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INTRODUCTION

On October 13, 1775, Congress established the U. S.
Navy. With that measure the Navy, along with its
responsibility to protect our shores and international
trade routes, discovered the need to understand the
watery precinct it was charged to patrol. Then, there
wag little oceanographic expertise available to as-
sist the new Nawvy.

In today’s Navy it is the responsibility of the highly
trained men and women of the Naval Meteorology
and Oceanography Command to obtain and provide
global oceanographic information to support the
fleet. With the oceans of the world covering 70.8 %
of the Earth’s surface, the task is immence.

The purpose of thie booklet ig to provide the reader
a glimpse of a few aspects of oceanography, and
bring an awareness of the importance of the sea to
our environment and our own well-being.

ARCTIC OCEAN
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LURE OF THE SEA

From the earliest times, people of the world have used the
oceans ag a source of food, a path for travel and a highway for
trading. The scientific study of the oceans is oceanography. It
involves many fields such ag biology, geology, chemistry, and
meteorology.

ANCIENT MARINERS: It is not possible to state when and where
men first put to sea. Accounts of ocean voyages go deep into
antiquity. The Eqyptians had reqular trade with Crete ag far
back ag 2500 BC. The Phoeniciane sailed much of the Mediter-
ranean and beyond into the Atlantic. The Greeks and Romans
put to sea. All shared a major problem, one that would plague
seaman for thousands of years — that of accurate navigation.
The first navigators kept land in sight as they traveled and
became <killed in recognizing and recording significant land
marks. Later they used the position of the Sun and stars. Me-
teorological phenomena were also used, specifically the winds.
Mediterranean sailors noted that steady cold winds came from
certain directions, and warm winds from others. About the 6th
century BC, the Etruscanc developed the eight point wind rose
with north at the top, south at the bottom and three uniformly
spaced divisions on each side.

During the Middle Ages, accounts of voyages beyond the hori-
zon abounded. The Irish, Welsh, the Scandinavians and others,
found lands to the West of Europe.

THE AGE OF EXPLORATION: At the beginning of the 15th cen-
tury, Portugal was unquestionably the prime Atlantic seapower.
Her sturdy caravels sailed up and down the African coast and
to the Cape Verde Islands, Madeira, later to the Indies. A vision-
ary member of the royal family, Prince Henry, known as The
Navigator, established a center for exploration and hydrogra-
phy at Sagres in 1420. It was the first institution of its type.
Adopting the astrolabe for marine use, the Portuquese were
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able to calculate the position of the sun and major stars, be-
coming highly skilled at establishing latitude. Longitude was
quite another matter.

ACCURATE NAVIGATION AT LAST: It had been known for some
time that longitude wag related to time. The Earth revolves
through 360 degrees in 24 hours. Thus each degree of longi-
tude represents 15 minutes. The difference between local time
and that of a fixed position elsewhere provides the longitude —
provided the clocks are precise. Ag late as the 18th century,
there were no clocks that could maintain accuracy in ever-
changing marine environment. Pressure, temperature, corrosion
all affected the delicate clock works. John Harrigon, after nearly
a lifetime's work, developed such an instrument. Hig chronom-
eter made accurate navigation possible and opened the door to
serious scientific study of the oceans. Expeditions such ag that
of HMS. Endeavour and HM.S. Beagle and the United States
Exploring Expedition under Lieutenant Charles Wilkes in the
late 18th and early 19th centuries measured and charted the
oceans of the world.

HM.S. CHALLENGER: The first truly scientific survey started
in December 1872 when Challenger began her three and a half
year voyage. The results of this cruise serve as a benchmark to
this day. A vast number of seawater and bottom sediment
samples were taken. Ocean currents were measured and re-
corded, and depths plumbed for data on organic life. Bottom
samples, some to depths of 26,000 feet, mapped the seafloor
according to sediment types. (one foot is equal to 0.3048
meters)) The Challenger's scientific observations filled fifty vol-
umes. Later oceanographic explorations supplemented the find-
ings but did not alter them.

MODERN SHIPS AND EQUIPMENT: Today's oceanographic
ships are fast, and capable of obtaining volumes of ocean data.
They use catellite communications and navigation systems,
towed instruments, expendable probes, electronic and acousti-
cal devices.
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THE UNDERWATER WORLD

Most ocean bottom featureg are large in comparison to those
found on land. The introduction of the echo sounder early this
century provided the ability to compare these features. The
echo sounder calculates water depth by measuring time be-
tween emigsion of a sound signal directed toward the ocean
floor and the return echo. From
echo-sounder data and bottom
samples, marine geologists and
hydrographers have gathered
sufficient information to pro-
duce charts of the ocean bot-
tom features.

Terms used to describe features
of the underwater world are
very similar to terms used to
identify features on land. Oce-
anic ridges are similar to moun-
tain ranges, and oceanic
trencheg are the Grand Canyons of the seabed. The abyssal
plain (the term abyssal refers to the large, deep parts of the
ocean) is the feature that constitutes the largest portion of the
ocean floor. It has been compared to the great flat prairie lands
of mid America.

