CHAPTER 31

THE OCEANS

INTRODUCTION

3100. The Importance Of Oceanography from that of the oceans. The rocks underlying the ocean floors
are more dense than those underlying the continents. According

Oceanography is the application of the sciences to th&o one theory, all the earth’s crust floats on a central liquid core,
phenomena of the oceans. It includes a study of their physand the portions that make up the continents, being lighter, float
cal, chemical, and geological forms, and biological featureswith a higher freeboard. Thus, the thinner areas, composed of
Thus, it embraces the widely separated fields of geographyeavier rock, form natural basins where water has collected.
geology, chemistry, physics, and biology, along with their ~ The shape of the oceans is constantly changing due to
many subdivisions, such as sedimentation, ecology, bactercontinental drift. The surface of the earth consists of many
ology, biochemistry, hydrodynamics, acoustics, and opticsdifferent “plates” These plates are joined aloffigacture

The oceans cover 70.8 percent of the surface of ther fault lines. There is constant and measurable movement
earth. The Atlantic covers 16.2 percent, the Pacific 32.4f these plates at rates of 0.02 meters per year or more.
percent (3.2 percent more than the land area of the entire  The origin of the water in the oceans is unclear. Al-
earth), the Indian Ocean 14.4 percent, and marginal and athough some geologists have postulated that all the water
jacent areas (of which the largest is the Arctic Ocean) 7.&xisted as vapor in the atmosphere of the primeval earth,
percent. Their extent alone makes them an important sutand that it fell in great torrents of rain as soon as the earth
ject for study. However, greater incentive lies in their usecooled sufficiently, another school holds that the atmo-
for transportation, their influence upon weather and cli-sphere of the original hot earth was lost, and that the water
mate, and their potential as a source of power, food, fresgradually accumulated as it was given off in steam by vol-

water, minerals, and organic substances. canoes, or worked to the surface in hot springs.
Most of the water on the earth’s crust is now in the
3101. Origin Of The Oceans oceans—about 1,370,000,000 cubic kilometers, or about 85

percent of the total. The mean depth of the ocean is 3,795
The structure of the continents is fundamentally differenimeters, and the total area is 360,000,000 square kilometers.

CHEMISTRY OF THE OCEANS

3102. Chemical Description ly upon salinity, temperature, and pressure. However,
factors like motion of the water, and the amount of suspend-
Oceanographic chemistry may be divided into threeed matter, affect such properties as color and transparency,
main parts: the chemistry of (1) seawater, (2) marine sedieonduction of heat, absorption of radiation, etc.
ments, and (3) organisms living in the sea. The first is of
particular interest to the navigator. 3103. Salinity
Chemical properties of seawater are usually deter-
mined by analyzing samples of water obtained at various  Salinity is a measure of the amount of dissolved solid
locations and depths. Samples of water from below the sumaterial in the water. It has been defined as the total amount
face are obtained with special bottles designed for thi®f solid material in grams contained in one kilogram of sea-
purpose. The open bottles are mounted in a rosette which igater when carbonate has been converted to oxide, bromine
attached to the end of a wire cable which contains insulatednd iodine replaced by chlorine, and all organic material
electrical wires. The rosette is lowered to the depth of the&eompletely oxidized. It is usually expressed as parts per
deepest sample, and a bottle is closed electronically. As thtbousand (by weight), for example the average salinity of
rosette is raised to the surface, other bottles are closed at tsea water is 35 grams per kilogram which would be written
desired depths. Sensors have also been developed to méas ppt” or “35 %.". Historically the determination of salin-
sure a few chemical properties of sea water continuouslyity was a slow and difficult process, while the amount of
Physical properties of seawater are dependent primarghlorine ions (plus the chlorine equivalent of the bromine
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428 THE OCEANS

and iodine), callecthlorinity , could be determined easily as that of the surface. This layer is caused by two physical

and accurately by titration with silver nitrate. From chlorin- processes: wind mixing, and convective overturning as sur-
ity, the salinity was determined by a relation based upon théace water cools and becomes more dense. The layer is best

measured ratio of chlorinity to total dissolved substances:developed in the Arctic and Antarctic regions, and in seas

like the Baltic and Sea of Japan during the winter, where it

Salinity = 1.80655< Chlorinity may extend to the bottom of the ocean. In the Tropics, the

wind-mixed layer may exist to a depth of 125 meters, and

may exist throughout the year. Below this layer is a zone of

This is now called the absolute salinity \)SWith ti-  rapid temperature decrease, called thermocline. At a
tration techniques, salinity could be determined to aboudepth greater than 400 m, the temperature everywhere is be-
0.02 parts per thousand. low 15°C. In the deeper layers, fed by cooled waters that

