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Introduction: Dust devil vortices are one of the 

most common phenomena on Mars, and their measure-
ments can help us constrain thermodynamical modeling 
of atmosphere [1]. Also, as observed on Earth, a dust 
devil can generate seismic waves [2], enabling us to in-
vestigate the structure of the Martian ground. Since the 
NASA InSight (the Interior Exploration using Geodesy 
and Heat Transport) mission landed on Mars in Novem-
ber 2018 [3], the SEIS (Seismic Experiment for Interior 
Structure [4]) instrument has been detecting many seis-
mic signals highly correlated with transient pressure 
drops [5]. These signals have been attributed to the close 
passage of dust devil vortices near the seismic station. 

Looking at seismic signals generated by dust devils, 
it appears that there are 3 different families of seismic 
signals for dust devils [6]. One family is “spike” type, 
another is characterized by high frequency oscillations 
(HFO) and the other is a complex type (i.e. mixing of 
spike and HFO types). Understanding these differences 
will lead not only to improving our knowledge of a dust 
devil but also to constraining the subsurface structure of 
Mars. As a first step to clarify how different types of 
seismic signals by dust devils are produced, this study 
is dedicated to the numerical modeling of the seismic 
waves of a reference dust devil event called DuDe#0202 
which was constrained by multi-observation data [5].  

Numerical Modeling: From the HiRISE image data 
analysis [5], it was confirmed that DuDe#0202’s track 
ran from southeast to northwest (N136°E) with a closest 
approach distance of about 20 m between SEIS and the 
track. Based on that, we projected the track onto Carte-
sian coordinates (Figure 1a). In the simulation, by plac-
ing a number of point sources on the dust devil’s track 
and making those generate seismic waves at different 
times, we modeled the seismic excitation of the dust 
devil vortex. Here, 351 sources were placed every 1.0 m 
and seismic wave generation was done every 0.104 s, 
corresponding to a source moving at 9.6 m/s which is 
comparable to the average background wind speed [5]. 
Secondly, based on the time variation of distance from 
the SEIS to each point source, we modeled pressure 
drop profile ΔP(t) using equation (1) proposed by Elle-
hoj et al. [7]:  

 
where ΔPc is the core pressure of DuDe#0202, D is the 
diameter of the vortex , and L(t) represents the distance 
between SEIS and each point source. The vortex 

diameter was estimated to be 10 m from the track width 
visible on HiRISE image [5], and 8.71 Pa was provided 
as the core pressure to fit the pressure drop data (Figure 
2). As for inputs for seismic source, based on the esti-
mate that the force is proportional to ΔPcD2 [2], we 
gave an upward single force of 1.37×103 N by assum-
ing π/2 as a constant value after some test calculations. 
A Kupper wavelet with excitation time of 1.0 s was as-
sumed as a source time function. The seismic-wave ve-
locity structure was constructed by combining the struc-
ture model by Lognonné et al. [5] and the velocity pro-
file in terrestrial volcanic area by Lesage et al. [8] (Fig-
ure 3). Note that the Lesage’s model was scaled to the 
Martian gravity. Under these conditions, we conducted 
3-D seismic wave propagation simulations using 
OpenSWPC [9]. 

 
Figure 1. (left) Geometry for simulation and (right) SEIS-track dis-
tance variation as a function of time 

 
Figure 2. Pressure profile observed by InSight and fitted model 

 
Figure 3. Velocity structure of the Martian subsurface 

Results & Discussions: Resulting waveform, spec-
trogram and power spectral density (PSD) for the north 
seismic component are shown in Figure 3. Note that the 
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data were filtered with fourth order Butterworth filter 
between 0.05 – 1.5 Hz. In Figure 4, we also exhibit the 
waveform for the very low frequency component (0.05 
– 0.3 Hz), as discussed by the previous study [5]. Com-
paring the simulation results with the SEIS VBB (Very 
Broad Band [4]) seismic data, we found that the low-
frequency waveform and the spectrogram of the simu-
lation data are in agreement with those observed (Fig-
ures 3 and 4). 

 
Figure 3. Comparisons of waveform, spectrogram and PSD 
for the north component between simulated wave and SEIS 
data (filtered band in grey : 0.05 – 1.5 Hz) 

 
Figure 4. Comparison of waveform for the north component 
between simulation and SEIS data (filtered between 0.05 
and 0.3 Hz) 

In turn, the lower frequency component of the sim-
ulation (< 1 Hz) matches the data particularly well on 
the spectrograms (Figure 3). As discussed by Kenda et 

al. [1], since the effect of the static loading by a pressure 
drop is dominant at the low frequency (< 1Hz), our re-
sults indicate that the simulation successfully repro-
duced this effect. With regard to the higher frequency 
part in the spectrogram (> 1Hz), as the frequency in-
creases, the data become noisier. Therefore, it becomes 
more difficult to compare the simulations with the data. 
However, it is noteworthy that the simulation has nar-
row resonance around 2 Hz after the main signal (15 – 
25 s). Considering that the similar resonance pattern was 
also seen in the simulation results for other velocity 
structure models, and the pattern disappears when as-
suming a single source, this kind of resonance seems to 
reflect the motion of the seismic source (i.e. dust devil). 
Although the VBB data does not show exactly the same 
trend, it has the similar narrow resonance around 1 Hz 
after the main signal (> 18 s). From this observation, a 
part of signals in the higher frequency component might 
be explained by the movement of the source. However, 
in order to discuss that in more detail, it is required to 
evaluate the influence of background wind noise and to 
distinguish its effect from the seismic signals generated 
by the dust devil. 

In summary, our simulations showed their high po-
tential to reproduce the DuDe#0202’s seismic signals 
including their spectral content, especially for the lower 
frequency component of the signal (< 1Hz). On the 
other hand, concerning the higher frequency component 
(> 1Hz), it seems necessary to take other factors into ac-
count, such as wind noise. Besides, the small variations 
in the pressure profile were not included in the simula-
tions and are considered to produce the high-frequency 
signals. These variations will be taken into considera-
tion in our future works.  
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