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Introduction: Using the method of calculating fractal 
statistics described in detail by [1], we develop two-
dimensional maps of the Hurst exponent of Martian 
analog flows in Hawaii to understand the effects of limited 
resolution topographic and imaging data on the 
interpretation of volcanic features on the surface of Mars. 
Extensive topographic coverage of volcanic terrains on the 
Big Island of Hawaii at varying resolutions provides an 
ideal location for simulating potential future higher 
resolution Martian topography data. In addition, we are 
able to ground-truth our observations due to the 
accessibility of the location. This work presents the initial 
interpretations made using the Hurst exponent maps 
developed for the different data resolutions. 

Background: The topography of planetary surfaces is 
often described as self-affine in terms of the statistical 
measures obtained from the analysis of scale-dependent 
roughness characteristics [e.g. 1-3]. Previous published 
work on terrestrial and Martian topography datasets has 
demonstrated that statistical values such as the Hurst 
exponent can be used in conjunction with other statistical 
measures such as RMS slope to understand the 
relationship between the scale-dependent roughness 
characteristics and the morphology of the surface [4-6]. 
Currently, studies of Martian roughness are limited by the 
resolution of the Mars Orbiter Laser Altimeter (MOLA) 
dataset [4-6], but current and future missions (HRSC on 
Mars Express, HiRISE on Mars Reconnaissance Orbiter) 
will provide higher resolution topography data from stereo 
image pairs. The new, higher resolution data may provide 
additional information about the character of the surfaces 
investigated. This study anticipates these datasets, and will 
help define the appropriate length scales for identification 
of surface properties.  

Data: The available terrestrial data range from meter-
scale Light Detection and Ranging (LIDAR) data to 
Shuttle Radar Topography Mission (SRTM) data at a 30-
meter scale, while the MOLA data is at ~465 meter scale. 
The vertical resolution of the datasets is ~2 cm for 
LIDAR, ~16 m for SRTM and ~30 cm for MOLA. All 
data used in our analysis are evenly spaced digital 
elevation models (DEMs). The LIDAR data cover an area 
~7.7 km by 4.9 km on the summit of Kilauea volcano on 
the Big Island of Hawaii, while the SRTM data cover the 
entire Big Island.  

Methods: Following [1], we define surface roughness 
as the topographic expression of the surface at horizontal 
scales from sub-meter to hundreds of meters. The 
definition of the RMS deviation, also referred to as the 
Allan deviation, is 
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where n is the number of samples, z is the elevation, and 
Δx is the step size. The Allan deviation of self-affine 
surfaces scales with the distance between samples along a 
one-dimensional profile (Δx): 
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where H is the Hurst exponent (0> H >1), a constant over 
a given range of horizontal scales. The Allan deviation 
and step size are plotted against one another on a graph 
called a deviogram (Fig. 1). The slope of the line is the 
Hurst exponent. 

We have expanded this approach for two-dimensional 
DEMs by identifying all possible offsets of a given length 
scale for cells within the dataset, using them to derive a 
deviogram and Hurst exponent for each cell. We then map 
them as an image, providing a quantitative 2-D view of 
roughness on the surface (Fig. 2b). In order to obtain 
enough points for robust calculation of the deviogram, the 
Hurst exponent is only determined for scales up to one 
tenth of the cell size [1]. We then classify each cell on the 
basis of its deviogram, avoiding the assumption of 
linearity inherent in calculating a Hurst exponent, 
resulting in a map identifying areas with similar Allan 

Figure 1. Deviogram showing average Allan deviation for 
different classified surfaces in LIDAR data. Color of line 
represents color as mapped in Fig. 2c.  
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deviations (Fig. 2c). In the map, individual cells are color-
coded based on the average deviation for each classified 
surface (Fig. 1). 

Results: Our results are generally consistent with 
those presented by [4] and [6].  

MOLA: The MOLA data were run using cell sizes of 
0.5º x 0.5º (64 km x 64 km) and 0.25º x 0.25º (32 km x 32 
km). A benefit of our decision to use the 1/128º DEM is 
that we are able to build upon the map of the Hurst 
exponent previously presented by [6] by calculating H in 
two dimensions (Fig. 3). Due to the sheer size of the 
dataset, we calculated H separately over the northern 
hemisphere and southern hemisphere. The mean H of the 
northern hemisphere is ~0.81, while the southern 
hemisphere is ~0.87. Our value is higher than the 0.7 
calculated by [6]. As noted by several previous studies, the 
resolution of the MOLA data is far too coarse to resolve 
lava flow textures (pahoehoe vs. aa), or variations between 

different types of volcanic deposit (lava vs. tephra).  
SRTM: The SRTM data were run using cell sizes of 

900 and 1500 meters. The volcanoes appear as regions 
with higher Hurst exponents than the saddles between 
edifices. At this resolution, we are still unable to 
confidently identify variations in volcanic terrains. 

LIDAR: The LIDAR data were run using cell sizes of 
30, 50 and 100 meters. At this resolution, we begin to see 
what may be identified as differences in the surface 
features (Fig. 2c). The method clearly identifies the flow 
we see going from the pit crater in the center of the image 
toward the southeast, even though it is in a forested area, 
illustrating the sensitivity of the technique to flow texture. 

Conclusions: We find that the minimum spatial 
resolution needed to begin to detect different volcanic 
surface textures is at the LIDAR resolution, ~50 m, 
consistent with [3]. We plan to further test our technique 
by analyzing new LIDAR data covering Mauna Iki, a 
satellite shield on the southwest rift zone of Kilauea 
characterized by variations in flow texture and 
morphology, and attempting to identify and assess 
multiple emplacement processes. 
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Figure 3. (a) Map of Hurst exponent calculated over 
entire surface of Mars in 32 km x 32 km cells. (b) 
Hurst exponent map calculated by [6] for comparison. 

Figure 2. (a) Shaded relief DEM of Kilauea summit caldera. 
North is to the top. (b) Hurst exponent map. Cell size is 30 
m. (c) Classification map. See Fig. 1 for guide to classes. See 
text for discussion of technique. 
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