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ABSTRACT

The mean circulation in large lakes is nearly nondivergent in character. This paper takes advantage of
this fact to represent the flow field in terms of the transport streamfunction. The horizontal velocity vec-
tor (v) and the vertical component of vorticity are then givenby v = k X H™'Vyand { = V-H'Vis, where
¥ is the transport streamfunction, V the horizontal gradient, and H = H(x, y) the equilibrium depth of
the lake. If the vorticity field {(x, y) is known, ¢ can be determined from the above inhomogeneous
equation with H~'y = 0 on the boundary. The current vector is then obtained from the other equation. In
practice, however, currents are measured and not vorticity. Therefore, the proposed objective analysis
procedure expands the transport streamfunction in terms of the eigenvectors of the self-adjoint problem
V-H™ 'V, = pp, with H1, = 0 on the boundary. The eigenvalues u, and eigenvectors i, are character-
istic of the particular lake and are determined numerically by a Lanczos procedure. The expansion coeffi-
cients are determined by minimizing the squared error between the calculated v field and available cur-
rent meter data. Since the y, functions for the entire domain of the basin are known, the currents can be
reconstructed at any point. This method has been applied to data gathered in Lake Ontario during the

winter months of 1972-73 as part of the International Field Year for the Great Lakes (IFYGL).

1. Introduction

The development and use of methods to analyze
data objectively is a fundamental practice in geo-
physical sciences. Objective analysis in the present
context is a systematic procedure that makes it pos-
sible to extrapolate data gathered at irregular inter-
vals (in space or time) onto regularly spaced grid
points. Objective analysis techniques eliminate the
personal biases involved in subjective analysis, help
to minimize the effect of instrument errors and
remedy sampling limitations.

In meteorology, various methods of objective
analysis have been used. The reader may refer to
Gandin (1965) for a comprehensive review. A com-
mon method is to use weighting factors that are
inversely dependent on the distance of a grid point
from a set of observations within a region of in-
fluence (Cressman, 1959). Other methods of objec-
tive analysis for irregularly spaced data use empiri-
cal orthogonal functions derived from covariance
analysis of data sets (Lorenz, 1956) or orthogonal
polynomials generated by the Gram-Schmidt pro-
cedure (see e.g., Jalickee ef al., 1974). Even though
some of the above techniques are amenable to
extensions in three- and even four-dimensional
analyses, they are restricted to scalar fields.
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Objective analysis of vector wind fields has been
developed in meteorology for tropical circulation
patterns (Hawkins and Rosenthal, 1965), for initiali-
zation of numerical models (Brown and Neilon,
1961) and to take account of mesoscale orographic
effects in the wind field (Liu and Goodin, 1976).
Schwab (1977) developed a simple scheme for
analyzing current meter data in Lake Ontario that
was based on the Hawkins and Rosenthal (1965)
method for winds. The iterative method he devel-
oped, however, is not completely objective in that
the results depend on the choice of certain param-
eters for the initial guess at the interpolated current
field and the region of influence of each data point.

The method we propose uses orthogonal functions
that are characteristic for a given basin and permits
a completely objective analysis of vector current
fields. These orthogonal functions correspond to
streamfunction modes determined by the topography
of the basin. The set of streamfunction modes are
orthogonal over regularly spaced grid points. In us-
ing them for analysis of irregularly spaced data
points, one can generate a set of Gram-Schmidt type
orthogonal functions from the streamfunction modes
so that orthogonality at irregular points is satisfied.
We have, however, used an alternative procedure in
which the data are represented as a series in the
streamfunction modes and the coefficients of expan-
sion are directly determined to satisfy least-square-
error requirements through matrix inversion tech-
niques. The advantage of this procedure is that new






