CHAPTER 34

ICE IN THE SEA

INTRODUCTION

3400. Ice And The Navigator piloting by altering the appearance or obliterating the fea-
tures of landmarks; it hinders the establishment and
Sea ice has posed a problem to the polar navigatamaintenance of aids to navigation; it affects his use of elec-
since antiquity. During a voyage from the Mediterranean tdronics by affecting propagation of radio waves; it produces
England and Norway sometime between 350 BC and 3008hanges in surface features and in radar returns from these
BC, Pytheas of Massalia sighted a strange substance whidbatures; it affects celestial navigation by altering the re-
he described as “neither land nor air nor water” floatingfraction and obscuring the horizon and celestial bodies
upon and covering the northern sea over which the summaesither directly or by the weather it influences, and it affects
sun barely set. Pytheas named this lonely region Thuleharts by introducing several plotting problems.
hence Ultima Thule (farthest north or land’s end). Thus be-  Because of his direct concern with ice, the prospective
gan over 20 centuries of polar exploration. polar navigator must acquaint himself with its nature and ex-
Ice is of direct concern to the navigator because it retent in the area he expects to navigate. In addition to this
stricts and sometimes controls his movements; it affects higolume, books, articles, and reports of previous polar oper-
dead reckoning by forcing frequent and sometimes inaccuations and expeditions will help acquaint the polar navigator
rately determined changes of course and speed; it affects higth the unique conditions at the ends of the earth.
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Figure 3401. Relationship between temperature of maximum density and freezing point for water of varying salinity.
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456 ICE IN THE SEA

3401. Formation Of Ice buoyant force of the water breaks off pieces from time to time,
and these float away aebergs Icebergs may be described as
As it cools, water contracts until the temperature ofdome shaped, sloping or pinnacled (Figure 3402a), tabular
maximum density is reached. Further cooling results in ex{Figure 3402b), glacier, or weathered.
pansion. The maximum density of fresh water occurs ata A floating iceberg seldom melts uniformly because of
temperature of 41T, and freezing takes place &@ The lack of uniformity in the ice itself, differences in the tempera-
addition of salt lowers both the temperature of maximumture above and below the waterline, exposure of one side to the
density and, to a lesser extent, that of freezing. These relaun, strains, cracks, mechanical erosion, etc. The inclusion of
tionships are shown in Figure 3401. The two lines meet at socks, silt, and other foreign matter further accentuates the dif-
salinity of 24.7 parts per thousand, at which maximum denferences. As a result, changes in equilibrium take place, which
sity occurs at the freezing temperature of 2C3At this  may cause the berg to periodically tilt or capsize. Parts of it
and greater salinities, the temperature of maximum densitgnay break off ocalve, forming separate smaller bergs. A rel-
of sea water is coincident with the freezing point temperaatively large piece of floating ice, generally extending 1 to 5
ture, i. e., the density increases as the temperature getseters above the sea surface and normally about 100 to 300
colder. At a salinity of 35 parts per thousand, the approxisquare meters in area, is callebleagy bit. A smaller piece of
mate average for the oceans, the freezing point is 2@.88 ice large enough to inflict serious damage to a vessel is called
As the density of surface seawater increases with deagrowler because of the noise it sometimes makes as it bobs
creasing temperature, convective density-driven currentsp and down in the sea. Growlers extend less than 1 meter
are induced bringing warmer, less dense water to the suabove the sea surface and normally occupy an area of about 20
face. If the polar seas consisted of water with constansquare meters. Bergy bits and growlers are usually pieces
salinity, the entire water column would have to be cooled tacalved from icebergs, but they may be the remains of a mostly
the freezing point in this manner before ice would begin tomelted iceberg.
form. This is not the case, however, in the polar regions  The principal danger from icebergs is their tendency to
where the vertical salinity distribution is such that the sur-break or capsize. Soon after a berg is calved, while remaining
face waters are underlain at shallow depth by waters oih far northern waters, 60-80% of its bulk is submerged. But
higher salinity. In this instance density currents form a shalas the berg drifts into warmer waters, the underside can some-
low mixed layer which subsequently cannot mix with thetimes melt faster than the exposed portion, especially in very
deep layer of warmer but saltier water. Ice will then begincold weather. As the mass of the submerged portion deterio-
forming at the water surface when density currents ceasetes, the berg becomes increasingly unstable, and it will
and the surface water reaches its freezing point. In shoa&ventually roll over. Icebergs that have not yet capsized have a
water, however, the mixing process can be sufficient to exjagged and possibly dirty appearance. A recently capsized berg
tend the freezing temperature from the surface to thevill be smooth, clean, and curved in appearance. Previous wa-
bottom. Ice crystals can, therefore, form at any depth in thiserlines at odd angles can sometimes be seen after one or more
case. Because of their decreased density, they tend to risedapsizings.
the surface, unless they form at the bottom and attach them- The stability of a berg can sometimes be noted by its
selves there. This ice, called anchor ice, may continue toeaction to ocean swells. The livelier the berg, the more un-
grow as additional ice freezes to that already formed. stable it is. It is extremely dangerous for a vessel to
approach an iceberg closely, even one which appears sta-
3402. Land Ice ble, because in addition to the danger from capsizing,
unseen cracks can cause icebergs to split in two or calve off
Ice of land origin is formed on land by the freezing of large chunks.
freshwater or the compacting of snow as layer upon layer  Another danger is from underwater extensions, called
adds to the pressure on that beneath. rams, which are usually formed due to melting or erosion above
Under great pressure, ice becomes slightly plastic, and the waterline at a faster rate than below. Rams may also extend
forced downward along an inclined surface. If a large area iffom a vertical ice cliff, also known as de front, which forms
relatively flat, as on the Antarctic plateau, or if the outwardthe seaward face of a massive ice sheet or floating glacier; or
flow is obstructed, as on Greenland,iea capforms and re-  from anice wall, which is the ice cliff forming the seaward mar-
mains throughout the year. The thickness of these ice capgn of a glacier which is aground. In addition to rams, large
ranges from nearly 1 kilometer on Greenland to as much as 4ortions of an iceberg may extend well beyond the waterline at
kilometers on the Antarctic Continent. Where ravines orgreater depths.
mountain passes permit flow of the iceglacier is formed. Strangely, icebergs may be helpful to the mariner in some
This is a mass of snow and ice which continuously flows toways. The melt water found on the surface of icebergs is a
lower levels, exhibiting many of the characteristics of rivers ofsource of freshwater, and in the past some daring seamen have
water. The flow may be more than 30 meters per day, but imade their vessels fast to icebergs which, because they are af-
generally much less. When a glacier reaches a comparativellgcted more by currents than the wind, have proceeded to tow
level area, it spreads out. When a glacier flows into the sea, tithem out of the ice pack.
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Icebergs can be used as a navigational aid in extremsinimum water depth at its location. Water depth will be at
latitudes where charted depths may be in doubt or non-exeast equal to the exposed height of the grounded iceberg.
istent. Since an iceberg (except a large tabular berg) mu§rounded bergs remain stationary while current and wind
be at least as deep in the water as it is high to remain upnove sea ice past them. Drifting ice may pile up against the
right, a grounded berg can provide an estimate of theipcurrent side of a grounded berg.

Figure 3402a. Pinnacled iceberg.

Figure 3402b. A tabular iceberg.
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3403. Sea Ice

Sea ice forms by the freezing of seawater and accounts|
for 95 percent of all ice encountered. The first indication of
the formation of new sea ice (up to 10 centimeters in thick- =
ness) is the development of small individual, needle-like [
crystals of ice, calledpicules which become suspended in
the top few centimeters of seawater. These spicules, also
known adfrazil ice, give the sea surface an oily appearance. § i ael _
Grease icds formed when the spicules coagulate to form a T ' 4:;‘ T
soupy layer on the surface, giving the sea a matte appear-|
ance. The next stage in sea ice formation occurs when
shuga an accumulation of spongy white ice lumps a few
centimeters across, develops from grease ice. Upon further
freezing, and depending upon wind exposure, seas, and sa:
linity, shuga and grease ice develop imtitas, an elastic
crust of high salinity, up to 10 centimeters in thickness, with
a matte surface, or intce rind, a brittle, shiny crust of low
salinity with a thickness up to approximately 5 centimeters. Figure 3403. Pancake ice, with an iceberg in the background.
A layer of 5 centimeters of freshwater ice is brittle but strong
enough to support the weight of a heavy man. In contrastS the transition stage between nilas and first-year ice. First-
the same thickness of new|y formed sea ice W|“ Support noyear ice USUa”y attainS a thiCkneSS Of betWeen 30 Centime'
more than about 10 percent of this weight, although itders and 2 meters in its first winter’s growth.
strength varies with the temperatures at which it is formed; ~ Sea ice may grow to a thickness of 10 to 13 centimeters
Very C0|d ice Supports a greater We|ght than warmer ice. Ag\l|th|n 48 hOUrS, aftel‘ Wh|Ch |t acts as an insulator betWeen
it ages, sea ice becomes harder and more brittle. the ocean and the atmosphere progressively slowing its fur-

New ice may also develop from slush which is formedther growth. However, sea ice may grow to a thickness of
when snow falls into seawater which is near its freezing pointoetween 2 to 3 meters in its first winter. Ice which has sur-
but colder than the melting point of snow. The snow does notived at least one summer's melt is classifiedhkice. If it
melt, but floats on the surface, drifting with the wind into beds.has survived only one summer’s melt it may be referred to as
If the temperature then drops below the freezing point of the segecond-year icebut this term is seldom used today. Old ice
water, the slush freezes quickly into a soft ice similar to shuga/vhich has attained a thickness of 3 meters or more and has

