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SUMMARY The problem of inferring surface data from sub-surface pressure measurements is described. A new version 
of local polynomial approximation is developed which is very much simpler, and is applied to several theoretical waves and 
to some experimental results. The new method is found to be robust and accurate, particularly so for applications where the 
pressure transducer is mounted higher in the water. It might have potential for the routine analysis of sub surface pressure 
records. 

 
Pressure transducers have some advantages over other 
means of measuring wave properties. They can be located 
in the fluid, beneath the surface, where they might be 
mounted rather more securely, possibly without the need of 
mooring cables; they are less susceptible to the attentions of 
others such as fishermen; and they can be made of a rather 
more simple and robust construction. However the use of 
such pressure probes has an important disadvantage, which 
is that the problem of inferring free surface behaviour and 
velocities in the fluid from pressure records taken deep in 
the fluid is an ill-posed problem. Fluid motion decays 
exponentially down into the fluid or grows exponentially as 
the surface is approached. The problem is ill-posed compu-
tationally because, any fluctuations in a pressure record, 
from whatever source, are multiplied by exponentially large 
quantities when motion nearer the surface is synthesised. 
There has been a continuing controversy about the accuracy 
of the traditional spectral method for inferring surface 
quantities. Bishop and Donelan have given a summary of 
aspects of the controversy, which generated some further 
discussion (1). 

The conventional spectral approach based on linear wave 
theory is to take the pressure readings, discrete Fourier 
transform them, use linear wave theory to find the 
corresponding harmonic components of the free surface 
elevation and velocities, and then obtain the actual veloci-
ties and surface elevations. The limiting assumption of 
linear theory is that all components of the waves are travel-
ling at the speed corresponding to that phase as given by 
linear theory, and that there are no nonlinear interactions 
at all. Particularly in near-shore regions, with the observed 
tendency of long waves to travel as nonlinear waves of 

translation, where the individual components are bound to 
the main wave and travel with its speed, this is an unneces-
sarily limiting assumption. Use of the spectral method does 
have some further practical problems. To implement the 
method it is usually necessary to resort to a number of 
techniques of data analysis, which degrade the information 
provided by the original signal. These techniques include 
trend removal, multiplying by a "window" to remove spuri-
ous components due to end discontinuities, filtering and so 
on. 

An alternative approach to the problem, instead of using 
global approximation methods such as the spectral method, 
where the problem is solved throughout the whole period of 
pressure recording, is to use local approximation methods. 
Nielsen (4, 5) used an approach based on local interpola-
tion by trigonometric functions combined with linear 
theory. This seems to remain controversial. The method 
has as yet only been developed for bottom-mounted pressure 
transducers, whereas a modern tendency is to use buoyant 
cable-retained sensors rather higher in the water column, 
which makes very good sense in view of the poor condition-
ing of the computational problem. 

A different approach was used by Fenton (3), who used a 
principle of local low-degree polynomial approximation, 
partly based on standard least-squares approximation 
methods and partly on solution locally of the full nonlinear 
equations of motion. By assuming polynomial variation in 
the vertical, the method is much less susceptible to the ill-
conditioning described above. The method has the potential 
of being reliable and accurate. However the equations 
obtained were very complicated, making the method some-
what inaccessible. 

This paper develops a different approach to the problem of 
using local polynomial approximation methods for inferring 
surface wave data. It is found that if instead of a local 
polynomial approximation for the free surface elevation, 
point values are used corresponding to the observational 
points tn, the equations obtained are very much simpler, 
and a simple iterative process is suggested for the solution. 
When compared with numerical solutions for steadily pro-
gressing periodic waves the method is found to give good 
results for bottom-mounted transducers for waves longer 
than about eight times the water depth, and acceptable 
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