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Errors due to overheating resulted in negative "spikes" in the surface elevation. These errors 
were easily distinguishable in plots of the surface height profile. Bad pixels were removed from 
the data  sets by a combination of median and quartile difference filtering. 

The second source of error in the profilometer scans was an occasional level shift due t o  
an instability in the EDM. The EDM would function normally for 20-30 minutes, suddenly shift 
its reference plane by 2-7 mm, and then become stable again. This resulted in horizontal bands 
across the profilometer scans. Although the level shifts were small compared to  the topographical 
variations, we felt that  they would corrupt the spectral estimates enough to  make their elimination 
worthwhile. We first discard scan rows with visible level shifts (the reference level was stable 
within most rows). We perform spectral estimation by linear sampling, in which we compute 
a spectral estimate for each row and average the resultant spectra. By averaging a number of 
estimators, we reduce the effect of any remaining errors as well as the variance inherent to  the 
surface random process. 

The assumption that the surface statistics of the debris flows are isotropic is reasonable 
due to the structure and origin of the surfaces. The flow units examined were formed in a debris 
avalanche when the north side of the volcano collapsed. The avalanche was composed of a loose 
mixture of rock and ash which showed no directional structure, unlike a viscous lava flow which 
has a definite flow direction. 

The algorithm for obtaining a spectral estimate from a linear sample is described in Kay (4) 
and summarized here: let the along-row surface height Z[n] be a wide-sense stationary random 
process. The covaria.nce matrix R,, is defined as 

[R,,]ij = (Z*[n]Z[n + i - j]) 
where ( a )  indicates an ensemble average. Z[n] is assumed ergodic, and an estimate R,, of the 
covariance matrix is obtained using a modified algorithm. We then obtain an estimate of the 
surface spectrum using the Capon or minimum variance spectral estimator: 

where e = [ 1 ej2"f ej4nf . ej2a(p-1)f I T ,  p is the dimension of the covariance matrix, and 

indicates the hermitian transpose. p M V  ( f )  results in a one-dimensional estimate of the power 
spectral density of a single row. The estimates obtained from all rows are then averaged to  reduce 
the variance. The same algorithm was used on the survey data. 

Averaged spectral estimates from different scales are then fit with a function to approximate 
a composite spatial frequency spectrum. The two-dimensional spectra are then obtained using 
the assumption of isotropic surface statistics. 

RESULTS. The resultant spectral estimates suggest a power-law spectrum for the pri- 
mary debris flow surfaces and a mixed spectrum for the surfaces modified by sedimentation. An 
overview of the surface profile measurements and the final spectral estimates will be shown in the 
presentation of this work. 
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