Seaice is exposed to several forces, including current§urvived at least two summers’ melt is knownrasltiyear
waves, tides, wind, and temperature variations. In its earljc€ and is almost salt free. This term is increasingly used to
stages, its plasticity permits it to conform readily to virtually refer to any ice more than one season old. Old ice can be rec-
any shape required by the forces acting upon it. As it be0Ognized by a bluish tone to its surface color in contrast to the
comes 0|der, thicker, more britﬂe' and exposed to th@reenish tint of fil‘St—yeal’ ice, but it is often covered with
influence of wind and wave action, new ice usually sepaSnow. Another sign of old ice is a smoother, more rounded
rates into circular pieces from 30 centimeters to 3 meters igPpearance due to melting/refreezing and weathering.
diameter and up to approximate'y 10 Centimeters in th|ck_ Greater thiCknesseS in both firSt and multiyear ice are
ness with raised edges due to individual pieces Strikin@ttained through the deformation of the ice resulting from
against each Other‘ These Circu|ar pieces Of ice are Ca”éae movement and interaction Of indiVidUaI floeS. DefOI’ma-
pancake ice(Figure 3403) and may break into smaller piec-tion processes occur after the development of new and
es with strong wave motion. Any single piece of relativelyYoung ice and are the direct consequence of the effects of
flat sea ice less than 20 meters across is callddepake  Winds, tides, and currents. These processes transform a rel-
With continued low temperatures, individual ice cakes andtively flat sheet of ice into pressure ice which has a rough
pancake ice W|”, depending on wind or wave motion, eithersurfaceBending, which is the first Stage in the formation of
freeze together to form a continuous sheet or unite into pied2ressure ice, is the upward or downward motion of thin and
es of ice 20 meters or more across. These larger pieces af@ry plastic ice. Rarelytenting occurs when bending pro-
then calledice floes which may further freeze together to duces an upward displacement of ice forming a flat sided
form an ice covered area greater than 10 kilometers acrog$ch with a cavity beneath. More frequently, howevatft-
known as aiice field. In wind sheltered areas thickening ice INg takes place as one piece of ice overrides another. When
usually forms a continuous sheet before it can develop int®ieces of first-year ice are piled haphazardly over one anoth-
the characteristic ice cake form. When sea ice reaches & forming awall or line of broken ice, referred to asdge,
thickness of between 10 to 30 centimeters it is referred to a§'€ Process is known aisiging . Pressure ice with topogra-
gray andgray_white ice, or Co”ective|y ag/oung |Ce and phy COﬂSiSting of numerous mounds or hillocks is called



ICE IN THE SEA 459

hummocked ice each mound being callechammock. pressure is extreme, numerous large patches of open water
The motion of adjacent floes is seldom equal. Theremain. These nonlinear shaped openings enclosed in ice are
rougher the surface, the greater is the effect of wind, sincealledpolynyas Polynyas may contain small fragments of
each piece extending above the surface acts as a sail. Sofff@ating ice and may be covered with miles of new and young
ice floes are in rotary motion as they tend to trim them-ice. Recurring polynyas occur in areas where upwelling of
selves into the wind. Since ridges extend below as well aselatively warmer water occurs periodically. These areas are
above the surface, the deeper ones are influenced more bjten the site of historical native settlements, where the
deep water currents. When a strong wind blows in the sampolynyas permit fishing and hunting at times before regular
direction for a considerable period, each floe exerts presseasonal ice breakup. Thule, Greenland, is an example.
sure on the next one, and as the distance increases, the Sea ice which is formeth situfrom seawater or by the
pressure becomes tremendous. Ridges on sea ice are gerfezezing of pack ice of any age to the shore and which re-
ally about 1 meter high and 5 meters deep, but undemains attached to the coast, to an ice wall, to an ice front, or
considerable pressure may attain heights of 20 meters arnktween shoals is callddst ice The width of this fast ice
depths of 50 meters in extreme cases. varies considerably and may extend for a few meters or sev-
The alternate melting and growth of sea ice, combinecdkral hundred kilometers. In bays and other sheltered areas,
with the continual motion of various floes that results in sepfastice, often augmented by annual snow accumulations and
aration as well as consolidation, causes widely varyinghe seaward extension of land ice, may attain a thickness of
conditions within the ice cover itself. The mean areal densitypver 2 meters above the sea surface. When a floating sheet
or concentration, of pack ice in any given area is expressed iof ice grows to this or a greater thickness and extends over a
tenths. Concentrations range from: open water (total conceigreat horizontal distance, it is called & shelf Massive
tration of all ice is less than one tenth), very open pack (1 tace shelves, where the ice thickness reaches several hundred
3 tenths concentration), open pack (4 to 6 tenths concentrameters, are found in both the Arctic and Antarctic.
tion), close pack (7 to 8 tenths concentration), very close = The majority of the icebergs found in the Antarctic do not
pack (9 to 10 to less than 10 to 10 concentration), to compadriginate from glaciers, as do those found in the Arctic, but are
or consolidated pack (10 to 10 or complete coverage). Thealved from the outer edges of broad expanses of shelf ice. Ice-
extent to which an ice cover of varying concentrations can béergs formed in this manner are callabular icebergs
penetrated by a vessel varies from place to place and withaving a box like shape with horizontal dimensions measured
changing weather conditions. With a concentration of 1 to 3n kilometers, and heights above the sea surface approaching
tenths in a given area, an unreinforced vessel can generalB0 meters. See Figure 3402b. The largest Antarctic ice shelves
navigate safely, but the danger of receiving heavy damage &re found in the Ross and Weddell Seas. The expression “tab-
always present. When the concentration increases to betwealar iceberg” is not applied to bergs which break off from
3 and 5 tenths, the area becomes only occasionally accessildlectic ice shelves; similar formations there are caliealis-
to an unreinforced vessel, depending upon the wind and culands. These originate when shelf ice, such as that found on
rent. With concentrations of 5 to 7 tenths, the area becomeke northern coast of Greenland and in the bays of Ellesmere
accessible only to ice strengthened vessels, which on occksland, breaks up. As a rule, Arctic ice islands are not as large
sion will require icebreaker assistance. Navigation in areaas the tabular icebergs found in the Antarctic. They attain a
with concentrations of 7 tenths or more should only be atthickness of up to 55 meters and on the average extend 5 to 7
tempted by icebreakers. meters above the sea surface. Both tabular icebergs and ice is-
Within the ice cover, openings may develop resultinglands possess a gently rolling surface. Because of their deep
from a number of deformation processes. Long, jaggedraft, they are influenced much more by current than wind.
cracks may appear first in the ice cover or through a singleArctic ice islands have been used as floating scientific plat-
floe. When these cracks part and reach lengths of a fesiorms from which polar research has been conducted.
meters to many kilometers, they are referred thasures.
If they widen further to permit passage of a ship, they are8404. Thickness Of Sea Ice
calledleads In winter, a thin coating of new ice may cover
the water within a lead, but in summer the water usually re-  Sea ice has been observed to grow to a thickness of almost
mains ice-free until a shift in the movement forces the twa3 meters during its first year. However, the thickness of first-
sides together again. A lead ending in a pressure ridge or otlgear ice that has not undergone deformation does not generally
er impenetrable barrier isdind lead. exceed 2 meters. In coastal areas where the melting rate is less
A lead between pack ice and shore istwre lead and  than the freezing rate, the thickness may increase during suc-
one between pack and fast ice iflaav lead. Navigation in  ceeding winters, being augmented by compacted and frozen
these two types of leads is dangerous, because if the pack iseow, until a maximum thickness of about 3.5 to 4.5 meters
closes with the fast ice, the ship can be caught between thmay eventually be reached. Old sea ice may also attain a thick-
two, and driven aground or caught in the shear zone betweeness of over 4 meters in this manner, or when summer melt
Before a lead refreezes, lateral motion generally occuravater from its surface or from snow cover runs off into the sea
between the floes, so that they no longer fit and unless thand refreezes under the ice where the seawater temperature is
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below the freezing point of the fresher melt water. complex equations have been formulated to predict ice
The growth of sea ice is dependent upon a number ofrowth using these four parameters. However, except for
meteorological and oceanographic parameters. Such p#hie first two, these parameters are not routinely observed
rameters include air temperature, initial ice thicknessfor remote polar locations.
snow depth, wind speed, seawater salinity and density, Field measurements suggest that reasonable growth
and the specific heats of sea ice and seawater. Investigastimates can be obtained from air temperature data
tions, however, have shown that the most influentialaloneVarious empirical formulae have been developed
parameters affecting sea ice growth are air temperaturéased on this premise. All appear to perform better under thin
wind speed, snow depth and initial ice thickness. Many
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Figure 3404a. Relationship between accumulated frost degree days and theoretical ice thickness at Point Barrow, Alaska.
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ice conditions when the temperature gradient through the iceveen frost degree day accumulations and theoretical ice
is linear, generally true for ice less than 100 centimetergrowth curves at Point Barrow, Alaska is shown in Figure
thick. Differences in predicted thicknesses between model3404a. Similar curves for other Arctic stations are contained
generally reflect differences in environmental parameteri publications available from the U.S. Naval Oceanographic
(snowfall, heat content of the underlying water column, etc.)Office and the National Ice Center. Figure 3404b graphically
at the measurement site. As a result, such equations must tepicts the relationship between accumulated frost degree
considered partially site specific and their general use apdays {C) and ice thickness in centimeters.
proached with caution. For example, applying an equation  During winter, the ice usually becomes covered with
derived from central Arctic data to coastal conditions or tosnow, which insulates the ice beneath and tends to slow
Antarctic conditions could lead to substantial errors. For thiglown its rate of growth. This thickness of snow cover varies
reason Zubov's formula is widely cited as it represents an aveonsiderably from region to region as a result of differing
erage of many years of observations from the Russian Arcticclimatic conditions. Its depth may also vary widely within
5 very short distances in response to variable winds and ice to-
h™+50h = 8@ pography. While this snow cover persists, about 80 to 85
percent of the incoming radiation is reflected back to space.
wherehis the ice thickness in centimeters for a given day andeventually, however, the snow begins to melt, as the air
@is the cumulative number of frost degree days in degreeemperature rises above®in early summer and the result-
Celsius since the beginning of the freezing season. ing freshwater forms puddles on the surface. These puddles
A frost degree day is defined as a day with a mean temabsorb about 90 percent of the incoming radiation and rap-
perature of 1 below an arbitrary base. The base mostidly enlarge as they melt the surrounding snow or ice.
commonly used is the freezing point of freshwatéQp If,  Eventually the puddles penetrate to the bottom surface of the
for example, the mean temperature on a given daye®w  floes and ashawholes This slow process is characteristic
freezing, then five frost degree days are noted for that dayf ice in the Arctic Ocean and seas where movement is re-
These frost degree days are then added to those noted the neiicted by the coastline or islands. Where ice is free to drift
day to obtain an accumulated value, which is then added tiqto warmer waters (e.g., the Antarctic, East Greenland, and
those noted the following day. This process is repeated dailihe Labrador Sea), decay is accelerated in response to wave
throughout the ice growing season. Temperatures usuallrosion as well as warmer air and sea temperatures.
fluctuate above and below freezing for several days before re-
maining below freezing. Therefore, frost degree day3405. Salinity Of Sea Ice
accumulations are initiated on the first day of the period when
temperatures remain below freezing. The relationship be-  Sea ice forms first as salt-free crystals near the surface
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of the sea. As the process continues, these crystals are joinetPC), 89.5 percent of its mass will be below the surface.
together and, as they do so, small quantities of brine are The height to draft ratio for a blocky or tabular iceberg
trapped within the ice. On the average, new ice 15 centimesrobably varies fairly closely about 1:5. This average ratio was
ters thick contains 5 to 10 parts of salt per thousand. Witlttomputed for icebergs south of Newfoundland by considering
lower temperatures, freezing takes place faster. With fastetensity values and a few actual measurements, and by seismic
freezing, a greater amount of salt is trapped in the ice.  means at a number of locations along the edge of the Ross Ice
Depending upon the temperature, the trapped brine may eshelf near Little America Station. It was also substantiated by
ther freeze or remain liquid, but because its density is greatefensity measurements taken in a nearby hole drilled through
than that of the pure ice, it tends to settle down through the purae 256-meter thick ice shelf. The height to draft ratios of ice-
ice. As it does so, the ice gradually freshens, becoming cleardsergs become significant when determining their drift.
stronger, and more brittle. At an age of 1 year, sea ice is suffi-
ciently fresh that its melt water, if found in puddles of sufficient 3407. Drift Of Sea Ice
size, and not contaminated by spray from the sea, can be used to
replenish the freshwater supply of a ship. However, ponds of  Although surface currents have some affect upon the
sufficient size to water ships are seldom found except in ice ddirift of pack ice, the principal factor is wind. Due to Corio-
great age, and then much of the meltwater is from snow whichs force, ice does not drift in the direction of the wind, but
has accumulated on the surface of the ice. When sea ice reachesies from approximately £8o as much as 30rom this
an age of about 2 years, virtually all of the salt has been eliminatiirection, depending upon the force of the surface wind and
ed. Icebergs, having formed from precipitation, contain no salthe ice thickness. In the Northern Hemisphere, this drift is
and uncontaminated melt water obtained from them is fresh. to the right of the direction toward which the wind blows,
The settling out of the brine gives sea ice a honeycomland in the Southern Hemisphere it is toward the left. Al-
structure which greatly hastens its disintegration when théhough early investigators computed average angles of
temperature rises above freezing. In this state, when it iapproximately 28 or 29 for the drift of close multiyear
calledrotten ice, much more surface is exposed to warm airpack ice, large drift angles were usually observed with low,
and water, and the rate of melting is increased. In a day’sather than high, wind speeds. The relationship between
time, a floe of apparently solid ice several inches thick maysurface wind speed, ice thickness, and drift angle was de-