This definition of salinity has now been replaced by thehave sunk from the surface in the Arctic and Antarctic, tem-
Practical Salinity Scale (S). Using this scale, the salinity peratures as low as 2@ exist.
of a seawater sample is defined as the ratio between the In the colder regions the cooling creates the convective
conducutivity of the sample and the conductivity of a stan-overturning and isothermal water in the winter; but in the
dard potassium chloride (KCI) sample. summer a seasonal thermocline is created as the upper wa-
As salinity on the practical scale is defined to be con-ter becomes warmer. A typical curve of temperature at
servative with respect to addition and removal of water, thevarious depths is shown in Figure 3110a. Temperature is
entire salinity range is accessible through precise weight dsommonly measured with either a platinum or copper resis-
lution or evaporation without additional definitions. Since tance thermometer or a thermistor (devices that measure the
practical salinity is a ratio, it has no physical units but ischange in conductivity of a semiconductor with change in
designatedpractical salinity units, or psu. The Practical temperature). TheCTD (conductivity-temperature-
Salinity Scale, combined with modern conductivity cellsdepth)is an instrument that generates continuous signals as
and bench salinometers, provides salinity measurementsis lowered into the ocean; temperature is determined by
which are almost an order of magnitude more accurate angheans of a platinum resistance thermometer, salinity by
precise, about 0.003 psu, than titration. Numerically, absoeonductivity, and depth by pressure. These signals are
lute salinity and salinity are nearly equal. transmitted to the surface through a cable and recorded. Ac-
It has also been found that electrical conductivity iscuracy of temperature measurement is 02@5and
better related to density than chlorinity. Since one of thgesolution an order of magnitude better.
main reasons to measure salinity is to deduce the density, A method commonly used to measure upper ocean
this favors the Practical Salinity Scale as well. temperature profiles from a vessel which is underway is the
Salinity generally varies between about 33 and 37 pswexpendable bathythermograph (XBT) The XBT uses a
However, when the water has been diluted, as near théaermistor and is connected to the vessel by a fine wire. The
mouth of a river or after a heavy rainfall, the salinity is wire is coiled inside the probe, and as the probe freefalls in
somewhat less; and in areas of excessive evaporation, the $ae ocean, the wire pays out. Depth is determined by
linity may be as high as 40 psu. In certain confined bodies otlapsed time and a known sink rate. Depth range is deter-
water, notably the Great Salt Lake in Utah, and the Dead Seained by the amount of wire stored in the probe; the most
in Asia Minor, the salinity is several times this maximum. common model has a depth range of 450 meters. At the end
of the drop, the wire breaks and the probe falls to the ocean
bottom. One instrument of this type is dropped from an air-
3104. Temperature craft; the data is relayed to the aircraft from a buoy to which
the wire of the XBT is attached. The accuracy and precision
Temperature in the ocean varies widely, both horizon- of an XBT is about 0.C.
tally and with depth. Maximum values of about°8are
encountered at the surface in the Persian Gulf in summe8105. Pressure
and the lowest possible values of aboutG2the usual min-
imum freezing point of seawater) occur in polar regions. The appropriate international standard (SI) unit for
Except in the polar regions, the vertical distribution of pressure in oceanography ikRa= 103 PawherePais a
temperature in the sea nearly everywhere shows a decredsascal and is equal to one Newton per square meter. A more
of temperature with depth. Since colder water is denser (asommonly used unit is a bar, which is nearly equal to 1 at-
suming the same salinity), it sinks below warmer watermosphere (atmospheric pressure is measured with a
This results in a temperature distribution just opposite tdarometer and may be read as millibars). Water pressure is
that of the earth’s crust, where temperature increases wittxpressed in terms of decibars, 10 of these being equal to 1
depth below the surface of the ground. bar. One decibar is equal to nearly/} pounds per square
In the sea there is usually a mixed layer of isothermalinch. This unit is convenient because it is very nearly the
water below the surface, where the temperature is the sanpgessure exerted by 1 meter of water. Thus, the pressure in
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decibars is approximately the same as the depth in meterspnfined by the Bering Strait and the underwater ridge from
the unit of depth. Greenland to Iceland to Europe. In the Antarctic, however,
Although virtually all of the physical properties of sea- there are no similar geographic restrictions and large quanti-
water are affected to a measurable extent by pressure, tties of very cold, dense water formed there flow to the north
effect is not as great as those of salinity and temperatur@long the ocean bottom. This process has continued for a suf-
Pressure is of particular importance to submarines, directlficiently long period of time that the entire ocean floor is
because of the stress it induces on the hull and structurespvered with this dense water, thus explaining the layer of

