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Introduction:  Planetary surface roughness can be 

used for the identification of different terrain types; 
aerodynamic surface roughness estimates for better 
modelling of dust storm and dust devil initiation; radar 
backscatter return interpretation for sub-surface map-
ping at low frequencies and is critical in the selection 
of suitable landing sites for robotic lander or roving 
missions [1].  One of the secondary science goals of 
the Mars Orbiter Laser Altimeter (MOLA) was to 
study surface roughness at 100 m scales, which has a 
footprint of 168 m in diameter, using the backscatter 
pulse width of the laser pulse [2].  Once instrumental 
effects and surface slope corrections have been made 
to the backscatter pulse width, it should be possible to 
estimate the surface roughness within the footprint of 
the laser pulse.  Slope corrections to the pulse width 
values in the final release (version L) of the MOLA 
Precision Experimental Data Record (PEDR) have 
been made using a minimum estimate for slope, calcu-
lated using elevation data at one pulse ahead and one 
behind in the along-track direction.  This dataset has 
since been corrected for across track slopes using the 
MOLA gridded dataset and has had so called ‘bad 
points’ removed [3]. The footprint was subsequently 
revised to 75 m diameter, with a 35 m response length.  
We look here at comparing surface roughness values 
derived from the MOLA pulse-width data with surface 
roughness estimates derived at various scales from 
high-resolution digital terrain models (DTMs) to de-
termine if these theoretically derived surface roughness 
lengths have any physically meaning. 

Method:  The final four contenders for the landing 
site for Mars Science Laboratory were used in this 
study, as they have extensive HiRISE (1m) and HRSC 
(50m) DTM coverage [4].  Pulse-width data from the 
MOLA PEDR (version L) and the data used in [3] 
were collected over each of these sites, and compared 
against surface roughness estimates at various scales 
from DTMs using the RMS height, ζ, shown as:   

 , (1) 
where n is the number of points, z(xi) is the elevation at 
point i, ! is the mean elevation within the calculation 
window.  The surface roughness was calculated at 10, 
20, 35, 50, 70, 100, 150, 200 and 300 m diameters.  
This was repeated using HRSC DTMs, using the same 
MOLA data as previous. This assumed a circular foot-

print for each MOLA footprint and that the horizontal 
geolocation of the PEDR MOLA footprints was suffi-
ciently accurate to only extract those DTM points 
which lay inside the footprints.  Results were plotted 
against the MOLA pulse width values to determine at 
which scale the pulse-width data best responded.  

Results:  Initially, former landing sites were stud-
ied as part of this project.  Results from the MOLA 
PEDR data were extremely poor, and showed no corre-
lation with surface roughness measurements from 
DTMs. However, due to the lack of MOLA pulses in 
the corrected data used in [3], the study was reduced to 
the those sites mentioned above.  Results using the 
corrected data in [3] were mixed, shown in Fig 2.  
Eberswalde and Holden Craters both show significant-
ly improved correlations for a variety of surface 
roughness scales.  The best correlations were found to 
be at surface roughness scales of about 150 m diame-
ter.  Results from Gale Crater showed poorer correla-
tions, the best correlation being at 300 m, and Mawrth 
Vallis showed very poor correlations at all scales.   

standard deviation data from a HiRISE DTM, when the nominal divergence angle was 33µm [Kim and
Muller, 2008].

This study proposes to use the recorded pulse-width data, as this has good global coverage, available
at better resolution than the corrected data. We propose to calibrate the recorded MOLA pulse-width data,
with actual surface roughness measurements from high and very-high resolution DTMs.

2.2.2 Surface roughness from digital terrain models

Surface roughness is typically derived from digital elevation/terrain models, however there is no scientific
standard defining it [Shepard et al., 2001]. Instead, methods vary between preference, and data source.
All methods have advantages and disadvantages, with some revealing information that another does not.
Methods using surface elevation and surface slope are discussed here.

