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INTRODUCTION 

This book is about sea-ice characteristics and coverage in 

Alaska’s arctic and sub-arctic seas and how it affects people and 

industry.  It is not a scientific treatise but rather an introduction 

to the subject for those who are interested in the Arctic and 

would like more information about this fascinating 

phenomenon.  

ALASKA’S SEAS 

The two Arctic Ocean seas that adjoin the Alaska coast are the 

Beaufort, which lies off the northern coast and the Chukchi Sea 

off the northwest Alaska coast and the northern Siberian 

Russian coast.  Both seas are completely covered by ice most of 

the year.   The third Alaska Sea with substantial ice cover is the 

Bering Sea located southwest of the Alaska mainland.  Ice 

covers about the northern third of the Bering Sea at its 

maximum extent. 

There are two main types of sea-ice:  First Year Ice and, as its 

name implies, it has existed for less than a year.  The other is 

Old Ice or Multi-year Ice, and that means the ice has survived at 

least one summer season.  We will discuss this in more detail 

later. 

These three seas have completely different ice regimes.  The 

Beaufort Sea is extremely dynamic and is part of the main 

Arctic Ocean Ice pack.  The Chukchi is a shallow sea with 

largely first-year ice.   However, in some year’s ice remains 

along the Russian coast and in the northern part of the sea 
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throughout the summer season.  The Bering Sea has only First 

Year ice, which extends as far south as St Paul and St George 

Islands in the Pribilofs at its maximum extent. 

 

Figure 1. Alaska Seas. 

I first became interested in Arctic sea-ice in 1953 when I moved 

from Brownsville Texas to Nome Alaska where I worked for 

the U.S. Weather Bureau.  Born and raised inTexas,  I had 

rarely seen snow and never saw the ocean frozen over.  So I 

was amazed to see people fishing through the ice.  

The Seward Peninsula forms the northern boundary of Norton 

Sound in the Bering Sea.  The ice here is rather flat with a small 
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rubble zone on the beach and is all First Year Ice.   The reason 

for the relative smoothness of the ice is that there are no large 

currents to break up the ice.  However, west of Nome and out 

of the protection of the Seward Peninsula, the influence of the 

currents through Bering Strait creates a very different 

environment. 

In about 1959 a party of three Eskimo hunters from King Island, which is 

about 40 miles south of the Bering Strait, were trapped on ice that split off 

from the main pack and could not return to the island.  Massive air 

searches tried to locate the men but were unable to find them.  Conventional 

wisdom said the searchers should look to the north as the currents flowed in 

that direction, but Eskimo village elders convinced them to look to the 

south.  After ten days they were finally found near St, Lawrence Island, 

almost 75 miles south of where they started.  One man had died, and the 

other two had body temperatures in the 60s.  They survived but lost some 

toes. 

The ocean currents flowing through the narrow Strait in spring 

and summer do indeed flow to the north bringing warm water 

to melt the ice, however, in winter, the flow is frequently to the 

south, depending on weather conditions.  The Bering Strait is a 

migration corridor for walrus, whales and the occasional polar 

bear.  The Bering Strait will be covered in more detail later. 

It is interesting to speculate on the state of the ice during the 

last ice age when the land bridge to Asia was in place.  Due to 

the lack of a warm current through Bering Strait, there would 

have been little, or no melting of ice in the Chukchi Sea and 

both it and the Beaufort Sea would have been covered mostly 

in multi-year ice.  The Bering Sea would have been largely open 
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water most of the year.  It is doubtful that there were humans 

along the northern coast; they probably arrived following the 

opening of the Bering Strait as the last ice age came to an end. 

In about 1955 a friend, Paul Mandeville, and I journeyed to Pt. 

Hope Alaska to hunt Polar Bear on the ice of the Chukchi Sea.  

From Nome, we flew on an Alaska Airlines DC-3 to Kotzebue, 

which is located on the eastern end of Kotzebue Sound and like 

Norton Sound the ice is smooth with little ridging.  From 

Kotzebue, we flew to Point Hope on a deHavilland Beaver 

operated by a local air-taxi.   In future years I made this trip 

many times going to Cape Thompson where I worked at an 

AEC site where it was intended to use atomic bombs to create a 

harbor.  It was called Project Plowshare. 

In Pt. Hope we rented a house from someone that was leaving 

for a vacation and got setup for hunting by hiring a local guide. 

Traveling by dog team driven by our guide, each day we crossed 

over the large ice rubble pile on the beach and made our way to 

the main pack ice consisting of broken hills of ice, some open 

water, and newly frozen areas that could be crossed only with 

great caution.   Note the sled was for carrying gear, not people, 

although I did ride in it for a short time. 

This was my first experience with sea-ice in the open ocean, 

unprotected by adjacent land masses, and it was awesome. We 

would climb ice piles that were about 30 feet high to look for 

polar bear.   

 One day we were traveling from the village to the ice-pack and 

came upon another hunter who had driven his dog team onto 
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the weak ice, and the ice had given way under the sled.  The 

dogs remained on the ice, and the hunter had managed to crawl 

out of the water using the main lead rope to the dogs as we 

arrived.  Our guide stripped the wet hunter down and gave him 

his inner parka and pants, by this time the wet hunter was 

shaking like a leaf.  The guide went out on the ice and using a 

long pole pried up the leading edge of the sunken dog sled and 

yelled at the dogs to pull it out.  Our dog team was then 

coupled with the other team, the hunter was placed in the sled, 

and we raced back to the village.  Amazingly, the next day the 

hunter was back on the ice hunting.   If we had not come along, 

the man would have surely died.  In other years I have hunted 

polar bear just north of the Bering Strait by small airplane in 

Russian Territorial waters (They would not have been amused) 

and hunted walrus out of Barrow by skin-boat (a boat created 

from a light wooden frame and covered with walrus hide).   

The Arctic is one of the least understood areas of the world, 

and yet the ice pack along the northern and western coasts of 

Alaska is an integral part of the daily lives of the people in that 

region. The people living in the urban areas of Alaska do not 

understand or care about such matters. 

The Arctic Ocean and subarctic seas provide sustenance to the 

native population and immense wealth to the nation as a whole 

in the form of oil and natural gas, enormous fisheries, and 

reserves of coal and other minerals. 

Like the farmer who waits for the proper season to plant and 

harvest, the people of the Arctic must also wait for the ice to 

“go out” before hunting walrus and other game on which they 
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rely.  Industry must also time its activities to the varying seasons 

and the growth and decay of the ice pack.  Barges of heavy 

equipment and other supplies must wait for the ice to leave 

before they can deliver their cargo.  Seismic survey and 

exploration crews must wait for freeze-up before they can move 

heavy equipment across the tundra and construction crews 

must wait for temperatures low enough to build temporary ice 

roads and drill pads.  Zinc ore is transported to the coast and 

stockpiled until the ice melts in the spring, and ore carriers pick 

up the concentrate and take it other areas to be refined and 

smelted.  The commercial fishing activity also follows the ice 

edge north in the spring.   Thus, activity in the Arctic is closely 

tied to the ebb and flow of the seasons and sea-ice coverage. 

These three seas are important transportation corridors for 

Alaska, Northwest Canada, and the Russian Far East.   Most of 

Alaska is without roads or rail and the only means for shipping 

heavy equipment and supplies to Alaska’s coastal villages, as 

well as shipping large modules to the oil fields on Alaska’s 

northern coast, is by sea.   Even villages and towns inland along 

the major rivers receive supplies from the sea via barges.  These 

seas are also important feeding grounds for whales and walrus 

that migrate into the Beaufort Sea during the short summer. 

On the entire western coast of Alaska, there are only a few 

short roads that go nowhere.  On the northern coast, there is 

only one road that connects to Alaska’s road system, the Haul 

Road to Prudhoe Bay.  There is also only one road in Canada 

that leads to the Canadian Beaufort Sea; the Dempster 

Highway.  Although Inuvik is not actually on the Beaufort Sea, 
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a recent extension of the highway led to Tuktoyaktuk (Tuk) at 

the extreme eastern end of the Beaufort Sea.   

 The Bering Sea is one of the most productive fisheries in the 

world and millions of tons of cod, pollock, halibut, and crab are 

harvested each year along with millions of Salmon returning to 

rivers and streams along the coast.   From Wikipedia “The 

Russians built a fort at the site of present-day Naknek.  In 1883 

the first salmon cannery was opened in Bristol Bay; then, in 

1890, one opened on the Naknek River, and a fishery-related 

economy has been the mainstay since that time.”  My family 

and I lived in King Salmon on the Naknek River for several 

years, and a favorite winter activity was fishing for smelt 

through the ice.  Another was watching Beluga whales 

swimming upstream in the spring. 

