SEA ICE

Arctic and Antarctic regions
6.1

Due to the physical dissimilarities of the Arctic and
Antarctic regions their climates and ice regimes differ
oreatly. The Arctic region contains a basin about 3000 m
decp which is covered by a thin shell of ice about 4m
thick. The Antarctic. similar in extent, is a continent
covered by an ice cap which is up w 3000 m thick.

The annual mean temperature al the South Pole is —49°C
(the lowest temperature yet recorded in Antarctica is
88:3°C), whereas at the North Pole the annual mean
temperature s estimated to be -20°C (the lowest
temperature yet recorded in the Arctic is only a little below
50°C).

The ice cap covering the Antarctic continent accounls
for more than 90% of the Earth’s permanent ice. The ice
constituting the ice cap is constantly moving  outward
towards the coasts where many thousands of icebergs are
calved cach year from glaciers and ice shelves which reach

out over the sea. As a consequence large numbers of

icchergs are to be found in a wide belt which completely
surrounds the continent. In contrast, the icebergs of the
Arctic region are almost entirely confined to the sea arcas
off the E and W coasts of Greenland and off the E
scaboard of Canada. The Arctic Ocean remains almost
completely covered by drift ice throughout the year,
whereas the greater part o the drift ice surrounding
Antarctica melts cach summer.

Forms of ice
6.2

Several forms of ice may be encountered at sca. By far
the most common type is that which results from the
freezing of the sea suwiface, namely sea ice. The other
forms are icebergs (0.17) and river ice. River ice is
sometimes encountered in harbours and off estuaries during
the spring break-up. but it is then in a state of decay so
generally presents only a temporary hindrance to shipping.

Formation, deformation and
movement of sea ice

Freezing of saline water
6.3

The freezing of fresh and salt water does not occur in
the same manner. This is due to the presence of dissolved
salts in sea water. The salinity of water is usually expressed
in International Standard Units: sea water typically has a
salinity of 33, though in some areas, especially where there
is a considerable discharge of river water, the salinity is
much less, In the Baltic, for example, the salinity is less
than 10 throughout the year

When considering the freezing process. the importance
of salinity lies not only in its direet effect in lowering the

freezing temperature, but also in its effect on the density of

the water. The loss of heat from a body of water takes
place principally from its surface to the air. As the surface
water cools it becomes more dense and sinks, to be
replaced by warmer, less dense water from below inoa
continuous convection ¢yele.
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Fresh water reaches its maximum density at a
temperature of 4°C: thus when a body of fresh water is
cooled to this temperature throughout its depth convection
ceases. since further cooling results in a slight decrease in

density. Once this stable condition has been reached.
cooling of the surface water leads to a rapid drop in

temperature and ice begins to form when the temperature
falls to 0°C.

With salt water the delay due to convection in the
lowering of the temperaure of the water o ils [reczing
point is much more prolonged. In some arcas where there
is an abundant supply of relatively warm water at depth,
such as SW ol Spitsbergen. convection may normally
prevent the formation of ice throughout the entire winter
despite the very low air temperatures. This delay s, in part,
due to the great depths of water found i the oceans, but is
mainly due to the fact that the density of salt water
continues 1o increase with cooling until the surface water
freezes, In fact the theoretical maximum density of sea
water ol average salinity (which can be achieved by
super-cooling in controlled laboratory conditions) is well
below its freezing temperature,
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Maximum Density and Freezing Point related to

Temperature and Salinity (6.3)
The diagram shows the relationship between
temperature, salinity and maximum density. It can be seen
that in water with salinity of less than 24-7 the maximum
density is reached before the freering temperature and
where the salinity is greater than 24-7 the freezing point is
reached before the density attains its theoretical maximum
value.

The greatest delay in reaching the freezing temperatire
occurs when the sea water, throughout its depth, is initially
at an almost uniform density. In some areas. however, the
density profile i1s not uniform. In these cases, discontinuities
occur where a layer of lower salinity overlies a layer of
higher salinity. (At temperatures between about 3%C and
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[reczing, variations in density are more dependent on
variations ol salinity than on changes in temperature.) The
increased density at the surface of the upper layer. achieved
by cooling, may still be less than the density of the lower
layer. The salinity discontinuity between the two layers
then forms a lower limit to convection: the delay in
reaching the freezing temperature is then dependent upon
the depth of the upper layer. This is particularly so in the
Arctic Ocean where there is a salinity discontinuity
between the surface layer. the Arctic and the
underlying more saline  Atlantic water. Cooling ol the
surface water around the periphery of the basin, and within,
where there is open water, leads to convection in a shallow
layer which may extend to only 50m in depth.
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Initial formation of sea ice
64

The first indication of ice is the appearance ol ice
spicules or plates, with maximum dimensions up to
25 centimetres, in the top few centimetres ol water. These
spicules, known as frazil ice. form in large quantities and
give the sea an oily appearance. As cooling continues the
frazil 1ce coalesces 1o form grease ice (Photographs 5 and
6). which has a matt appearance. Under near-freezing, but
as yel ice-free conditions. snow falling on the surface and
forming slush may induce the sea surface to form a layer

of ice. These forms may break up. under the action of

wind and waves to form shuga (Photographs 6 and 17h
Frazil ice, slush, shuga and grease ice are classilied as new
1ce.

