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Introduction:  Methods traditionally used to estimate 
the relative height of surface features on Mars include: 
photoclinometry [1], shadow length [2] and stereogra-
phy [3]. The MOLA data set enables a more accurate 
assessment of the surface topography of Mars. How-
ever, many small-scale aeolian bedforms remain below 
the sample resolution of the MOLA data set. In re-
sponse to this a number of research teams have 
adopted and refined existing methods and applied them 
to high resolution (2-6 m/pixel) narrow angle MOC 
satellite images. Collectively, the methods provide data 
on a range of morphometric parameters (many not 
previously available for dunes on Mars). These include 
dune height, width, length, surface area, volume, lon-
gitudinal and cross profiles).  This data will facilitate a 
more accurate analysis of aeolian bedforms on Mars. 
In this paper we undertake a comparative analysis of 
methods used to determine the height of aeolian dunes 
and ripples.   

Methods: We sampled ripples, barchan and 
barchanoid dunes in Proctor Crater, Syrtis Major and 
Gorgonum (Figs. 1 -3). The following is a brief outline 
of the four methods used. 

Method A, Profiling Photoclinometry: Using point 
photoclinometry [4] accurate upper limits to surface 
slopes on the pixel scale can be made.  Taking a pro-
file of such surface slopes in the down-sun direction, a 
topographic profile can be created by finding the rela-
tive difference in elevation across each pixel.  This is 
done by multiplying the tangent of the slope by the 
image resolution divided by the cosine of the sub-solar 
azimuth.  This technique is ideal for martian conditions 
where the underlying albedo is relatively constant, and 
an accurate estimation of the brightness of a flat sur-
face can be made.  

Method B: Slip face length.  Dune height can be es-
timated from the length of the slip face[5]. Shadows 
cast by the dune accentuate the lee slope area and al-
low for a more accurate measurement. Dune and ripple 
height is estimated by converting slip face length, as-
suming an angle of repose of 33°[6]. The lee slope of 
ripples are more complex, composed of a short straight 
section near the crest at an angle of about 30-34°[7-9] 
followed by a longer concave section. We have used 
two lee slope angles to estimate ripple height: 30° and 
25°. MOC images are near nadir, so ortho-rectification 
is not needed before making length measurements. 
However care must still be taken to account for pixel 
geometry, which is part of image information provided 

on the web site listing for each image. Key assump-
tions in this process are: 1) the slip face is at the angle 
of repose, 2) the dune is on a relatively flat and level 
surface so that the outside margin represents a 0 con-
tour level, 3) the highest point of dune is at the brink.  

Method C, Stereography: Dune heights can be 
measured using overlapping MOC narrow angle im-
ages [10]. Images from the nominal mission were ac-
quired at near-nadir angles, whereas extended mission 
images are off-nadir. In areas where a pair of images 
has sufficient resolution, adequate angular separation, 
and the correct orientation, dune heights are calculated 
through several steps. First, both raw images are re-
sampled to the correct aspect ratio and to 1 m/pixel 
resolution. Transects are then drawn across each image 
parallel to the viewing direction where they cross dune 
crests and distinct features such as boulders or out-
crops. Along the transects, distances are measured 
between common points in each image (i.e., boulders, 
dune edges, and dune brinks). Those measurements are 
then projected at the viewing angles of the images, 
creating a rough topographic profile across the tran-
sect. The difference between the measured dune brink 
and the dune base gives a geometric measurement of 
the dune height. 

Method D: MOLA: In some situations the MOLA 
footprints may coincide with both the crest of the dune 
and the surrounding terrain. This is more likely for 
profiles over the larger dune masses in e.g. in Proctor 
Crater [11] or where there is higher resolution data e.g. 
in the North Polar Sand Sea [12]. It is less appropriate 
for small dunes as the shot spacing is ~300m and the 
MOLA footprint is ~100 m ellipse and therefore likely 
to represent data averaged over a sloping surface.  

Results: The results for the sample dunes and rip-
ples are presented in Tables 1 and 2.  
Dune 
No. 

Method 
 A 

Method 
B 

Method  
C 

Method D 

1 X 32€ 28€/37¤ X 
2 X 22 30 X 
2a X 25.4 No data 22 
3 X 224/152♦♦ 80♦ 85♦ 
4 X 170 90 X 
5 <100 69 No data X 

Table 1. Height estimates for dunes in Proctor crater and 
Syrtis Major (Dune 5). ♦Not at highest point on crest. 
€Sampled at highest point on slipface. ¤Sampled at highest 
point on dune. X Not suitable site for  method. ♦♦Estimated at 
MOLA footprint location. 
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The barchan dune results show good agreement be-
tween methods at some sites (e.g. Dune 1, 2, Methods 
B and C). Also, the height of Dune 2a estimated by 
Method B is close to that estimated by MOLA 
(Method D) and suggest that MOLA data is appropri-
ate for some dunes. The barchanoid ridges (3 and 4) 
gave a wide range of heights. There was difficulty in 
applying the methods to these dunes (unclear shadow, 
sample location not at highest inferred point etc.). 
More appropriate sites will be selected in future work.  

In general, the methods are in good agreement for 
estimating ripple height. This is, in part, related to the 
quality of the data set for each of the methods, i.e., the 
high spatial resolution, good albedo conditions and 
strong shadow definition.  

 
Ripple site Method A 

Max. (m) 
Method B 

Min-Max (m) 
Method C 
Min-Max 

(m) 
R1 (Proctor) 2-3 ¥3.2 - 7.8 

#2.7 - 6.5 
5.5-6 

Ri  2-3 ¥2.2 - 6 
#1.8 - 5 

2-6 

Rii  1-2 ¥2.2 
#1.8 

No data 

 
Table 2.Ripple heights in Proctor crater. For location see 
Fig. 3. ¥Assumes angle of repose on of 30°and  # 25°. 

 
Evaluation of methods: 
Methods A, B and C seem reasonable approaches 

for estimating ripple height. Methods B, C and poten-
tially D give acceptable estimates for barchan dunes 
(1, 2, 2a, 5). Method A has potential but the selected 
barchan dunes were not suited for this method. The 
barchanoid ridge sites (3, 4) were not suited for com-
paring the various methods. This is a very preliminary 
test of the methods and further work is planned. 

We have also compared volumetric estimations and 
profiles of dunes and will present those data at the 
conference.  
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Figure 1. Location of sample sites for ripples and dunes 

in Proctor Crater, MOC image M02-02711, 329.84W 
47.91°S, 2.77 m/pixel. Yellow line denotes sampling for 
Method A and B. Blue squares indicate approximate location 
of MOLA footprint. 

 
Figure 2. Location of sample sites for barchanoid ridges 

in Proctor Crater. Image ID same as Figure 1  

 
Figure 3. Location of sample sites for ripple survey 

close to crater rim near Gorgonum Chaos. MOC image M18-
01072, 169.30°W37.57°S, 2.79 m/pixel. 
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