
A NEW FIELD STUDY OF TERRESTRIAL DUST DEVILS WITH APPLICATION TO MARS: USING A 
STEREO-CAMERA SURVEY AND GIS TO CALCULATE THE SIZE-FREQUENCY DISTRIBUTION 
OF DUST DEVILS IN THE SOUTHWEST USA.  M. R. Balme1,2, S.M. Metzger1, A. Pathare1, N. Renno3 F. 
Saca3, A. Spiga4, M.C. Towner5. 1Planetary Science Institute, Tucson, AZ, USA (mbalme@psi.edu). 2Dept. of Earth 
and Environmental Sciences, The Open University, Milton Keynes, UK, 3Dept. of Atmospheric, Oceanic & Space 
Sciences, University of Michigan, Ann Arbor, MI, USA. 4Dept. of Physics and Astronomy, The Open University, 
Milton Keynes, UK. 5 Dept of Earth Science and Engineering, Imperial College London, UK. 

 
 
Introduction:  Dust devils (e.g., Fig. 1), convec-

tive vortices made visible by the dust and debris they 
entrain [1], are most common in arid environments, 
where insolation causes strong vertical temperature 
gradients. Dust devils are common on Mars [2] and are 
thought to play an important role in the martian cli-
mate by supplying the dust that maintains the persis-
tent atmospheric “haze” [3]. Martian dust devils have 
been observed from surface landers [e.g. 4,5,6] and 
from orbit [2,7] but few in-situ measurements of wind 
speed, pressure, dust load etc. have been made. Our 
knowledge of martian dust devils has thus been mostly 
derived from analogue field studies, laboratory simula-
tions, and theoretical models.  

Aim: The aim of this work is to test existing mod-
els and assumptions about dust devils. The end goal is 
to derive a simple parameterisation of dust devil “in-
tensity” as a function of ambient meteorology and that 
can be used as a module in a martian global or 
mesoscale climate model. Specific sub-goals include: 
1) to test whether the intensity of dust devils is linked 
to ambient conditions such as sensible surface heat 
flux and convective boundary layer height [e.g. 8],  2) 
to determine whether ambient vertical vorticity con-
trols dust devil size [e.g. 9],  3) to measure dust flux 
within dust devils and to explore the relationships be-
tween ambient meteorology conditions, dust devil in-
tensity, and dust flux.  

Methodology: We have begun a series of field 
studies of terrestrial dust devils. While there have been 
many previous studies of dust devils in the field [e.g. 
10,11,12], here we combine a survey approach (in 
which size and number of dust devils are measured 
within a well-defined study area) with detailed mete-
orological measurements performed at three locations 
within the local study area, and with in-situ sampling 
of dust devils performed using a mobile, instrumented 
“chase vehicle.” The combination of methods allows 
size, intensity and dustiness of the individual dust 
devil to be accurately determined while local meteoro-
logical conditions are simultaneously monitored. 

Study sites and instrumentation: We have used 
two study sites in the southwest USA: Eloy, south of 
Pheonix in Arizona, and Eldorado Valley, south of Las 
Vegas in Nevada. Both have been well-characterised 

as dust devil sampling sites in past studies [12,13]. At 
each study site, a triangle of 10 m-tall meteorology 
towers, each separated by about 500 m, was set within 
the delimited ~ 0.5 to 1 km2 study areas. Two of the 
towers supported standard meteorology instruments 
(profiling wind speed, wind direction, pressure, tem-
perature) but the third also included a 3D sonic ane-
mometer instrument that can be used to measure heat 
flux. The use of three towers allows vertical vorticity 
at the kilometre scale to be measured [14].  

The chase vehicle included a 5 m-tall, front 
mounted meteorology mast that supports high and low 
3-axis anemometers, pressure sensors and dust-load 
instruments. The mast can be raised to allow rapid 
deployment of the vehicle into the path of oncoming 
dust devils and then dropped to allow measurements to 
be made very close to the surface.  

 

 
Figure 1. Example of a large dust devil in Eldorado 
Valley from the 2009 field season. Note Pickup truck 
with “spotter” stood in the bed to the left of the dust 
devil. This dust devil persisted for tens of minutes and 
was sampled by the chase vehicle multiple times. 

 
The survey instrumentation comprises two tripod-

mounted, weatherproof digital cameras set ~100m 
apart near the centre of the study area. Any dust devils 
within the study area were photographed simultane-
ously by camera operators who were in contact via 
radio. Where possible, multiple photographs were 
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taken of each dust devil to allow its  evolution and 
path to be documented. All dust devils within the site 
were also given an estimated “size/duration/dustiness” 
rating by a third spotter who was positioned on the bed 
of a pickup truck at the centre of the study area. Thus 
even if small dust devils occurred that existed too 
fleetingly to be photographed, they were still recorded. 

Stereo Survey Method: The positions of both sur-
vey tripods were measured to ~ 0.5 m precision using 
GPS.  In addition, a full 360o panorama was generated 
from each survey position, corrected for lens distor-
tion, and then ingested into a GIS. The photographs of 
dust devils were then also incorporated into the GIS 
and aligned against the background panorama. The 
width and centre points of each dust devil were then 
digitised and its bearings and angular width outputted 
from the GIS, together with the time it was photo-
graphed (Fig. 2). Finally, using simple geometry, the 
position and width of each dust devil was calculated, 
converted into UTM coordinates and presented in a 
map-projected format. An example is shown in Fig. 3. 

 

 
Fig. 2. Example of GIS output. The enhanced colour 
dust devil photograph is overlain on the 360o pano-
rama above. The width of the dust devil is shown by 
the red arrow, below. The white tick-marks represent a 
1-degree grid. We estimate that this method allows the 
position of the dust devil to be determined to an accu-
racy of about 0.25o. 
 

Results: Preliminary results show that the method 
is robust and that reliable data for size and position of 
dust devils can be extracted. Fig. 3 shows the path of 
an example dust devil in the Eldorado Valley field site. 
Altogether, several hundred dust devils were surveyed, 
using both stereo measurements and human estimates 
of size. We will use the stereo data to compare dust 
devil size with ambient vorticity and to check the accu-
racy of the human-estimated observational survey data. 
These results will help provide reliable size-frequency 
statistics for terrestrial dust devils – the inadequacy of 
current data having recently been highlighted [15] – 
and feed into future Mars parameterisations. 
 

 
Fig. 3. Example map results from stereo survey show-
ing position of camera spotters, meteorology masts 
and study area outline (solid line), all overlain on a 
“Google-Earth” image. The circles represent the size 
and position of the dust devil shown in Fig. 2 as it 
moved from south to north. This was initially a very 
large (~ 50 m diameter) dust devil with a translational 
speed of about 2 ms-1. It shrank in diameter as it pro-
gressed. 
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