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Introduction:  The Lunar Orbital Laser Altimeter 

(LOLA) began collecting data in late June, 2009, after 
the successful entry into orbit of the Lunar Reconnais-
sance Orbiter (LRO) [1].  With a ground track configu-
ration consisting of five illuminated spots on the sur-
face arranged in a cross pattern, LOLA allows for de-
termination of slopes at multiple baselines, both within 
each laser shot and between successive shots, as well 
as the calculation of the direction and magnitude of 
steepest slope at the ~50-meter scale [1].  The high 
vertical accuracy and high density of LOLA measure-
ments (~56-meter along-track spacing) permit a quanti-
tative morphologic characterization of the lunar sur-
face relevant to current and past surface processes, as 
well as to future lunar landing site selection. 

Data Analysis:  Approximately 1,100 LOLA 
tracks from the commissioning and mapping phases of 
the mission were used to calculate point-to-point 
along-track slopes at 50 baselines ranging from ~56 
meters (one shot spacing apart) to ~2.7 km (50 shot 
spacing’s apart).  The RMS slope and Hurst exponent 
were calculated in 1-degree (~30 km) overlapping 

windows whose centers were spaced 0.5 degrees apart.  
Regions sampled include nearly all of the lunar sur-
face, with better coverage in the southern hemisphere; 
coverage is particularly poor north of the 75°N parallel 
and between 235° and 270° longitude in the north. 

Given a one-dimensional topographic profile, the 
Hurst exponent is approximated as the slope of a line 
fitting the distribution of log υ(Δx) vs. log Δx, where 
υ(Δx) is the RMS deviation (the difference in elevation 
between two points) and Δx is the baseline (the dis-
tance between the same two points) [2,3].  To investi-
gate the variation of small-scale features with respect 
to general trends over a specific scale of interest [4], 
the profiles were detrended by subtracting the slope at 
the appropriate baseline and recalculating the Hurst 
exponent.  Scales considered include the width of the 
window (~30 km) and the longest baseline considered 
in the slope calculations (~2.7 km). 

Observations:  A map of the Hurst exponent over 
the baseline range from ~56 meters to ~2.7 km is 
shown in Figure 1.  The deviation profiles were de-
trended over the width of the window.  Most of the 

Figure 1.  Map of the Hurst exponent for all regions sampled.  Deviation profiles have been 
detrended over the window size (~30 km). 
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surface is characterized by high Hurst exponent, with a 
median value of 0.89 and a standard deviation of 0.15.  
Some regions, however, have significantly lower Hurst 
exponent (H < 0.6). 

Analysis of the shapes of deviation profiles used in 
this calculation shows that some profiles are well char-
acterized by a single Hurst exponent, while others tran-
sition into a new topographic scaling regime at a 
breakover baseline.   Simultaneously fitting two lines 
to each profile yields the location of the breakover 
point, as well as the Hurst exponent at short and long 
baselines.  The location of the breakover point is fairly 
consistent over the entire lunar surface, with a strong 
peak centered on 1.1 km (Fig. 2).  Breakover points 
below 500 m are poorly constrained and generally in-
dicate regions on the surface that are not well charac-
terized by one or two linear trends.  Many of these 
profiles are complex, with multiple changes in slope 
(Hurst exponent). 

Comparison with geologic units.  The Hurst expo-
nent correlates well with some geologic and topog-
raphic features on the surface.  In particular, the lunar 
maria are well characterized by low Hurst exponents, 
as are several basin and terra units.  Using the Hurst 
exponent, the location of the breakover point, and the 
magnitude of the RMS slope at a particular baseline as 
criteria for sorting each surface patch into roughness 
units allows for a quantitative characterization of the 
surface.  Thus far, the slope statistics of the mare ba-
salts and the basin and terra materials indicate that they 
are good candidates for such roughness units. 

The highest Hurst exponents are found in crater 
walls and other small massifs, and these often ap-
proach 1.  Hurst exponents of ~1 are indicative of 
nearly self-similar terrain, unusual in natural topog-
raphic surfaces [3].  The high values may be explained 
by the fact that crater walls of spatial extent less than 
or equal to 2.7 km are characterized primarily by a 
single slope over all baselines considered here.  If this 
is the case, then detrending the deviation profiles over 
2.7 km to examine roughness with respect to the crater 
wall slope is expected to result in a substantially dif-
ferent Hurst exponent. 

Effects of detrending.  Detrending the topography 
involves subtracting the slope at a particular scale from 
the slopes at all other scales.  Because slopes tend to be 
lower at long baselines than short baselines, this por-
tion of the deviation profile is more affected by the 
subtraction, and the Hurst exponent in general be-
comes smaller [4]. 

As a whole, the deviation profiles are not strongly 
influenced by detrending over the width of the window 
(~30 km) because slopes at this scale are small.  At 
scales much smaller than the window size, however, 

detrending significantly affects the Hurst exponent 
distribution.  Subtracting the 2.7-km slopes from 
slopes at all lower baselines results in a median Hurst 
exponent of 0.78 for the regions sampled, with a stan-
dard deviation of 0.12. 

The crater walls and massifs with high Hurst expo-
nent in Figure 1 have much lower values in the de-
trended data (H~0.8), and no longer stand out from 
surrounding terrain. In addition, many of the terra and 
basin units with low initial Hurst exponent are indis-
tinguishable from their surroundings in the detrended 
data, although the maria persist in having low Hurst 
exponent. 

Conclusions:  Topography is the expression of 
multiple processes acting on a surface; measuring sur-
face slopes and their properties therefore provides a 
quantitative method for characterizing terrain that can 
provide insight into the morphologic history of the 
Moon.  For the baseline range from ~56 m to ~2.7 km 
we find that the Hurst exponent is high (≥ 0.9) across 
much of the surface, particularly in the walls of craters 
and massifs, but lower (< 0.6) in distinct areas that 
correlate well with known geologic features. Most de-
viation profiles break over and transition to a new 
Hurst exponent around 1.1 km baseline, suggesting a 
transition between surface processes acting at different 
scales.  In addition, detrending the topography at the 
2.7-km scale brings the median Hurst exponent down 
to 0.78 for small-scale roughness. 
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Figure 2.  Area-normalized histogram of the break-
over point.  The distribution peaks at 1.1 km. 
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