disappear completely. rived theoretically for the drift of consolidated pack under
equilibrium (a balance of forces acting on the ice) condi-
3406. Density Of Ice tions, and shows that the drift angle increases with

increasing ice thickness and decreasing surface wind speed.

The density of freshwater ice at its freezing point isA slight increase also occurs with higher latitude.
0.917gm/crd. Newly formed sea ice, due to its salt content, Since the cross-isobar deflection of the surface wind
is more dense, 0.925 gm/érheing a representative value. over the oceans is approximately°2€he deflection of the
The density decreases as the ice freshens. By the time it hac® varies, from approximately along the isobars to as much
shed most of its salt, sea ice is less dense than freshwatas 70 to the right of the isobars, with low pressure on the
ice, because ice formed in the sea contains more air bulbeft and high pressure on the right in the Northern Hemi-
bles. Ice having no salt but containing air to the extent of &phere. The positions of the low and high pressure areas are,
percent by volume (an approximately maximum value forof course, reversed in the Southern Hemisphere.
sea ice) has a density of 0.845 gmicm The rate of drift depends upon the roughness of the

The density of land ice varies over even wider limits. surface and the concentration of the ice. Percentages
That formed by freezing of freshwater has a density ofvary from approximately 0.25 percent to almost 8 per-
0.917gm/crd, as stated above. Much of the land ice, howev-cent of the surface wind speed as measured
er, is formed by compacting of snow. This results in theapproximately 6 meters above the ice surface. Low con-
entrapping of relatively large quantities of aMévé asnow  centrations of heavily ridged or hummocked floes drift
which has become coarse grained and compact through terfaster than high concentrations of lightly ridged or hum-
perature change, forming the transition stage to glacier icenocked floes with the same wind speed. Sea ice of 8 to
may have an air content of as much as 50 percent by volum®. tenths concentrations and six tenths hummocking or
By the time the ice of a glacier reaches the sea, its densitylose multiyear ice will drift at approximately 2 percent
approaches that of freshwater ice. A sample taken from aaf the surface wind speed. Additionally, the response
iceberg on the Grand Banks had a density of 0.899g®n/cmfactors of 1 and 5 tenths ice concentrations, respectively,

When ice floats, part of it is above water and part is be-are approximately three times and twice the magnitude
low the surface. The percentage of the mass below the surfacéthe response factor for 9 tenths ice concentrations with
can be found by dividing the average density of the ice by th¢he same extent of surface roughness. Isolated ice floes
density of the water in which it floats. Thus, if an iceberg ofhave been observed to drift as fast as 10 percent to 12
density 0.920 floats in water of density 1.028 (correspondingpercent of strong surface winds.
to a salinity of 35 parts per thousand and a temperature of The rates at which sea ice drifts have been quantified
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Figure 3407. Ice drift direction for varying wind speed and ice thickness.

through empirical observation. The drift angle, however itational attraction of the moon, and slope of the sea surface.
has been determined theoretically for 10 tenths ice conceWind not only acts directly on an iceberg, but also indirect-
tration. This relationship presently is extended to the drify by generating waves and a surface current in about the
of all ice concentrations, due to the lack of basic knowledgesame direction as the wind. Because of inertia, an iceberg
of the dynamic forces that act upon, and result in redistribumay continue to move from the influence of wind for some

tion of sea ice, in the polar regions. time after the wind stops or changes direction.
The relative influence of currents and winds on the
3408. Iceberg Drift drift of an iceberg varies according to the direction and

magnitude of the forces acting on its sail area and subsur-

Icebergs extend a considerable distance below the suface cross-sectional area. The resultant force therefore
face and have relatively small “sail areas” compared to theimvolves the proportions of the iceberg above and below the
subsurface mass. Therefore, the near-surface current sgea surface in relation to the velocity and depth of the cur-
thought to be primarily responsible for drift; however, ob- rent, and the velocity and duration of the wind. Studies tend
servations have shown that wind can be the dominant force show that, generally, where strong currents prevail, the
that governs iceberg drift at a particular location or time.current is dominant. In regions of weak currents, however,
Also, the current and wind may contribute nearly equally towinds that blow for a number of hours in a steady direction
the resultant drift. materially affect the drift of icebergs. Generally, it can be

Two other major forces which act on a drifting iceberg stated that currents tend to have a greater effect on deep-
are the Coriolis force and, to a lesser extent, the pressuiraft icebergs, while winds tend to have a greater effect on
gradient force which is caused by gravity owing to a tilt of shallow-draft icebergs.
the sea surface, and is important only for iceberg driftina  As icebergs waste through melting, erosion, and calv-
major current. Near-surface currents are generated by a varg, observations indicate the height to draft ratio may
riety of factors such as horizontal pressure gradients owingpproach 1:1 during their last stage of decay, when they are
to density variations in the water, rotation of the earth, grav+eferred to as valley, winged, horned, or spired icebergs.
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The height to draft ratios found for icebergs in their variouscurrent, with the angle increasing from approximatelha
stages are presented in Table 3408a. Since wind tends 1® knots, to 20at 30 knots, and to 73t 60 knots. As a lim-
have a greater effect on shallow than on deep-draft iceiting case for increasing wind speeds, drift may be
bergs, the wind can be expected to exert increasingpproximately normal (to the right) to the wind direction.
influence on iceberg drift as wastage increases. This indicates that the wind generated current is clearly

Simple equations which precisely define iceberg driftdominating the drift. In general, the various models used
cannot be formulated at present because of the uncertainemonstrated that a combination of the wind and current
in the water and air drag coefficients associated with icewas responsible for the drift of icebergs.
berg motion. Values for these parameters not only vary
from iceberg to iceberg, but they probably change for the8409. Extent Of Ice In The Sea
same iceberg over its period of wastage.

Present investigations utilize an analytical approach, = When an area of sea ice, no matter what form it takes
facilitated by computer calculations, in which the air andor how it is disposed, is described, it is referred tgask
water drag coefficients are varied within reasonable limitsice. In both polar regions the pack ice is a very dynamic fea-
Combinations of these drag values are then used in severaire, with wide deviations in its extent dependent upon
increasingly complex water models that try to duplicate ob-changing oceanographic and meteorological phenomena.
served iceberg trajectories. The results indicate that with In winter the Arctic pack extends over the entire Arctic
wind-generated current, Coriolis force, and a uniform wind,Ocean, and for a varying distance outward from it; the lim-
but without a gradient current, small and medium iceberg#s recede considerably during the warmer summer months.
will drift with the percentages of the wind as given in Table The average positions of the seasonal absolute and mean
3408b. The drift will be to the right in the Northern Hemi- maximum and minimum extents of sea ice in the Arctic re-
sphere and to the left in the Southern Hemisphere. gion are plotted in Figure 3409a. Each year a large portion

When gradient currents are introduced, trajectorie®f the ice from the Arctic Ocean moves outward between
vary considerably depending on the magnitude of the windsreenland and Spitsbergen (Fram Strait) into the North At-
and current, and whether they are in the same or oppositantic Ocean and is replaced by new ice. Because of this
direction. When a 1-knot current and wind are in the same&onstant annual removal and replacement of sea ice, rela-
direction, drift is to the right of both wind and current with tively little of the Arctic pack ice is more than 10 years old.
drift angles increasing linearly from approximatefyd 10 Ice covers a large portion of the Antarctic waters and is
knots to 22 at 60 knots. When the wind and a 1-knot cur- probably the greatest single factor contributing to the isola-
rent are in opposite directions, drift is to the left of the tion of the Antarctic Continent. During the austral winter

Iceberg type Height to draft ratio
Blocky or tabular 15
Rounded or domed 1:4
Picturesque or Greenland (sloping) 1:3
Pinnacled or ridged 1.2
Horned, winged, valley, or spired (weathered) 11

Table 3408a. Height to draft ratios for various types of icebergs.

Wind Speed (knots) Ice Speed/Wind Speed (percent) Drift Angle (Jegrees
Small Berg Med. Berg Small Berg Med. Berg
10 3.6 2.2 12 69
20 3.8 3.1 14 55
30 4.1 3.4 17 36
40 4.4 3.5 19 33
50 45 3.6 23 32
60 4.9 3.7 24 31

Table 3408b. Drift of iceberg as percentage of wind speed.
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Figure 3409a. Average maximum and minimum extent of Arctic sea ice.

