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PHYSICAL OCEANOGRAPHY OF THE GULF OF MEXICO'

By Dale F. Leipper, Agricultural and Mechanical College of Texas

Oceanography may be defined as the study of
the oceans in all their aspects, including the
interrelationships between the seas and their
boundaries—the atmosphere, the shoreline, and
the sea bottom. Physical oceanography consists
of the analysis of the physical properties of sea
water, the study of motions in the oceans such as
those associated with ocean waves, tides, and
winds, and examinations of the various mecha-
nisms for the transfer and interchange of energy.

The nature of physical oceanography differs
from that of the other aspects of the subject in
that certain investigations may be conducted
somewhat independently. The other generally
recognized aspects of oceanography are the bio-
logical, the chemical, the geological, and the meteor-
ological. Investigations in these are usually
dependent upon physical oceanography and upon
each other. It is desirable that work in the
physical aspect be planned jointly with that in the
other aspects in order that maximum utilization
may be made of results which are obtained.
The physical oceanographer must pay particular
attention to the problems in the other branches
of the work since one of the primary objectives
of his own researches is the development of
 information needed for the solution of some of
these problems.

There are many unique opportunities in the
study of physical oceanography in the Gulf of
Mexico. There is an offshore oil industry facing
many problems related to construction and opera-
tion in the shallow waters over the wide conti-
nental shelf, there is a huge chemical industry
which has an output depending heavily upon the
varying longshore currents which alter the salt
content of the water at the position where it
is taken into the plants, and there are many
characteristic weather features such as hurricanes,

1 Contribution from the Department of Oceanography of the Agricultural
and Mechanical College of Texas, Oceanographic Series No. 16; based in
part on investigations conducted for the Texas A. and M. Research Founda-
tion, through the sponsorship of the U, 8, Navy Office of Naval Research.

squalls, and fog which result from effects of the
oceans upon the atmosphere. Further, the large
oyster and shrimp fisheries are markedly affected
by curreats, turbulence and the physical charac-
teristics of the sea water. Also, in reduction of
beach contamination, prevention of beach erosion,
reduction of dredging costs in marine channels,
increasing the efficiency of marine transportation,
development of recreational areas on the beaches,
and in providing oceanographic information critical
to the defense of our coastline, physical oceanog-
raphy plays a most important role in the Gulf of
Mexico.

The Gulf, being nearly enclosed, provides a
model ocean in which much may be learned about
processes operating in the larger oceans which are
not so readily adaptable to comprehensive and
systematic analysis. The presence of fixed plat-
forms far from shore may make it possible for the
first time to make such determinations as that of
the effect of the wind in changing the slope of the
sea surface in the open sea. Such information is
needed for further development of the theories of
wind stress upon the sea surface and for the more
complete understanding of the manner in which
the winds drive the ocean currents and set up
ocean waves.

Despite the need for physical information in
the Gulf, relatively little has as yet been done to
survey the region systematically and to provide
information in a form which is generally available.
Recently there have been increased efforts in this
direction, and within the near future it may be

expected that knowledge of this highly important

oceanic region will be greatly increased.

OCEAN CURRENTS

The primary problem in the physical ocean-
ography of any region is the determination of the
ocean currents. In the Gulf of Mexico it is par-
ticularly difficult. To provide a background for
a discussion of this problem it is well to consider
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. briefly the general nature of the currents which
may be expected in such a region.

The general nature of currents in the Gulf of Mexico

Sverdrup (1942) ? lists three different groups of
currents each of which is represented in the Gulf
of Mexico. These are:

(1) currents that are related to the distribu-
tion of density in the sea,

(2) currents that are caused directly by the
stress that the wind exerts on the sea surface, and

(3) tidal currents and currents associated
with internal waves.

Tidal currents ? are caused by the tide-producing
forces. These forces result from differences
between the constant centrifugal force which acts
on any particle on the earth and the varying
gravitational attractions between the earth, the
moon, and the sun. These attractions are pro-
portional to the masses of the bodies and inversely
proportional to the squares of the distances
between them. Because of its very short dis-
tance from the earth the attraction of the moon is
large. The sun, on the other hand, although it is
at a much greater distance from the earth, is so
large that a tide-producing force results which is
as much as 46 percent of that of the moon.

The direct result of tide-producing forces acting
upon the rotating earth is to raise and lower peri-
odically the level of the ocean’s surface, i. e., to
create tides. Water which is required to raise sea
level at a particular location must be furnished by
horizontal movements within the ocean. These
are the tidal currents. Since the sun and moon
change their position with respect to a given part
of the earth’s surface in a periodic fashion, the
tides and tidal currents are periodic. Because
the rotation of the earth affects movements of
water the tidal currents do not oscillate back and
forth on a straight line but rotate. In the
Northern Hemisphere this rotation usually is in a
clockwise direction except where modified by
other factors. At times, interference between
tidal waves or the influence of other forces is such
that the rotation may be counterclockwise.

Along the Gulf coast there are many bays and
lagoons which have relatively restricted outlets to

? References are listed at the end of the chapter,
3 Tides in the Gulf of Mexico are discussed separately in the article by
H. A. Marmer, pp. 101-118,

the sea. If the water level in these bays is to be
raised by tidal action, all of the water required for
the change in level must flow into the bay through
these restricted channels. Therefore, the tidal
currents in such channels may be quite large, -
particularly at certain stages of the tide.

The great width of the shallow continental shelf
along the Gulf coast results in tidal current veloc-
ities which are relatively high considering. the
small range of tide. This is because the change
of water level of this large area over the shelf
must be brought about by flow across the shallow
shelf. Since the depth of the moving water is
small, its velocity must be relatively great to
provide the volume needed for change in sea
level. The high velocities and the changing di-
rection and speed of these tidal currents may
lead to considerable turbulence and stirring in
certain localities.

Oscillating currents related to internal waves
may be important in this region, but little infor-
mation now is available on this subject.

Currents caused by the stress of the wind upon
the sea surface are particularly important on the
Gulf coast. The most widely known phenom-
enon which results from the action of such cur-
rents is the storm tide or general rise in water
level which precedes winds of hurricane velocities.
Storm tides are discussed by Cline (1920) and
Tannehill (1927). Some of their results are sum-
marized in the chapter on meteorological phe-
nomena.

When a wind starts to blow over the ocean it
exerts a frictional force or drag upon the sea
surface. If the wind persists the surface layers of
the water start to move and they in turn act
upon the deeper layers and set these in motion
also. The two forces which are involved in setting
up such currents are the frictional force, and the
Coriolis force which is the apparent force due to
the rotation of the earth. If the wind blows long
enough for a state of equilibrium to be reached,
the surface waters away from the influence of the
coast will be moving in a direction approximately
45° to the right of the wind direction in the North-
ern Hemisphere. A north wind sets up a surface
current toward the southwest. The surface veloe-
ities may reach 1 to 2 percent of the wind velocity.
Currents at greater depths will flow at greater
angles to the wind and at speeds which decrease
with depth.






