
XIII. Resolution matrices

A sensible question given an inverse solution is how well the data and the model 
parameters are resolved. This question is addressed through the resolution matrices.

Data resolution matrix

Assume that an estimate of the model parameter vector m is
 m̂ =G−gd  (1)

So, how well does our estimated data d̂  match our measured data d? Answer this question as 
follows
 d̂ =Gm̂ =GG−gd  (2)
The N×N matrix
 N =GG−g  (3)
is called the data resolution matrix. If N = I then the predicted and measured data are equal. If 
the data possess a natural ordering, the rows of N are an approximation to a delta function 
(Figure 1). That is, the rows tell how well the data are resolved. An identity matrix infers perfect 
resolution. Off diagonal elements imply smoothing.

Consider the pseudoinverse
 G+ = VS+UT  (4)
The data resolution matrix in this case is
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Figure 1. The data resolution matrix represented graphically. The 
rows are the approximation to the delta function implied by the 
inverse solution.
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where UK is the N×K matrix made of the first K columns of U, and K is the rank of G.

Model resolution matrix

How well does our estimate of the model parameters m̂  match the true model parameters 
m0? Address this question as follows
 m̂ =G−gd =G−gGm0  (6)

The M×M matrix
 R =G−gG  (3)
is called the model resolution matrix. The rows of R are approximations to the delta function, 
in direct analogy with the data resolution matrix. For the pseudoinverse
 R =G+G = VKVK

T

where VK is the M×K matrix made of the first K columns of V, and K is the rank of G.

Having good resolution of data and model parameters is a reasonable goal for an inverse. 
In fact, one can optimize resolution, by  minimizing some measure of the difference between N, 
R, and the identity matrix. If a suitable measure is chosen, the solutions are identical to some we 
have already derived by minimizing L2 norms of misfit and model size. 
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