FEATURES OF THE UNPERWATER WORLD

ABYSSAL PLAINS: Abyssal plaing are found next to the con-
tinental slopes at depthg greater than 9-10,00 feet.
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They are areas of near freezing water temperatures
where there is no season or sunlight. The Abyssal plain i¢
reqarded as the true ocean floor. The few marine inhabitante
found in the region survive only because they have adapted to
the hostile environment of bitter cold and immense pressure.
Abygsal plaing are among the smoothest surfaces on the planet,
with less than five feet of vertical variation for every mile.
These level plaing are the result of a constant rain of sediments.
These sediments, ranging from the remaing of marine life to
fine, clay-sized
particles, drift
slowly downward
filling in depres-
sions on the irrequ-
lar rocky ocean
floor. Often,
coastal sediments
are washed down
the continental
slope as turbidity currents. (A turbidity current is a downward
flow of suspended mud-like sediments. The descent is caused
by gravity) Sediments from large rivers reach the ocean floor
primarily by way of submarine canyons.

MID-OCEAN RIDGES: Several mid-ocean ridges are longer
than the longest mountain ranges on Earth. They are tall, as
well, rising to 12,000 feet above the ocean floor, and their peaks
penetrate the ocean’s surface to form islands, such ag Iceland
and the Azores in the Atlantic Ocean and the Galapagos Is-
lands in the Pacific Ocean. Most of the ridges crest at a depth
of about 8,000 feet and their width varies from 500 to 1,500
miles. Unlike typical continental mountain ranges that have a
sinqular pronounced line of peaks, oceanic ridges have two,
separated by a prominent depression known as a rift valley.
The valley ranges from 15 to 30 miles in width and cradles an
active seismic belt.




TRENCHES: Trenches are found adjacent and parallel to con-
tinents and icland chains. At least 22 trenches
have been identified
although not all are clas-
sified as major. Of thig
number, 18 are in the
Pacific Ocean, three in
the Atlantic Ocean, and
one (the Java Trench) in
the Indian Ocean.
Depthe of major
trenches exceed 18,00
feet, and vary from 10 to
22 mileg in width. The
deepest is the Chal-
lenger Deep, 35,810 feet
deep, in the Marianag 50 0 o 200
Trench. The depthe of r adles)

many trenches are

greater than the elevation of the world’s highest mountain.
Mount Everest (29,028 feet) would be less imposing if dropped
into the Challenger Deep. Trenches are not uniform in depth
or width. The Peru-Chile Trench off the west coast of South
America is nearly 1,100 miles long.




The Japan Trench i¢ 150 miles long and is the shortest. The
Tonga Trench, located between New Zealand and Samog, is the
narrowest and straightest. The Kurile Trench between Japan
and Kamchatka is the widest.

SEAMOUNTS: Seamounts are isolated mountaing rising from
3,000 to 10,000 feet above the surrounding seabed. Shaped
like a cone, they have a characteristic depression similar to a
crater at the summit. Samplings gathered from over 50 sea-
mounts found evidence that indicates they are of volcanic ori-
gin. Seamounts are found in all oceans, but are more numerous
in the Pacific Ocean, with over 2,000 identified. They are es-
pecially abundant in the Gulf of Alagka.

mounts that extend into the Gulf of Alaska. Located just 270
miles off the coast of Wachington, it is one of the most thor-
oughly explored of all seamounts. Cobb rises from a depth of
nearly 9,000 feet to within 124 feet of the surface. Because
of relatively shallow depth and good lighting conditions, divers
have explored and mapped most of the 23 acre flat top. The
closest land feature similar to the seamount is a volcano that

rises upwards from surrounding flatlands.

CONTINENTAL SLOPES AND CANYONS: The continental slope
gradually rises from the abyssal plaing but climbs ag much ag
45 degrees as it approaches land. In some areas the slope is
interrupted by broad wedges of sediment deposits called a
continental rise. Slopes are often gouged by deep valleys or
submarine canyons, many with the same proportions as the
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Grand Canyon. While most canyons were originally formed
during the last Ice Age, some are the result of earthquakes.
Canyons found off the East and West coasts of the United
Stateg are similar in one respect, they both have the classic “V”
profile with steep walls and rock outcropping. East Coast can-
yons of the United States begin at the very edge of the land-
ward side of the continental slope and extend to seaward in an
almost straight line. The Hudson Canyon off Long Island, New
York, is the best known and studied canyon on the East Coast.
It wag first identified in 1864. The canyon beging ag a shallow
valley crossing the continental shelf. The axis of the canyon
then trails down the continental slope for a distance of about
50 miles. The
greatest wall
height is about
4,000 feet at a
depth of 6,000
feet.

West Coast sub-
marine canyons
are noticeably
different from
those on the East
Coast. They are
extremely rugqed, twisted and begin less than 1,000 feet off-
shore. Thisigdueto the exceedingly narrow continental shelf.
Monterey Canyon is the deepest, largest and most thoroughly
studied canyon on the West Coast. It starts near Moss Land-
ing, California at a depth of 50 feet. The canyon, with walls up
to 6,000 feet, extends seaward for more than 60 miles. It ter-
minateg at a depth of about 10,000 feet.

CONTINENTAL SHELF: The continental shelf, the region from
the coastline to the edge of the continental slope, covers about
eight percent of the global seafloor area. The continental shelf




i¢ a national asset for most nations. It ig a source of fish, both
commercial and sport, and in some areas, oil and natural gas.
Shelves are not of uniform width. They vary considerably in
size off the coasts of the United States. They are almost negli-
gible along Southern California and Florida’s southeast coast.
Off Florida's west coast however, the
shelf extends 200 miles into the Gulf
of Mexico. The average width world-
wide ig about 40 miles.

Shelves look like the adjacent land.
Coastal areas that are mountainous
will have a continental shelf with
gimilar features, which i the case off
Southern California. Coastal areas
dominated by low hillg or plaing are
likely to have a shelf of nearly flat
plains or low hills. This is observed
along most of the US. Atlantic and
Gulf Coasts. Shelves off the mouthe
of larger rivers such as the Migsis-
sippi, are usually broad with a large
mud base of continental sediments.