and indirectly because of its effect upon buoyancy. cold water at great depths in all the oceans.
In some respects, oceanographic processes are similar
3106. Density to those occurring in the atmosphere. The convective circu-

lation in the ocean is similar to that in the atmosphere.
Density is mass per unit of volume. The appropriate SIMasses of water of uniform characteristics are analogous to
unitis kilograms per cubic meter. The density of seawater deair masses.
pends upon salinity, temperature, and pressure. At constant
temperature and pressure, density varies with salinity. Aten8107. Compressibility
perature of OC and atmospheric pressure are considered
standard for density determination. The effects of thermalex-  Seawater is nearly incompressible, its coefficient of
pansion and compressibility are used to determine theompressibility being only 0.000046 per bar under standard
density at other temperatures and pressures. Density changmmditions. This value changes slightly with changes in tem-
at the surface generally do not affect the draft or trim of aperature or salinity. The effect of compression is to force the
ship. But density changes at a particular subsurface pressumlecules of the substance closer together, causing it to be-
affect the buoyancy of submarines because they are ballastedme more dense. Even though the compressibility is low,
to be neutrally buoyant. For oceanographers, density is imts total effect is considerable because of the amount of wa-
portant because of its relationship to ocean currents. ter involved. If the compressibility of seawater were zero,
Open ocean values of density range from about 1,02%ea level would be about 90 feet higher than it is now.
kilograms per cubic meter at the surface to about 1,070 kilo-  Compressibility is inversely proportional to temperature,
grams per cubic meter at 10,000 meters depth. As a mattee., cold water is more compressible than warm water. Waters
of convenience, it is usual in oceanography to define a derwhich flow into the North Atlantic from the Mediterranean
sity anomaly which is equal to the density minus 1,000and Greenland Seas are equal in density, but because the wa-
kilograms per cubic meter. Thus, when an oceanographéer from the Greenland Sea is colder, it is more compressible
speaks of seawater with a density of 25 kilograms per cubiand therefore becomes denser at depth. These waters from the
meter, the actual density is 1,025 kilograms per cubic meteGreenland Sea are therefore found beneath those waters
The greatest changes in density of seawater occur at thvehich derive their properties from the Mediterranean.
surface, where the water is subject to influences not present
at depths. At the surface, density is decreased by precipit&108. Viscosity
tion, run-off from land, melting ice, or heating. When the
surface water becomes less dense, it tends to float on top of Viscosity is resistance to flow. Seawater is slightly
the more dense water below. There is little tendency for thenore viscous than freshwater. Its viscosity increases with
water to mix, and so the condition is one of stability. Thegreater salinity, but the effect is not nearly as marked as that
density of surface water is increased by evaporation, formasccurring with decreasing temperature. The rate is not uni-
tion of sea ice, and by cooling. If the surface water become®rm, becoming greater as the temperature decreases.
more dense than that below, convection currents cause veBecause of the effect of temperature upon viscosity, an in-
tical mixing. The more dense surface water sinks and mixesompressible object might sink at a faster rate in warm
with less dense water below. The resultant layer of water isurface water than in colder water below. However, for
of intermediate density. This process continues until thanost objects, this effect may be more than offset by the
density of the mixed layer becomes less than that of the wacompressibility of the object.
ter below. The convective circulation established as part of  The actual relationships existing in the ocean are con-
this process can create very deep uniform mixed layers. siderably more complex than indicated by the simple
If the surface water becomes sulfficiently dense, it sinkexplanation here, because of turbulent motion within the
all the way to the bottom. If this occurs in an area where horsea. The disturbing effect is calleddy viscosity
izontal flow is unobstructed, the water which has descended
spreads to other regions, creating a dense bottom layer. Sin8&09. Specific Heat
the greatestincrease in density occurs in polar regions, where
the air is cold and great quantities of ice form, the cold, dense  Specific Heatis the amount of heat required to raise
polar water sinks to the bottom and then spreads to lower lathe temperature of a unit mass of a substance a stated
itudes. In the Arctic Ocean region, the cold, dense water immount. In oceanography, specific heat is stated, in SI units,
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as the number of Joules needed to raise 1 kilogram of a giv-
en substance °C. Specific heat at constant pressure is

usually the quantity desired when liquids are involved, but

occasionally the specific heat at constant volume is re-
quired. The ratio of these two quantities is directly related

to the speed of sound in seawater.