(June through September), ice completely surrounds thMIC forecasting guides cover procedures for the production
continent, forming an almost impassable barrier that exef short-term (daily, weekly), monthly, and seasonal predic-
tends northward on the average to aboutSih theAtlantic  tions. DMAHTC publications include sailing directions
and to about 675 in the Pacific. Disintegration of the pack which describe localized ice conditions and the effect of ice
ice during the austral summer months of December througbn Arctic navigation.
March allows the limits of the ice edge to recede consider-
ably, opening some coastal areas of the Antarctic t®410. Icebergs In The North Atlantic
navigation. The seasonal absolute and mean maximum and
minimum positions of the Antarctic ice limit are shown in Sea level glaciers exist on a number of landmasses bor-
Figure 3409b. dering the northern seas, including Alaska, Greenland,
Historical information on sea conditions for specific lo- Svalbard (Spitsbergen), Zemlya Frantsa-losifa (Franz Josef
calities and time periods can be found in publications of thd.and), Novaya Zemlya, and Severnaya Zemlya (Nicholas
Naval Ice Center/National Ice Center (formerly Naval Polarll Land). Except in Greenland and Franz Josef Land, the
Oceanography Center/U.S. Navy/NOAA Joint Ice Centeryate of calving is relatively slow, and the few icebergs pro-
and the National Imagery and Mapping Agency (NIMA). duced melt near their points of formation. Many of those
National Ice Center (NIC) publications include sea ice annuproduced along the western coast of Greenland, however,
al atlases (1972 to present for Eastern Arctic, Western Arctiare eventually carried into the shipping lanes of the North
and Antarctica), sea ice climatologies, and forecasting\tlantic, where they constitute a major menace to ships.
guides. NIC sea ice annual atlases include years 1972 to tfignose calved from Franz Josef Land glaciers drift south-
present for all Arctic and Antarctic seas. NIC ice climatolo-west in the Barents Sea to the vicinity of Bear Island.
gies describe multiyear statistics for ice extent and coverage. Generally the majority of icebergs produced along the
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Figure 3409b. Average maximum and minimum extent of Antarctic sea ice.

east coast of Greenland remain near their source. Howevaalso be found within the sea ice extending along the entire
a small number of bergy bits, growlers, and small iceberg&abrador coast by late winter. During the next spring and
are transported south from this region by the East Greersummer, when they are freed by the break up of the pack
land Current around Kap Farvel at the southern tip ofice, they are transported farther southward by the Labrador
Greenland and then northward by the West Greenland Cuurrent. The general drift patterns of icebergs that are prev-
rent into Davis Strait to the vicinity of 6N. Relatively few  alent in the eastern portion of the North American Arctic
of these icebergs menace shipping, but some are carried &we shown in Figure 3410a. Observations over a 79-year pe-
the south and southeast of Kap Farvel by a counterclockiod show that an average of 427 icebergs per year reach
wise current gyre centered neafS7and 43W. latitudes south of 48N, with approximately 10 percent of
The main source of the icebergs encountered in th¢his total carried south of the Grand Banks (M3 before
North Atlantic is the west coast of Greenland betweetiNs7 they melt. Icebergs may be encountered during any part of
and 76N, where approximately 10,000-15,000 icebergsthe year, but in the Grand Banks area they are most numer-
are calved each year. In this area there are about 100 lowus during spring. The maximum monthly average of
lying coastal glaciers, 20 of them being the principal pro-iceberg sightings below 48l occurs during April, May and
ducers of icebergs. Of these 20 major glaciers, 2 located idune, with May having the highest average of 129.
Disko Bugt between 6™ and 70N are estimated to con- The variation from average conditions is considerable.
tribute 28 percent of all icebergs appearing in Baffin BayMore than 2,202 icebergs have been sighted south of lat-
and the Labrador Sea. The West Greenland Current carriéside 48N in a single year (1984), while in 1966 not a
icebergs from this area northward and then westward untiingle iceberg was encountered in this area. In the years of
they encounter the south flowing Labrador Current. Wesfi940 and 1958, only one iceberg was observed south of
Greenland icebergs generally spend their first winter locked8°N. The length of the iceberg “season” as defined by the
in the Baffin Bay pack ice; however, a large number canlnternational Ice Patrol also varies considerably, from 97
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days in 1965 to 203 days in 1992, with an average length dion of the Davis Strait-Labrador Sea pack ice influences the
132 days. Although this variation has not been fully ex-melt rate of the icebergs as they drift south. Sea ice will
plained, it is apparently related to wind conditions, thedecrease iceberg erosion by damping waves and holding sur-
distribution of pack ice in Davis Strait, and to the amount offace water temperatures belo#d) so as the areal extent of
pack ice off Labrador. It has been suggested that the distribuhe sea ice increases the icebergs will tend to survive longer.
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Stronger than average northerly or northeasterly winds duthe International Convention for the Safety of Life at Sea
ing late winter and spring will enhance sea ice drift to the(SOLAS), held in 1913 as a result of the sinking of the RMS
south, which also may lengthen iceberg lifetimes. There ar@&itanicin 1912. TheTitanic struck an iceberg on its maiden
also large interannual variations in the number of iceberggoyage and sank with the loss of 1,513 lives. In accordance
calved from Greenland’s glaciers, so the problem of forewith the agreement reached at the SOLAS conventions of
casting the length and severity of an iceberg season 960 and 1974, the International Ice Patrol is conducted by
exceedingly complex. the U.S. Coast Guard, which is responsible for the observa-
Average iceberg and pack ice limits in this area duringtion and dissemination of information concerning ice
May are shown in Figure 3410b. Icebergs have been olezonditions in the North Atlantic. Information on ice condi-
served in the vicinity of Bermuda, the Azores, and withintions for the Gulf of St. Lawrence and the coastal waters of
400 to 500 kilometers of Great Britain. Newfoundland and Labrador, including the Strait of Belle
Pack ice may also be found in the North Atlantic, somelsle, is provided by ECAREG Canada (Eastern Canada
having been brought south by the Labrador Current andraffic System), through any Coast Guard Radio Station,
some coming through Cabot Strait after having formed irfrom the month of December through late June. Seaice data

the Gulf of St. Lawrence. for these areas can also be obtained from the Ice Operations
Officer, located at Dartmouth, Nova Scotia, via Sydney,
3411. The International Ice Patrol Halifax, or St. John’s marine radio.

During the war years of 1916-18 and 1941-45, the Ice
The International Ice Patrol was established in 1914 byPatrol was suspended. Aircraft were added to the patrol force
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following World War I, and today perform the majority of daily during the ice season by radio communications from
the reconnaissance work. During each ice season, aerial rBoston, Massachusetts; St. John’s, Newfoundland; and oth-
connaissance surveys are made in the vicinity of the Grandr radio stations. Bulletins are also available over
Banks off Newfoundland to determine the southeasternNMARSAT. When icebergs are sighted outside the known
southern, and southwestern limit of the seaward extent dfmits of ice, special safety broadcasts are issued in between
icebergs. The U.S. Coast Guard aircraft use Side-Lookinthe regularly scheduled bulletins. Iceberg positions in the
Airborne Radar (SLAR) as well as Forward-Looking Air- ice bulletins are updated for drift and deterioration at 12-
borne Radar (FLAR) to help detect and identify icebergs irhour intervals. A radio-facsimile chart is also broadcast
this notoriously fog-ridden area. Reports of ice sightingswice a day throughout the ice season. A summary of broad-
are also requested and collected from ships transiting theast times and frequencies is found Rub. 117, Radio
Grand Banks area. When reporting ice, vessels are requedavigational Aids
ed to detail the concentration and stage of development of The Ice Patrol, in addition to patrolling possible ice-
sea ice, number of icebergs, the bearing of the principal sdaerg areas, conducts oceanographic surveys, maintains up-
ice edge, and the present ice situation and trend over the-date records of the currents in its area of operation to aid
preceding three hours. These five parameters are part of the predicting the drift of icebergs, and studies iceberg con-
ICE group of the ship synoptic code which is addressed imitions in general.
more detail in Section 3416 on ice observation. In addition
to ice reports, masters who do not issue routine weather r&412. Ice Detection
ports are urged to make sea surface temperature and
weather reports to the Ice Patrol every six hours when with-  Safe navigation in the polar seas depends on a number
in latitudes 40to 52N and longitudes 380 58°W (the Ice  of factors, not the least of which is accurate knowledge of
Patrol Operations Area). Ice reports may be sent at nthe location and amount of sea ice that lies between the
charge using INMARSAT Code 42. mariner and his destination. Sophisticated electronic equip-

The Ice Patrol activities are directed from an Operaiment, such as radar, sonar, and the visible, infrared, and
tions Center at Avery Point, Groton, Connecticut. The Icemicrowave radiation sensors on board satellites, have add-
Patrol gathers all sightings and puts them into a computegd to our ability to detect and thus avoid ice.
model which analyzes and predicts iceberg drift and deteri-  As a ship proceeds into higher latitudes, the first ice en-
oration. Due to the large size of the Ice Patrol's operationgountered is likely to be in the form of icebergs, because such
area, icebergs are infrequently resighted. The model preditarge pieces require a longer time to disintegrate. Icebergs
tions are crucial to setting the limits of all known ice. The can easily be avoided if detected soon enough. The distance
fundamental model force balance is between iceberg accedt which an iceberg can be seen visually depends upon mete-
eration and accelerations due to air and water drag, therological visibility, height of the iceberg, source and
Coriolis force, and a sea surface slope term. The model isondition of lighting, and the observer. On a clear day with
primarily driven by a water current that combines a depth-excellent visibility, a large iceberg might be sighted at a dis-
and time-independent geostrophic (mean) current with #gance of 20 miles. With a low-lying haze around the horizon,
depth- and time-dependent current driven by the wind (Ekthis distance will be reduced. In light fog or drizzle this dis-
man flow). tance is further reduced, down to near zero in heavy fog.

