JOURNAL OF MARINE RESEARCH

The Journal of Marine Reseasam online peereviewed journal that publishes original
research on a broad array of topics in physical, biolpgimdichercal oceanography.
In publication since 1937, it in@of the oldest journals in American maisceenceind
occupiesaunique niche within the ocean sciences, with a rich tradition and digthmed
historyas part othe Sears Foundation for Marine ReseaatlYale University

Past and cuant issues are availalaligournalofmarineresearch.org.

Yale University provides access to these materials for educatidmesearch purposes only.
Copyright or other proprietary rights to content containedhis documentnay be held by
individuals or entitie®ther than, or in addition toyale University You are solely responsiblor
determiningthe ownership of the copyright, and for obtainingrmission for your intended use.
Yale University maka® warranty that your distribution, reproductipar other use of these
materialswill not infringe the rights of tird parties.

@@@@ This work is quensedjnd_ertheCreative(_:ommpnsAttributi_on- _
e NonCommercialShareAlike4.0 InternationallLicenseTo view acopyof this
licenseyisit http://creativecommons.org/licenses/fyc-sa/4.0/
PS TFOE B MFUUFS UP $SFBUJWF $PNNPOT 10 #PY

Journal of Marine Reseal®dars Foundation for Marine Research, Yale University
PO Box 208118, New Haven, CT 68328 USA

(203)4323154 fax (203)-6872 |jmr@yale.edu www.journalofmarineresearch.org

.PVOUBJO



On computing the absolute geostrophic velocity spiral

by David W. Behringer*

ABSTRACT

Recently, Stommel and Schott (1977) have proposed a method for computing absolute geo-
strophic current spirals from observations of the density field alone. Some applications of the
method have led to ambiguous results in which the computed spirals have depended on the
depth range of the data used. It is shown that the method may be recast into a form which em-
phasizes its character as a synthesis of the dynamic method and the method of isopycnal analy-
sis. In this form the computations require flow directions from the mapping of potential vorticity
on isopycnal surfaces. These directions are a large source of error in the calculations and the
likely cause of the aforementioned ambiguities. It is shown that the original method is badly
biased in its response to the directional errors. Two variations on the method are presented
which are less biased and which give different results than the original method. The discussion
is illustrated by an example based on data centered at 28N and 27°30’W in the North Atlantic.
Estimates of the errors associated with each method are presented.

1. Introduction

In the classical dynamical method, the vertical shear of the geostrophic velocity
is determined from observations of the horizontal gradients in the field of density.
The problem remains to determine an absolute reference velocity, and this problem
is frequently solved by arbitrarily assuming a level of no motion. Recently, Stommel
and Schott (1977) have proposed a quantitative solution which enables the determi-
nation of an absolute reference velocity from observations of the density field alone,
the same data that are required by the dynamical calculation itself. Applications of
their technique yield promising results, but in some instances the absolute velocity
computed at a constant reference level depends on the depth range of data used in
the calculation (Schott and Stommel, 1978). This ambiguity was not resolved.

The Stommel and Schott (1977) method can be recast in a form which empha-
sizes its character as a synthesis of the dynamical method and the method of isopyc-
nal analysis. In this form the computation uses absolute flow directions deduced
from the mapping of potential vorticity on isopycnal surfaces. If the direction
changes with depth, then the directions at two depths and the geostrophic shear be-
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tween them are sufficient to determine a reference velocity. However, if the direc-
tions are subject to error, the reference velocity will depend on the pair of depths
chosen. In order to reduce the influence of such errors on the reference velocity,
Stommel and Schott employ an error minimization scheme which extends over a
range of depths. However, the reformulation makes it clear that the minimization is
biased by the parts of the depth range where the velocities are largest. Therefore,
two simple variations on the original method were developed to give less biased re-
sults. When all three methods were applied to the same set of data, the two varia-
tions resulted in similar reference velocities which differed from the result of the
original method.

In the following discussion, the three methods are briefly described and then ap-
plied to a sample set of data from the North Atlantic. The expected error associated
with each method is also discussed.

2. Theory

For steady flow in an ideal and incompressible ocean, density, potential vorticity,
and the Bernoulli function are materially conserved (Welander, 1971). Because
intersections of material surfaces are streamlines, mapping isolines of potential vor-
ticity or Bernoulli function on isopycnal surfaces is equivalent to mapping three-
dimensional streamlines. If the dynamics are geostrophic, then the potential vor-

ticity, PV = f 3? , can be determined from the field of density alone, and it
becomes a useful parameter in isopycnal analysis (Behringer, 1972)2. The geo-
strophic Bernoulli function, B = p + gpz, is not immediately useful because its com-
putation requires knowledge of a reference pressure. However, in principle stream-
lines deduced from isolines of the Bernoulli function on isopycnal surfaces (B/p-
streamlines) must match identically those deduced from isolines of potential vorticity
(PV /p-streamlines). This is true because any pair of material properties uniquely
determines the flow field. The identity of the two sets of streamlines is a physical
constraint on the computation of the reference velocity.

The isolines of potential vorticity on isopycnal surfaces can be represented by the
vector,

> > >
t=VPV X Vp @)

which is everywhere parallel to the field of streamlines. It follows from equation (1)
that if ¢ is the angle between the horizontal projection of a streamline and the east-
ward direction, then

_ 9PV, p) / dPV,p)
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2. The notation is standard. However, definitions of all symbols are given in the appendix.
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