The specific heat of seawater decreases slightly as sa-
linity increases. However, it is much greater than that of
land. The ocean is a giant storage area for heat. It can absorb
large quantities of heat with very little change in tempera-
ture. This is partly due to the high specific heat of water and
partly due to mixing in the ocean that distributes the heat
throughout a layer. Land has a lower specific heat and, in
addition, all heat is lost or gained from a thin layer at the
surface; there is no mixing. This accounts for the greater
temperature range of land and the atmosphere above it, re-
sulting in monsoons, and the familiar land and sea breezes
of tropical and temperate regions.

3110. Sound Speed

The speed of sound in sea water is a function of its den-
sity, compressibility and, to a minor extent, the ratio of
specific heat at constant pressure to that at constant volume.
As these properties depend on the temperature, salinity and

pressure (depth) of sea water, it is customary to relate th i

speed of sound directly to the water temperature, salinit
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temperature and salinity profile in Figure 3110a.

and pressure. An increase in any of these three properties
causes an increase in the sound speed; the converse is true
also. Figure 3110a portrays typical mid-ocean profiles of
temperature and salinity; the resultant sound speed profile
is shown in Figure 3110b.

The speed of sound changes by 3 to 5 meters per second
per°C temperature change, by about 1.3 meters per second per
psu salinity change and by about 1.7 meters per second per 100
m depth change. A simplified formula adapted from Wilson's
(1960) equation for the computation of the sound speed in sea
water is:

U=1449+ 4.6T— 0.055T+0.0003T + 1.39(S— 35
+0.017D

where U is the speed (m/s), T is the temperatfed,(S is
the salinity (psu), and D is depth (m).

3111. Thermal Expansion

One of the more interesting differences between salt
and fresh water relates to thermal expansion. Saltwater
continues to become more dense as it cools to the freez-

Figure 3110a. Typical variation of temperature and salinitying point; freshwater reaches maximum density &€ 4

with depth for a mid-latitude location.

and then expands (becomes less dense) as the water cools
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to 0°C and freezes. This means that the convective mix3115. Transparency

ing of freshwater stops at°€; freezing proceeds very

rapidly beyond that point. The rate of expansion with in- The two basic processes that alter the underwater dis-
creased temperature is greater in seawater than in fregtibution of light are absorption and scattering. Absorption
water. Thus, at temperature X5, and atmospheric pres- is a change of light energy into other forms of energy; scat-
sure, the coefficient of thermal expansion is 0.00015%ering entails a change in direction of the light, but without
per degree Celsius for freshwater, and 0.000214 per ddess of energy. If seawater were purely absorbing, the loss
gree Celsius for average seawater. The coefficient odf light with distance would be given by, = | je@x where
thermal expansion increases not only with greater salink, is the intensity of light at distance | is the intensity of

ity, but also with increased temperature and pressure. Aight at the source, and “a” is the absorption coefficient in
a salinity of 35 psu, the coefficient of surface water in-the same units with which distance is measured. In a pure
creases from 0.000051 per degree Celsius ‘@ @  scattering medium, the transmission of light is governed by
0.000334 per degree Celsius at@1 At a constant tem- the same power law only in this case the exponential term
perature of 0C and a salinity of 34.85 psu, the islgePX where “b” is the volume scattering coefficient. The
coefficient increases to 0.000276 per degree Celsius atatenuation of light in the ocean is defined as the sum of ab-
pressure of 10,000 decibars (a depth of approximatelgorption and scattering so that the attenuation coefficient, c,

10,000 meters). is given ky ¢ = a + b. In theocean, the attenuation of light
with depth depends not only on the wavelength of the light
3112. Thermal Conductivity but also the clarity of the water. The clarity is mostly con-

trolled by biological activity although at the coast,

In water, as in other substances, one method of heatediments transported by rivers or resuspended by wave ac-
transfer is by conduction. Freshwater is a poor conductor dfion can strongly attenuate light.
heat, having a coefficient of thermal conductivity of 582 Attenuation in the sea is measured withransmis-
Joules per second per meter per degree Celsius. For seavgameter Transmissometers measure the attenuation of
ter it is slightly less, but increases with greater temperaturéght over a fixed distance using a monochromatic light
or pressure. source which is close to red in color. Transmissometers are