Alaska’s Arctic seas are essential for the economic well-being of 

the state and its residents.  The primary factor limiting marine 

transportation in these areas is the presence of various types of 

sea ice for most of the year.   Ice begins to form in September 

or early October, and by November all shipping to coastal 

villages ceases until the following summer. 

  

SEA ICE CHARACTERISTICS AND 

TERMINOLOGY 

In the text that follows, frequent mention is made of 

“breakup,” a common term in Alaska that denotes that time of 

the year when snow begins to melt, and torrents of melt water 
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inundate streets, creating potholes, smearing windshields with 

mud, and in general creating havoc for motorists.  When we 

refer to the breakup of sea ice, it has a somewhat similar 

meaning.  But to be more formal, “breakup” is defined as the 

time of transition between winter and summer conditions.  

Freeze-up is simply that time of the year when the sea largely 

freezes over. 

Another term that may need explaining is “polynya,” a Russian 

word denoting a non-linear opening in the ice.   Linear 

openings are called “leads” and can stretch hundreds of miles 

or just a few hundred feet.   Polynyas are created along shores 

when the wind blows the ice offshore.  Other mechanisms, 

such as upwelling of warm salty water, may also contribute to 

the creation of polynya.  Some polynya appear in the same place 

year after year and may persist for a considerable time.  For 

example, a shallow spot in the Chukchi Sea creates a polynya 

when the current piles ice up on the shallow spot and an area of 

open water is created on the leeward side of the shallow.  

Another, much larger, polynya is located at the southeastern tip 

of Banks Island in the Canadian Beaufort. 

 

Many people think the Arctic ice pack is a flat expanse of 

stationary ice.   Nothing could be further from the truth.  If you 

have seen scenes of a city after a major earthquake, with large 

mounds of rubble everywhere, you can imagine what the ice 

pack looks like; hills of broken ice rubble, flat plates of new and 

thin ice, and leads of open water are some of the features of the 

ice-pack. 
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DYNAMICS OF SEA ICE 

The sliding plates of continents create the forces that build 

mountain chains and similar forces shape the features of the ice 

pack.  Plates of sea-ice slide upon other plates, they break and 

up-end, and more ice collects on top of that.  The wind creates 

Polynya and leads, which promptly freeze, and then crushed in 

turn.   It is difficult to walk in a straight line for any distance 

over such rugged terrain. 

The Arctic ice pack in an active zone can be an awe-inspiring 

spectacle as ice floes clash, split into fragments, and override 

each other.   Standing on one floe while another moves past at 

the speed of an escalator is something long remembered.  It is 

not only the motion that is impressive; when plates of ice 

several feet thick pile on top of one another, it is a noisy affair.  

When the active zone is some distance away, a low rumble can 

be heard in the distance, like an advancing front of 

thunderstorms.  
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Figure 2:  Calculated Ice Floe Position for 16 days. 

The above graph gives an idea of how far ice can move in just a 

few days.  Such projections are useful but should be used with a 

great deal caution as they do not take into account ocean 

currents, which are not known in detail. 

There are many terms for sea-ice in various stages of growth, 

but we will mention only a few.  Grease ice is one of the first 

stages of freezing when a few inches of water turn into a thick 

grayish, watery, icy soup that looks like grease.  It undulates 
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with small waves and offers little resistance to moving boats.  

Subsequent stages of growth are called new ice, young ice, first-

year ice, and finally multi-year ice. 

First-year ice reaches a maximum thickness of about six feet in 

the long cold winter.  Of course, the ice does not usually reach 

this thickness without being distorted by dynamic forces of 

wind and pressure.  When sea-ice is under pressure, the ice can 

form into pressure ridges.  The underwater portion of these 

ridges is called the keel and the upper portion the sail.  Keels in 

first-year ice ridges commonly reach 45 feet in depth and can 

easily reach 150 feet. 

 

 

Figure 3.  USGS photo of first-year ice ridge. 
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Icebergs and ice islands in the Arctic Ocean are not formed 

from seawater but are calved from fresh-water glaciers and ice 

shelves.  Ice islands vary in size from a few tens of meters 

across to tens, even hundreds, of square kilometers in area.  Ice 

islands are quite stable and can exist for many years, circling the 

Arctic Ocean, until they exit into the North Atlantic by way of 

Fram Strait on the east side of Greenland.  American scientists 

occupied one such island, called Fletcher’s Island (T3), for 

several years.  The Russians have a long history of scientific 

study of the Arctic Ocean and have occupied ice floes until they 

exited through Fram Strait, at great risk I might add.  In about 

1937 one such expedition consisting of four men spent two 

years drifting in the Arctic and were picked up by a Russian 

ship east of Greenland as the ice was breaking up around them.  

Ice, frozen from the salty waters of the Arctic Ocean excludes 

some of the salt during the process of freezing, and the rest 

leaches out over time.   Thus, melted sea ice from old ice floes 

can be used for drinking water.  Ice suitable for drinking water 

has a blue cast and is clearer than new ice. 

As sea-ice goes through successive stages of melt and freeze 

and loses its salt, other physical properties change as well.  It 

becomes harder and tougher than first-year ice and presents a 

more hazardous substance to navigation. 

For purposes of this discussion, we can limit the ice types 

found in Alaska’s seas to multi-year ice, first-year ice, and fast-

ice.   Multi-year ice, as mentioned earlier, has survived at least 

one summer season and fast-ice is attached to the coast but may 

extend many miles seaward.  Fast-ice is found in relatively 
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protected waters adjacent to the coast and is present for the 

entire period from freeze-up until the beginning of the 

following summer season.  The thickness of ice in this zone is 

relatively uniform with only a small number of ridges.  The 

width of fast ice along the coast varies depending on the season 

and the presence of barrier islands or other protection from 

pack-ice incursion. 

ARCTIC OCEAN ICE PACK 

The Arctic ice pack, located in the open sea, consists of drifting 

ice undergoing complicated dynamic forces caused by wind and 

ocean currents: motion in various directions, divergence, 

convergence, shearing, rafting, and ridging occur continuously.  

The ice pack includes ice of various ages from new and young 

ice through the various thickness of first-year and multi-year 

ice.  It also has ice islands created by calving glaciers and ice 

shelves. 

 The motion of pack ice along the northern Alaska coast is 

generally from east to west, and the speed is dependent on the 

wind, ocean current, and pack density.  The effects of the wind 

on open-ice, disregarding current, will cause ice to move at 

about three percent of the wind speed.   The direction of wind-

induced ice drift is not directly downwind but rather the ice 

moves at an angle of about 25 degrees to the right of the wind 

direction. Ice floes with a shallow draft move with wind-driven 

surface currents, but those with deep keels are more affected by 

sub-surface currents and thus move differently.   A vagrant floe 

with a deep keel is like a child in a parade that is marching to a 
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different drummer, it goes hither and yon in an unpredictable 

manner.  Such vagary makes short-term forecasting of ice 

motion a difficult proposition.  

Open ice moves faster in the wind than ice that is more densely 

packed.  As a result, the faster-moving ice catches the slower 

moving ice and a line of dense ice forms along the upwind side 

of the area.  Or the ice may form into strings across the wind 

flow. Thus, the direction and speed of pack ice, especially at the 

interface between the pack and open water, is a complicated 

area of swirl, eddies, and strings of ice. 

In addition to motion, the ice pack undergoes convergence 

where wind and current over a large area force the ice in toward 

the center and compress it.  Under these conditions small 

icebreakers have difficulty moving.  The opposite of 

convergence is divergence where ice is forced away from the 

center.   Divergence causes openings or leads in the ice pack 

making travel by icebreakers much easier.   

In the year 2000, a story hit the major news outlets with an 

announcement that the Russian icebreaker Lenin, on a visit to 

the North Pole, had encountered a large open water area at the 

pole.  The news media reported it as proof of global warming.  

Of course, that was nonsense, as anyone familiar with the 

Arctic could have told them that such openings in the ice are 

common. 

THE SHEAR ZONE 
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When moving pack-ice interacts with fast-ice, a zone of very 

rough ice develops along the interface where the moving pack-

ice comes into contact with stationary ice.  This shear zone can 

build ice into small hills of broken, folded, and fractured ice 

with the rubble extending to the sea bottom, thus anchoring the 

seaward side of the fast-ice.   The picture below illustrates this 

interaction.  The relatively smooth ice on the left is fast-ice, and 

the very rough ice is the shear zone.  The ice pack is to the right 

of the shear zone. 

 

 

Figure 4.  Shear Zone (Alaska Marine Ice Atlas). 

Oil field engineers have used this characteristic to protect man-

made islands by building the island is such a manner that the 

moving ice creates a rubble-pile of ice at the leading edge of the 
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artificial island that quickly reaches the bottom of the ocean.  

This rubble field then protects the island from the further 

incursion of ice. 

 

Ridges of ice formed in the shear-zone or through interaction in 

the ice pack can be several miles long and over a hundred feet 

deep.  These masses of ice survive well into the summer season 

and can be very dangerous to shipping and artificial structures. 