The root-mean-square (RMS) distribution,x, is the simplest and most commonly used roughness para-
meter, it is the standard deviation about the mean elevation within the window, or profile, of measurement,
and is given by:
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where n is the number of points sampled, z(xi) is the elevation at point xi, and z̄ is the mean of z of all the
sample points within the window or profile. The surface roughness at a point at the centre of this profile, or
plane, xc, which is calculated as:

xc = xi +
Dx
2
. (6)

The length of this profile, Dx, is known as the baseline length.3

The RMS deviation of elevation, n(Dx), is the RMS difference in elevation between points separated by
Dx, and is given by:
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The relationship between RMS deviation and RMS elevation is as follows:

n

2 (Dx) = [2�C (Dx)]x2, (8)

where C is the autocorrelation length (see section: 2.2.5).
Surface roughness can also be measured from surface slope, where it is commonly reported in degrees

(by q = tan�1(se f f )). The commonly applied methods discussed below instead use slope to calculate rough-
ness, but effectively use elevation data as their primary data source.

The RMS slope, srms, of a profile is represented as:
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Like the RMS deviation, the RMS slope is also dependent on the step size, Dx. This roughness method can
sometimes considered to be a poor representation of surface roughness, as outlying points, or a long-tailed

3Example: MOLA x along a profile (assuming 300 m spacing). If the baseline length is set to 1.8 km, then this includes 7 points
(and associated z values), for which the x value will apply to the central point, with the calculation including 3 z values either side.
z̄ will be the average values for all the value in this profile, n will be equal to 7, and z(xi) is the z value for each point.
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Figure 1. Eberswalde Crater project view.  MOLA 
pulse locations from the corrected dataset are shown 
in yellow.  HiRISE (red boxes) and HRSC DTMs and 
orthoimages are shown, rainbow colour LUT with red 
color is -400 m elevation and blue color is -1590 m.  
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As the best correlations were found at scales larger 
than the grid resolution of HRSC DTMs, we looked at 
trying to establish whether MOLA pulse width data is 
better correlated with this dataset.  Gale Crater showed 
a slight improvement in correlation, with a best-fit 
scale at 200 m; other results were poorer.  Results from 
Eberswalde Crater showed a slight decline in correla-
tion, but Holden Crater and Mawrth Vallis showed no 
correlation at any of the scales measured. 

As pulse width is strongly affected by surface 
slope, we checked the MOLA pulse width values 
against surface slope measured from HRSC DTMs.  
We also plotted the MOLA data against elevation val-
ues.  Surface slope at Eberswalde Crater and elevation 
at Gale Crater showed a weak correlation with MOLA 
pulse widths.  Surface slope at Gale Crater showed 
similar correlations with MOLA pulse widths, as was 
found with surface roughness measurements.  Other 
results showed no correlation. 

Conclusion:  It is clear that there need to be major 
slope corrections to the data, as well as the removal of 
many ‘bad points’ from the MOLA PEDR data before 
MOLA pulse width data can be used to predict surface 
roughness within a laser footprint.  Even with these 
corrections, it is clear that this method is not able to 

accurately determine surface roughness at the MOLA 
pulse locations for our given current models.  The var-
iation in correlation values between study sites also 
suggests that this method cannot be used alone, as we 
do not know whether that region shows good correla-
tion with surface roughness meaurements from DTMs, 
or, like Mawrth, there is no correlation.  Another key 
observation is that the scales this method appears to 
respond best to are far larger than what is needed for 
the selection of a specific landing sites.  It also calls 
into question previous global maps of surface rough-
ness produced using these models as proposed in [5] 
and [6], as this work indicates the maps do not reflect 
actual physical phenomena. 
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Figure 3.  Comparisons between corrected MOLA pulse width values from [3] and surface roughness measurements 
from HiRISE and HRSC DTMs.  Headers also show at which scale the best correlations were found. 
 

Figure 2.  Plots of corrected MOLA PEDR pulse width data and surface roughness measurements from the 
DTMs for Eberswalde and Gale Craters only.  Individual graph labels  show at which scale the best correlations 
are found. 
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Gale  Crater  from  HiRISE  (scale = 300 m)
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