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Abstract 
 

Dust Devils (DDs) mostly occur in the Southern 

hemisphere of Mars, the reasons of which are not well 

understood. The occurrence of dust devil raises dust in the 

environment and sometimes, they are global in nature. It 

can also lead to charge build up in the whirlpool motion 

due to low Martian pressure and arid environment. This 

work presents estimation of electric field for different 

conductivity, which might be caused by dust devils on 

Mars. Results indicate conditions for the electrical 

discharge or lightning on Mars. 

 

1. Introduction 
 

Dust Devils are found to prevail near the Martian surface 

during the Southern hemisphere summer. A pocket of hot 

air is raised upward, surrounded by cold air, and under 

favorable conditions, it starts rotating. This lifts the 

smaller dust grains upward in the atmosphere, which 

subsequently affects optical depth and decreases ion 

concentration. Figure 1 shows an image of a dust devil 

observed by MRO [1]. 

 

 
 

Figure 1. Photograph of a Martian dust devil obtained by 

MRO, which is 800 meters tall and 30 meters wide [1]. 

 

 

Presence of dust is known to affect atmospheric 

conductivity [2, 3], which can affect the wave 

propagation. The electric field during the DD can increase 

and possibly reach break down strength of Martian 

environment. Once, electrical discharge occurs, it emits 

low frequency electromagnetic waves near the surface. 

Such waves may be observable in the form of Schumann 

Resonance, discussed in our earlier work [4]. In this work, 

the electric field for different dust conditions are 

presented. 

 

2. Electric Field during Dust Devil on Mars 
 

Electric fields could be generated in the dust devils due to 

triboelectric charging process [5]. The MATADOR 

project [6] showed examples of the electromagnetic 

nature of the dust devil and studied the fluid and electrical 

forces. Farrell et al. [7] have shown the conductivity of 

Mars 100 times greater than that of Earth, which does not 

reduce the field but slows down the charge-up process. 

Due to the triboelectric process, the charge separation 

takes place and electric field can be generated [8]. 

Cardnell et al. [2] have reported a photochemical model 

of the dust-loaded environment on Mars and shown the 

conductivity under different dust conditions. Such study 

could be useful for understanding atmospheric electrical 

phenomena, such as electric discharges, currents and 

Schumann Resonance [2]. Cardnell et al. [2] showed that 

the conductivity can change from 1E-7 to 1E-13 S/m 

under different conditions due to dust in the atmosphere. 

The electric field generated under different dust 

conditions are estimated. The continuity equation for the 

electric field � is given as [7] 
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where � is the current density, � is time and 
� is the free 

space permittivity and the differential equation for the 

solution during dust devil is given by Farrell et al. [7] as 

 

�" + � �′/
� + �� ∆v � ∆�/
� = 0  (2) 

 

where � is the atmospheric conductivity, �� is the density 

of large particles, ∆v is the differential velocity between 

large and small particles, � is the collision frequency for 

large and small particles and ∆� is the charge exchange 

per collision defined as [7, 9] 

 

∆� = (1 ��/� ) "#  (3) 

 

where "# is the radius of small grain.  
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3. Results and Analysis 

 

We considered the conductivity suggested by Cardnell et 

al. [2] in the present work and obtained the electric field 

build up for different time using Eq. (3) for the parameter 

values suggested by Farrell et al. [7]. Figure 2 shows the 

electric field build up for 100 sec duration, while Figure 3 

depicts the electric field build up for 100000 sec 

(approximately 1 day). Both figures also show the 

breakdown strength of Martian environment at the surface 

as a dotted line. 

 

 
 

Figure 2. Electric field build up during dust devil on Mars 

versus time for different conductivity. The solution is for 

100 sec as a very short duration dust devil. Lightning can 

occur for the lower values of the conductivity or larger 

amount of dust in the atmosphere. 

  

 
 

Figure 3. Electric field build up during dust devil on Mars 

versus time for different conductivity. The solution is for 

100000 sec (approximately 1 day) as an extreme case of 

very long duration dust devil. Lightning can occur for the 

larger values of the conductivity also (i.e., lower amount 

of dust in the atmosphere). 