Continental shelves along the coasts
of the United States cover an area of
about 891,000 square miles. Alagka's
continental shelf alone occupies over
154 million square kilometers. The
Atlantic Coast continental shelf cov-
ers 591,000 square miles, about equal to the land masg areas
of New York, New Jersey, Ohio, and Pennsylvania. The shelf
covers 135,000 square miles in the Gulf of Mexico, nearly the
game area as Nebracka and Iowa combined. It covers 25,000
square miles off the coasts of California, Oregon and Washing-
ton.




BEACHES: A beach is an expanse of sand or pebbles along a
seashore, that is washed by the tide and waves. They are di-
vided into three zones: Offshore, foreshore and back shore.
Summer time residents of each zone usually include surfers,
waders, and sun bathers.

It is in the offshore zone that incoming waves feel bottom and
curl over ag breakers or surf. The foreshore zone is reqularly
exposed to high and low tides. On the landward edge of the
foreshore is the beach scarp, usually a rise of a few meters
caused by the eroding action of stronger waves. The backshore
zone extends from the water line to the inland area where the
sea does not influence vegetation. The principal feature of the
backshore is the berm that marks the ordinary limit of a high
tide. Action of the sea creates the berm. Usually there is one,
but depending on beach topography there may be two. The
width i dependent on surf conditions.

Erosion often reduces beach width in winter when wind and
wave action are more powerful and frequent. In summer, gentle
wave action transports sediments that replenicsh the beach
with sand and create a wider berm. Most beach sand consists
of light-colored quartz and feldspar sand grains, the result of
weathering and erosion of rocks such ag granite.

Some beach sand comes
directly from shoreline
erosion, but much ig cre-
ated by the action of riv-
ers flowing to the sea.
Most beach sand con-
taing fragments of
smoothed and rounded
clam shellg, and the
shelle of other marine
creatures.




Tropical beaches often consist entirely of shell and coral frag-
ments. Beaches in areas of volcanic activity can be black, its
sand created by erosion of volcanic rock.

| There are several
| types of beaches
found along the
coasts of the
United States.
Common to
Northern Califor-
nia and Oregon is
the narrow
stretch of sand
bounded by rolling surf and a rocky cliff mainland. Thege
beaches are located where waves break upon a coast of hard
bedrock with little avail-
able sediment. The swash
(wave uprush) and return
backwacsh carry pebble
size fragments achore,
while finer sand is washed
to sea. Numerous beaches
on the Atlantic Coast are
of the spit typg such as
New York’s Coney Island
where a narrow shoal extends seaward. This type of beach i¢
created by wave action over a lengthy period.

Beaches are a major attraction for coastal living. About two-
thirds of the world’s population lives within a narrow coastal
belt that extends landward from the ocean’s edge. In the United
Stateg, many large cities are located near or on an ocean shore-
line or alongside one of the Great Lakes.
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OCEANS OF THE WORLD

The oceans cover 70.8 percent of planet Earth. Distinct bound-
aries of oceans occur only where they border on continents,
such ag the Arctic Ocean. Ocean boundaries in the Southern
Hemisphere
were  arbi-

DISTRIBUTION OF THE EARTH'S SURFACE ABOVE
AND BELOW SEA LEVEL

Land Area Ocean Area  trarily ectab-
292 % 708 % lished. In that

Mean Elevation Depth .e
2,756 ft. Yy reqgion the At-
Eea Level lantic ic sepa-

Mt Everest

i =

rated from the
Pacific by a
man-drawn
line from Cape
Horn across Drake Pagssage to Antarctica. Similarly the Pacific
ie separated from the Indian Ocean by a string of islands ex-
tending from the Straite of Malacca to Australia, and south-
ward from Tasmania to Antarctica. The four oceans contain
various seag and qulfs, although common usage hag made the
terms “seas” and “ocean” interchangeable. Technically, a “sea”
isa subdivision of an ocean. The International Hydrographic
Bureay, in the Princi-

pality of Monaco, the
agency responsible for
world standardization
and cooperation in the |
measurement and de- |
scription of the physi- |
cal features of the |
ocean, identifies fifty- |
four different seas. :
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PACIFIC OCEAN: By far the largest of the four oceans, the Pa-
cific covers nearly one-third of the globe, an area approximately
64 million square miles. The land area of the United Stateg,
Alagka and Hawaii covers lese than 4 m11110n square miles. The
Pacific Ocean is im-
menge. All the conti-
nents could be placed
into it, and there
would <till be room s

left over. Even with
the many topo- |
graphic features |
found on the sea floor,
such as plateaus,
ridges, trenches, and
geamountg, it has an
average depth of
13,000 feet. The Pa-
cific is approximately 11,000 miles wide at the equator.

Not only is it the largest and deepest, it is probably the most
violent of all oceans. The Pacific Ocean has typhoons in the
equatorial reqgions, nearly 300 active volcanoes which vent
steam and smoke on her borders, and tidal waves are periodi-
cally unleashed.

(miles) 2 4 & &
Unlike the basin floors of the Atlantic and Indian Oceans, the
Pacific is characterized by the Central Pacific Trough.
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Thig feature extends from the Aleutian Islands southward to
Antarctica and from Japan to the west coast of North America.
The basin floors are not completely flat and ridges and sea-
mounts abound. Along with a number of deep ocean trenches,
the Pacific has many flat-topped seamounts: Guyots. These are
rarely found in other oceans.

