
Ocean, in slightly eroded form—with salinities raised to
above 34.3 per mill.

The work reported here was supported by National
Science Foundation grant OCE 76-00390.
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Temperature sections from
supply vessels

WILLIAMJ. EMERY

Department of Oceanography
Texas A &M University

College Station, Texas 77843

As part of the International Southern Ocean Studies
(isos), routine observations of upper layer (0 to 500 meters)
temperature were made in 1977 by antarctic resupply vessels
using expendable bathythermographs (xBTs). Six ships,
three from the United States, two from Australia and one
from Chile (figure) participated in the program taking XBTS

along their regularly scheduled tracks. Arrangements were
made for all observations to be handled by personnel
already on board the supply vessels. These ships completed
29 north-south temperature sections and one east-west sec-
tion.

To conserve XBT probes, a sampling scheme was
employed that provided the densest coverage between 50°
and 65°S. Between these latitudes XBT casts were made every
18 nautical miles, while outside these latitudes the sampling
interval was increased to 48 nautical miles. The improved
coverage between 50° and 65°S. should help in describing
and understanding the fronts and transition zone separating
antarctic surface water from subantarctic water.

At each XBT cast, observations of wind speed and direc-
tion along with other meteorological parameters were
recorded. On all but the R/V Hero, surface water samples
were taken with every XBT and analyzed for surface salinity.

The data from these XBT casts are being digitized and cor-
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rected. When fully processed they should provide a picture
of southern ocean thermal structure during the austral sum-
mer of 1976-1977. Plans for the coming summer are to
repeat these sections and to include new sections south of
South Africa.

This project was sponsored by National Science Founda-
tion grant OCE 76-81371. The cooperation of the Division
of Polar Programs in the use of the R/V Hero is gratefully
acknowledged. Also, the active participation of R. Edwards
of the Division of Fisheries and Oceanography, Common-
wealth Scientific and Industrial Research Organization,
Cronulla, Australia and the Australian Antarctic Division,
CSIRO, is greatly appreciated. The sections by the Yelcho
are supervised and coordinated by H.A. Sievers of the In-
stituto Hidrografico de la Armada de Chile.

Effect of meridional circulation in
large scale current topography

interactions

MICHAEL SPILLANE

Physical Oceanographic Laboratory
Nova University

Dania, Florida 33004

In the southern ocean, a number of large scale
topographic ridges crisscross the path of the Circumantarc-
tic Current. Relative vorticity, induced by bottom pressure
torques, may be important to the dynamic balances that
describe the water movement around the antarctic conti-
nent.

The inclusion of relative vorticity in beta-plane models of
current interactions with shallow bottom topography
generally has been limited to unforced, zonal circulations,
which admit first integrals of the equations of motion
(McCartney, 1975, 1976; Janowitz, 1976). Significant
relative vorticity is generated when the topographic scale, L,
is comparable to the Rossby wave scale

L=/

where Q is the speed of the approaching flow and fi is the
gradient off. Standing waves with a wave length

AITOQ

are generated downstream of the topography if the ap-
proaching zonal flow is from the west.

The following questions arise: (1) Do the zonal models,
which neglect meriodional circulations, describe more
general current-topography interactions? (2) Are there
topographic scales, greater than L 1 , which generate signifi-
cant relative vorticity?

One can address these questions by considering a steady
barotropic model in which a planetary scale circulation is

driven by the wind. If the bottom topography is sufficiently
shallow, then to leading order the large scale circulation is
unaffected by it. Linearizing about this circulation, one can
derive a system of equations for the perturbation pressure
field induced by the topography.

Free waves of the system (in the steady limit), obtained by
considering the perturbation pressure, p, in the form

p' e i ( + my)

satisfy the dispersion relation
(2 2 +m 2 ) (UQ+Vm)-020

In polar form

(22+m2)=13 cosd
Q cos (-9)

where U and V are the zonal and meridional components of
planetary scale circulation (assumed constant compared to
the wave scales; 2 and in the zonal and meriodional wave
numbers of the disturbance; U Q, cos®, V = Qsin9; 0 =
tan' m/2). This dispersion relation is qualitatively the same
as that described by Lighthill (1967) for the free waves
generated by a disturbance moving across the surface of the
ocean with velocity (U, V).

For a zonal flow, 9= 0.

(22+m2)13 ,U>0

The wave length of the disturbance is constant and indepen-
dent of azimuth, 0. For all other orientations of the ap-
proaching flow, the wave length of the disturbance depends
on both the azimuth, 0, and direction of the approaching
flow field,9.

The group velocity (in the steady limit) determines the
direction in which one expects to find waves, if they exist.
For the zonal flow, the group velocity is always to the east. In
general, for V * 0, short waves, (2 2 + m 2 )<Q/13 are found
to the east, and long waves (Q2 + m 2 )>Q//3 are found to the
west, if I9I<1r/2. Therefore, the zonal models are
qualitatively correct for general approach angles, 9, when
the topographic scales are small.

The long wave limit of the dispersion relation, for V * 0,
is given by

m3 V+132, when m, 2+0, and m+Q

If Q is scaled such that the characteristic zonal scale is
planetary, f43 rather than inertial, L, then the
characteristic meridional scale that is obtained in the long
wave limit is

L=L1 */L 
1/3

i 

For typical oceanic conditions,

L is thus an "intermediate" scale.
When the topography is characterized by the planetary

and intermediate scales, zonal models, which neglect the ex-
isting meridional circulation, may fail to reproduce the
proper amplitudes and spatial scales of the perturbed mo-
tion fields.

This research is supported by National Science Founda-
tion grant OCE 76.14150.
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