CHAPTER 1

= Melting sea ice may influence global patterns of ocean
circulation; increasing melting of sea ice in combina-
tion with increased freshwater influx from melting
glaciers and ice sheets may result in major changes to
ocean circulation.

= Sea ice is vital habitat for organisms ranging from tiny
bacteria, algae, worms and crustaceans to sea birds,
penguins, seals, walrus, polar bears and whales. Some
sea-ice dependent animals are already at risk and the
predicted declines in sea ice may lead to extinctions.

= Shrinking sea ice is forcing coastal Arctic indigenous
people to adopt different methods of travel and to
change their harvesting strategies. Further loss of sea
ice threatens traditional livelihoods and cultures.

= [ncreasing extent of open water in polar regions will pro-
vide easier access to economic activities such as explora-
tion and exploitation of petroleum resources, and ship-
borne tourism, with accompanying benefits and risks.

= The Northern Sea Route along Russia’s Arctic coast is
currently navigable for 20-30 days annually. Predictions
are that by 2080 the navigable period will increase to
80-90 days. This, combined with the potential of future
opening of the Northwest Passage through Canada’s wa-
ters, will likely have a major impact on world shipping.
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Ice on the Land | Ice Sheets

= Annual total loss of mass from the Greenland Ice Sheet ciers that feed the ice shelves are observed to accelerate,
more than doubled in the last decade of the 20th centu- as much as eight-fold, following ice-shelf break-up.
ry and may have doubled again by 2005. This is related = Observations made over the past five years make it
to more melting and also to increased discharge of ice clear that existing ice-sheet models cannot simulate
from outlet glaciers into the ocean. Warmer Green- the widespread rapid glacier thinning that is occur-
land summers are extending the zone and intensity of ring, and ocean models cannot simulate the changes
summer melting to higher elevations. This increases in the ocean that are probably causing some of the ice
both meltwater runoff into the ocean and meltwater thinning. This means that it is not possible now to pre-
drainage that lubricates glacier sliding and potentially dict the future of the ice sheets, in either the short or
increases ice discharge into the ocean. long term, with any confidence.

= There is uncertainty concerning recent overall changes = The Greenland and Antarctic ice sheets hold about 99
in ice mass in the Antarctic Ice Sheet but there is prob- per cent of the world’s freshwater ice (the equivalent of
ably an overall decline in mass with shrinking in the 64 m of sea level rise) and changes to them will have
west and addition in the east due to increased snowfall. dramatic and world-wide impacts, particularly on sea
Ice shelves are thinning and some are breaking up. Gla- level but also on ocean circulation.

12 | GLOBAL OUTLOOK FOR ICE AND SNOW



$203S1/A03y21WS 103] :0304d

Ice on the Land Glaciers and Ice Caps

= Over the past 100 years, and particularly since the
1980s, there has been worldwide and dramatic shrink-
age of glaciers. This shrinking is closely related to
global warming.

= Projected increases in global air temperatures will en-
sure the continuing shrinkage of glaciers and ice caps
and may lead to the disappearance of glaciers from
many mountain regions over the coming decades.

= Disappearance of glaciers will have major consequenc-

es on water resources, especially in regions such as the
Himalayas—Hindu Kush, the Andes, Rocky Mountains
and European Alps, where many dry-season river flows
depend on glacier meltwater.

= Shrinkage of glaciers leads to the deposition of unsta-
ble debris, the formation of ice and debris dammed
lakes and it increases instability of glacier ice. These
conditions pose increased risk of catastrophic flood-
ing, debris flows and ice avalanches.
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Ice and Sea-level Change

= Sea level is rising at an increasing rate which is associ- bal sea level rise over the 21st century in the range of
ated with global warming. The rate of sea-level rise is about 20 to 80 cm. However, the upper bound of this
now 3.1 mm per year; the average for the 20th century projection is very uncertain.
was 1.7 mm per year. = Climate change is also projected to increase the fre-
= More than a third of sea-level rise is from meltwater quency and severity of extreme sea-level events such
from glaciers and ice sheets with most of the remain- as storm surges. This will exacerbate the impacts of
ing rise being due to thermal expansion of the oceans. sea-level rise.
The contribution of meltwater to sea-level rise can be = The impacts of sea level rise in any region will depend
expected to continue and accelerate as more land ice on many interacting factors, including whether the
melts. Over the long term the ice sheets of Greenland coastal region is undergoing uplift or subsidence, and
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