Environmental parameters for the model, including In a dense fog an iceberg may not be perceptible until
sea surface temperature, wave height and period, antis close aboard where it will appear in the form of a lu-
wind, are obtained from the U.S. Navy’s Fleet Numericalminous, white object if the sun is shining; or as a dark,
Meteorology and Oceanography Center (FNMOC) insomber mass with a narrow streak of blackness at the wa-
Monterey, California every 12 hours. The Internationalterline if the sun is not shining. If the layer of fog is not
Ice Patrol also deploys from 12—-15 World Ocean Circulatoo thick, an iceberg may be sighted from aloft sooner
tion Experiment (WOCE) drifting buoys per year, and thanfrom a point lower on the vessel, but this does not jus-
uses the buoy drifts to alter the climatological mean (geotify omitting a bow lookout. The diffusion of light in a fog
strophic) currents used by the model in the immediate arewill produce ablink, or area of whiteness, above and at
of the buoys. The buoy drift data have been archived at théhe sides of an iceberg which will appear to increase the
National Oceanographic Data Center (NODC) and arepparent size of its mass.
available for use by researchers outside the Coast Guard. On dark, clear nights icebergs may be seen at a distance
Sea surface temperature, wave height and wave period aoéfrom 1 to 3 miles, appearing either as white or black ob-
the main forces determining the rate of iceberg deteriorajects with occasional light spots where waves break against
tion. Ship observations of these variables are extremelit. Under such conditions of visibility growlers are a greater
important in making model inputs more accurately reflectmenace to vessels; the vessel’s speed should be reduced and
actual situations. a sharp lookout maintained.

The results from the iceberg drift and deterioration The moon may either help or hinder, depending upon its
model are used to compile bulletins that are issued twic@hase and position relative to ship and iceberg. A full moon
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in the direction of the iceberg interferes with its detection,terns, fulmars, petrels, and skuas.
while moonlight from behind the observer may produce a  When visibility becomes limited, radar can prove to be
blink which renders the iceberg visible for a greater dis-an invaluable tool for the polar mariner. Although many
tance, as much as 3 or more miles. A clouded sky at nighicebergs will be observed visually on clear days before
through which the moonlight is intermittent, also renders icehere is a return on the radarscope, radar under bad weather
detection difficult. A night sky with heavy passing clouds conditions will detect the average iceberg at a range of
may also dim or obscure any object which has been sightedpout 8 to 10 miles. The intensity of the return is a function
and fleecy cumulus and cumulonimbus clouds often mayf the nature of the iceberg’s exposed surface (slope, sur-
give the appearance of blink from icebergs. face roughness); however, it is unusual to find an iceberg
If an iceberg is in the process of disintegration, its preswhich will not produce a detectable echo.
ence may be detected by a cracking sound as a piece breaks Large, vertical-sided tabular icebergs of the Antarctic
off, or by a thunderous roar as a large piece falls into the waand Arctic ice islands are usually detected by radar at rang-
ter. These sounds are unlikely to be heard due to shipboass of 15 to 30 miles; a range of 37 miles has been reported.
noise. The appearance of small pieces of ice in the water often Whereas a large iceberg is almost always detected by
indicates the presence of an iceberg nearby. In calm weathexdar in time to be avoided, a growler large enough to be a
these pieces may form a curved line with the parent iceberg aserious menace to a vessel may be lost in the sea return and
the concave side. Some of the pieces broken from an icebeegcape detection. If an iceberg or growler is detected by ra-
are themselves large enough to be a menace to ships. dar, tracking is sometimes necessary to distinguish it from
As the ship moves closer towards areas known to cona rock, islet, or another ship.
tain sea ice, one of the most reliable signs that pack ice is Radar can be of great assistance to an experienced ra-
being approached is the absence of swell or wave motion idar observer. Smooth sea ice, like smooth water, returns
a fresh breeze or a sudden flattening of the sea, especialljtle or no echo, but small floes of rough, hummocky sea
from leeward. The observation of icebergs is not a good inice capable of inflicting damage to a ship can be detected
dication that pack ice will be encountered soon, sincen a smooth sea at a range of about 2 to 4 miles. The return
icebergs may be found at great distances from pack ice. thay be similar to sea return, but the same echoes appear
the seaice is approached from windward, it is usually comat each sweep. A lead in smooth ice is clearly visible on a
pacted and the edge will be sharply defined. However, if itadarscope, even though a thin coating of new ice may
is approached from leeward, the ice is likely to be loose anthave formed in the opening. A light covering of snow
somewhat scattered, often in long narrow arms. obliterating many of the features to the eye has little effect
Another reliable sign of the approach of pack ice notupon a radar return. The ranges at which ice can be detect-
yet in sight is the appearance of a patternsloy map, on  ed by radar are somewhat dependent upon refraction,
the horizon or on the underside of distant, extensive clouavhich is sometimes quite abnormal in polar regions. Ex-
areas, created by the varying amounts of light reflectegherience in interpretation is gained through comparing
from different materials on the sea or earth’s surface. Avarious radar returns with actual observations.
bright white glare, osnow blink, will be observed above a Echoes from the ship’s whistle or horn may sometimes
snow covered surface. When the reflection on the undersidedicate the presence of icebergs and can give an indication
of clouds is caused by an accumulation of distant ice, thef direction. If the time interval between the sound and its
glare is a little less bright and is referred to as@nblink. echo is measured, the distance in meters can be determined
A relatively dark pattern is reflected on the underside ofby multiplying the number of seconds by 168. However,
clouds when it is over land that is not snow covered. This isechoes are very unreliable reliable because only ice with a
known as dand sky. The darkest pattern will occur when large vertical area facing the ship returns enough echo to be
the clouds are above an open water area, and is called a heard. Once an echo is heard, a distinct pattern of horn
ter sky. A mariner experienced in recognizing these skyblasts (not a Navigational Rules signal) should be made to
maps will find them useful in avoiding ice or searching outconfirm that the echo is not another vessel.
openings which may permit his vessel to make progress At relatively short ranges, sonar is sometimes helpful in
through an ice field. locating ice. The initial detection of icebergs may be made at a
Another indication of the presence of sea ice is the formaeistance of about 3 miles or more, but usually considerably
tion of thick bands of fog over the ice edge, as moisturdess. Growlers may be detected at a distanéézmb 2 miles,
condenses from warm air when passing over the colder ice. Aand even smaller pieces may be detected in time to avoid them.
abrupt change in air or sea temperature or seawater salinity is Ice in the polar regions is best detected and observed
nota reliable sign of the approach of icebergs or pack ice. from the air, either from aircraft or by satellite. Fixed-
The presence of certain species of animals and birdwinged aircraft have been utilized extensively for obtaining
can also indicate that pack ice is in close proximity. Thedetailed aerial ice reconnaissance information since the ear-
sighting of walruses, seals, or polar bears in the Arctidy 1930’s, and will no doubt continue to provide this
should warn the mariner that pack ice is close at hand. In thmvaluable service for many years to come. Some ships,
Antarctic, the usual precursors of sea ice are penguingarticularly icebreakers, proceeding into high latitudes car-



ICE IN THE SEA 471

ry helicopters, which are invaluable in locating leads andpending upon solar illumination. Since then, improvements
determining the relative navigability of different portions of in satellite sensor technology have provided a capability to
the ice pack. Ice reports from personnel at Arctic and Antimake detailed global observations of ice properties under
arctic coastal shore stations can also prove valuable to thal weather and lighting conditions. The current suite of air-
polar mariner. borne and satellite sensors employed by the National Ice

The enormous ice reconnaissance capabilities of meté&Senter include: aerial reconnaissance including visual and
orological satellites were confirmed within hours of the Side-Looking Airborne Radar (SCAR), TIROS AVHRR
launch by the National Aeronautics and Space Administravisual and infrared, Defense Meteorological Satellite Pro-
tion (NASA) of the first experimental meteorological gram (DMSP) Operational Linescan System (OLS) visual
satellite, TIROS I, on April 1, 1960. With the advent of the and infrared, all-weather passive microwave from the
polar-orbiting meteorological satellites during the mid andDMSP Special Sensor Microwave Imager (SSM/I) and the
late 1960’s, the U.S. Navy initiated an operational satelliteERS-1 Synthetic Aperture Radar (SAR). Examples of sat-
ice reconnaissance program which could observe ice and itdlite imagery of ice covered waters are shown in Figure
movement in any region of the globe on a daily basis, de3412a and Figure 3412b.

ICE FREE

Figure 3412a. Example of satellite imagery with a resolution of 0.9 kilometer.
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Figure 3412b. Example of satellite imagery with a resolution of 80 meters.

3413. Operations In Ice missions. Various sources of information can be obtained
from the Director, National Ice Center, 4251 Suitland Road,
Operations in ice-prone regions necessarily requirdVashington, D.C., 20395 and from the Office of Polar Pro-
considerable advanced planning and many more precagrams, National Science Foundation, Washington, D.C.
tionary measures than those taken prior to a typical open The preparation of a vessel for polar operations is of
ocean voyage. The crew, large or small, of a polar-bounéxtreme importance and the considerable experience
vessel should be thoroughly indoctrinated in the fundamengained from previous operations should be drawn upon to
tals of polar operations, utilizing the best information bring the ship to optimum operating condition. At the very
sources available. The subjects covered should includieast, operations conducted in ice-infested waters require
training in ship handling in ice, polar navigation, effects of that the vessel’s hull and propulsion system undergo certain
low temperatures on materials and equipment, damage comodifications.
trol procedures, communications problems inherent in  The bow and waterline of the forward part of the vessel
polar regions, polar meteorology, sea ice terminology, iceshould be heavily reinforced. Similar reinforcement should
observing and reporting procedures (including classificaalso be considered for the propulsion spaces of the vessel.
tion and codes) and polar survival. Training materialsCastiron propellers and those made of a bronze alloy do not
should consist of reports on previous Arctic and Antarcticpossess the strength necessary to operate safely in ice.
voyages, sailing directions, ice atlases, training films on poTherefore, it is strongly recommended that propellers made
lar operations, and U.S. Navy service manuals detailing thef these materials be replaced by steel. Other desirable fea-
recommended procedures to follow during high latitudetures are the absence of vertical sides, deep placement of
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the propellers, a blunt bow, metal guards to protect propelwhen abnormal situations arise.

lers from ice damage, and lifeboats for 150 percent of  Upon the approach to pack ice, a careful decision is
personnel aboard. The complete list of desirable featuraseeded to determine the best action. Often it is possible to
depends upon the area of operations, types of ice to be ege around the ice, rather than through it. Unless the pack is
countered, length of stay in the vicinity of ice, anticipatedquite loose, this action usually gains rather than loses time.
assistance by icebreakers, and possibly other factor§Vhen skirting an ice field or an iceberg, do so to windward,
Strength requirements and the minimum thicknesses a choice is available, to avoid projecting tongues of ice or
deemed necessary for the vessel's frames and additionaldividual pieces that have been blown away from the main
plating to be used as reinforcement, as well as other procéody of ice.

dures needed to outfit a vessel for ice operations, can be When it becomes necessary to enter pack ice, a thor-
obtained from the American Bureau of Shipping. For aough examination of the distribution and extent of the ice
more definitive and complete guide to the ice strengtheningonditions should be made beforehand from the highest
of ships, the mariner may desire to consult the procedurgsossible location. Aircraft (particularly helicopters) and di-
outlined in Rules for Ice Strengthening of Ships, from therect satellite readouts are of great value in determining the
Board of Navigation, Helsinki, Finland. nature of the ice to be encountered. The most important fea-

Equipment necessary to meet the basic needs of the crawres to be noted include the location of open water, such as
and to insure the successful and safe completion of the polégads and polynyas, which may be manifested by water sky;
voyage should not be overlooked. A minimum list of essenicebergs; and the presence or absence of both ice under
tial items should consist of polar clothing and footwear,pressure and rotten ice. Some protection may be offered the
100% u/v protection sunglasses, food, vitamins, medical sugsropeller and rudder assemblies by trimming the vessel
plies, fuel, storage batteries, antifreeze, explosivesdown by the stern slightly (not more than 2-3 feet) prior to
detonators, fuses, meteorological supplies, and survival kitsntering the ice; however, this precaution usually impairs
containing sleeping bags, trail rations, firearms, ammunitionthe maneuvering characteristics of most vessels not specif-
fishing gear, emergency medical supplies, and a repair kit.ically built for ice breaking.