Sea-ice, under some conditions, can invade the land and cause 

damage to the shore and adjacent structures and substantial 

erosion of natural islands has occurred in historical times.  At 

the time of Franklin’s visit in 1826 Flaxman Island, just to the 

west of Barter Island, was four miles long and 2 miles wide.  

Erosion has now reduced the island to about 4 miles long and 

1/4 mile wide.  A reduction in multi-year ice that normally 

impacted the coast and pushed up new material probably 

caused the apparent erosion. 

In a process called “gouging,” large floes or ridges with deep 

keels plow the bottom of the sea on the continental shelf.  

Some of these gouges are over 15 feet deep.  Such gouging 

must be taken into consideration when designing subsea 

structures, such as pipelines and well heads.   

From 1972 to 1980 the Department of the Interior, Geological 

Survey undertook to survey gouges in the Beaufort Sea.  Links 

to papers and data on gouges can be found at the end of the 

book. 
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Very high tides, such as those in Cook Inlet and Bristol Bay, 

cause an interesting ice phenomenon called “Stamuhki.”   When 

a large piece of ice is moved to a rather high position on the 

beach, it will freeze to the ground, and subsequent tides cannot 

lift it.  As the next tide brings in more ice, it covers the 

submerged ice floe and as the water recedes the ice is left on 

top of the original floe and freezes to it.  Repeated deposits of 

ice may build a very large floe.  Stamuhki, when floated free in 

shipping lanes, are a hazard to navigation. 

 

 

Figure 5.  Stamuhki in Cook Inlet.  Photo Courtesy of 

Orson Smith. 

Another definition of Stamuhki is a large rubble field grounded 

to the sea bottom such as that between the moving ice pack and 
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fast ice.  I call this the Shear Zone and some government 

agencies call it a Stamuhki Zone.  Take your pick. 

 

WEATHER, OCEAN CURRENTS, AND ICE 

MOTION 

Fog and low clouds cover the Beaufort, Chukchi, and Bering 

Seas in summer and fog forms over large leads and polynya in 

winter.  Fog and low clouds usually form when the wind blows 

from off the ice pack and over open water.    

The “North Slope” is the common name given to the north 

slope of the Brooks Range and is where the Prudhoe Bay oil 

fields are located.  The Brooks Range stretches over 600 miles 

from near the Beaufort Sea at the Canadian/Alaskan border to 

the Chukchi Sea in northwest Alaska.  The Brooks Range plays 

an important role in seasonal changes on the North Slope and 

the Beaufort Sea as it acts as a barrier for the interchange of air 

with central Alaska.  Thus, in summer, the much warmer air of 

interior Alaska is blocked from reaching the coastal plain, and 

as a result, the Beaufort Sea coast is cooler than it would 

otherwise be. 

The normal atmospheric circulation in winter is for a high-

pressure system to form over the Arctic Ocean.  This clockwise 

circulation of air certainly contributes to a clockwise circulation 

of the pack ice known as the Beaufort Gyre.   
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The Beaufort Gyre causes pack ice to be injected from the 

north into the Eastern or Canadian Beaufort.  It then turns 

westward and moves along the Alaska coast and departs by way 

of the western Beaufort and then turns northward.  It takes 

about five years for the ice to complete a circuit and return to 

its starting point.   This motion is not uniform, nor continuous, 

but twists and turns, and even reverses, depending on weather 

conditions. 

 

Figure 6.  Ocean Currents in Beaufort and Chukchi Seas 

Multi-year ice is formed in the center of the gyre and the 

quantity, until recent years, has been rather stable.  Normally 

new multi-year ice is formed at about the same rate as the 

amount of old ice being lost as it migrates into warmer waters 

of adjacent seas or the North Atlantic.   However, in recent 

years the amount of old ice loss has far outstripped the amount 



 23 

of old ice being formed.  A direct result of changes in 

atmospheric circulation patterns. 

Meteorological conditions play a large role in the motion of the 

gyre and changes in atmospheric circulation can affect the 

amount of multi-year ice present in the Arctic Ocean.   The 

periphery of the Beaufort Gyre is covered, for the most part, by 

first-year ice in winter and melts each summer.  Under certain 

meteorological conditions, an unusual amount of multi-year ice 

migrates into the southern Beaufort Sea and accumulates there.  

Such conditions usually result in a late breakup.  Therefore, the 

summer opening of the transportation corridor along Alaska’s 

northern coast is not a simple thermal process, but a dynamic 

one influenced by a number of factors, but especially ice 

conditions in the Beaufort Sea and large-scale meteorological 

conditions in the months proceeding the summer season.  

The opening of the sea-lane is also influenced by short-term 

meteorological conditions during the beginning of the summer 

season when unfavorable conditions (strong onshore winds and 

low temperatures) can delay the opening and favorable 

conditions (offshore winds and high temperatures) can speed-

up the process, at least to some extent.   But Mariners beware, 

what the winds open they can quickly close, at least until the ice 

has receded far from the coast.  

In 1897 eight whaling ships with several hundred men aboard 

were trapped near Barrow by freeze-up and in danger of 

starving.  Three Coast Guardsmen from the Revenue Cutter 

Bear and a reindeer herder drove 382 reindeer from near Nome 
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to Pt. Barrow, almost certainly saving the whalers from 

starvation. 

BEGINNING OF THE SUMMER SEASON 

The near shore fast ice region melts in place and occurs well 

before the opening of the shipping lane.  Occasionally very 

large rafts of fast-ice will break off and become part of the 

pack. 

The first sign of breakup is the melting of fast-ice along the 

shore where warm water pours into the ocean from rivers and 

streams.  This is most notable in bays, such as Prudhoe, where 

offshore barrier islands restrict mixing of warm fresh water 

from streams and the cold saline water of the Arctic Ocean.  

The Colville, Sagavanirktok, Kaparuk and the Canning Rivers 

are important sources of relatively warm fresh water along the 

northern Alaska coast.   By far the largest source of fresh water 

flowing into the Beaufort Sea is the Mackenzie River in 

northwest Canada.  More about the Mackenzie River later. 

The following satellite image shows large areas of open water in 

the eastern Beaufort as well as open areas along the coast from 

Barrow, but the area around Camden Bay remains closed. 
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Figure 7.  AVHRR image of the Beaufort Sea on Aug. 30, 

1991.   Fairweather, Inc. 

Note the broken line of bright ice just offshore of the coast 

from Prudhoe Bay almost to Mackenzie Bay.  This line is the 

remains of deep-keeled ice ridges formed in the shear zone.  

Also, note the large floe northeast of Prudhoe Bay that is partly 

covered by clouds.  This floe is about 50 miles long and could 

be a piece of old ice from the center of the pack.  Satellite 

images of ice during the beginning of the summer season look 

very different than in winter.  As large areas of melt ponds form 

on the surface of the ice, the bright white ice of winter takes on 

a grayish mottled appearance that spreads rapidly. 

Melting of ice in the fast-ice zone usually begins with flooding 

of the ice from streams and rivers in the last week of May 

followed by melting and disappearance of ice along the near 
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shore by the first of August.   However, these dates can vary 

widely depending on meteorological conditions.   

Long before the entire transportation corridor is open, local 

marine operations can begin (with prior season planning) in the 

near shore region when the ice melts in the work area.   Spring 

is also a favorite time for Eskimo whalers as they hunt in the 

open water near shore.  Beginning of the summer season 

(breakup) along the marine corridor from Tukoyaktuk to 

Barrow can be separated into two parts with very different 

regimes; the western Beaufort from Barrow to near Barter 

Island and the eastern Beaufort from Barter Island to Tuk.     

BREAKUP IN THE BEAUFORT SEA  

The Western Beaufort Sea. 

Forecasting the opening or decay of ice during the spring is a 

very complicated process.  Consider the difficulty of forecasting 

the opening of water around Point Barrow.  The date of 

opening will depend on the thickness of the ice, which in turn is 

dependent on air temperature during the winter months.  

However, the ice around Point Barrow during a breakup is not 

necessarily the ice that was there during the winter.  To 

determine the thickness of the ice at Point Barrow, you must 

look at the temperature upstream, perhaps hundreds of miles. 

The Eastern Beaufort Sea  

The most important factor affecting breakup in the eastern 

Beaufort is the output of the Mackenzie River, which is in turn 
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controlled by temperature and precipitation over the Mackenzie 

drainage of the northern Great Plains.  These two factors are 

dependent on atmospheric circulation during the spring and the 

amount of precipitation that fell during the winter.  In the 

western part of the Beaufort Sea, it is very different with the 

process being primarily thermal in nature.  The Mackenzie 

River not only affects the time of breakup but also freeze-up of 

the eastern Beaufort Sea.  The two causation factors are warm 

water outflow from the river and a reduction in salinity, or 

freshening, of the waters in the eastern Beaufort 

Many articles claim that warming temperatures in the Arctic are 

causing sea ice to disappear.  Small changes in Arctic 

temperature have little to do with melting ice in the Beaufort 

and Chukchi Seas.   