ATLANTIC OCEAN: The hourglass shaped Atlantic covers
approximately Z0 percent of the Earth’s surface and is the
second largest of the four oceans. It extends from the North
Pole southward for 18,500 kilometers to the Antarctic conti-
nent, and covers 106 million square kilometers. Width of the
Atlantic varies from 3,273 kilometers between Brazil and Liberia
and approximately 5,500 kilometers between Norfolk, VA, and
Gibraltar.

THE NORTH ATLANTIC OCEAN BASIN

More is known of the Atlantic than any other ocean because of
heavy commercial and military ship traffic connecting Europe
and North America. Average depth is 3,650 meters and the
greatest depth is 8,654 meters in the Puerto Rico Trench. If
Alaska’s Mount McKinley (6,198 meters) was to rice from the
floor of the Puerto Rico trench, ite peak would still be about
2,456 meters below the surface of the Atlantic.

The Mid-Atlantic Ridge divides the sea floor nearly through
the center and stretches from the polar regions of the North to
Antarctica in the South. The Mid Atlantic Ridge was created
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by the gplitting apart of the MID ATLANTIC RIDGE
super continent of Pangaea
190 million years ago. The
ridge lies about 3,000 meters
below water level except in a
few areas where it surfaces ag
islands. Thie mountain range
ie ag much as 800 kilometers
wide. Rugged valleys extend
outward from the ridge line
to the abyssal plains.

The Mid Atlantic Ridge is a
continuougs feature of the ba-
sin floor with one exception.
There is a significant break in the ridge near the equator at the
Romanche furrow where the crest of the ridge dips 4,500
meters below the surface. This break in the mountain chain
allows deep water to flow freely between the Atlantic's east
and west sides. The unrestricted movement provides a thor-
ough circulation of the ocean basin that has a pronounced ef-
fect on deep water currents, density and temperature.

ECHO SOUNPER PROFILE OF THE NORTH ATLANTIC
BY THE RESFARCH SHIP ATLANTIS

W, 005 05
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INDIAN OCEAN: The Indian Ocean is often thought of
incorrectly as a tropical ocean. Check your map! It stretches
southward to Antarctica. It is trianqular and bordered by Af-
rica, Ac<ia, Antarctica, and, ,

Australia. Although it covers
about 28.5 million square '
mileg, it ig s¢maller than the
Atlantic and lese than half the
size of the Pacific Ocean. The
maximum width is 6,200
miles between the southern-
most portions of Africa and TR L NS
Australia. The Indian Ocean [ RIDge
containg about 20 percent of
the earth’s water surface. g8l
Many island nationg are found INDIAN OCEAN
within the boundarieg of thic 88
ocean - Madagascar, which is LR

the world’s fourth largest 1sland, the Seychelles, Maldives,
Mauritius, and Sri Lanka.

The average depth of the Indian Ocean is about 12,750 feet.
The deepest is 24,440 feetin the Java Trench in the extreme
northeast corner of the ba<in. The Indian Ocean, like the Atlan-
tic Ocean ig divided by a mid-ocean ridge that separates the
basin into nearly equal portions. The ocean’s continental shelves
are narrow, averaging 125 miles in width except off Australia’s
western coast where it broadens to 600 miles.

ARCTIC OCEAN: Centered approximately on the North Pole, it
ig the emallest of the world’s oceans, covering about 4,732,000
square miles. Maximum depth ic 18,050 feet. The ocean is
divided into two nearly equal basins: The Eurasia and the
Amerasia. The Lomonosov Ridge extends from northeastern
Greenland to Central Siberia and separates the basins. The
Arctic Ocean is surrounded by landmasses of Eurasia, North
America, and Greenland, and i< unlike the other three oceans
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because of the perennial ice cover. The extent of sea ice is
seasonal between 60°N and 75°N latitude, but above 75°N it
i¢ relatively permanent. Ice cover reduces enerqy exchange
with the atmosphere resulting in reduced precipitation and
cold temperatures.

A unique feature of the ice fields of the Arctic Ocean was the
discovery in 1946 of large sized ice islands. One of the first
major ice islands covered an area of more than 300 square
miles. In later years ice islands were extensively tracked to
determine current movement. They were also used as scien-
tific research sites for the study of polar meteorology and ocean-

ography.
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SEAWATER, SOUND & ICE

The amount of water occupying the ocean basing of the world
ie best illustrated when compared with the global supply of
fresh water. Of the 3 percent of the earth's water that is fresh,
two-thirds i¢ frozen <olid in icecaps and glaciers. The remain-
ing 1 percent of the world's water is found in clouds, precipita-
tion (rain and snow), rivers, lakes and ground water.

Seawater is a complex solution with trace amounts of nearly
60 chemical elements including gold. Common salt is the most
abundant ingredient, making up approximately 78 percent of
the total dissolved <olids in seawater.

SEAWATER SALINITY: The first thing that comes to mind
about seawater i¢ that it ig salty. Salt content, or salinity is the
total amount of digsolved solids contained in one kilogram of
seawater. In that there are one thousand grams in a
kilogram, salinity is numerically expressed in parts per thou-
sand (ppt), or symbolically as °/0o. Salinity in the oceans var-
ies from about 32°/00 to 37°/00 except in
the polar regions and near shore where it may
be lesg than 30°/oo.

The average salinity of the world’s oceans is
35°/00, which is the same ag 35 grams of salt
in each kilogram of water. (One kilogram is
equal to 2.205 pounds or 35.27 ounces.)

