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ABSTRACT

A general circulation model and North Atlantic climatological data of temperature, salinity, wind stress,
evaporation minus precipitation, and air-sea heat fluxes are used to examine the possibility of solving inverse
problems using a full-scale numerical GCM and real oceanographic data, combined through an optimization
approach.

In this study several solutions for the model inputs and the structure of the cost function as a function of the
model inputs are examined to demonstrate two of the main difficulties confronting such large-scale nonlinear
inverse problems (about 30 000 unknowns and a similar number of constraints for the problem examined
here). The first is the possible existence of local minima of the cost function, which prevents convergence of
the optimization to the global minimum representing the desired optimal solution for the model inputs. The
second difficulty, which seems the dominant one for many of the problems examined in this part as well as in
Part |, is the ill conditioning of the inverse problem. Simple model equations are used to analyze the conditioning
of the optimization problem and to analyze the role of both dissipation and waves in the model dynamics in
conditioning the problem. The analysis suggests what might be an improved formulation of the cost function
resulting in better conditioning of the problem.

The relation between the optimization approach and the robust diagnostic method of Sarmiento and Bryan
is explicitly demonstrated, and the solution obtained by combining the two methods is used to examine the
performance of the GCM used here for the North Atlantic Ocean.
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1. Introduction

This is the second part of a work exploring the pos-
sibility of posing meaningful and solvable inverse
problems using sophisticated general circulation mod-
els (GCMs) of the oceanic circulation. For this purpose,
the inverse problems are posed as optimization prob-
lems, minimizing a cost function that measures the
distance between model solution and data and the dis-
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tance of the model solution from a steady state. In Part
I (Tziperman et al. 1992), we used simulated data with
and without added noise to carefully analyze this prob-
lem under controlled conditions where the true solution
to the optimization problem is precisely known. While
the solution method performed quite well with no
added noise, difficulties arose when simulated noise
was added to the model-generated data. When applying
the methodology of Part I to real data, the noise level
in the data is expected to be quite high, and further-
more, there is no guarantee that the model and data
are consistent even within the assumed error bars. We
explained in Part I that, when the noise level added to
the simulated data is further increased, simulated noisy
data do not offer any advantages over real oceano-
graphic data for exploring the performance of the op-
timization. On the other hand, there is much to be






