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Introduction: NASA’s InSight lander touched 

down on Mars on 26th November 2018. InSight has a 
suite of geophysical instruments including seismome-
ters and atmospheric instrumentation [1]. The seis-
mometer experiment (SEIS) includes two three com-
ponent sensors: a very broad band seismometer 
(SEIS-VBB); and a short period seismometer (SEIS-
SP) [2]. The atmospheric instrument package, the 
Auxiliary Payload Sensor System (APSS), comprises 
a pressure sensor, temperature sensor, and wind sens-
ing booms (TWINS) [3]. 

The primary science goals of InSight are to deter-
mine the internal structure of Mars and to characterize 
levels of seismic activity including marsquakes and 
impacts. In this respect the APSS instrument package 
will support the main science goals by allowing 
decorrelation of atmospheric noise from the recorded 
seismic waveforms. However, APSS also has the po-
tential to dramatically increase our understanding of 
Mars’ near-surface wind field [4]. Wind measure-
ments are particularly challenging on Mars and new 
observations of the wind field will constrain atmos-
pheric numerical models and lead to an increased 
understanding of Mars’ atmospheric dynamics [4].  

Here we investigate the potential of the SEIS-
VBB and SEIS-SP to infer information on wind direc-
tion and speed using noise polarization. This will be 
validated using the APSS wind measurements, and if 
successful, will provide a more complete wind time 
series for investigation of the martian atmosphere. 

 
Observations: InSight’s primary wind measure-

ments will be made using the TWINS dual-booms, 
which are identical to those used for the REMS in-
strument on the Mars Science Laboratory (MSL) [5]. 
One of the REMS booms was damaged during the 
MSL landing, but despite this the diurnal and seasonal 
cycles of wind speed and direction were recently 
characterized for Gale Crater [6,7]. A similar wind 
characterization should be possible at the InSight 
landing site, but benefitting from both TWINS booms. 
The two booms are separated by 180 degrees and 
measurements can be taken on either of the single 
booms or both booms, depending on the wind direc-
tion. In addition to the geometry of the booms, obsta-

cles on the lander deck will affect the wind field rec-
orded by TWINS. Such effects needed to be consid-
ered before fully interpreting the data in terms of 
Mars’ near surface winds. 

 
Methods: Additional measurements and indicators 

of wind direction and speed at the InSight landing site 
would be extremely valuable. This would comple-
ment the TWINS winds measurements and provide 
more complete information on the wind field. Con-
straints from orbital imaging have been used previ-
ously, where the orientation of aeolian features such 
as sand dunes, wind streaks, and ripples are used to 
infer wind direction [e.g. 8,9]. Wind streaks and dust 
devil tracks close to the InSight landing site suggest a 
north-west/south east prevailing wind (Figure 1). This 
is consistent with recent predictions using the 
MRAMS mesoscale model [10,11], which suggests 
wind azimuths of 220-50 degrees, with a mean close 
to 315 degrees. 

 

 
Figure 1: HiRISE image ESP_036761-1845_RED 

close to the center of InSight’s landing ellipse 
(135.9E, 4.5N). Faint streaking trending north-
west/south-east is likely to be dust devil tracks and 
indicates the prevailing wind direction. [Image credit: 
NASA, JPL, University of Arizona.] 
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For InSight, polarization of seismic noise provides 
us with an alternative and more direct wind measure-
ment option. For a varying pressure field advected 
over a compliant surface, the horizontal seismic noise 
should be polarized in the direction of the wind 
[12,13]. For example, a pressure high moving towards 
the InSight seismometers will compress the regolith 
and tilt the seismometers in the direction of the pres-
sure high, resulting in a component of Mars’s gravity 
being projected onto the horizontal seismic sensors, 
and resulting in a polarized seismic signal. The two 
perpendicular horizontal components can then be used 
to reconstruct a proxy for the wind direction.  

Furthermore, if the effective elastic modulus of 
the regolith is known, then the wind speed could po-
tentially be inferred by combining the pressure and 
horizontal seismic time series. On Mars, the regolith 
elastic properties could be determined from a correla-
tion between the pressure and vertical seismic com-
ponent [14]. There are also planned attempts to simul-
taneously capture a dust devil on InSight’s cameras, 
APSS and SEIS instruments. This joint data would 
provide additional constraints on wind speed, direc-
tion and effective regolith properties. 

 

 
Figure 2: Deployment of InSight SEIS instrument 

package to surface of Mars on 18th December 2018. 
The wind and thermal shield (WTS) will be deployed 
in mid-January 2019 and will reduce environmental 
noise related to temperature variations and direct 
wind drag forces on the SEIS package. [Image credit: 
NASA, JPL-Caltech.] 

 
Data analysis: Initial check-out measurements 

from SEIS-SP on the lander deck show that all three 
seismometer components are operating within specifi-
cations [15]. Preliminary measurements from the hor-

izontal SEIS sensors will be compared to the inferred 
mean wind direction from orbital images (Figure 1). 
The SEIS instruments were successfully deployed 
onto Mars’ surface using InSight’s robot arm on 18th 
December 2018 (Figure 2). In mid-January 2019 the 
seismometer wind and thermal shield (WTS) will be 
deployed and the SEIS deployment will be complete. 
It will then be possible to compare the TWINS wind 
measurements with the seismic polarization wind 
proxy, to test if this is a viable in-situ wind measure-
ment technique. 

 
Summary: We will present preliminary compari-

sons of the measured wind and seismic noise polariza-
tion from the first phase of the mission. Our aims are 
to:  

1) Determine if seismic noise polarization can be 
used as a reliable indicator of wind direction. This 
will be validated against TWINS measurements, or-
bital images of aeolian features, and numerical model 
predictions.  

2) Determine if estimates of effective regolith 
elastic modulus allow pressure and seismic time series 
to be combined into a reliable indicator of wind 
speed. This will again be validated against TWINS 
measurements and numerical model predictions.  
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