Sodium chloride, common table salt, is the most
abundant of the many salts found in seawater.
Other salte come from the leaching process of the Earth’s crust.
Fresh river water runoff entering coastal waters will dilute salt
water making it less saline. Weather also hag an influence on
galinity. In the North Pacific rainfall is greater than evapora-
tion, resulting in lower <alinity than in parts of the Indian Ocean,
where evaporation exceeds precipitation. An isolated salt
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water body is frequently more saline than an open sea. The
Mediterranean is an example where waters are more saline due
to evaporation
than those in the
adjacent Atlantic.

A\ = In comparison
with the Pacific
and the Indian
Oceans, the At-
lantic is the
saltiest. The Pa-
cific Ocean isless
salty because of meteorological conditions. Salinity in the
deeper waters of the Pacific averages about 34.65°/00. Wa-
ters of the Arctic and Antarctic are the least salty.

It hags been calculated that if all the
salte in the oceans of the world were  Fa\IAZ YA 9
dried up they would yield approxi- [8:CM0LEERE 2l

mately 4.4 million cubic miles of rock Areas (Ppt)
salt. That's enough salt to cover all g
the landmasses of the world to a ar

depth of 150 feet. Pacific %Z103%6

SEAWATER PRESSURE: A major Indian %2 t0 35

problem in working at gqreat depthe  Arvetic 301033

ie the tremendous weight of water.

Oceang, like the atmosphere, exert pressure on the surface upon
which they rest. For example, a one inch by one inch column
of the earth’s atmosphere resting on Earth’s surface weighs
14.7 pounds. Weight of the atmosphere, like the weight of the
gea, ig of little concern to the native inhabitante immersed in
one or the other of the environments.

O L D

Pregsure at various ocean depthg is usually expressed in unite
of atmosphere. Pressure in the ocean increases one atmosphere
with about every 33 feet of depth. For example, at a depth of
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99 feet, the absolute pressure would be about four atmospheres,
or four timeg greater than on the surface. (Absolute pregsure is
the sum of the atmospheric pressure plus the water pressure.)
Absolute pressure at a depth of 6,000 feet is more than 2,687
pounds per square inch. In the Challenger Deep (35,810 feet)
pressure would be more than 15,966 pounds per square inch.
or the equivalent of about 1,080 atmospheres.

SEAWATER TEMPERATURE: The temperature of water is of
interest to fishermen, swimmers and people who work in the
oceans (like navies). Considered globally, seawater, hag a rela-
tively large temperature range that depends upon location and
time of year. Warm or cold ocean currents can also influence
water temperature. Water temperature in the open ocean var-
ies from a low of 28 4°F (the temperature of sea water) to about
86°F. (The formula used to convert Fahrenheit temperature to
Centigrade is: C=5/9 (F-32). The temperature can reach nearly
100°F in shallow coastal waters. The usual thermal structure
of the ocean consists of three zones. First is the surface layer
where temperatures are almost uniform with depth. The next
zone ig the thermocline where the temperature decreases rap-
idly with depth. The third zone i the deep layer where tem-




perature decreases very slowly with depth.

The surface layer, frequently called the mixed layer, varies in
depth according to location and season. During the
winter monthe it becomes more defined at all latitudes, and
may extend to depths of a 1,000 feet or more in mid-latitudes
during heavy weather. In polar regions, water can also be
thoroughly mixed from surface to bottom during the winter
months, go that it is nearly the same temperature from top to
bottom.

The daily temperature of the surface layer of the ocean changes
less than 5°F under normal conditions. Withsignificant changes
in the weather however, sea water temperature can vary as
much as 5°F in a 24-hour period.

Warm water of the Gulf Stream just off the East Coast of the U.
S. i a classic example of ocean influence on climate. Easterly
surface winds passing over the Gulf Stream in the winter are
warmed from below and bring milder air to a chilled landmasgs.
The Gulf Stream extends to near the British Isles, which ac-




counts for their milder and less snowy climate than areas con-
siderably to the south.

UNDERWATER SOUND: Light and radio waves are highly
absorbed by the oceans, but sound waves are not. Sound
waveg are used to probe the oceans' depth, locate objects in
the ocean, measure bottom sediment thickness and commu-
nicate underwater.

The speed that sound travels underwater varies from about
4,750 - 5,150 feet per second. It increases with temperature
at a rate of about 4.3 ft per second per deqree Fahrenheit; it
increases with salinity at 4.3 ft./sec per one thousandth
part increase in salinity; and it increases in depth at 1 ft./
gec/60 ft. The sound veloc-
ity profile for a particular part Arcenland
of the ocean is often deter- e
mined by lowering or towing
an instrument called a sound
velocimeter.

ICEBERGS: Glaciers that end
at an ocean's edge create ice-
bergs when large chunks of
the glacier break off (calving).
Approximately 7,500 ice-
bergs are formed by this pro-
cess each year. Portions of
an iceberq may have hueg of
blue or green depending upon the age of the ice. Blue ice is
old ice, while green ice usually containg algae.

Glaciers on the west coast of Greenland produce most of the
icebergs found in the Northern Hemisphere. The
icebergs vary in size, but are typically irreqular with pinnacles.
About seven-eighths of an iceberq is submerged. Thus ice-
berq drift is affected more by ocean currents than by wind.
When they drift into shipping lanes, they become a serious
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hazard. On April 15, 1912 the Titanic, on her maiden voyage
from England, collided with an iceberq off Newfoundland. More
than 1,500 passengers and crew perished. Icebergs are rare in
the Arctic Ocean although extensive gea ice exists year-round.
In Antarctica, they are common and gigantic. Due to their size
and the cold temperatures of Antarctica, they can survive up
to ten years.