However, if turbulence is present, which it nearly al- designed for in situ use and are usually attached to a CTD.
ways is to some extent, the processes of heat transfer are Since sunlight is critical for almost all forms of plant life in
altered. The effect of turbulence is to increase greatly théhe ocean, oceanographers developed a simple method to mea-
rate of heat transfer. The “eddy” coefficient used in place ofure the penetration of sunlight in the sea using a white disk 31
the still-water coefficient is so many times larger, and socentimeters (a little less than 1 foot) in diameter which is called
dependent upon the degree of turbulence, that the effects afSecchi disk This is lowered into the sea, and the depth at

temperature and pressure are not important. which it disappears is recorded. In coastal waters the depth var-
ies from about 5 to 25 meters. Offshore, the depth is usually
3113. Electrical Conductivity about 45 to 60 meters. The greatest recorded depth at which the

disk has disappeared is 79 meters in the eastern Weddell Sea.

Water without impurities is a very poor conductor of These depths, D, are sometimes reported as a diffuse attenuation
electricity. However, when salt is in solution in water, the salt(or “extinction”) coefficient, k, whez k = 1.7/D and the penetra-
molecules are ionized and become carriers of electricitytion of sunlight is given by, = | jekzwherezis depth and is
(What is commonly called freshwater has many impuritieghe energy of the sunlight at the ocean’s surface.
and is a good conductor of electricity; only pure distilled wa-
ter is a poor conductor.) Hence, the electrical conductivity 03116. Color
seawater is directly proportional to the number of salt mole-
cules in the water. For any given salinity, the conductivity The color of seawater varies considerably. Water of the

increases with an increase in temperature. Gulf Stream is a deep indigo blue, while a similar current
off Japan was named Kuroshio (Black Stream) because of
3114. Radioactivity the dark color of its water. Along many coasts the water is

green. In certain localities a brown or brownish-red water
Although the amount of radioactive material in seawa-has been observed. Colors other than blue are caused by bi-

ter is very small, this material is present in marineological sources, such as plankton, or by suspended
sediments to a greater extent than in the rocks of the earthsediments from river runoff.
crust. This is probably due to precipitation of radium or oth- Offshore, some shade of blue is common, particularly
er radioactive material from the water. The radioactivity ofin tropical or subtropical regions. It is due to scattering of
the top layers of sediment is less than that of deeper layersunlight by minute particles suspended in the water, or by
This may be due to absorption of radioactive material in thanolecules of the water itself. Because of its short wave-
soft tissues of marine organisms. length, blue light is more effectively scattered than light of
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longer waves. Thus, the ocean appears blue for the san3d18. Marine Sediments

reason that the sky does. The green color often seen near the

coast is a mixture of the blue due to scattering of lightand  The ocean floor is composed of material deposited
a stable soluble yellow pigment associated with phythrough the ages. This material consists principally of (1)
toplankton. Brown or brownish-red water receives its colorearth and rocks washed into the sea by streams and waves,
from large quantities of certain typesalfyae microscopic  (2) volcanic ashes and lava, and (3) the remains of marine

plants in the sea, or from river runoff. organisms. Lesser amounts of land material are carried into
the sea by glaciers, blown out to sea by wind, or deposited
3117. Bottom Relief by chemical means. This latter process is responsible for