The vessel’s safety depends largely upon the thorough-  Selecting the point of entry into the pack should be done
ness of advance preparations, the alertness and skill of itgith great care; and if the ice boundary consists of closely
crew, and their ability to make repairs if damage is incurredpacked ice or ice under pressure, it is advisable to skirt the
Spare propellers, rudder assemblies, and patch materialsdge until a more desirable point of entry is located. Seek ar-
together with the equipment necessary to effect emergenaas with low ice concentrations, areas of rotten ice or those
repairs of structural damage should be carried. Examples @ontaining navigable leads, and if possible enter from lee-
repair materials needed include quick setting cement, oaward on a course perpendicular to the ice edge. It is also
kum, canvas, timbers, planks, pieces of steel of varyingudvisable to take into consideration the direction and force
shapes, welding equipment, clamps, and an assortment of the wind, and the set and drift of the prevailing currents
nuts, bolts, washers, screws, and nails. when determining the point of entry and the course followed

Ice and snow accumulation on the vessel poses a defihereafter. Due to wind induced wave action, ice floes close
nite capsize hazard. Mallets, baseball bats, ax handles, atalthe periphery of the ice pack will take on a bouncing mo-
scrapers to aid in the removal of heavy accumulations ofion which can be quite hazardous to the hull of thin-skinned
ice, together with snow shovels and stiff brooms for snowvessels. In addition, note that pack ice will drift slightly to
removal should be provided. A live steam line may be usethe right of the true wind in the Northern Hemisphere and to
ful in removing ice from superstructures. the left in the Southern Hemisphere, and that leads opened

Navigation in polar waters is at best difficult and, dur- by the force of the wind will appear perpendicular to the
ing poor conditions, impossible. Environmental conditionswind direction. If a suitable entry point cannot be located
encountered in high latitudes such as fog, storms, compastie to less than favorable conditions, patience may be called
anomalies, atmospheric effects, and, of course, ice, hinddor. Unfavorable conditions generally improve over a short
polar operations. Also, deficiencies in the reliability and de-period of time by a change in the wind, tide, or sea state.
tail of hydrographic and geographical information Once in the pack, always try to work with the ice, not
presented on polar navigation charts, coupled with a disagainst it, and keep moving, but do not rush. Respect the ice
tinct lack of reliable bathymetry, current, and tidal data, addout do not fear it. Proceed at slow speed at first, staying in
to the problems of polar navigation. Much work is being open water or in areas of weak ice if possible. The vessel's
carried out in polar regions to improve the geodetic controlspeed may be safely increased after it has been ascertained
triangulation, and quality of hydrographic and topographichow well it handles under the varying ice conditions encoun-
information necessary for accurate polar charts. Howevetgered. It is better to make good progress in the general
until this massive task is completed, the only resource opedirection desired than to fight large thick floes in the exact di-
to the polar navigator, especially during periods of poor enfection to be made good. However, avoid the temptation to
vironmental conditions, is to rely upon the basic principlesproceed far to one side of the intended track; it is almost al-
of navigation and adapt them to unconventional methodsvays better to back out and seek a more penetrable area.
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During those situations when it becomes necessary to backessel by going full speed astern. If this maneuver proves inef-
always do so with extreme caution anih the rudder amid- fective, it may be possible to get the vessel's stern to move
ships If the ship is stopped by ice, the first command shouldslightly, thereby causing the bow to shift, by quickly shifting the
be “rudder amidships,” given while the screw is still turning. rudder from one side to the other while going full speed ahead.
This will help protect the propeller when backing and preventAnother attempt at going astern might then free the vessel. The
ice jamming between rudder and hull. If the rudder becomesessel may also be freed by either transferring water from ballast
ice-jammed, man after steering, establish communicationsanks, causing the vessel to list, or by alternately flooding and
anddo notgive any helm commands until the rudder is clear.emptying the fore and aft tanks. A heavy weight swung out on
A quick full-ahead burst may clear it. If it does not, try going the cargo boom might give the vessel enough list to break free.
to “hard rudder”in the same direction slowhyhile turning  If all these methods fail, the utilization of deadmen (2—- to
full or flank speed ahead. 4—meter lengths of timber buried in holes out in the ice and to
Ice conditions may change rapidly while a vessel iswhich a vessel is moored) and ice anchors (a stockless, single-
working in pack ice, necessitating quick maneuveringfluked hook embedded in the ice) may be helpful. With a dead-
Conventional vessels, even though ice strengthened, amean or ice anchors attached to the ice astern, the vessel may be
not built for ice breaking. The vessel should be conned tavarped off the ice by winching while the engines are going full
first attempt to place it in leads or polynyas, giving dueastern. If all the foregoing methods fail, explosives placed in
consideration to wind conditions. The age, thickness, antioles cut nearly to the bottom of the ice approximately 10 to 12
size of ice which can be navigated depends upon the typeneters off the beam of the vessel and detonated while the en-
size, hull strength, and horsepower of the vessel emgines are working full astern might succeed in freeing the vessel.
ployed. If contact with an ice floe is unavoidable, neverA vessel may also be sawed out of the ice if the air temperature
strike it a glancing blow. This maneuver may cause thas above the freezing point of seawater.
ship to veer off in a direction which will swing the stern When a vessel becomes so closely surrounded by ice
into the ice. If possible, seek weak spots in the floe and hithat all steering control is lost and it is unable to move, it is
it head-on at slow speed. Unless the ice is rotten or verpeset It may then be carried by the drifting pack into shal-
young, do not attempt to break through the floe, but rathetow water or areas containing thicker ice or icebergs with
make an attempt to swing it aside as speed is slowly intheir accompanying dangerous underwater projections. If
creased. Keep clear of corners and projecting points of icace forcibly presses itself against the hull, the vessel is said
but do so without making sharp turns which may throw theto be nipped, whether or not damage is sustained. When
stern against the ice, resulting in a damaged propellethis occurs, the gradually increasing pressure may be capa-
propeller shaft, or rudder. The use of full rudder in non-ble of holing the vessel's bottom or crushing the sides.
emergency situations is not recommended because it mayhen a vessel is beset or nipped, freedom may be achieved
swing either the stern or mid-section of the vessel into thehrough the careful maneuvering procedures, the physical
ice. This does not preclude use of alternating full ruddesefforts of the crew, or by the use of explosives similar to
(swinging the rudder) aboard ice-breakers as a techniqufiose previously detailed. Under severe conditions the mar-
for penetrating heavy ice. iner’s best ally may be patience since there will be many
Offshore winds may open relatively ice free navigabletimes when nothing can be done to improve the vessel's
coastal leads, but such leads should not be entered withoplight until there is a change in meteorological conditions.
benefit of icebreaker escort. If it becomes necessary to entérmay be well to preserve fuel and perform any needed re-
coastal leads, narrow straits, or bays, an alert watch should Ipairs to the vessel and its engines. Damage to the vessel
maintained since a shift in the wind may force drifting ice while it is beset is usually attributable to collisions or pres-
down upon the vessel. An increase in wind on the windwardure exerted between the vessel’s hull, propellers, or rudder
side of a prominent point, grounded iceberg, or land ice tonguassembly, and the sharp corners of ice floes. These colli-
extending into the sea will also endanger a vessel. Itis wiser teions can be minimized greatly by attempting to align the
seek out leads toward the windward side of the main body ofessel in such a manner as to insure that the pressure from
the ice pack. Inthe event that the vessel is underimminent daithe surrounding pack ice is distributed as evenly as possible
ger of being trapped close to shore by pack ice, immediatelgver the hull. This is best accomplished when medium or
attempt to orient the vessel's bow seaward. This will help tdarge ice floes encircle the vessel.
take advantage of the little maneuvering room available inthe  In the vicinity of icebergs, either in or outside of the
open water areas found between ice floes. Work carefullpack ice, a sharp lookout should be kept and all icebergs
through these areas, easing the ice floes aside while maintaigiven a wide berth. The commanding officers and masters
ing a close watch on the general movement of the ice pack. of all vessels, irrespective of their size, should treat all ice-
If the vessel is completely halted by pack ice, it is best tdbergs with great respect. The best locations for lookouts are
keep the rudder amidships, and the propellers turning at slogenerally in a crow’s nest, rigged in the foremast or housed
speed. The wash of the propellers will help to clear ice awayn a shelter built specifically for a bow lookout in the eyes
from the stern, making it possible to back down safely. Wherof a vessel. Telephone communications between these sites
the vesselis stuck fast, an attempt first should be made to free thad the navigation bridge on larger vessels will prove in-
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valuable. It is dangerous to approach close to an iceberg d@ecause of the direct relation of the frequency and vertical
any size because of the possibility of encountering underextent between these surface features and their subsurface
water extensions, and because icebergs that amunterparts, aircraftice reconnaissance should be conduct-
disintegrating may suddenly capsize or readjust their mas®d over a planned submarine cruise track before under ice
es to new positions of equilibrium. In periods of low operations commence.
visibility the utmost caution is needed at all times. Vessel  Skylights are thin places (usually less than 1 meter
speed should be reduced and the watch prepared for quitkick) in the ice canopy, and appear from below as relative-
maneuvering. Radar becomes an effective tool in this caséy light translucent patches in dark surroundings. The
but does not negate the need for trained lookouts. undersurface of a skylight is usually flat; not having been
Since icebergs may have from eight to nine-tenths okubjected to great pressure. Skylights are called large if big
their masses below the water surface, their drift is generallgnough for a submarine to attempt to surface through them;
influenced more by currents than winds, particularly undethat is, have a linear extent of at least 120 meters. Skylights
light wind conditions. The drift of pack ice, on the other smaller than 120 meters are referred to as small. Anice can-
hand, is usually dependent upon the wind. Under these compy along a submarine’s track that contains a number of
ditions, icebergs within the pack may be found moving at darge skylights or other features such as leads and polynyas
different rate and in a different direction from that of the which permit a submarine to surface more frequently than
pack ice. In regions of strong currents, icebergs should alt0 times in 30 miles, is calleftiendly ice. An ice canopy
ways be given a wide berth because they may travel upwindontaining no large skylights or other features which permit
under the influence of contrary currents, breaking heavya submarine to surface is calledstile ice
pack in their paths and endangering vessels unable to work
clear. In these situations, open water will generally be3414. Great Lakes Ice
found to leeward of the iceberg, with piled up pack ice to
windward. Where currents are weak and a strong wind pre-  Large vessels have been navigating the Great Lakes
dominates, similar conditions will be observed as the windsince the early 1760’s. This large expanse of navigable wa-
driven ice pack overtakes an iceberg and piles up to windter has since become one of the world’s busiest waterways.
ward with an open water area lying to leeward. Due to the northern geographical location of the Great
Under ice, submarine operations require knowledge of.akes Basin and its susceptibility to Arctic outbreaks of po-
prevailing and expected sea ice conditions to ensure maxiar air during winter, the formation of ice plays a major
mum operational efficiency and safety. The most importantdisruptive role in the region’s economically vital marine in-
ice features are the frequency and extent of downward pradustry. Because of the relatively large size of the five Great
jections (bummocks and ice keels) from the underside oLakes, the ice cover which forms on them is affected by the
the ice canopy (pack ice and enclosed water areas from thveind and currents to a greater degree than on smaller lakes.
point of view of the submariner), the distribution of thinice The Great Lakes’ northern location results in a long ice
areas through which submarines can attempt to surface, aggowth season, which in combination with the effect of
the probable location of the outer pack edge where submavind and current, imparts to their ice covers some of the
rines can remain surfaced during emergencies teharacteristics and behavior of an Arctic ice pack.
rendezvous with surface ship or helicopter units. Since the five Great Lakes extend over a distance of
Bummocks are the subsurface counterpart of hum-approximately 800 kilometers in a north-south direction,
mocks, andice keelsare similarly related to ridges. each lake is influenced differently by various meteorologi-
When the physical nature of these ice features is considzal phenomena. These, in combination with the fact that
ered, it is apparent that ice keels may have considerablkeach lake also possesses different geographical characteris-
horizontal extent, whereas individual bummocks can bdics, affect the extent and distribution of their ice covers.
expected to have little horizontal extent. In shallow wa- The largest, deepest, and most northern of the Great
ter lanes to the Arctic Basin, such as the Bering Strait_akes is Lake Superior. Initial ice formation normally be-
and the adjoining portions of the Bering Sea and Chukchgins at the end of November or early December in harbors
Sea, deep bummocks and ice keels may leave little vertiand bays along the north shore, in the western portion of the
cal room for submarine passage. Widely separatethke and over the shallow waters of Whitefish Bay. As the
bummocks may be circumnavigated but make for a hazseason progresses, ice forms and thickens in all coastal ar-
ardous passage. Extensive ice areas, with numeroweas of the lake perimeter prior to extending offshore. This
bummocks or ice keels which cross the lane may effecformation pattern can be attributed to a maximum depth in
tively block both surface and submarine passage into thexcess of 400 meters and an associated large heat storage
Arctic Basin. capacity that hinders early ice formation in the center of the
Bummocks and ice keels may extend downward aplake. During a normal winter, ice not under pressure ranges
proximately five times their vertical extent above the icein thickness from 45-85 centimeters. During severe win-
surface. Therefore, observed ridges of approximately 1@rs, maximum thicknesses are reported to approach 100
meters may extend as much as 50 meters below sea levekbntimeters. Winds and currents acting upon the ice have
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been known to cause ridging with heights approaching 1@vard with coastal ice found throughout the southern
meters. During normal years, maximum ice cover extendperimeter of the lake by late January. Normal ice thickness-
over approximately 75% of the lake surface with heavieses range from 10-20 centimeters in the south to 40-60
ice conditions occurring by early March. This value in- centimeters in the north. During normal years, maximum
creases to 95% coverage during severe winters anide cover extends over approximately 40% of the lake sur-
decreases to less than 20% coverage during a mild winteface with heaviest conditions occurring in late February and
Winter navigation is most difficult in the southeastern por-early March. Ice coverage increases to 85-90% during a se-
tion of the lake due to heavy ridging and compression of thevere winter and decreases to only 10-15% during a mild
ice under the influence of prevailing westerly winds. Break-year. Coverage of 100% occurs, but rarely. Throughout the
up normally starts near the end of March with ice in a statavinter, ice formed in mid-lake areas tends to drift eastward
of advanced deterioration by the middle of April. Under because of prevailing westerly winds. This movement of
normal conditions, most of the lake is ice-free by the firstice causes an area in the southern central portion of the lake
week of May. to remain ice-free throughout a normal winter. Extensive