The shallow water near shore is the first to become free of ice 

with open water gradually extending offshore as the season 

progresses.  Therefore, the date of opening of the 

transportation corridor is dependent on the draft of the vessel 

and the amount of ice the vessel can handle.  The opening date 

for a deep-draft vessel without ice protection may be several 

weeks later than the date of opening for shallow draft vessels. 

The following discussion will consider only the route for 

shallow draft vessels.  The date when the corridor is fully open 

from Barrow to Barter Island varies greatly from season to 

season, and there are some years when the route does not open 

at all, though this rarely occurs and not in recent years.  On 

average the route has less than .3 tenths coverage beginning 

about the second week of August. 
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Figure 8.  Average progression of breakup in the Beaufort 

Sea. 

 

The above plot is the 30-year average dates for ice coverage less 

than 3/10.  Contrast this with the plot below, which shows one 

of the earliest breakup years. 
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Figure 9.  Seasonal progression of open water in 1998. 

The area from Barrow to Prudhoe Bay is the main shipping 

corridor for the oil industry and has one of the highest 

concentrations of ice along the route, and it is of interest to 

look at statistics for that area.  For the years 1953 to 2000, and 

disregarding the one year when the route did not open at all, the 

earliest date when ice coverage in that area was equal to or less 

than five tenths was July 15th.  The latest date when this 

occurred was September 13th.   The chart below shows the 

dates when the sea between Barrow and Prudhoe Bay first had 

less than 5/10 coverage.  The second curve on the chart is an 

average of the date curve using a polynomial equation. 
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Figure 10.  Breakup dates. 

 

As seen in the above graph breakup has been occurring earlier 

in recent years.  But when considering the future, such statistics 

mean little or nothing.  What is important is the question: what 

causes such changes, and the truth is we don’t know. 
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Figure 11.  Number of days with ice concentration equal to 

or less than five tenths. 

During this same period, the maximum number of days the 

route remained open was 112 days, and the shortest was zero.  

The average was 63. 

CAMDEN BAY 

The area of Camden Bay is on the edge of the zone influenced 

by the Arctic ice pack but also influenced by warm water influx 

from the Mackenzie River.  Several streams have outlets into 

Camden Bay, the Canning River being the largest, and it is quite 

common in early summer to have overflow from the streams 

onto the fast ice near shore.  But these streams have little effect 

on the breakup, and a narrow band of fast-ice usually remains 
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after the ice has disappeared from the bay.  Breakup in Camden 

Bay will have ice cover less than 50 percent in the first to third 

week of July. But some ice will remain along the shore for some 

time after the Bay itself has cleared.  There are no barrier 

islands in that area, and it is not uncommon in early summer for 

ice to reenter Camden Bay from the ice pack during storms. 

Camden Bay is on the northern edge of the Alaska National 

Wildlife Reserve and has been the subject of intense debate on 

whether to open part of the reserve for oil exploration.  

Government agencies estimate that potential oil reserves in the 

range of 16 billion barrels.   The only village of any size is 

Kaktovik, located on Barter Island, has a population of a few 

hundred and has a subsistence lifestyle. 

PRUDHOE BAY 

Breakup in Prudhoe Bay begins the first or second week of July 

with warm water outflow from the Sag and Kuparuk rivers 

causing shore-fast ice to melt inshore from the barrier islands.   

Because of the barrier islands, only small amounts of ice can 

reenter the bay once it has melted.  Oil companies have 

constructed several artificial islands as production platforms in 

Prudhoe Bay.  
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Figure 12.  Artificial Island in Prudhoe Bay.  NOAA Photo 

Library. 

Offshore oil field exploration is largely done in summer, 

whereas on land it is done in winter to prevent damage to the 

tundra.  However, some offshore exploration is done in winter 

from artificially created ice islands or from rigs designed to 

withstand the ice.  Winter exploration must be completed long 

before spring breakup. 

There is also a large industrial complex with a full sized airport 

and runway named Prudhoe Bay where as many as five 

thousand people live and work in the oil field at one time.  

Since the normal work schedule is two weeks on and two weeks 

off, there are eight or nine thousand people directly involved in 

oil production at the complex.  And yes, there is a Prudhoe Bay 
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hotel where visitors can obtain lodging.  Be sure to make 

reservations. 

At the extreme western edge of the Beaufort Sea is the village 

of Barrow, named for Sir John Barrow, an Under Secretary of 

the British Admiralty, who mounted most of the British Arctic 

expeditions in the early 1800’s.   Barrow has a population of 

about 4,500, mostly Inuit or Eskimo.  Although many of the 

people work in the Prudhoe Bay oil fields and for the state, 

local, and federal governments, many still practice a subsistence 

lifestyle.  Under the Marine Mammal Act, the native people are 

allowed to hunt whale, walrus, seal, and polar bear.  The native 

population has welcomed the oil industry because of the jobs.  

But they monitor their activities with a close eye and don’t 

hesitate to speak up when they feel the companies are doing 

something that might affect their subsistence lifestyle. 

The Mackenzie is one of the world’s great rivers and drains the 

northern portion of the Great Plains.  In the satellite image 

below, the outlet from the Mackenzie River is in the lower right 

of the picture and has melted an area of ice extending past 

Barter Island to the west. Tukoyaktuk (Tuk) is located in 

Kugmallit Bay in Northwest Canada’s portion of the Beaufort 

Sea in the fast-ice zone, and breakup is essentially a thermal 

process controlled by the Mackenzie River.  
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Figure 13.  AVHRR satellite image.  Fairweather, Inc. 

The scene above is typical of an early breakup with melting 

progressing from east to west with the eastern Beaufort 

opening first, along with melting of the shore-fast ice near the 

Alaska coast.  As ice conditions open along the Alaska coast 

from the east, the same thing is happening west of Barrow 

where a warm current from the Bering Strait is melting ice 

along the Chukchi Sea coast.  As the season continues, open 

water progresses from east to west until it meets the opening 

from the west and the entire route is open.  Note the narrow 

band of fast-ice remaining along the coast at Barter Island.  

This is an idealized or average description of the breakup 

process as it does not happen exactly that way every time.    

The beginning of conditions favorable for marine operations 

(less than .3 ice coverage) in the area of Tuk occurs, on average, 

around the second week of July.  However, if the beginning of 

marine operations is dependent on the opening of the marine 



 36 

transportation corridor from Point Barrow to the Mackenzie 

Delta, the time of breakup in the western Beaufort Sea will be 

the controlling factor as it occurs later than the area around 

Tuk. 

Ice Depths 

Ice thickness data is very sparse, and there is no ongoing 

program to collect such information in Alaska.   Instead, ice 

thickness is calculated from temperature records.   While this is 

better than nothing, the accuracy of such information leaves 

something to be desired.  Ice growth rate is dependent on air 

and water temperature, the salinity of the water, and the 

thickness of the ice.   Snow cover will also slow ice growth.   

The following graph of ice thickness at Tuk was collected by 

local observers starting in January 1972 and ending in the early 

spring of 1977.  Some missing data were estimated and used in 

the graph. 
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Figure 14.  Tuk Ice Depth 

The reason for the graph starting November 1st and ending May 

1st is that the measurement of ice thickness could not begin 

until ice thickness became safe for man and stopped when ice 

became rotten and unsafe.  The dates when ice became safe for 

man varied from October 1st in 1973 to October 22 in 1976. 

Freeze-up 

The time of freeze-up is entirely dependent on meteorological 

conditions and is much less variable than the date of a breakup.    

The first to freeze are areas of cold water along the edge of the 

ice pack, shallow water along the coast, and the eastern 

Beaufort where an influx of fresh water from the Mackenzie 

River has reduced the salinity and thereby raised the 
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temperature at which water can freeze from 28.4 degrees to 32 

degrees Fahrenheit. 

 

 

 

Figure 15.  Progression of freeze-up in the Beaufort Sea. 

 

The area of the Alaskan coast freezes first, on average, in the 

first week of October and is followed by the area of Tuk 

freezing up in the second week of October.   Alaska’s entire 

portion of the Beaufort has, on average, frozen by the second 

week of October. 
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In all cases, the water at depth must lose its heat before 

permanent ice forms on the surface. 

Because the Mackenzie River is such an important factor in the 

freezing and thawing of ice in the eastern Beaufort, a graph of 

data for the Mackenzie River is included below. 

