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ABSTRACT

An efficient procedure is presented for analyzing oceanographic observations with the aid of a general circulation
model. Poorly known model parameters, such as eddy-mixing coefficients, surface forcing and tracer boundary
fluxes, can be calculated by fitting model results to observations. Optimal estimates for all model fields, including
the observed ones, can then be computed by running the model with the best-fit values of the calculated
parameters. Information about the resolution and the error-covariances of the model parameters can be computed.
This information is shown to be very valuable for critically evaluating how well the data determine the parameter’s
values. An adjoint model, similar in structure to the numerical model, uses information on model-data misfit
to improve estimates of the unknown model parameters, and improve the fit to observations. The procedure
is illustrated using simulated data and a simple, barotropic, nonlinear, quasi-geostrophic model. Examples are
discussed in which friction parameters, wind forcing, and the steady-state circulation are determined from

simulated vorticity and streamfunction observations.

1. Introduction

Any analysis of oceanic data uses a model in the
hope of explaining the data and improving the less
well-known aspects of the model. A major challenge
confronting numerical modelers and observational
physical oceanographers is to analyze the large quan-
tities of oceanographic data of many types with the aid
of complex numerical general circulation models
(GCMs). Numerical models have become quite so-
phisticated in recent years, but they must still be given
many poorly known inputs such as eddy-mixing coef-
ficients, surface forcing by heat and momentum fluxes,
and tracer boundary fluxes. There is normally no direct
information on many of these input parameters in
oceanic measurements, and numerical models are
‘presently not capable of using the existing data for the
interior temperature, salinity, and/or currents to de-
duce the unknown model inputs. The oceanic data it-
self is noisy and incomplete in spatial and temporal
coverages, and one would like to be able to use the
numerical model to obtain a better estimate of the ob-
served fields while improving the model itself.

The determination of a model’s input parameters is
usually referred to as an inverse problem, the direct
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problem being the simulation of the ocean assuming
values for the inputs to be given. Inverse models, unlike
numerical GCMs, are capable of using various types
of data in order to calculate mixing coefficients and
velocity field, but presently suffer from some limitations
as well. The model is often formulated as a set of linear
equations relating data and unknown parameters,
written in matrix form and solved by methods such as
singular value decomposition, or linear programming.
Computations are generally carried out in such a way
that the matrices, having dimensions of (number of
unknowns X number of equations ), must be stored in
the computer memory. One finds that the computa-
tional requirements with this approach rapidly increase
with model complexity, and in particular the storage
of the matrices becomes a limiting factor. As a result,
the models have been limited to low spatial resolution
(for box models, Wunsch 1978) or to simple local dy-
namics disregarding boundary conditions and mass
continuity (Olbers et al. 1985). :

A specific example may clarify the problem of large
matrices. For a GCM of the North Atlantic, with a 30
by 30 horizontal grid, eight vertical levels, and five fields
(two components of horizontal velocity, temperature,
salinity, and some passive tracer), the number of un-
knowns, not counting momentum and heat fluxes at
the surface, is 30 X 30 X 8 X 5 = 36 000. This is also
the number of model equations for these unknowns,
50 that the dimension of the matrix involved in using