A mammoth iceberg the size of Rhode Island was sighted off
the coast of Antarctica during the summer of 1996. It had ap-
parently split from the coast of East Antarctica a few months
earlier. The iceberq, with sheer walle ricing 100 to 160 feet above
the water line, extends into the water to a depth of 1,000 feet.
The huge iceberg, covering more than 1,400 square miles, was
first observed by a research ship working with the Antarctic
Cooperative Research Center.

SEA ICE: Sea ice, formed

in saltwater, accounts for SALINITY AND THE
about 95 percent of ice FORMATION OF SEA ICE

found in the oceans. Ice Egg
30
g‘ 20

covers about three percent
of the world's water sur-
face. It persiste in the Arc-
tic Ocean and around the
Antarctica continent
throughout the year. New
ice growth ig greatest dur-
ing the first year of forma- .
tion, and attains a thick- |
ness of5 to 6 feet, but hag
been obgerved to grow as
much as 3 meters in one
year. Ice growth depends
upon weather and sea con-
ditions.
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Above normal temperatures, stronqg winds, or powerful wave
action will significantly retard ice formation.

Pure water normally freezes at 32°F, but the freezing point of
sea water varies considerably. The freezing point of seawater
decreases approximately a O.5°F for each 5 °/00 increase in
scalinity. At 35°/00 sea water will begin to freeze at 28.6°F.
Shallow bodies of water freeze more rapidly than deep basing
because there is less volume to be cooled. This is why the
first ice of winter usually appears at river mouths, where the
water is shallower and fresher.

Sea ice first forms as calt-free crystals near the surface. The
resulting formation of crystals ic one of nature’s better engi-
neering jobs. The newly produced ice is flexible against the
rolling action of the sea.

Pack ice consists of pieces of sea ice that drift under the influ-
ence of winds and ocean currents. An individual piece of sea
ice in the pack is called a floe and can vary from several meters
to several hundred meters in length. The size of the pack de-
pends upon temperature and surface wind. If wind pushes pack
ice together or onto shore, it piles up until pressure causes the
ice to buckle, forming mounds, hummocks, and ridges up to &
meters or higher. Ice packs grow to their largest sizes in areas
of extreme cold and survive longer during periods of light wind.
The two largest areas of pack ice are in and near the Arctic
Ocean and in the region of coastal Antarctica.

23



THE RESTLESS SEA

Enerqy from the sun is the engine that drives the major ocean
bagin circulation patterns. Rising warm air, sinking cold air,
and uneven heating of the Earth’s surface create wind, the
essential enerqy component necessary to move water in a hori-
zontal manner. Other forces are involved such as the gravita-
tional pull of the sun and moon. They have a particularly pro-
found influence on coastal waters where tidal ranges are large.
Whatever the force moving the waters, the ocean ig in con-
stant motion.

CURRENTS: Most currents are persistent global water mo-
tions that transport large volumes of surface and subsurface
water over vast distances. They may be horizontal or vertical,
depending on their forc-
ing mechanism. Horizon-
tal surface currents are
propelled by the fric-
tional force of wind
draqging the water. The
subsurface flow of deep
ocean water, called ther-
mohaline circulations,
arise from differences in
density in seawater.
These sea-surface and
deep-ocean currents
continually keep the
oceans in motion.

Some surface currents
are transient and seasonal, a nurnber of them flow with great
persistence, setting up a circulation that continues with rela-
tively little change throughout the year. Because of the influ-
ence of wind in creating currents in the surface-layer circula-
tions of the ocean, there is a relationship between oceanic
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circulation and the general circulation of the atmosphere. A
notable feature of the oceanic circulation is that it is clockwise
in the northern hemisphere and counterclockwise in the south-
ern hemisphere.

Currents perform a chore that benefits the entire planet. Oceans
serve ag vast heat reservoirs. They store heat in the summer
and release it during the winter. Currents are the mags transit
system that moves large amounts of heat, plus suspended sol-
ide and dissolved chemicals, between low and high latitudes,
effectively moderating the world's climate. Major currents in
the Northern Hemisphere include the Gulf Stream in the Atlan-
tic and the Kuroshio Current in the Pacific. These currents, called
western boundary currents, are important links in this heat
tranefer.

CURRENTS THAT INFLUENCE THE
In deep ocean circulations, N EI-IIHEA'I‘E OF THE US.

the differences in seawa-
ter density are controlled
by variations in tempera-
» Caold

ture and salinity. The E

deeper waters are driven
by the formation of new,
cold dense water masses
in polar and sub-polar re-
gions. The densest (cold-
est) seawater found in the
Southern Hemisphere is
formed on the continental shelf around Antarctica. lts water ic
o cold, and therefore heavier than the surrounding water, that
it flows down the continental slopes of Antarctica, displacing
less dense water, which i then caught up and carried around
the southern oceans by the Antarctic Circumpolar Current.

Gulf Stream (East Coast US)

Movement of deep, slow-moving ocean waters can be
detected through analyses of temperature and <alinity samples
drawn from depthe that are more than 15,000 feet.
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These waters can be traced into deep basine of the Atlantic,
Pacific, and Indian Oceans because of their unique physical
characteristics. It has been estimated that the dense waters
move at a daily rate of about 3 to 5 miles.