 

 

Figure 16.  Inuvik  Freeze and Ice Free Dates  

The Beaufort Sea and the coastal plain of northern Alaska are 

areas with little precipitation, mostly in the form of snow.  It is 

also an area of high winds and low temperatures where wind 

chills of -100 Fahrenheit are not uncommon. 
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THE CHUKCHI SEA 

The Chukchi Sea is located north of the Bering Straits and 

borders Alaska’s northwest coast and Russia’s Chukotsk 

Peninsula.   Almost all the ice in Alaska’s portion of the 

Chukchi is first-year ice and breakup is largely a thermal 

process.   Breakup begins when the northward flowing warm-

water current through Bering Straits melts the ice in a broad 

front.  By mid-July, a tongue of open water extends northward 

to Point Hope, and by September 1st open water extends to 

Barrow.   
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Figure 17.  Typical progression of the main ice-edge into 

the Chukchi Sea. 

Ice in the Chukchi is subject to a number of forces including 

the current that flows north along the northwest Alaska coast.  

This current from the Bering Strait causes large ridges to build 

up over the winter where pack ice interacts with shore fast ice.   

Exploratory drilling for oil has taken place in the northern 

Chukchi Sea, and pooled oil was found at several sites, but 

apparently not enough to justify production.   Production of oil 

from the Chukchi would be difficult and require a substantial 

investment that would not be justified unless the field was quite 

large. 
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Kotzebue Sound is located in the southern Chukchi Sea and, 

because it has no ocean currents to speak of, the ice has few 

ridges.   The Red Dog mine, a world-class zinc mine, is located 

on the northern shore of the sound and about 50 miles inland.   

The mine is operated year round, and when the sea-lanes 

become closed due to ice, the concentrate is trucked to the 

coast and stockpiled until the ice opens in the spring.   During 

the 1999 open water season (110 days starting in July), 1.1 

million tons of zinc and lead concentrate were loaded and 

shipped to customers in various countries.  

A few years ago a Russian ore carrier picking up ore 

concentrate was almost trapped in the ice by the onset of 

winter.  The Captain was experienced in vessel operation in ice-

infested waters and managed to escape.    

The village of Kotzebue is located at the eastern end of 

Kotzebue Sound and has a population of about 4,000.   The 

major subsistence foods are caribou and fish.  There are a 

number of other villages along the coast of the Chukchi as well 

as an Early Warning Radar site at Cape Lisburne.   The smaller 

villages on the Chukchi are almost totally subsistence oriented 

and survive on seal and caribou in winter and walrus and whale 

in summer.  Because the ice along the northern Chukchi coast 

is in a very active zone, seal hunting is done largely in open 

leads and polynya.   Walrus and whale hunting are done from 

boats. 
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In the early 1960’s the Atomic Energy Commission planned to 

create a harbor near Point Hope at Cape Thompson.   Called 

Project Chariot, the plan called for using three atomic devices 

buried deep beneath the land to create a key-hole shaped 

harbor that could be used to develop the large coal reserves 

found in that area.  At detonation, the devices would create a 

cavity under the ground that would collapse when it cooled and 

result in sinking of the overlying land.  The project was 

abandoned when opposition groups voiced concerns that it 

would destroy the wildlife in the area.  One of the arguments 

against building the harbor was that it could not be used in 

winter and there was nothing to ship anyway.  Ironically, 

proposals are now afoot to build a deep-water port for ships 

picking up ore concentrate at the Red Dog mine. 

Freeze-up of the Chukchi progresses from the north and begins 

about mid-October with the sea completely frozen by mid-

November.  However, there are frequently areas of open water 

along the coast, even in the dead of winter, caused by offshore 

winds; these polynya can cover large areas.   

THE BERING STRAIT 

The Bering Strait separates the Bering and Chukchi seas and is 

located between Russia’s Chukotsk Peninsula and Alaska’s 

Seward Peninsula.  It is only about 55 miles wide at the 

narrowest part and is a zone of almost continuous ice motion 

with open leads appearing and closing.   
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Figure 18.  Bering Strait in summer. 

The gray spot in the middle of the strait is Big Diomede Island 

and just to its right is Little Diomede Island.  Back in the 

nineteen fifties, when the cold war was at its height, a man 

walked from Little Diomede Island to Big Diomede Island and 

was promptly arrested by Russian border guards. 
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Figure 19.  Bering Strait in spring. 

Ice motion in the vicinity of the strait is very confused due to 

wind forces.  During the winter the wind is generally from the 

north, and ice flow is to the south through the strait.  In spring 

the winds switch around to the south and drive the ice 

northward.  In the picture above ice appears to be streaming 

out of the Strait to the southeast, which indicates that for the 

last several days the wind has been northerly, but the polynya to 

the north of Big Diomede islands indicates that, in this area and 

at this time, the ice is moving to the north.  Note the bright 

ground fast-ice along the shore delineated by a red line. 
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In 1992 an Italian maker of heavy trucks announced that they 

were going to drive two trucks across the ice of the Bering 

Strait.  They obviously did not understand the character of the 

ice in that region and ended up ferrying the vehicles across with 

large heavy-lift helicopters.   This is not to say that such a feat is 

impossible, but the odds are very great that the vehicles would 

be lost and the operators would have to be rescued. 

A Russian father-son team made two unsuccessful attempts to 

cross the strait using skis and on both trips had to be rescued 

by helicopter.  On one of the trips a heavy storm came up, and 

their camp drifted 93 miles in one day. The third attempt was 

successful but very difficult.  They began from the Russian side 

of the strait for the 55-mile journey, but the ice motion carried 

them far to the north before they landed at Point Hope, Alaska 

21 days later.  They had traveled 150 miles to complete the 55-

mile journey.  

Polar Bear are abundant in winter in the Bering Strait and can 

be found as far south as St. Lawrence Island in the Bering Sea.  

The bears follow the ice edge as it moves southward in late fall 

and then back north in the spring.  The bears are very good 

swimmers and are in constant motion as they hunt for seal in 

leads, polynya, and along the edge of the pack.  Before hunting 

Polar Bear was outlawed, trophy hunters in small airplanes 

would look for the tracks of a bear in the snow and then try to 

follow the tracks.  But since Polar bear do not wander in a 

straight line, rather violent maneuvers at low altitude were 

required, and most of the time the trail would end at a crack or 

lead in the ice where the ice on the other side had moved.  The 

pilot would then search up and down the lead for a 
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continuation of the tracks.  When the trail ended with a Polar 

bear standing in his tracks, the pilot would try to find a flat 

place to land in front of where the bear is headed.  Such 

maneuvers are not as easy as it sounds and many airplanes and 

pilots were lost when they landed on bad ice, stalled the 

airplane, or crashed for some other reason. 

THE BERING SEA 

The Bering Sea is Alaska’s great prize with its huge fishery and 

large numbers of fur seal, otter, walrus, sea lions, and whale.  

The following picture shows walrus hauled out on an ice floe in 

the northern Bering Sea. 
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Figure 20.  Walrus basking in the sun.  NOAA Photo 

Walrus are large animals, and a full grown one is more than a 

match for a Polar bear.  They are even difficult to kill with a 

high-powered rifle.  The normal practice is to catch the animal 

on a floe and try to keep it from getting back in the water.   

Unless the shot is placed exactly right, the animal will enter the 

water and be lost to the hunter.  After the passage of the 

Marine Mammal Act, hunting by anyone but natives is 

forbidden.   Walrus feed on clams, snails, and other creatures 

on the bottom of the ocean.  They migrate north in the spring, 

following the ice edge as it retreats and returns in the fall.  

There are some small islands in Bristol Bay where walrus haul 

out.  The largest is Round Island, and large numbers of walrus 

can be found there at certain times of the year. 
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The Bering Sea begins to freeze from the north about 

November, and the ice edge steadily moves southward until it 

reaches its maximum extent just south of the Pribilof Islands in 

early to mid-April. The southern extent of ice in winter 

coincides, more or less, with the 100-meter depth line north of 

the Aleutians, as shown in the picture below.  The much deeper 

ice-free water to the south never freezes, possibly due to the 

greater heat reservoir of the deeper water as well as currents 

that bring in warmer water from the Pacific Ocean. 

 

 

Figure 21.  Bering Sea bathymetry.  NOAA Photo. 

The graphic below shows the location of the ice pack edge at 

various times of the year.  Of course, these are average 

positions as the actual positions can vary greatly depending on 

the weather. 
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Figure 22.  Typical freeze-up progression of ice-edge. 

During winter, the motion of the pack varies greatly with a 

general south to southwest drift below St. Lawrence Island.  

This ice motion leaves a rather large polynya on the south side 

of the island that persists for much of the winter.  Polynya can 

also be found on the southern shore of the Seward Peninsula, 

southeast of Nunivak Island, and along the northern coast of 

Bristol Bay. 

The ice edge begins to move back north in May, and the Bering 

Sea is usually ice free by mid-July.    The graphic below is 

similar to the one above and shows the progression of the main 
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edge in spring.  These maps do not show that there are usually 

considerable amounts of scattered ice away from the main edge 

as well as ice along the shore that persists for some time after 

the main edge has moved north. 