Lake Michigan extends in a north-south direction overridging of ice around the island areas adjacent to the Straits
490 kilometers and possesses the third largest surface areBMackinac presents the greatest hazard to year-round nav-
of the five Great Lakes. Depths range from 280 meters ingation on this lake. Due to an extensive length and north-
the center of the lake to 40 meters in the shipping lanesouth orientation, ice formation and deterioration often oc-
through the Straits of Mackinac, and less in passages beur simultaneously in separate regions of this lake. Ice
tween island groups. During average years, ice formatiobreak-up normally begins by early March in southern areas
first occurs in the shallows of Green Bay and extends eastnd progresses to the north by early April. Under normal
ward along the northern coastal areas into the Straits afonditions, only 5-10% of the lake surface is ice covered by
Mackinac during the second half of December and earlynid-April with lingering ice in Green Bay and the Straits of
January. Ice formation and accumulation proceeds souttiMackinac completely melting by the end of April.
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Figure 3414a. Great Lakes maximum ice cover during a mild winter.
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Lake Huron, the second largest of the Great Lakes, hasially begins in mid-March in southern coastal areas with
maximum depths of 230 and 170 meters in the central basimelting conditions rapidly spreading northward by early
west of the Bruce peninsula and in Georgian Bay, respedApril. A recurring threat to navigation is the southward drift
tively. The pattern of ice formation in Lake Huron is similar and accumulation of melting ice at the entrance of the St.
to the north-south progression described in Lake MichiganClair river. Under normal conditions, the lake becomes ice-
Initial ice formation normally begins in the North Channel free by the first week of May.
and along the eastern coast of Saginaw and Georgian Bays The shallowest and most southern of the Great Lakes
by mid-December. Ice rapidly expands into the western anés Lake Erie. Although the maximum depth nears 65
southern coastal areas before extending out into the deepeeters in the eastern portion of the lake, an overall mean
portions of the lake by late January. Normal ice thicknessedepth of only 20 meters results in the rapid accumulation
are 45-75 centimeters. During severe winters, maximunof ice over a short period of time with the onset of winter.
ice thicknesses often exceed 100 centimeters with windhitial ice formation begins in the very shallow western
rows of ridged ice achieving thicknesses of up to 10 metergortion of the lake in mid-December with ice rapidly ex-
During normal years, maximum ice cover occurs in latetending eastward by early January. The eastern portion of
February with 60% coverage in Lake Huron and nearlythe lake does not normally become ice covered until late
95% coverage in Georgian Bay. These values increase ttanuary. During a normal winter, ice thicknesses range
85-90% in Lake Huron and nearly 100% in Georgian Bayfrom 25—-45 centimeters in Lake Erie. During the period of
during severe winters. The percent of lake surface area covapid ice growth, prevailing winds and currents routinely
ered by ice decreases to 20-25% for both bodies of watenove existing ice to the northeastern end of the lake. This
during mild years. During the winter, ice as a hazard to navaccumulation of ice under pressure is often characterized
igation is of greatest concern in the St. Mary’s River/Northby ridging with maximum heights of 8—10 meters. During
Channel area and the Straits of Mackinac. Ice break-up noa severe winter, initial ice formation may begin in late No-
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Figure 3414b. Great Lakes maximum ice cover during a normal winter.
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vember with maximum seasonal ice thicknesseslowlyto changing meteorological conditions. As a result,
exceeding 70 centimeters. Since this lake reacts rapidly tthis lake produces the smallest amount of ice cover found
changes in air temperature, the variability of percent iceon any of the Great Lakes. Initial ice formation normally
cover is the greatest of the five Great Lakes. During norbegins from the middle to late December in the Bay of
mal years, ice cover extends over approximately 90-95%uinte and extends to the western coastal shallows near
of the lake surface by mid to late February. This value in-the mouth of the St. Lawrence River by early January. By
creases to nearly 100% during a severe winter anthe first half of February, Lake Ontario is almost 20% ice
decreases to 30% ice coverage during a mild year. Lakeovered with shore ice lining the perimeter of the lake.
St. Clair, on the connecting waterway to Lake Huron, isDuring normal years, ice cover extends over approximate-
normally consolidated from the middle of January untilly 25% of the lake surface by the second half of February.
early March. Ice break-up normally begins in the westerrDuring this period of maximum ice coverage, ice is typi-
portion of Lake Erie in early March with the lake becom- cally concentrated in the northeastern portion of the lake
ing mostly ice-free by the middle of the month. The by prevailing westerly winds and currents. Ice coverage
exception to this rapid deterioration is the extreme easternan extend over 50—-60% of the lake surface during a se-
end of the lake where ice often lingers until early May. vere winter and less than 10% during a mild year. Level
Lake Ontario has the smallest surface area and seconake ice thicknesses normally fall within the 20-60 centi-
greatest mean depth of the Great Lakes. Depths rangeeter range with occasional reports exceeding 70
from 245 meters in the southeastern portion of the lake teentimeters during severe years. Ice break-up normally
55 meters in the approaches to the St. Lawrence Rivebegins in early March with the lake generally becoming
Like Lake Superior, a large mean depth gives Lake Ontarice-free by mid-April.
io a large heat storage capacity which, in combination = The maximum ice cover distribution attained by each
with a small surface area, causes Lake Ontario to responaf the Great lakes for mild, normal and severe winters is
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shown in Figure 3414a, Figure 3414b and Figure 3414c. Ithe Great Lakes can be obtained from the Director, National

should be noted that although the average maximum icikce Center, 4251 Suitland Road, Washington D.C. 20395

cover for each lake appears on the same chart, the actuahd the National Weather Service Forecast Office located

occurrence of each distribution takes place during the timén Cleveland, Ohio. Ice climatological information can be

periods described within the preceding narratives. obtained from the Great Lakes Environmental Research
Information concerning ice analyses and forecasts foLaboratory, Ann Arbor, Michigan.

