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ABSTRACT 

The question of what information might be inferred from a set of data is posed in terms of the 
uncertainties of model variables determined by a least-squares fit. When a dynamical model is 
fitted to asynoptic data, the uncertainty can be characterized by a region in the model's phase 
space surrounding the point associated with the best fit. Changes in the shape and orientation 
of this region as it evolves indicate how information is redistributed dynamically among the 
model variables, much as kinetic and potential energy might be redistributed. These ideas are 
illustrated within the context of single and double oscillator systems. Information about the state 
of a shallow-water model is shown to depend sensitively on the sampling interval of fictitious 
altimetric data. 

1. Introduction 

When computing least-square fits of a linear 
shallow-water model to simulated satellite alti­
metric data by adjusting initial conditions, we 
found remarkable sensitivity to the temporal dis­
tribution of the data. Investigating further, we 
examined the covariance matrix of the errors 
of the inferred initial state and generally found a 
broad spectrum of eigenvalues, the smallest corre­
sponding to those aspects of the initial condi­
tions best-determined by the data and the largest 
corresponding to the worst-determined aspects. 
We wanted to know what aspects were poorly 
determined and why. 

The errors of the inferred initial state are a con­
sequence of the assumed distribution of errors in 
the data and of the hypothesis that the shallow­
water model with appropriate initial conditions 
can explain the data. Moreover, because the model 
is linear, the errors do not depend upon the values 
of the data. Consequently, it is possible for the 
errors in the inferred initial state to be small when 
the model fails to explain the data. Such an incon-
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sistency invalidates the hypothesis of the model's 
appropriateness. Our data are generated by the 
model, so we know it is capable of fitting the data. 
What we don't know is whether the simulated data 
are sufficient to determine the initial model state 
completely. 

Fitting a straight line to a scatter plot provides 
a useful analogy (Thacker, 1992): the slope and 
intercept of the line are like the initial conditions of 
the model, and posterior estimates of their errors 
are like those of the inferred initial state. However, 
the initial state is described by many more param­
eters than the two required to specify the straight 
line, and the relationship between the data and the 
initial conditions is far from intuitive. It is possible 
that, even when the model explains what appear to 
be well-sampled data, those data might provide 
little or no information about some aspects of the 
initial state. The disparity of the extreme eigen­
values suggests that this is indeed the case. 

To proceed, we found it best to restrict our 
attention to a simple rectangular model requiring 
only 341 variables to characterize the model's 
three initial fields (using a C-grid with 11 x 11 
points for the height and 10 x 11 and 11 x 10 for 
the two velocity components) and to examine 
various configurations of artificial data. Our 








