 

 

Figure 23.  Typical progression of the main ice edge in 

spring. 

The southern Bering Sea and the Aleutian Chain are breeding 

grounds for many violent storms that make the Bering Sea the 

most dangerous fishery in the world.  Not only do fishermen 

have to contend with high wind and waves.  In winter, with 
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very cold air temperatures, ocean spray immediately freezes 

when it hits the cold upper part of the ship.  When heavy ice 

accumulates on the superstructure of the ship, a vessel is in 

danger of capsizing because it has become top heavy.    A major 

chore for the crew in such conditions is removing the ice using 

baseball bats or other clubs.  At times it accumulates faster than 

it can be removed. 

The King and Queen Crab fishery must also contend with pack 

ice because they are fishing within the shallow water where sea 

ice forms.  Vessels that set their crab pots too near the ice edge 

risk losing them if the wind moves the ice over where the pots 

are set, wiping out the marker buoys.   In very heavy seas, ship 

captains sometimes move their vessel into the ice pack, as the 

ice dampens the waves greatly.  It is of course done very 

gingerly as the ships are not built to operate in ice. 

Several exploratory oil wells have been drilled in the Bering 

Sea’s Navarin and St. George Basins, but sufficient quantities 

were not found, and no fields were developed.   The technology 

is available to produce oil from the Bering Sea as ice coverage 

and thickness is somewhat similar to ice in Cook Inlet, and oil 

has been produced from offshore rigs in that area for over 40 

years. 

NORTON SOUND 

Norton Sound is in the northern Bering Sea, and the only town 

(village) of any size is Nome.   Nome is famous for its gold 

fields and the end of the Iditarod dog sled race.   As can be seen 

in the following photograph, it is not very large but is the 
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transportation center for most of western Alaska.   The small 

breakwater, seen in the foreground, cannot handle large ships 

and all ocean freight must be lightered from freighters, 

anchored about two miles offshore, to shore in smaller craft. 

In recent years there has been much talk about the opening of 

the Northwest Passage and the need for a port along the Alaska 

coast.  Unfortunately, there is no good site for a port with deep 

water.  The best of what is available is at Port Clarence, 

although shallow it is has a protected lagoon, a full-size runway 

at the abandoned Coast Guard site and a good road to Nome, 

about 60 miles away.  

 

 

Figure 24.  Nome Alaska.  NOAA Photo Library. 
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The Seward Peninsula, on which Nome is situated, is highly 

mineralized and in addition to gold also has deposits of silver, 

tin, lead, and many other minerals. 

Norton Sound begins to freeze in November and remains 

largely frozen until late May or early June.   There are no major 

ocean currents in Norton Sound, and the ice has few ridges.  

There are natural oil and gas seeps in the area, and several 

exploration wells were drilled, but production quantities were 

not found.  Nome, as well as other coastal villages, has cool 

summers and cold, windy winters.   In summer when the sun 

begins to warm the land in the early morning, a sea breeze 

develops along the coast and brings cold air in from the ocean 

causing fog and low clouds.   By moving inland just a few miles 

one can find hot sunny days, and hoards of voracious 

mosquitoes. 

In winter, native women set up snow blocks on the ice as 

protection from the wind and jig for Tom Cod through holes 

cut in the ice.  School children at Toksook Bay, Alaska 

described how to fish for Tom Cod: 

Catching Tom Cod 
During winter the ocean freezes, so we go out off the shore where it isn’t too 

deep or too shallow. Then we chop a round hole in the ice to make a hole. 

We shovel the snow away and then use an ice pick to chop the ice. After 

making a hole, we use a cup or a drainer to take out the slushy ice and 

snow. After that, we get our fishing equipment ready. You should have 

your homemade rod. If you want to know how to make one, you will need a 

stick ( about 1/2 ft. to 1 ft. long), some string, a sinker, and a hook--then 

put them together and you have a rod! Before putting it down, you bait the 
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hook. When you catch one, you will know because it should tug. Sometimes 

they don’t tug, but just sit there and wait. So, if it feels heavy or if it tugs, 

you have your tom cod.  You have to bring the tom cod up, so it won’t eat 

up all the bait. You will have to cut another bait so that you can catch 

more tom cod. 

By: Jeffrey, Virginia, and Trisha  

 

At one time young boys fished for Dungeness crab through the 

ice off of Nome and sold them for fifty cents each.  What a 

bargain.  In the spring, after the ice has gone out, the hooligan 

run would begin, and they could be scooped up from the surf 

with small nets.  Locally these are called candlefish.  

Supposedly, because of the high oil content, they can be dried 

and then burned like a candle.  In the summer, fish camps are 

set up along the rivers, and the people catch and dry salmon, 

char, and other fish for the winter.  Grayling, a sports fish with 

a very large dorsal fin, are numerous in the small rivers and 

streams on the Seward Peninsula.  

At one time many of the Inuits from King Island, also in 

Norton Sound, regularly migrated to Nome where they spent 

the summer fishing, berry picking, and working in what jobs 

could be found.  In the fall they returned to King Island where 

seal and walrus were plentiful.  In about 1970 the people left 

the island for good. 

 

BRISTOL BAY 
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Bristol Bay is the site of the largest salmon fishery in the world.  

Tens of millions of Sockeye (Red), Silver, and King salmon 

return to the rivers to spawn each year.   In May hundreds of 

fisherman descend on the villages of Naknek, King Salmon, 

Dillingham, and other villages to prepare their boats for an 

intense three or four weeks of fishing.  Many come from 

California, Washington, and Oregon.  In those few weeks, more 

than 20 million fish are processed in canneries, flown to market 

as fresh fish in a fleet of over aged aircraft, and caught by sports 

fishermen at numerous lodges in the area.  Summer is also a 

time of frenzied activity.  When barges bring supplies to coastal 

villages, they must be offloaded quickly so the barge can go to 

the next village. 

Bristol Bay begins to freeze in late November and remains 

largely frozen until late March or early April.   The southern 

part of Bristol Bay is near the southern limits of winter ice and, 

even in mid-winter, has many leads and openings that are 

continuously changed by high winds found in the area.  At the 

northern end of the bay, the ice is continuously broken by some 

of the highest tides in the world. 

COOK INLET 

Cook Inlet is the only substantial area of the Alaska portion of 

the north Pacific that freezes in winter.   It begins to freeze in 

upper Cook Inlet in mid-November and reaches its maximum 

extent by late January.  At maximum extent, the ice covers 

almost the entire inlet down to Homer and across to Cape 

Douglas.  The ice begins to retreat in March and has almost 
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completely disappeared by mid-April.   The date when ice first 

appears and when it reaches maximum extent varies widely. 

 

 

Figure 25.  Pancake ice in Turnagain Arm.  Courtesy of 

Orson Smith. 

 

One of the big differences from other Alaska’s seas is that 

Cook Inlet has very large tides, more than thirty feet, that 

continually break up the ice and move it up and down the inlet 

as tidal currents change.   There are a number of oil platforms 

in Cook Inlet. 
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Figure 26.  Phillips Rig in Cook Inlet.  Courtesy of Orson 

Smith. 

 

REMOTE SENSING OF SEA ICE 

The detection and tracking of sea ice can be done with satellite 

images.  The primary instruments for this purpose are the 

NOAA series of meteorological satellites launched by the U. S. 

and other countries.   



 59 

 

The AVHRR (very high-resolution radiometer) and other 

weather satellites are put into a sun-oriented polar orbit, which 

means they always follows the same track in relation to the sun 

and as the earth turns beneath the satellite they cover a different 

part of the earth on each orbit.   An orbit takes a little less than 

two hours, and the entire earth is covered in 24 hours.  The 

orbit is not a true polar orbit but is inclined a few degrees such 

that the satellite is never directly over the North or South Pole.  

There are usually at least two of these satellites in orbit.  

Another weather satellite is the GOES type, which is in a fixed 

orbit about 25,000 miles from earth.   These satellites are of 

little value for ice recon because they do not see much of the 

Arctic. 

Although there are gaps in AVHRR satellite coverage near the 

equator, the polar regions have overlapping coverage, and an 

image can be obtained of an area of interest about every two 

hours.  The satellites transmit images in five channels; 1=visual, 

2=visual channel that sees slightly into the red, 3=near infrared 

channel, and 4 and 5 are infrared channels.  With proper 

software, these channels can be mixed to show features not 

visible in a single channel.  When the sun is high in the Arctic, 

the best channels to see ice are channels 1 and 2.  By mixing 

these two channels, the major ice edge can be seen through 

fairly heavy fog and low clouds.  The infrared channels are only 

used for ice analysis during darkness or when an attempt is 

being made to identify small ice concentrations from water 

temperature.  Figures 6 and 26 are AVHRR images using only 
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the visual channel.  A false color image that is quite realistic can 

be created by using channels 1, 2, and 3 as red, green, and blue. 