With further cooling. sheets of ice rind (Photograph 15)
or nilas {Photograph 26) are formed depending on the rate
of cooling and on the salinity of the water. Ice rind is
formed when water of low salinity {reezes slowly. resulting
in a thin layer of ice which is almost free of salt. whereas
when water of high  salinity  freezes, especially if the
process is rapid, the ice contains pockets of salt water
giving it an elastic property which is characteristic of nilas.
This latter form of ice is subdivided. according to age. into
dark and light nilas: the second. more advanced form
reaches o maximum thickness of 10 centimetres.

Again. the action of the wind and waves may break up
ice rind and nilas into pancake ice (Photograph 13) which
later freezes together and thickens into grey ice and
grey-white ice, the latter attaining thicknesses up to
30 centimetres. These forms of ice are referred o as young
ice. Rough weather may break this ice up into cakes or
floes (Photograph 19).

First-year ice
6.5

The next stage of development, known as first-year ice.
is sub-divided into thin, medium and thick: medium
first-yvear ice has a range of thickness from 70 1o
120 centimetres. At the end of the winter thick first-year
ice may obtain a maximum thickness of approximately 2 m.

Should this ice survive the summer melting season. as it
may well do within the Arctic Ocean, it is designated
second-year ice at the onset of the next winter

Subsequent persistence through summer melts warrants
the description multi-year ice which, after several years,
attains a maximum thickness, where level. of approximately
35 m: this maximum thickness is attained when the
accretion of ice in winter balances the loss due to melting
in summer.
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Subsequent formation
6.6

The buoyancy of level sea ice is such that approximately
1/7 of the total thickness floats above the water.

Ice increases in thickness from below, as the sea water
[reezes on the under-surface ol the ice. The rate of increase
is determined by the severity of the frost and hy its
duration.

As the ice becomes thicker, the rate of increase in
thickness diminishes due to the insulating effect of the ice
{and its overlying snow cover) in reducing the upward
transport of heat from the sea to the very cold air above.
Under extreme conditions., when the air temperature may
suddenly fall w0 -30°C w0 40°C it is possible that a layer
of ice can form and grow in thickness to about
10 centimetres in a day, 20 centimetres in 2 days and
30 centimetres in 4 days, but with the decreasing rate of
growth it would ke almoest a month at such temperatures
o reach 60 centimetres,

Two other factors contribute to the growth of sea ice,
particularly in the Antarctic due to the
oceanographic conditions of that area.

One is snow cover, which where relatively deep. say
50 centimetres or more, may by its weight depress the
original ice layer below the surface of the sea so that the
snow  becomes waterlogged. In winter the wet snow
gradually freczes, thus increasing the depth of the ice layer.

The other factor 1s the super-cooling ol water as it flows
under the deep ice shelves which are typical ol the
Antarctic coastline. The super-cooled water is prevented
from freezing by the pressure at this depth. Observations
have shown that the flow of water under the ice shelves is
often twrbulent resulting in some of the super-cooled water
rising towards the surface as it leaves the vicinity of the
ice shelf. The consequent reduction in pressure may lead to
the rapid formation of frazil ice in the near-surface layer
The same process can also result in the accumulation of a
relatively deep laver of porous ice beneath an original ice
layer. In this way. recently broken fast ice over 4 m thick,
encountered in the approaches to Enderby Land in autumn
{March)y was observed o consist only of 30 centimetres of
solid ice and 4 m of porous ice, the whole offering litle
resistance to a ship's progress. This effect is almost entirely
confined to the last ice zone,

climatic and

Salt content
6.7

At the first stage of its development sea ice is formed of
pure water and contains no salt. The downward growth of
ice crystals from the under-surface of the ice results in a
network of crystals and small pockets of sea water.
Eventually these pockets become cut off from the
underlying water. and with further cooling they shrink in
size as some of the water in these pockets [reczes out. The
residual solution which now has a hi;__fh'cr salt content, 1s
called brine, The salinity of the brine is highly dependent
on temperature, Since there exists. at least in winter. a
substantial positive temperature gradient downwards
through the ice, it follows that the temperature at the top of
a pocket of brine is lower than at its base. This leads to
freezing at the top of the brine pocket and melting at the
base resulting in a slow downward migration of the brine
through the ice. This brine is drained from the ice at a very
slow rate,

As cooling continues the salt content is gradually
deposited out of solution. There are certain  preferred
temperatures where this process becomes more apparent,












