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Dust devils are particle-loaded vertical convective 

vortices commonly observed on Earth and especially 

Mars. Qualitative estimates of terrestrial dust devil 

frequency based upon visual field surveys have varied 

by several orders of magnitude [1]. We present the 

results of our quantitative characterization of the size-

frequency distribution (SFD) of terrestrial dust devils, 

which utilizes stereo photography to calculate dust 

devil diameters via parallax displacement (Figure 1). 

Altogether, we were able to successfully stereo photo-

graph approximately 40% of the more than 1000 dust 

devils that we observed within the study areas during 

the field campaigns in Eloy, Arizona and Eldorado 

Valley, Nevada.  

Figure 2A shows our quantitative parallax-derived 

dust devil diameter measurements. The best exponen-

tial fit (dashed green line) is significantly better than 

the  best power law fit (red line), which clearly does 

not apply at D < 20 m (though note that exponential fit 

is not very good at highest D). Interestingly, Martian 

dust devil SFDs that are best fit by power laws—such 

as the Gusev SFD shown in Figure 2B—also tail off at 

D ~ 20 m [1]. Is this evidence of a common power law 

threshold diameter on both the Earth and Mars? 

Additionally, we show that that instantaneous dust 

devil translational velocity correlates well with instan-

taneous local ambient wind velocity [3]: we found that 

dust devil horizontal speed is about 1.2 times the ambi-

ent 10 m height wind speed (Figure 3). This suggests 

that dust devil velocities can be used on Mars as proxy 

measurements for local wind speed, thereby providing 

an important tool for testing mesoscale climate models. 

References: [1] Lorenz (2011) Icarus, 215, 381-

390. [2] Pathare et al. (2010) Icarus, 209, 851-853.  

[3] Balme et al. (2008) Icarus, 221, 632-645. 
 

 

 
 

Figure 1 (from [3]): Diagram showing the image processing pipeline required to obtain size/position measurements 

of dust devils. In the first step, multiple photographs of the same dust devil are plotted against the background pano-

rama, for both Spotter A (top) and B (bottom). The angular size and azimuth from each spotter are converted into 

position and diameter measurements and displayed on a map of the study area (center). From this map, velocity 

measurements can be extracted, knowing the time each image was taken. 
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Figure 2: (A) Quantitative size-frequency distribution (SFD). Parallax-measured “true” diameters ob-

tained for 243 of 508 surveyed dust devils. Following [1], SFD data presented (like craters) on log-log 

plots in differential sqrt(2) bins. Solid red line indicates best power law fit (n = -2); dashed green line rep-

resents best exponential fit (for a decay parameter of DP = 7.3 m). (B) Taken from [1]. Normalized 

binned data for dust devils observed in Gusev Crater rescaled to constant ratio size. Solid line indicates 

best power law fit; dashed line represents best exponential fit. 
 

 

          
 

 

Figure 3 (from [3]): Time averaged dust devil ground speed plotted against ambient wind speed. 

(a) Shows both dust devil ground speed and 10 m height ambient wind speed averaged over three 2-hour 

periods per day. Diamonds represent data for the 10:00–12:00 period, squares for 12:00–14:00 and trian-

gles 14:00–16:00. Filled symbols are for Eloy, unfilled for Eldorado Valley. Horizontal error bars repre-

sent the standard deviation of the ambient wind speed data. Vertical error bars represent the average per-

centile error on the ground speed from those dust devil tracks within that time period. Note that the outli-

er data point, top-right, is excluded from the best-fit. (b) Shows the same data but averaged over a whole 

day (10:00–16:00). Blue symbols are for Eloy, red for Eldorado Valley. In both plots, the dashed line 

shows the 1:1 ratio between dust devil ground speed and ambient wind speed for comparison. 
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