The big drawback of the AVHRR satellites is their low 

resolution (never mind that it is called a Very High-Resolution 

Radiometer) of 1.1 km.  In other words, anything smaller than 

half a mile is not detectable, and small concentrations of ice 

cannot be seen.  The best thing about the data is that it is free.  

The data can be obtained directly from the Internet in near real-

time but requires a rather expensive suite of software to 

manipulate the image.  One can also buy tracking and receiving 

instruments and obtain the images directly from the satellite.  

However, the cost of the equipment in the year 2000 was more 

than $130,000 for a decent set and about $250,000 for one that 

will collect data from the more advanced satellites. 

Military weather satellites have better resolution than the 

AVHRR satellites, about .5 km, but data are not available in real 

time to the public.  Military satellites have an instrument 

onboard called SSMI that detects microwave emissions.  This 

data is available from the Internet in near real time and is very 

useful in detecting ice without regard to clouds or darkness.  

The only problem is the resolution, which is about 25 km for 

the lower frequencies and 12.5 km for the 85ghz channel.   

However, this data can be mathematically combined with 

AVHRR data to improve ice detection beneath cloud cover.  

SSMI can also be used to determine ice age, but only for very 

large areas. 
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Because they are not dependent on visible light and can see 

through clouds and darkness, the best satellites for detecting ice 

are Synthetic Aperture Radar (SAR) satellites.  By using a radar 

beam to scan the area beneath the satellite as it orbits the earth, 

SAR images are created.  The resolution of radar images is 

dependent on the size of the antenna, the larger the antenna, 

the higher the resolution.   By using the satellite’s forward 

motion a very large antenna can be simulated with computers, 

resulting in very high-resolution imagery.  

The best-known SAR satellite is RadarSat that was launched by 

a Canadian company with funding from the Canadian and the 

U. S. government.  The resolution is very good in these images, 

but the cost is very high, $3,000 to $4,000 per image.  Of 

course, the only people using this instrument for routine ice 

analysis are the Canadian and U. S. governments.   Other 

satellites could be used for ice analysis but, again, the cost is 

prohibitive. 

OIL PRODUCTION IN ICY WATERS 

Various oil companies have used a variety of means to explore 

for and produce oil from offshore rigs.  However, some of the 

rigs are not suitable for exploration in icy waters.  In the Arctic 

only drill ships, ice islands, and man-made islands have been 

used.  

Ice islands have been constructed in the fast-ice of the Beaufort 

Sea as a temporary base for an exploratory well.  This is done in 

the dead of winter by pumping seawater onto the ice, either by 

flooding or by spraying and allowing it to freeze and then 
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repeating the process until the weight of the ice forces it to 

ground on the ocean floor.   A standard drilling rig is then 

placed on the island and drilling begins.  The well must be 

completed before temperatures start to melt the ice in the 

spring.  The temperature must be very cold, -20 F. or colder, 

when performing this operation. 

 

 

 

Figure 27. The finished product.  MARS ice island with 

the drill rig and ice road access.  MMS photo. 
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Another means for drilling an exploratory well is to use a 

floating rig that is flooded until it sits on the bottom.  This can 

only be done in a narrow range of water depths where it is not 

too deep and not too shallow.  Once these rigs are in place, they 

can operate in winter as well as summer.  One such rig, the 

CIDS, is built of concrete and was used to drill in Camden Bay 

as well as other areas. 

Ice-reinforced drill ships are used in deeper water.   These ships 

have an opening in the middle of the vessel, called a “moon 

pool” and over the moon pool is a standard oil derrick.  The 

vessel is anchored fore and aft with as many as twelve anchors, 

and the position of the ship can be moved slightly by adjusting 

the tension on the anchor wires.   Amazingly, drilling can 

continue even when the rig is experiencing fairly high waves, 

and the derrick is swaying like a drunken sailor. 

Permanent islands of gravel have been constructed in shallow 

water in the Beaufort Sea as production platforms, and some 

have been in operation for many years.   Production from wells 

in water too deep for islands, but still in the fast-ice zone, can 

be done safely with current technology.  However, production 

from wells outside of the fast-ice zone will require new 

technology. 

A major concern of oil companies, as well as environmental 

organizations, is the ability to recover oil spills in icy seas.  Such 

recovery can be a very difficult task depending on the amount 

of ice coverage. If the sea is totally ice covered and the oil is 

spilled on top of the ice, standard recovery methods similar to 

spill recovery on land can be used.  If there are only a couple of 
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tenths of ice coverage, standard marine recovery techniques can 

be used.  It is in that range of ice cover from a few tenths to 

total coverage that problems arise.  Depending on how the spill 

occurred, oil may cover some of the ice, the water, and even be 

present on the bottom of the ice.  Oil company engineers have 

a record of being highly resourceful, and eventually, the 

problem of recovering spilled oil in broken ice conditions will 

be solved. 

BREAKUP FORECASTS 

The National Ice Center (NIC) in Washington D. C. publishes a 

forecast of breakup for the Beaufort Sea each spring.  But these 

forecasts have not proven very reliable in the past.  Also, as 

mentioned earlier, the opening of the sea route depends on the 

draft of the vessel and the forecast issued by NIC applies only 

to those with a relatively shallow draft. 

Because of the dynamic nature of breakup in the western 

Beaufort Sea, historical data can only be used to give an 

approximate time of breakup.  It is a little easier in the eastern 

Beaufort because it is largely a thermal process.  

Break-up forecasts can be greatly improved by rigorous analysis 

of ice conditions, anomalies of surface air pressure, and 

temperatures during the months since the previous freeze-up.  

These forecasts take considerable time to prepare and are 

relatively expensive, but they can save tens of thousands of 

dollars by allowing marine vessels to arrive at the proper time 

for transit of the route.  The author created computer software 

to make an initial forecast of breakup at the end of March, and 
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a screen shot of the program is shown below for Barrow.  

Additional software is available to forecast regions, such as the 

Eastern Beaufort, Western Beaufort and Northern Chukchi, 

etc. 

 

 

Figure 28.  Screen Shot of Software for Forecast of 

Breakup for Barrow 

 

ICE MANAGEMENT 

Ice management is utilized where encroaching ice can damage a 

vessel and to maximize operational effectiveness in ice-infested 

waters.    Ice management can take many forms but consists of 

ice reconnaissance, short and long-term ice motion forecasts, 
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and recommendations to the master of the vessel on actions to 

be taken to protect the vessel.   

 

Onboard a moving vessel, close watch must be kept so as not 

to strike semi-submerged ice.   Onboard an anchored up drill-

rig, ice management usually consists of an ice observer using 

radar and visual observations, and occasionally helicopter 

reconnaissance, to direct ice-breakers to either move or break 

up dangerous pieces of ice that are approaching the rig.   Small 

pieces of ice do not present a danger to a stationary vessel, 

although a good size piece can make the vessel ring like a bell 

when it hits.  Of course, very large pieces would severely 

damage a vessel. 

On an anchored-up platform, such as a drill ship, if the 

protecting icebreaker cannot move or breakup a dangerous 

piece of ice, the vessel must move out of the way.    To leave a 

hole being drilled is not an easy task and to leave the hole in a 

condition to be able to return easily, takes some time to do 

safely.  The bit must be pulled from the hole, anchors retrieved, 

and the vessel moved to safety.  A matter of some hours may 

be required. 

An instance of this happening in Camden Bay is instructive.  A 

ridge remnant 3 miles long and one-half mile wide approached 

the drill rig from the north. The size and density of the ice 

precluded the icebreakers from moving the ice out of the way 

or breaking it up.  The rig recovered the drill stem, pulled up 

anchors in an orderly manner, and moved off the hole.  The ice 
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moved down to cover the hole and grounded in 140 feet of 

water.   Two days passed before a strong southern wind lifted 

the ice and moved it off the hole so that drilling could resume.  

If the rig is unable to retrieve anchors promptly, facilities exist 

to shear the anchor wires and drill stem.  This is, of course, 

done only in an extreme emergency.  The vessel then must 

recover the anchors by fishing for the wires. 

Ice reconnaissance has different purposes depending on the 

nearness of dangerous ice.  If the ice-pack is far removed and 

presents no immediate danger, inexpensive satellite AVHRR 

and SSMI imagery can be used to track ice.  (Figures 6 and 26 

are AVHRR images.)  However, when ice moves within the 

safety envelope of the vessel, helicopters and support vessels 

are used to identify and locate dangerous ice and ship’s radar is 

used to provide continuous tracking of ice close to the vessel.  