 

 
It can be observed from Figure 2 that for a very short 

duration dust devils on Mars, the electrical discharge can 

occur for a low value of atmospheric conductivity of the 

order of 1E-13 and 1E-12 S/m. Also, one can observe 

from Figure 3 that the electrical discharge can occur for 

the large values of conductivity (of the order of 1E-9 

S/m). All the other cases of dust devils could be between 

the two cases shown. Further, it can be observed from the 

results in Figure 2 and Figure 3 that approximately the 

electric field build up time increases as the similar order 

of increase in the conductivity. In other words, the 

occurrence of lightning on Mars can take longer time 

whenever the atmospheric conductivity is relatively 

larger. During the dust devil on Mars, dust is transported 

to the atmosphere and the conductivity changes inversely 

with the amount of dust present [2, 4]. Thus, the short 

duration dust devils on Mars need to be intense enough to 

transport the large volume of dust in the atmosphere for 

causing the lightning. On the other side, relatively longer 

duration dust devils on Mars can be poorer in their 

strength for initiating the lightning. 

 

 

4. Summary and Conclusion 

 

Dust devils mostly occur in the Southern hemisphere of 

Mars. During its formation, triboelectricity can cause the 

charge transfer among the rotating dust particles. The 

electric field may build up, leading to electrical discharge 

or lightning on Mars. The results obtained from the 

solution of electric field show that the short-lived dust 

devils should be intense to transport the sufficient amount 

of dust for the initiation of lightning, under the 

atmospheric conductivity as low as 1E-13 S/m. The 

longer duration dust devils, though poor in strength and 

can transport small amount of dust in the atmosphere, can 

produce the lightning after longer time with the 

atmospheric conductivity of the order of 1E-9 S/m. The 

results are useful to understand the conditions of lightning 

initiation on Mars. 

 

5. Acknowledgements 
 

This work is carried out under the CRG Project (File No. 

CRG/2023/000918) at PRL, having the grant support 

from the SERB (DST). 

  

6. References 
 

1. Online, 19 July 2024. Available: 

https://www.jpl.nasa.gov/images/pia15116-the-serpent-

dust-devil-of-mars 

 

2. S. Cardnell, O. Witasse, G. J. Molina-Cuberos, M. 

Michael, S. N. Tripathi, G. Déprez, F. Montmessin and K. 

O'Brien, A photochemical model of the dust-loaded 

ionosphere of Mars. J. Geophys. Res.: Planets, 121 (11), 

2016, pp. 2335–2348. doi: 

https://doi.org/10.1002/2016JE005077 

 

3. Sheel, V. and Haider, S. A., Long term variability of 

dust optical depths on Mars during MY24–MY32 and 

their impact on subtropical lower ionosphere: 

climatology, modeling, and observations. J. Geophys. 

Res., 121 (8), 2016, pp. 8038–8054. doi: 

https://doi.org/10.1002/2015JA022300 

 

lo
g

1
0
(E

) 
(V

/m
)

lo
g

1
0
(E

) 
(V

/m
)



#Corresponding Author E-mail: jayesh@prl.res.in 

4. S. A. Haider, J. P. Pabari, J. Masoom and S. Y. Shah, 

Schumann resonance frequency and conductivity in the 

nighttime ionosphere of Mars: A source for lightning. 

Advances in Space Research, 63, 7, 2019, pp. 2260-2266. 

doi: https://doi.org/10.1016/j.asr.2018.12.006 

 

5. J. P. Pabari and Trinesh Sana (2021), Dependence of 

Martian Schumann resonance on the shape of dust devil 

and its implications. Current Science, 121, 6, pp. 769-774. 

doi: https://doi.org/10.18520/cs/v121/i6/769-774 

 

6. W. M. Farrell, P. H. Smith, G. T. Delory, G. B. 

Hillard, J. R. Marshall, D. Catling, M. Hecht, D. M. 

Tratt, N. Renno, M. D. Desch, S. A. Cummer, J. G. 

Houser and B. Johnson, Electric and magnetic signatures 

of DDs from the 2000–2001 MATADOR desert tests. J. 

Geophys. Res., 109, E03004, 2004. doi: 

https://doi.org/10.1029/2003JE002088 

 

7. W. M. Farrell, G. T. Delory, S. A. Cummer and J. R. 

Marshall, A simple electrodynamic model of a DD. 

Geophys. Res. Lett., 30 (20), 2050, 2003, pp 1-4. doi: 

https://doi.org/10.1029/2003GL017606 

 

8. Yulia Izvekova , Sergey Popel, Some aspects of the 

electrification of dust devils on Mars, EPSC-DPS Joint 

Meeting 2019, Geneva, Switzerland, EPSC Abstracts, 13, 

EPSC-DPS2019-1344-1, 15-20 September 2019. 

 

9. Melnik, O., and M. Parrot, Electrostatic discharge in 

Martian dust storms. J. Geophys. Res., 103, 29,1998, pp. 

107-117. 

 

 

 

 


