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Introduction:  It has become increasingly apparent 

that clouds play an important role in the water cycle of 
Mars and as such “ground truth” measurements of 
cloud water content and optical depth are needed to 
provide comparison and correction to climate models.  
Recovering cloud optical depths in the near-infrared 
(NIR) is complicated by the fact that it is reflected 
light so radiative transfer modeling requires knowledge 
of the spectral reflectance of the martian surface in 
order to recover aerosol optical depths. 

There are several possible methods to model the 
underlying surface such as assuming a region nearby 
the region of interest has “the same” surface but no 
aerosols over it and simply using that as the model, or 
by assuming some subset of surfaces are somehow 
intrinsically “pure” (and free of aerosol coverage) and 
that all surfaces can be modeled as a liner combination 
of those.  In this work I use a modification of the latter, 
but instead of an a priori choice of in-data regions I use 
principal component analysis (PCA) [1] and target 
transformation (TT) [2] to construct spectral endmem-
bers from the information in data and allow the radia-
tive transfer fitting to also select the mixing coeffi-
cients that best model the surface at every point.  Re-
covered cloud optical depths appear to be consistent 
with previous work [3–4]. 

Data: This work uses the mapping-mode multi-
spectral data from the Mars Reconnaissance Orbiter 
(MRO) Compact Reconnaissance Imaging Spectrome-
ter for Mars (CRISM).  In this mode CRISM nominal-
ly collects only a subset of wavelengths from both of 
its two gratings and builds up a map over several or-
bits.  These 74-wavelength spectra were then mapped 
onto a rectangular grid based on the latitude and longi-
tude given for each one.  The spatial resolution was 
degraded to ⅓°×⅓° in order to reduce computation 
time.  The spectra for the two gratings were connected 
by averaging the intensities at their common end and 
assigning that value to the average of the two wave-
lengths.  Additionally, the edge-of-detector data were 
removed due to their lower signal-to-noise. 

In order to make a more complete map, data from 
about 20, mostly consecutive, sols were combined into 
a single latitude/longitude grid.  The final data prod-
ucts are thus six 1080×540×70 (longitude, latitude, 
wavelength) spectral image cubes.  An additional im-
age cube was created by zonally averaging the spectra 
from each sol to create a latitude-by-wavelength array 
then these were stacked, by sol.  So this map is LS by 

latitude by wavelength and represents a sort of data 
averaging. 

PCA/TT: The data cubes are all processed using 
PCA in order to reduce the dimensionality of the spec-
tra from its intrinsic 70 down to something more man-
ageable.  Based on the eigenvalues, it turns out that 
over 99.5% of the variance in the data can be described 
using only the first three dimensions; in most tests the 
first two can describe over 95% of the variance and 
99.9% is described by the first five dimensions.  This 
means that we can reduce the dimensionality of the 
data down to about four or five. 

These most significant eigenvectors are then used 
in the TT routine, which linearly recombines them in 
order to recover “intrinsic” endmembers.  The tech-
nique works by comparing them to a large spectral 
library—the process creates the best fit linear combina-
tion of eigenvectors to each “target” library spectrum.  
The resulting transformed eigenvector spectra are the 
candidate endmembers.  When plotted in PC-space, the 
candidates form a data cloud and vertices/extrema of 
this cloud are thus the “pure” spectral endmembers. 

Recent work [5] has shown that using a linear 
combination of two of these spectral endmembers for 
the model surface reflectance can recover ice cloud 
optical depths that are reasonable in both value and 
mapped location. 

This Work:  Since it has been shown in previous 
work [5–6] that the PCA eigenvectors have strong con-
sistency over diurnal, seasonal, and interannual time-
scales, it is surmised that a single set of intrinsic spec-
tral endmembers can be recovered.  I will present some 
first attempts at defining this singular set of endmem-
ber spectra. 
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