The effective range for these different reconnaissance types are; 

ships radar out to about 10 miles, support vessels to about 25 

miles, helicopters to about 100 miles and AVHRR and SSMI 

can be used to look at areas 500 miles on a side.  A recent 

addition to this array of methods is satellite synthetic aperture 

radar or SAR.  SAR data is very good but its use is restricted by 

the high cost, $3,500 for a single scene, and it can only be 

obtained every few days.   

 

ANCIENT ICE COVERAGE IN THE ARCTIC 

Ice ages occur about every 100,000 years.  The maximum extent 

of glaciers during the last ice age is estimated to have occurred 
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about 18,000 years ago.  At that time glaciers covered all of 

Canada and the northern states as well as parts of Asia and 

Europe.  Alaska was largely ice free except for mountain ranges 

in Southeast Alaska, the Alaska Peninsula, and the interior.  

Glaciers still cover much of those mountain ranges, although 

they have slowly receded in historical times. 

The cause of ice ages is the subject of much speculation, but the 

favorites are; a reduction in the sun’s output; variation in earth’s 

orbit around the sun; sunspot variability; volcanic ash, and the 

possibility that the solar system periodically enters dust clouds 

in its orbit around the galaxy.  The one thing all these ideas 

have in common is that ice ages are caused by a reduction of 

sunlight reaching the earth. 

We can speculate on what the arctic was like during the last ice 

age, but we can never know all the details for sure.  When an ice 

age is triggered, the global atmosphere becomes much colder, 

and winter snowfall does not melt completely the following 

summer.  This continues year after year until glaciers cover large 

parts of the globe.  

Because so much water was tied up in glaciers, sea level was 

about 300 feet lower than the present.  Alaska looked much 

different than today.  Much of the continental shelf was 

exposed, including the northern third of the Bering Sea and 

parts of the Chukchi and Beaufort seas.  The graphic below 

shows the ocean depth with the black areas as deep water.  The 

gray areas give an approximate idea of what Alaska looked like 

during the last ice age. 



 69 

 

Figure 29.  Bathymetry.  USGS graphic edited by the 

author. 

Such change in sea level would have quite an effect on ocean 

currents and sea ice movement in the Arctic.  The northern 

Bering Sea would have been left high and dry, and the current 

into the Arctic Ocean through Bering Strait would not have 

existed.  This current of warm water is a major factor in early 

melting of ice in the Chukchi Sea, and its absence would result 

in much later melting of sea ice in that region if it occurred at 
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all.  The outflow from the Mackenzie River would also have 

been greatly reduced because an ice sheet covered the entire 

drainage. 

Snowfall over the Arctic Ocean, where it is already cold, might 

be little different than it is today.  However, the colder 

temperatures and the decrease in warm water intrusion from 

the Bering Strait and rivers and streams would decrease the 

amount of first-year ice melted each year.  Thus, multi-year ice 

would increase and eventually cover most, if not all, of the 

Arctic Ocean.  Polar bear and the seal on which they prey 

probably died out except around the southern border of the ice 

pack.   

It probably took several thousands years before the ice sheet 

reached its maximum extent.  At that time the Chukchi and 

Beaufort seas along Alaska’s northern coast were much smaller 

than today and were probably ice-bound during the entire year 

with multi-year ice covering the entire sea.   The Bering Sea was 

also much smaller, and the ice pack in winter existed only along 

the coast and would have melted each year.   

Once the condition that caused global cooling began to reverse, 

it took about 10,000 years for the ice sheets to disappear and 

more years for glaciers to be reduced to their current state. 

There has been much talk about the thinning of ice in the 

Arctic Ocean in recent years with speculation about what this 

will do to climate.   Observations of sea ice thickness are very 

limited in space and time and observed thinning may be due to 

normal variability.   But considering the probable state of sea 
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ice in the Arctic Ocean at the end of the last ice-age, continued 

thinning is not surprising.  

In about 1350 a period of global cooling occurred that lasted 

about 400 years.  This little ice age resulted in pack ice reaching 

much farther south than had been normal, especially in the area 

of the North Atlantic.   Glaciers also advanced during that 

period, but the condition did not last long enough for an ice 

sheet to develop over the North American continent.  Norse 

settlements on the east coast of Greenland were lost, and great 

hardships were felt in northern Europe.  As in the ice age, the 

cause of this global cooling is unknown, but there are many 

theories, including volcanic ash blocking solar radiation from 

reaching the earth.  When the little ice age ended, the migration 

pattern of seal, walrus, and fish around Greenland changed, 

probably reverting to the pattern present at the beginning of the 

cooling period. 

The data available on ice conditions in the Arctic Ocean are 

sparse, both in time and space, and one should not jump to 

conclusions about data with such a relatively short period of 

observation.   One thing we do know; the air/ocean system is a 

complex dynamic heat engine with many variables that change 

over time and interact in unknown ways.  The earth’s 

atmosphere and oceans are not in a steady state and due to the 

variability of the sun’s output, its variable orbit, and other 

unknown factors; it does not seem likely that it can reach a state 

of equilibrium. Until we understand this system, all predictions 

of doom and gloom should be taken with a grain of salt.  

Further, speculation about global warming and its causes must 
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take into consideration the normal variability of temperatures 

between ice ages. 

Even with global warming, we know that at the latitude of 

Barrow the sun does not rise for two months in winter.  In the 

high Arctic the sun does not rise for about three months, and 

even when it does, it is a weak thing with a little warmth.  A 

warming of a few degrees in air temperature will have little 

effect on the growth of sea-ice coverage or thickness for that 

winter season.   The ocean will still freeze to a considerable 

depth that will take months to melt.  For the ice pack to 

disappear would require truly drastic changes in climate, and it 

is difficult to imagine the necessary changes that would prevent 

it from freezing during the long winter night.   

A common misconception is that melting of the polar ice cap 

would raise the sea level.  This is not true.   Ice displaces the 

same amount of water that it would displace when it is melted.   

Thus, no change would occur in sea level if the entire Arctic 

Ocean melted.    The case of Antarctica and Greenland are 

another story because the ice there is land-based and melting 

would add water to the ocean.  But the same thing is true of 

Antarctica as of the North Pole; the major ice cover of the 

continent cannot melt without truly drastic changes in global 

temperature.   Remember, the South Pole is at an altitude of 

almost 10,000 feet with an average annual temperature of -56 

degrees Fahrenheit.   Even in the heat of summer, if you can 

call it that, the temperature only rises to about -20 degrees 

Fahrenheit. 
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Global warming has been going on, in fits and starts, since the 

last ice age and continued warming may well reduce the amount 

of multi-year ice in the Arctic Ocean and cause small changes in 

the length of the shipping season.  Forecasts of vast changes are 

a largely speculative interpretation of limited scientific 

knowledge and should not be taken seriously. 
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PUBLICATIONS  

Simulated Sea Ice Data – American Meteorological Society 1995 

Igor Appel and Charles Samuels 

 

Improvement of Ice Information Support Using a Combination of Remote 

Sensing and Numerical Modeling.  - Circumpolar Symposium on 

Remote Sensing of Arctic Environments – Igor Appel and 

Charles Samuels 

 Sea Ice-Edge Enhancement Using Polar Orbiting Environmental 

Satellite Data.  American Meteorological Society 1993 –  Thomas 

F. Lee, Charles Samuels, and Sue Atwater  

Atlas of the Beaufort Sea.   U.S. Coast Guard Report No. CG-D-

33-84, 1985 

Alaska Marine Ice Atlas. AEIDC, University of Alaska, 1983 

Fairweather, Inc.  Various studies of sea ice and environmental 

reports during drilling operations.  1989-2000.  AVHRR and 

SSMI images are identified. 

All charts not otherwise identified were created by the author. 

Book of the Eskimos, Peter Freuchin.  World Publishing Co. 1951. 

Information on ice gouging can be found by Googling the 

following: 
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Ice Gouging Characteristics and processes - By Peter W. Barnes, 

Douglas M. Rearic, and Erik Reimnitz 

Ice Gouge Data  - By Douglas Rearic, Peter Barnes, and Eric 

Reimnitz 

Temporal and Spatial Character of Newly Formed Ice Gouges in the 

Eastern Harrison Bay.1977-1 982 - By Douglas Rearic 

Statistical Aspects of Ice Gouging on the Alaska Shelf of the Beaufort Sea 

- U.S. Corp of Engineers  

Much of the material in this book was obtained from U. S. and 

Canadian government internet resources.  Some of the more 

important material and sources are identified below. 

The Canadian Ice Service:  https://www.ec.gc.ca/glaces-ice/. 

The U. S. National Ice Center:  https://nsidc.org/ 

Current ice analysis for all the world’s seas. 

National Weather Service:  http://www.weather.gov/afc/ice 

Sea ice analysis for Alaska’s seas. 

Marine Management Service, Alaska Region.  http://www.mms.gr/ 

NOAA Photo Library.  http://www.photolib.noaa.gov/ 
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