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Introduction:  The Lunar Orbiter Laser Altimeter 
(LOLA) instrument [1] has operated continuously in 
the polar lunar mapping orbit of the LRO spacecraft 
for 1.5 years. Altimetric profiles may be assembled 
into digital elevation models as well as other types of 
terrain maps. We describe here map products that may 
be used to characterize surface topographic properties 
at scales of 3-100 m unattained by previous altimetry 
missions. Such maps will be useful for geological clas-
sification of impact features and for landed science.

Multibeam altimetry provides bidirectional esti-
mates of local slope by fitting a plane surface to a 
number (3<n<15) of altimetric points within a small 
(<120 m) region. For n>3 the standard deviation of fit 
may be estimated as the square root of the sum of the 
squared deviations divided by n-3, accounting for de-
grees of freedom. While resources do not permit wave-
form analysis of individual ~3-6 m diameter footprints, 
a combination of energy and threshold timing meas-
urements can be used to infer pulse spreading due to 
slope and roughness.  Here we also present results from 
a roughness analysis similar to that obtained from the 
MOLA instrument on Mars [2].

Data:  All data from the start of mapping (2009-09-
15) through year end 2010 in nadir observing mode are 
used, excluding data for which insufficient spots are 
returned within three 28-Hz shots or energy measure-
ments are below 0.15 fJ.

Model: A receiver model with parameters based on 
pre-flight calibrations, adjusted where necessary for in-
flight performance,  accounts for the detector respon-
sivity,  gain and threshold settings, and finite bandwith 
of the LOLA detector subsystem. Using a first-order 
model for the spreading of pulses reflected from 3-5 m 
diameter laser footprints over sloping terrain as in 
[2,3], we calculate the predicted time between rising 
and falling edges of each detected pulse, assuming no 
surface roughness,  using return energies as measured 
by an integrator circuit.

Results: Histograms of traverse-scale roughness 
(Fig. 1a) show approximate lognormal distribution.  
Slope magnitudes (1b) are anywhere from near-level to 
angle of repose,  and disperse photon return times. Re-
sidual pulsewidth after slope correction is again log-
normal although poorly resolved. Variations in detector 
response as well as photon noise may cause the pulse-
width anomaly in some cases to be negative.
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doi:10.1029/2010GL043751. [2] Neumann, G.A. et al. 

(2003) GRL, 30(11),1561,  doi:10.10292003GL017048. 
[3] Gardner, C.  S. (1992) Trans.  Geosci. Remote Sens., 
30, 1061–1072.

Additional Information:  The current release of 
LOLA data are in the PDS Geosciences Node database 
(http://ode.rsl.wustl.edu/moon/). Newer products are  
at the LOLAdata node (http://imbrium.mit.edu).

Figure 1:  Histograms of the three terrain indica-
tors. A square-root frequency scale emphasizes the 
extended tails of each distribution. a) Height standard 
deviation “sigma-z” from a planar fit spanning 3 laser 
pulses (~100 m). b) Slope in degrees from planar fit. c) 
Pulsewidth at detector threshold minus the pulsewidth 
predicted from the combined effects of slope as in b) 
and system response, scaled to RMS roughness (m).
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Figure 2:  Mercator projection of pulsewidth 
anomaly. Scale shows approximate RMS roughness in 
meters after removing system response and slope ef-
fects from a receiver model. Colors represent median 
values averaged over 1-km-square pixels. Mare regions 
are typically smoother, while highland material, crater 
rims and the interior of younger impact craters,  and the 

Orientale ejecta rays are typically rougher at the 3-5 m 
scale of LOLA laser footprints. The resolution of the 
figure has been reduced to accomodate publication 
restrictions. Similar figures derived from the data in 
Fig. 1a and b show additional terrain characteristics, as 
discussed in Smith et al. (this meeting).
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