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Introduction:  On Mars, dust devils are frequently 

observed with orbital image data (e.g., 1–5). Terrestrial 
dust devils have not yet been observed directly in satellite 
imagery. Here we report about the first terrestrial dust 
devil observations with visible and thermal satellite data 
on an alluvial fan in the Taklimakan desert (Fig. 1A). 
Dust devils were first recognized in high resolution visi-
ble image data (Fig. 1B) using Google Earth. Further in-
spection of medium resolution image data (Aster and 
Landsat 7 and 8) revealed that dust devils in this area are 
numerous and large (Fig. 2). 

 

 
Fig. 1. (A) Alluvial fan at the southern border of the Taklimakan 
desert (China) at 37.4°N and 84.3°E. White outline shows the study 
area. Landsat 8 RGB image. (B) High resolution DigitalGlobe image 
accessed through Google Earth showing 4 dust devils (white arrows) 
with diameters from left to right of about 15, 30, 75, and 20 m. Also 
note some faint dark dust devil tracks. 
 

In this study, dust devils were analyzed in visible Landsat 
8 image data to constrain their seasonal and size-
frequency  distribution and density. We compared the 
results with dust devil seasonal distributions and densities 
from Amazonis Planitia (Mars) which is known as the 

region on Mars with the perhaps highest dust devil densi-
ty [e.g., 2, 5–7]. In addition, several larger terrestrial dust 
devils are resolved in thermal Landsat 8 images. Bright-
ness temperatures of these dust devils were compared 
with dust devil brightness temperatures in Amazonis 
Planitia obtained from the Thermal Emission Imaging 
System – Infrared (THEMIS-IR). 
 

 
Fig. 2. (A) Landsat 8 image from 2013-05-31 showing several active 
dust devils and dark dust devil tracks . (B) Detail of Landsat 8 im-
age (same region as in A) from 2013-09-04 showing several active 
dust devils and bright dust devil tracks. Note: Not all bright linea-
tions are bright dust devil tracks, some are car tracks. 
 

Data and Methods:  Landsat 8 panchromatic (0.50 - 
0.68 µm) image data with a spatial resolution of 15 m/pxl 
acquired from April 2013 to March 2014 were analyzed. 
In total, 40 images cover the whole or large parts of the 
study area (~1900 or 1500 km², respectively). Image data 
was classified due to cloud coverage, dust haze and con-
trast into four quality classes (1 = high to 4 = unusable). 
11 images were unusable. The number and diameter of 
dust devils were measured in each Landsat scene. Bright-
ness temperatures were derived using standard procedures 
from Landsat Thermal Infrared data (11.50 - 12.50 µm) 
with a spatial resolution of 100 m/pxl. For comparison of 
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these results with Mars, THEMIS-VIS (0.654 µm) and IR 
(12.57 µm) data with spatial resolutions of 19 m/pxl and 
100 m/pxl, respectively, were used. 

Results:  In total, 694 dust devils in 29 Landsat 8 im-
ages were identified and measured. 

Seasonal distribution and density.  Dust devils oc-
cured between mid March until end of September (Fig. 
3A). Dust devil activity during spring and summer is pri-
marly expected due to their formation caused by heating 
of near-surface air by insolation. In Amazonis Planitia on 
Mars, dust devils are also predominantly active during 
spring and summer [2, 6, 7] (Fig. 3B). More surprisingly 
is the high terrestrial dust devil density with around 30–
40 (max. 100) dust devils per km² × 10³ in comparison to 
Amazonis Planitia which is around 6–8 (max. 13) dust 
devils per km² × 10³ (Fig. 3). The Landsat 8 images are 
acquired around 10:00 local time, whereas the Amazonis 
Planitia analysis of [7] (Fig. 2B) is based on CTX images 
acquired around 15.00 local time. Based on diurnal ob-
servations on Earth [8] and Mars [9] dust devil occur-
rences are lower around 10:00 as around 15:00 local time, 
hence the differences in image acquisition times does not 
cause the observed higher terrestrial dust devil density. In 
addition, the spatial image resolution of CTX is three 
times higher as Landsat, hence smaller dust devils should 
be resolved which would increase the dust devil density. 
However, this is not the case indicating that the dust devil 
activity in the terrestrial study region is unusual high. 

Size-frequency distribution. The measured terrestrial 
dust devils range from ~20 – 155 m in diameter. Howev-
er, due to the relatively low spatial image resolution, dust 
devil surrounding dust clouds, and tilted dust devils to-
wards wind direction, diameter measurements are diffi-
cult. The diameter of the dust devils were measured be-
tween the dust cloud and shadow (shadow width) which 
minimizes the uncertainties.We expect the error in meas-
uring the exact diameter to be 50 % as it was also esti-
mated for martian measurements using orbital data [3, 5]. 
Fig. 3C shows a size-frequency plot for the terrestrial dust 
devil measurements, which follows approx. a -2 power 
law [10]. Diameter measurements of martian dust devils 
in CTX images based on [7] are currently in progress. 

Dust devil tracks.   Dark and bright dust devil were 
observed to occur seasonally (Fig. 1B and 2). They are 
morphologically similar to dark and bright dust devil 
tracks investigated in situ in the regionally close Turpan 
desert (China) [11, 12] and might suggest an equal for-
mation mechanism. 

Thermal infrared observations.   Brightness tempera-
tures of the terrestrial dust devil cloud are about 4-5 K 
lower compared to the surrounding areas (Fig. 4AB). In 
Amazonis Planitia on Mars, brightness temperature dif-
ferences are about 1 K in agreement with other studies 
[e.g., 4]. 

 
Fig. 3. (A) Seasonal dust devil density in the terrestrial study area. 
(B) Seasonal dust devil density in Amazonis Planitia based and 
modified after [7]. (C) Size-frequency plot of the measured terrestri-
al dust devils. Fit-by-eye line shows a -2 power law. 
 

 
Fig. 4. (A) Brightness temperature image of a terrestrial dust devil. 
(B) Corresponding panchromatic image to A. (C) Brightness tem-
perature THEMIS-IR image (I36983022) of a martian dust devil in 
Amazonis Planitia. (D) Corresponding panchromatic THEMIS-VIS 
(V36983023) image to C. 
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