themanganese nodulethat cover some parts of the ocean
Compared to land, relatively little is known of relief floor. Inthe ocean, the material is transported by ocean cur-
below the surface of the sea. The development of an efrents, waves, and ice. Near shore the material is deposited
fective echo sounder in 1922 greatly simplified theatthe rate of about 8 centimetersin 1,000 years, while in the
determination of bottom depth. Later, a recording echaleep water offshore the rate is only about 1 centimeter in
sounder was developed to permit the continuous tracin@,000 years. Marine deposits in water deep enough to be
of a bottom profile. The latest sounding systems employelatively free from wave action are subject to little erosion.
an array of echosounders aboard a single vessel, whidRecent studies have shown that some bottom currents are
continuously sound a wide swath of ocean floor. This hastrong enough to move sediments. There are turbidity cur-
contributed immensely to our knowledge of bottom re-rents, similar to land slides, that move large masses of
lief. By this means, many undersea mountain rangessediments.Turbidity currents have been known to rip
volcanoes, rift valleys, and other features have beempart large transoceanic cables on the ocean bottom. Be-
discovered. cause of this and the slow rate of deposit, marine sediments
Along most of the coasts of the continents, the bottonprovide a better geological record than does the land.
slopes gradually downward to a depth of about 130 meters  Marine sediments are composed of individual parti-
or somewhat less, where it falls away more rapidly to greateles of all sizes from the finest clay to large boulders. In
er depths. Thiscontinental shelf averages about 65 general, the inorganic deposits near shore are relatively
kilometers in width, but varies from nothing to about 1400coarse (sand, gravel, shingle, etc.), while those in deep
kilometers, the widest part being off the Siberian Arcticwater are much finer (clay). In some areas the siliceous re-
coast. A similar shelf extending outward from an island ormains of marine organisms or calcareous deposits of
group of islands is called anland shelf At the outer edge either organic or inorganic origin predominate on the
of the shelf, the steeper slope ¢ft? 4° is called theconti-  ocean floor.
nental slope or theisland slope according to whether it A wide range of colors is found in marine sediments.
surrounds a continent or a group of islands. The shelf itselT he lighter colors (white or a pale tint) are usually associat-
is not uniform, but has numerous hills, ridges, terraces, andd with coarse-grained quartz or limestone deposits. Darker
canyons, the largest being comparable in size to the Grarzblors (red, blue, green, etc.) are usually found in mud hav-
Canyon. ing a predominance of some mineral substance, such as an
The relief of the ocean floor is comparable to that ofoxide of iron or manganese. Black mud is often found in an
land. Both have steep, rugged mountains, deep canyonatea that is little disturbed, such as at the bottom of an inlet
rolling hills, plains, etc. Most of the ocean floor is consid- or in a depression without free access to other areas.
ered to be made up of a number of more-or-less circular or  Marine sediments are studied primarily through bot-
oval depressions calldzasing surrounded by wallss{lls)  tom samples. Samples of surface deposits are obtained by
of lesser depth. means of a “snapper” (for mud, sand, etc.) or “dredge”
A wide variety of submarine features has been identi{usually for rocky material). If a sample of material below
fied and defined. Some of these are shown in Figure 311%he bottom surface is desired, a “coring” device is used.
Detailed definitions and descriptions of such features caithis device consists essentially of a tube driven into the
be found in Kennett (1982) or Fairbridge (1966). The termbottom by weights or explosives. A sample obtained in this
deepmay be used for a very deep part of the ocean, genewway preserves the natural order of the various layers. Sam-
ally that part deeper than 6,000 meters. ples of more than 100 feet in depth have been obtained
The average depth of water in the oceans is 3795 metetssing coring devices.
(2,075 fathoms), as compared to an average height of land
above the sea of about 840 meters. The greatest known def@h19. Satellite Oceanography
is 11,524 meters, in the Marianas Trench in the Pacific. The
highest known land is Mount Everest, 8,840 meters. About23  Weather satellites are able to observe ocean surface
percent of the ocean is shallower than 3,000 meters, about I@mperatures in cloud free regions by using infrared sensors.
percent is between 3,000 and 6,000 meters, and a littte mordthough these sensors are only able to penetrate a few mil-
than 1 percent is deeper than 6,000 meters. limeters into the ocean, the temperatures that they yield are
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representative of upper ocean conditions except when the deice depends, in many cases, on calibration procedures
is absolutely calm during daylight hours. For cloud coveredvhich use observations of sea surface conditions provided
regions, it is usually possible to wait a few days for the pasby mariners. These observations include marine weather
sage of a cold front and then use a sequence of infraregbservations, expendable bathythermograph soundings,
images to map the ocean temperature over a region. The pand currents measured by electromagnetic logs or acoustic
terns of warm and cold water yield information on oceanDoppler current profilers. Care and diligence in these ob-
currents, the existence of fronts and eddies, and the temporsgrvations will improve the accuracy and the quality of
and spatial scales of ocean processes. satellite data.
Other satellite sensors are capable of measuring ocean
color, ice coverage, ice age, ice edge, surface winds angil20. Synoptic Oceanography
seas, ocean currents, and the shape of the surface of the
ocean. (The latter is controlled by gravity and ocean circu-  Oceanographic data provided by ships, buoys, and sat-
lation patterns. See Chapter 2.) The perspective provideellites are analyzed by the Naval Oceanographic Office and
by these satellites is a global one and in some cases thélye National Meteorological Center. These data are utilized
yield sufficient quantities of data that synoptic charts of thein computer models both to provide a synoptic view of
ocean surface, similar to weather maps and pilot charts, cascean conditions and to predict how these conditions will
be provided to the mariner for use in navigation. change in the future. These products are available to the
The accuracy of satellite observations of the ocean sumariner via radio or satellite.



