
The goal of this project is to understand the 
relationship between the timing and location 
leading to dust devil formation, their resulting 
physical characteristics, and the influence of 
atmospheric activity at the regional and local 
scales. In turn, such an understanding will 
hopefully enable use of surface dust devil images 
as indicator proxies of the lower atmosphere’s 
structure, especially the Planetary Boundary Layer 
(PBL).     If that relationship is reliably defined, 
years of archived Mars Landers’ surface images 
can be utilized to reconstruct atmospheric 
conditions in the lower Martian atmosphere. 
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The field site is presented here as an effective analog for common Martian 
topographic features, especially crater and canyon floors. Smith Creek Playa is 
a high desert basin (1845m) west of Austin Nevada in the state’s center.  
Surrounding ranges rise to 2954m. Wind is usually from the southwest. The 
main playa surface extends 6 x 12 km. Approximately a third of the playa was 
covered with a shallow ephemeral lake along which dust devils actively formed 
and passed. Consistent with our prior fieldwork, brief intense downpours and 
nearby ponded water did not suppress dust devil formation.  
The perimeter alluvial plain basin exhibits low relief and  
is covered by <1m bushes and sparse grasses. A nestled  
series of stranded recessional shorelines provide  
arcuate minor relief (1-4m) on the northern bounds  
of the playa (perhaps aerodynamically similar to  
degraded crater rims).  
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Playa soil is composed of a highly consistent, angular well-
sorted coarse silt (0.04mm) and clay, nearly devoid of larger 
grains except the occasional rounded, frosted quartz fine sand 
(0.2mm), probably the result of aeolian saltation across the dry 
lake bed. Anecdotally even during the dust storms sediment in 
our mouths didn’t seem gritty but rather powdery. 

Diurnal heat flux was measured by a soil heat flux plate (placed at a depth 
of 16 cm). For reference, the ground temperature is also shown, along with 
the shortwave flux absorbed by the ground, and the turbulent heat flux. 
Shaded periods correspond with nighttime. The ground heat flux (GHF) was 
calculated as the sum of the soil heat flux and the heat storage in the soil 
above it, accounting for the measured volumetric water content (vwc). 
During the night, the GHF was positive (upward) as the ground radiated its 
accumulated heat. In the morning, as the sun warmed the surface, the GHF 
flipped as the soil began to absorb heat from insolation. In late afternoon, 
the GHF became positive again as the solar influx waned and turbulence 
mixed heat from the surface to the atmosphere. Because of nearby spring 
runoff, the vwc was rather high (~0.5 m3/m3), contributing to a high GHF 
diurnal amplitude (similar calculations with dry soil reduced the amplitude 
by ~2.5x). The resulting thermal inertia of ~3000 J m-2 K-1 s-0.5 was 
correspondingly high (following the methods of Bennett et al. 2008 and 
Wang et al. 2010); not accounting for vwc, the dry, compact playa surface 
would have had a thermal inertia of ~1100 J m-2 K-1 s-0.5. 

Playa Albedo: The meteorology tower was installed on 
this uniform material. Using a Kipp and Zonen 
pyranometer, initial analysis indicates playa albedo to be 
0.36 to 0.40 (rain showers had influence). Calculating the 
albedo involves flipping the pyranometer so that for a 
time it measures broadband sunlight (0.3-2.8 μm) 
reflected from the surface (SWout), rather than that 
directly incoming from the sun (SWin). The albedo is  
simply the ratio of SWout/SWin. During the time  
the pyranometer is flipped, it’s not measuring  
SWin, so this value must be interpolated  
from measurements before and after  
the pyranometer was flipped. Results  
suggest a late morning “flipping time”  
is optimal. 
 

Dust ripples downwind of the 
truck “roughness element” 

Dust Storm: June 13 developed after an 
uncommon number of dust devils. 
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