ICE INFORMATION SERVICES

3415. Importance Of Ice Information Short-term forecasts are generally paired with local-scale
ice analyses and focus on changes in the ice cover based on

Advance knowledge of ice conditions to be encounteredce drift, ice formation and ablation, and divergent/conver-
and how these conditions will change over specified time pegent processes. Of particular importance are the predicted
riods are invaluable for both the planning and operationalocation of the ice edge and the presence or absence of open
phases of a voyage to the polar regions. Branches of the Unitegater polynyas and coastal/flaw leads. The accurate predic-
States Federal Government responsible for providing operadion of the location of these ice features are important for
tional ice products and services for safety of navigation includéoth ice avoidance and ice exploitation purposes.
the Departments of Defense (U.S. Navy), Commerce Similar but with less detail, weekly ice forecasts also
(NOAA), and Transportation (U.S. Coast Guard). Manpoweremphasize the change in ice edge location and concentra-
and resources from these agencies comprise the National Itien areas within the pack. The National Ice Center
Center (NIC), which replaced the Navy/NOAA Joint Ice Cen-presently employs several prediction models to produce
ter. The NIC provides ice products and services to U.Sboth short-term and weekly forecasts. These include empir-
Government military and civilian interests. Routine and tai-ical models which relate ice drift with geostrophic winds
lored ice products of the NIC shown in Table 3417 can beand a coupled dynamic/thermodynamic model called the
separated into two categories: a) analyses which describe cieolar Ice Prediction System (PIPS). Unlike earlier models,
rent ice conditions and b) forecasts which define the expectetthe latter accounts for the effects of ice thickness, concen-
changes in the existing ice cover over a specified time periottation, and growth on ice drift.

The content of sea ice analyses is directly dependent Monthly ice forecasts predict changes in overallice ex-
upon the planned use of the product, the required level dent and are based upon the predicted trends in air
detail, and the availability of on-site ice observations and/otemperatures, projected paths of transiting low pressure
remotely-sensed data. Ice analyses are produced by blensltstems, and continuity of ice conditions.
ing relatively small numbers of visual ice observations  Seasonal or 90 day ice forecasts predict seasonal ice se-
from ships, shore stations and fixed wing aircraft with in-verity and the projected impact on annual shipping operations.
creasing amounts of remotely sensed data. These da@f particular interest to the National Ice Center are seasonal
include aircraft and satellite imagery in the visual, infrared forecasts for the Alaskan North Slope, Baffin Bay for the an-
passive microwave and radar bands. The efficient receiptual resupply of Thule, Greenland, and Ross Sea/McMurdo
and accurate interpretation of these data are critical to prdsound in Antarctica. Seasonal forecasts are also important to
ducing a near real-time (24-48 hour old) analysis orGreat Lakes and St. Lawrence Seaway shipping interests.
“picture” of the ice cover. In general, global and regional Ice services provided to U.S. Government agencies
scale ice analyses depict ice edge location, ice concentrapon request include aerial reconnaissance for polar ship-
tions within the pack and the ice stages of development oping operations, ship visits for operational briefing and
thickness. Local scale ice analyses emphasize the locatidraining, and optimum track ship routing (OTSR) recom-
of thin ice covered or open water leads/polynyas, areas ahendations through ice-infested seas. Commercial
heavy compression, frequency of ridging, and the presenagperations interested in ice products may obtain routinely
or absence of dangerous multiyear ice and/or icebergs. Th@oduced ice products from the National Ice Center as well
parameters defined in this tactical scale analysis are consids ice analyses and forecasts for Alaskan waters from the
ered critical to both safety of navigation and the efficientNational Weather Service Forecast Office in Anchorage,

routing of ships through the sea ice cover. Alaska. Specific information on request procedures, types of
ice products, ice services, methods of product dissemination
3416. Ice Forecasts And Observations and ship weather support is contained in the publication

“Environmental Services for Polar Operations” prepared
Sea ice forecasts are routinely separated into four temand distributed by the Director, National Ice Center, 4251
poral classes: short-term (24—72 hour), weekly (5-7 daysfuitland Road, Washington, D.C., 20395.
monthly (15—-30 days) and seasonal (60—90 days) forecasts. The U.S. Coast Guard has an additional responsibility, sep-
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arate from the National Ice Center, for providing icebreakerclature which is precisely defined in several languages by
support for polar operations and the administration and operdhe WMO publication “Sea Ice Nomenclature”, WMO No.
tions of the International Ice Patrol (IIP). Inquiries for further 259, TP 145. This publication, available from the Secretar-
information on these subjects should be sent to Commandaiait of the WMO, contains descriptive definitions along with
(G—N10-3), 2100 Second Street S.W., Washington D.C. 20598hotography of most ice features. This publication is very
Other countries which provide sea ice information ser-useful for vessels planning to submit ice observations.
vices are as follows: Arctic — Canada, Denmark
(Greenland), Japan (Seas of Okhotsk, Japan and Bo HaB417. Distribution Of Ice Products And Services
Iceland, Norway, Russia and the United Kingdom; Antarc-
tic — Argentina, Australia, Chile, Germany, Japan, and  The following is intended as a brief overview of the
Russia; and Baltic — Finland, Germany, Sweden and Rudistribution methods for NIC products and services. For de-
sia. Except for the United States, the ice informationtailed information the user should consult the publications
services of all countries place specific focus upon ice condiscussed in section 3416 or refer specific inquiries to Di-
ditions in territorial seas or waters adjacent to claims on theector, National Ice Center, 4251 Suitland Road, FOB #4,
Antarctic continent. The National Ice Center of the UnitedRoom 2301, Washington, D.C. 20395 or call (301)
States is the only organization which provides global ice763-1111 or —2000. Facsimile inquiries can be phoned to
products and services. Names and locations of foreign s€801) 763—1366 and will generally be answered by mail,
ice service organizations can be found in “Sea Ice Informatherefore addresses must be included. NIC ice product dis-
tion Services in the World,” WMO Publication No. 574.  tribution methods are as follows:
Mariners operating in and around sea ice can contrib-
ute substantially to increasing the knowledge of synoptic 1. Autopolling: Customer originated menu-driven

ice conditions, and therefore the accuracy of subsequentice facsimile product distribution system. Call (301)
products by routinely taking and distributing ice observa- 763-3190/3191 for menu directions or (301)
tions. The code normally used by personnel trained only to 763-5972 for assignment of Personal Identification
take meteorological observations consists of a five charac- Number (PIN).
ter group appended to the World Meteorological 2. Autodin: Alphanumeric message transmission to
Organization (WMO) weather reporting code: FM 13-X U.S. Government organizations or vessels. Address
SHIP —Report of Surface Observation from a Sea Station. is NAVICECEN Suitland MD.
The five digit ICE group has the following format: ICE + 3. OMNET/SCIENCENET: electronic mail and bul-
CiSbiDjz. In general, the symbols represent: letin board run by OMNET, Inc. (617) 265-9230.
Product request messages may be sent to mailbox
c = total concentration of sea ice. NATIONAL.ICE.CTR. Ice products are routinely
S = stage of development of sea ice. posted on bulletin board SEA.ICE.
b = ice of land origin (number of icebergs, 4. INTERNET: Product requests may be forwarded to
growlers and bergy bits). electronic mail address which is available by re-
D = bearing of principal ice edge. guest from the NIC at (301) 763-5972.
z = presentsituation and trend of conditions over 5. Mail Subscription: For weekly Arctic and Ant-
three preceding hours. arctic sea ice analysis charts from the National
Climatic Data Center, NESDIS, NOAA, 37 Bat-
The complete format and tables for the code are de- tery Park Ave., Asheville, NC, 28801-2733. Call
scribed in the WMO publication “Manual on Codes”, (704) 271-4800 with requests for ice products.
Volume 1, WMO No. 306. This publication is available 6. Mail: Annual ice atlases and multiyear ice clima-
from the Secretariat of the World Meteorological Organiza- tologies are available either from the National Ice
tion, Geneva, Switzerland. Center (if in stock) or from the National Technical
A more complete and detailed reporting code (ICEOB) Information Service, 5285 Port Royal Road,
has been in use since 1972 by vessels reporting to the U.S. Springfield, VA, 22161. Call (703) 487-4600 for
National Ice Center. 1993 revisions to this code and the pro- sales service desk. Digital files (in SIGRID for-
cedures for use are described in the “Ice Observation mat) of weekly NIC ice analyses may be obtained
Handbook” prepared and distributed by the Director, Na- from the National Snow and Ice Data Center,
tional Ice Center, 4251 Suitland Road, Washington D.C., CIRES, Box 449, University of Colorado, Boul-
20395. der, Colorado 80309. Call (303) 492-5171 for

All ice observation codes make use of special nomen- information.



ICE IN THE SEA

NAVAL ICE CENTER PRODUCTS

PRODUCT

GLOBAL SCALE

Eastern Arctic Analysis/Fcst
Western Arctic Analysis/Fcst
Antarctic Analysis

South Ice Limit-East Arctic

South Ice Limit-West Arctic

North Ice Limit-Antarctic

30 Day Forecast-East Arctic
30 Day Forecast-West Arctic
East Arctic Seasonal Outlook
West Arctic Seasonal Outlook

REGIONAL SCALE

Alaska Regional Analysis
Great Lakes Analysis

30 Day Forecast-Gt Lakes
St. Mary’s River Analysis
Ross Sea/McMurdo Sound
Seasonal Outlook

Gt. Lakes Seasonal Outlook

LOCAL SCALE

Large-Scale Analysis-User-Defined Area

Table 3417. Products produced by National Ice Center.

FREQUENCY

Wed

Tue
Thu
Wed

Tue

Mon
1st & 15th of month
1st & 15th of month
Annually (15 May)
Annually (15 May)

Tue & Fri

15 Dec—-01 May (Mon, Wed, Fri)
15 Nov—15 Apr (1st & 15th of Mo.)

01 Jan- 01 May (Mon, Wed, Fri)
Annually

(30 Oct)
Annually (1 Dec)

Thrice Weekly

FORMAT

Fax Chart
Fax Chart
Fax Chart

Posted to OMNET

Posted to OMNET

Fax Chart
Fax Chart
Fax Chart
Booklet
Booklet

Fax Chart
Fax Chart
Fax Chart
Fax Chart

Booklet

Booklet

Fax Chart

Fax Chart