LONGSHORE CURRENTS: Longshore currents can be found
on most beaches, but their strength is seagonally variable (stron-
ger in winter). They form when waves strike a beach at an
angle. As the wave front enters shallow water, the leading edge
of the wave hits the shallow
water sooner than the rest of the
wave front and slows down,
bending the wave ag it moves
ashore. The shoreward move-
ment of the wave thus forms a
current whose net flow is paral-
lel to the shore in the surf zone.
The speed of the longshore cur-
rent increases with increasing
wave height, decreasing wave
period, increasing angle of wave
front to beach, and increasing
beach slope. Once established, the current moves at a speed of
about one knot in the same direction as the advancing wave
train. Longshore currents are more prevalent along lengthy
straight coastlines. Sandbars often form in areas where
longshore currents frequently occur.
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Longshore currents transport significant amounts of sand
and sediment suspended by wave action in the surf zone
along the shore. When the current enters deeper water, for-
ward momentum diminishes and the sediment settles to the
bottom. This can erode the beach in one area and build it in
another. Unfortunately a considerable amount of sediment
ie dumped into shipping channele and harbors, which
requires expensive dredging to remove.

RIP CURRENTS: Another consideration of longshore
currents is the rip current often called "rip tide". Rip cur-
rents are formed when longshore currents, moving parallel
to the coastline, are deflected seaward by bottom irrequ-
larities, or meet another current deflecting the flow to sea-
ward. Development depends upon wave conditions. Large
incoming waves on a long, straight beach will produce rips.

Rip currents consist of

feeders, a neck, and a m’llﬁ M of .
head. The feeder is usu-
ally the longshore cur- ﬁz
RIP CURRENT

rent that flows parallel
to the beach inside the

breakers. The neck is Brealing
the main channel of Waves ~ A i A T+

the rip current where i E
feedei> currents con- m ’F‘Eﬂ?ﬁﬂ ‘ El
verge and flow out- Beach

wards at a speed of one

to three knots through a weak point in the breakers. The

head is where the current widens< and slackens outside the
breaker line.

A number of swimmers are lost every summer when caught
up in rips and swept out to sea. If trapped in this situation,
swim parallel to the shoreline until out of the rip rather
than swimming directly into the current, then swim back
to shore.
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TIDES: Tides are the slow,

ATTRACTION ON TIDES periodic vertical rise and fall

1 . of the sea surface. They are

- maR - - usually described as being

i either diurnal or semi-diur-

& nal. Diurnal tides have one

high water and one low

. .ﬁ water in each lunar day

(about 24.8 hours), while

New & Pull Firgt & Third | semi-diurnal tides have two

Moon Quarter Moo | 1,igh and two low waters in

EPRING TIDES ~ NEAP TIDEE | the same time period. While

these tidal changes are

eagsier to observe where land and water meet, they exist ev-

erywhere — even in the middle of the ocean. Tidal ranges

along the shoreline vary by location. For example, the tides

in Canada's Bay of Fundy, an Atlantic Ocean inlet west of

Nova Scotia, rise and fall as much as 15 meters, while the

tidal range in Lake Superior is
measured in centimeters.

High and low tides are the result
of the attractive forces (gravita-
tional pull) of the moon and sun
on a rotating Earth. The closeness
of the moon to Earth (384,404
kilometers), and the distance to
the sun (149,669,292 kilometers),
accounts for the moon having a
tide-raising force nearly 2.5 times
greater than the sun. The position
of these celestial bodies results in significant variations in
pulling forces causing above or below normal tidal ranges.

The range between a high and a low tide i greatest when the
sun, moon and Earth are in alignment. Thege are spring tides.
When the sun and moon are at right angles to the Earth, their
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gravitational forces significantly reduce each other. This causes
the neap tide, a period of decreased tidal range. The term neap
is an acronym for near even as possible.

TIDAL CURRENTS: The rise and fall of the tide is accompanied
by the horizontal flow of water called a tidal current. The usual
terms used to describe the direction of this horizontal move-
ment are ebb and flood. Ebb currents occur when tidal currents
are moving away from the coast. Flood currents move toward
the coast. In a purely semi-diurnal current, the flood and ebb
each last about 6 hours.

Speed of tidal currents depends upon the shape and dimen-
sions of the harbor, coastal areas and ocean bottom. The con-
figuration also influences vertical range of the tide itself. Under
certain conditions, tidal currents can move more than 10 knots.

WAVES: Waves are created principally by wind moving over
water although earthquakes or landslides can initiate wave
action. Friction between a water surface and moving air piles
up water in ridges that become waves. Wave height depends
upon wind strength, fetch (distance wind blows over water)
and duration (length of time the wind blows). Small wavelets
called ripples appear when a breeze of less than two knots
blows across a smooth water surface. Whitecaps will form on
an ocean or large lake when winds reach 12 to 13 knots. White
foam from breaking waves beging to blow in streaks along the
direction of the wind at about 30 knots.
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Wind wave characteristics can be depicted by a sine wave. (A
sine wave ig the simplest type of periodic motion that
repeats at reqular time intervals)) The crest and trough are the
high and low points on the curve. Wave length is the horizon-
tal distance between successive troughs or crests. Wave height
ie the vertical difference between a trough and a crest. A
wave period is the time (in seconds) between passage of suc-
cessive crests (or troughs) at a stationary point. Waves gener-
ated by the wind travel in a direction just to the right of the
wind (Northern
Hemigphere) and
usually have a pe-
| riod of less than 12
seconds. Wave
heighte of 15 to 20
feet are not un-
usual, but there are
limits to growth. During very intense winter storms, waves of
40 to 50 feet have been reported by ships. The ocean liner
Queen Elizabeth Il reported a wave measuring 100 feet in 1996.

SWELLS: Swells are long period waves that have traveled a
considerable distance from their origin (usually a significant
weather event). As the waves move away from the wind field
that created them, waves with shorter periods die out and the
remaining waves (swell) flatten out and exhibit reqular and
longer periods than wind waves.

