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Abstract 
Dust devils are convective vortices with winds strong 
enough to lift dust. Pressure sensors on the Martian 
surface have detected hundreds of these vortices but 
their physical characterization is difficult because 
physical and geometric factors of the vortex 
encounter affect the signals that can be measured. 
Here we compare detections of warm vortices on the 
Martian surface from the REMS instrument [1] in the 
rover Curiosity with results from an heuristic model 
of a migrating vortex [2] able to simulate pressure 
and winds. In the absence of high-frequency wind 
measurements, the model solutions are highly 
degenerate. We compare each REMS observation 
with a database of 400,000 simulations obtaining a 
statistical description of the main characteristics 
associated to each vortex and to the ensemble of 
vortices detections by REMS. We also incorporate 
additional information from measurements of wind 
intensity obtained with REMS with a low time 
cadence and from the REMS UV sensors which 
identifies some true dust devils in our dataset.  

1. REMS data 
The REMS meteorological station on the Curiosity 
rover has obtained meteorological data for more than 
3 Martian years. We extend our results of pressure 
drops suggestive of dust devils [1] to data from the 
first 2224 sols of the MSL mission resulting in 1684 
diurnal detections of warm vortices and 859 
nocturnal events possibly caused by atmospheric 
turbulence and not convective activity. About 3.3% 
of the diurnal events are accompanied by nearly 
simultaneous reductions of the UV fluxes measured 
by the REMS instrument and are considered to be 
caused by nearby dust devils partially obscuring the 
UV detectors in the rover deck. These simultaneous 
detections of pressure drops and reductions of the 
UV flux are highly concentrated in the third Martian 
year of the MSL data.  

 

Figure 1: Examples of pressure signals suggestive of 
warm vortices during the day. The signals are fit with 
Lorentzian functions plus a linear term representative 

of the daily pressure behavior. 

2. The Lorenz vortex model 
Lorenz [2] presented a simple numerical model of 
vortices where the physical parameters of the vortex 
(central pressure drop and diameter) and the 
geometric factors affecting its passage nearby a 
meteorological station (minimum distance and drift 
velocity over the surface) can be explored. Figure 2 
shows a sketch of our implementation of this model. 

 

Figure 2: Sketch of the geometry of the encounter 
between a migrating vortex and a fixed 

meteorological station.  
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3. Comparison of REMS signals 
and models 
We systematically compare these REMS pressure 
measurements with simulations of migrating vortices. 
We use a Monte Carlo strategy to cover the multi-
dimensional space of parameters running 400,000 
simulations in two subsets of 200,000 models to 
secure that our results are not dependent on the 
choice of the limits of the values tested. Some 
pressure drops occur at the same time of reductions 
of the UV flux indicating a true dust devil passing 
very near Curiosity. In a few cases these reduced UV 
fluxes contain a central brightening indicative of 
clear conditions inside a vortex that passes right 
above the rover (see Figure 3 and models that fit this 
observation in Figure 4). 

 

Figure 3: REMS detection of a true dust devil with 
UV flux reduction and central brightening. 

 

Figure 4: Results of fitting the individual vortex 
shown in figure 3. Diameters, central pressure, 

minimum distances and drift speeds can be estimate 
in terms of probabilities. 

In some cases we also have REMS measurements of 
the local wind speed over the sol where the pressure 
drop was observed. Although wind data is not 
available at high-frequencies we will show how this 
wind data helps to solve the degeneracies in the 
models.  

Figure 5 shows the mean values of the models that fit 
the ensemble of diurnal pressure drops (mean 
diameters and central pressure drops). 

 

Figure 5: Mean values of the models central pressure 
drop and vortices diameter that fit all the diurnal 

events. Each symbol represents one diurnal event. 
Sizes of the circles indicate the number of models 

that fit each observation. 

4. Summary and Conclusions 
(1) Dust devils in the third Martian year of the MSL 
were much more abundant and intense than in studies 
focusing in the first and second Martian years of the 
MSL mission. This was particularly true for events 
with simultaneous reductions of the UV flux. (2) The 
ensemble of pressure drops associated to 
REMS/MSL pressure drops are caused on average by 
vortices that have central pressure drops that are 30% 
more intense than REMS measurements. (3) Typical 
diameters of the vortices causing the REMS pressure 
drops are 5 to 300 m. Typical uncertainties of the 
mean diameters of the vortices are in the order of 2.5-
3.5 meaning that some events, particularly those with 
a longest duration, could have been caused by 
vortices of diameters of up to 1,000 m. 

Acknowledgements 
This work has been supported by the Spanish project 
AYA2015-65041-P (MINECO/FEDER) UE and 
Grupos Gobierno Vasco IT-765-13. 

References 
[1] Ordonez-Etxeberria, I. et al., A systematic search of 
sudden pressure drops on Gale crater during two Martian 
years derived from MSL/REMS data. Icarus 299, 308–330, 
2018. 

[2] Lorenz, R. Heuristic estimation of dust devil vortex 
parameters and trajectories from single-station 
meteorological observations: Application to InSight at 
Mars. Icarus 271, 326–337, 2016. 