BREAKERS (SURF): When waves
approach a beach and enter shal- |
low water, there ig significant :
change in wave form. The wave
becomes higher with a shorter
wave length and a slower speed.
Ag the wave form changes, it be-
comes steeper with a narrower
crest which allows the wave to
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become unstable. Waves normally break when the forward
speed of the crest exceeds the speed of the wave itself. The
collapse of the wave creates a frothy surf of foam and air-
filled bubbles.

Any serious surfer will tell you that there are three types waves
(spilling, plunging and surging). The type of breaker depends
on the steepness of the beach and the steepness of the wave
before it reaches shallow water. Spilling breakers occur on a
gently sloping beach. They gradually break over a considerable
distance from the shore. When a crest does break, the surf slides
down the face of the wave.

SPILLING BREAKERS P glideg down
6 ﬂmface wave

. gggach S]opg

A plunging breaker occurs on moderately steep beaches. This
type usually curls over forming the characteristic tunnel along
the face of a wave until it breaks. Some of the best surfing
conditions occur when long period swells (waves from distant
storms move shoreward creating an unbroken train of nearly
uniform breakers).
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The third type is the surging breaker. It ic different in that it
doesn’t break at all, but rolls up the beach without plunging. It
happens on very steep beaches. These breakers can be dan-
gerous and can cause gignificant structural damage
and erosion. Major coastal storms bring stories of tremendous
waves, and TV accounts of extensive flooding, beach erosion,
and property damage. In even a moderate storm there will be
as many as 450 long period waves crashing against the coast
every hour. The actual force of wave action on a beach front
has been accurately measured by spring dynamometers. This
instrument records pressure exerted against a specific area. A
seawall dynamometer at Dunbar, Scotland registered a force
of 3.5 tons per squarefoot from 20 foot waves.

While large waves can cause damage, a heavy surf may also
contribute to your next rainy day. All raindrops require a
nucleus, whether it be a microscopic piece of Nebraska farm-
land or an infinitesimal particle of Atlantic Ocean salt. When
breaking waveg finally impact the beach, nothing usually re-
maing but a frothy wash of seawater and foam. Tiny bubbles
in the surf, usually less than a half millimeter in
diameter, burst as they ascend and release salt spray into the
atmosphere. These exploding bubbles propel minute particles
of salt to heighte estimated up to 1,000 times the
diameter of the bubble. As the microscopic particles drift up-
wards, they gradually begin to attract atmospheric moisture.
When they are sufficiently burdened, and depending upon the
season, they may return to earth ag the nucleus of a raindrop
or snowflake.

UPWELLING: Cool summers and coastal fog may be attributed
to upwelling of adjacent ocean waters. Upwelling is the ver-
tical movement of colder deep water to the surface. In the
Northern Hemisphere, it occurs when persistent surface winds
blow parallel to a coastal boundary causing surface waters to
be transported seaward. The displaced surface water that

32



moves away from the |
coast is replaced by
colder water rising

from the depths.

TSUNAMI WAVES:
The word “tsunami” is
Japanese meaning
"storm-wave". It ic the
term used internation-
ally to describe a series
of ocean waves created
by sudden, large scale
submarine disturbances such as a major earthquake, landslide,
or underwater volcanic eruption. The size of the wave depends
on the nature and intensity of the underwater disturbance. The
height and destructiveness of a wave arriving at any place de-
pend on the distance from the epicenter, the topography of the
ocean floor and the coastline. The most active generating areas
are in the ocean trenches rimming the Pacific Ocean where
waves up to 100 feethave been reported.

Tsunamig are described by the same phygsical characteristice
as wind-generated waves (length, period and height) but with
dimensiong that are vastly different. When a significant under-
water event occurs, enerqy is transmitted upwards in the shape
of a dome or mound. This force creates a series of waves as the
water gettles. In deep ocean, the wave height of a tsunami i¢
normally only about one meter. Since the wave length is usu-
ally considerably more than 100 miles, the wave ig not really
noticeable at sea. Their wave periods in deep water vary be-
tween 15 to 60 minutes with a speed of more than 400 knots.
When the tsunami enters shallow water, it undergoes changes
similar to, but more dramatic than, those experienced by requ-
lar waves. Because of its great speed in deep ocean, the for-
ward speed diminishes and the height increases at a much
greater rate than in an ordinary wave. It is possible to predict
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the arrival of a teunami wave at a distant beach, because the
speed of the advancing wave in shallow water (water depth
less than half the teunami's wave length) is determined by the

water depth.

A submarine earthquake on April 1, 1946, with an epicenter
in the Aleutian Islands, destroyed the nearby Scotch Cap
lighthouse on Unimak Island. The U.S. Coast Guard facility
wag located 57 feet above sea level. The tsunami wave en-
compassed the entire Pacific Ocean Basin. Traveling at an
average speed of 425 knots, the wave reached the Hawai-
ian Islands in four hourse and 34 minutes, with the teunami
cresting 50 feet above the normal water level. A section of
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coast more than 1,000 feet wide wase flooded. Some of the
waves reached North and South America, and Australia -
6,700 miles from the epicenter.

The death toll in Hawaii wag 173 with $25 million in
property damage (1946 dollars). The incident was the thirty-
sixth tsunami to strike the Hawaiian Islande since 1819 but
none were quite as damaging. It ranks as one of the worst
natural dicasters in the state’s history. Shortly after the
teunami of 1946, the Pacific rimm nationg established an
international tsunami warning system.
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