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Introduction:  Dust is present in the Martian
atmosphere throughout the year, posing challenges to
the exploration of the planet. Dust affects the
performance and lifetime of infrastructure, and this is
particularly important for solar-powered missions [1-
4]. In addition, the combined analysis of the temporal
evolution of dust accumulation and contemporaneous
environmental measurements provides insights into
dust lifting mechanisms and dust accumulation rates
[5].

Since February 2021, the Mars Environmental
Dynamics Analyzer (MEDA) [6], onboard the Mars
2020 Perseverance rover, has been monitoring changes
in atmospheric variables (such as solar radiation,
pressure and wind) [7,8] and surface properties (albedo
and thermal inertia) [9,10]. Solar radiation and dust
abundance measurements allow the analysis of the
temporal evolution of dust accumulation [11].

Observations and methodology: MEDA contains
a Radiation and Dust Sensor (RDS), which is located
on the rover deck. The RDS consists of two sets of 8
photodetectors, one of them of them (TOP) pointing at
the zenith in several bands between ultraviolet and
near infrared wavelengths, and the other (LAT)
pointing sideways with an elevation of 20° (except for
channel LAT8). These detectors are distributed around
a sky-facing camera, Skycam [6,12]. On the other
hand, Mars 2020 is equipped with Mastcam-Z [13],
which can also measure dust opacity.

The methodology employed in this work relies on
the one developed for the analysis and correction of the
Mars Science Laboratory REMS UV measurements
[5,14], but differences between both instruments allow
some simplifications for MEDA. Here, we use
measurements of solar radiation acquired by the RDS
TOP7 channel, which measures incoming radiation
between 190 and 1100 nm with a hemispheric field of
view, to analyze dust accumulation on the detector’s
window. The effect of the dust suspended in the
atmosphere is considered using Mastcam-Z opacities at
880 nm and the radiative transfer model COMIMART
[15]. In addition, the methodology considers rover tilt
and orientation and sensor’s angular response.

We quantify the effect of accumulated dust by
means of the dust correction factor (DCF), which
indicates the fraction of the incoming radiation at the
surface that reaches the photodiode through the dust

accumulated on the window, normalized to the first sol
for which the DCF is retrieved.

Results:

Temporal evolution of the DCF. Figure 1 shows
the dust correction factor (red) and the dust opacity
(green) during the first 578 sols (0.86 Mars years) of
the mission. After sol 475, accumulated dust attenuates
between 15% and 20% of the incoming solar radiation.
A significant increase in dust accumulation is observed
during the period with atmospheric opacity above 1; in
contrast, there is little to no net dust accumulation
outside that temporal window.
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Figure 1. Dust correction factor (red) and dust
opacity (green) during the first 578 sols of the Mars
2020 mission.

Between sols 313 and 318, a regional dust storm
affected Jezero crater, with peak opacities above 1.
Mars 2020 observations indicate an extraordinarily
high dust lifting activity at the location of Perseverance
during this storm [9,16], but the DCF did not show
large changes during this period. This could be
attributed to the fact that there was little dust
accumulation before the storm, and therefore even the
removal of all of the accumulated dust would not lead
to a clear increase of the DCF, such as the ones
observed by Spirit, where the DCF increased more
than 0.4 around sol 420 [2].

Estimation of dust lifting and deposition rates. We
have run a model to simulate dust accumulation using
dust opacity observations and tuning the dust removal
and deposition rates. Figure 2 compares the DCF
observations with a model simulation that fits well the
data. This good fit is achieved assuming that there is an
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additional dust deposition of 0.2% of the total column
dust per sol, and that there is a dust removal of 0.49%
per sol [11].
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Figure 2. Simulated evolution of dust accumulation
(gray;, dust deposition and lifting rates of 0.002t/sol
and 0.0049/sol, respectively), compared to the
observed DCF (red).

Comparison with other instruments and missions.
Figure 3 shows a model simulation of the DCF using
Skycam observations (which are normalized to the fit).
Both TOP7 and Skycam DCF show a slow decrease
during the first 300 sols and a rapid decrease during
the period of enhanced opacity. The most notorious
difference is the occurrence of net dust removal
between sols 311 and 320, attributed to the dust storm.
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Figure 3. Simulated evolution of dust accumulation
on the Skycam window (gray), and individual
observations (dark cyan) normalized to the fit.

This difference could be attributed to differences in
dust removal thresholds on both surfaces or to a larger
amount of pre-storm accumulated dust on the Skycam
window. This second factor is supported by the model
results: The model runs determine the initial dust
accumulation that optimizes the fit; considering the
potential initial dust accumulation, attenuation by
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accumulated dust on the TOP7 photodiode would be
approximately half of that on the Skycam window.

Finally, we compare the DCF from Mars 2020 with
those of other missions. In absence of dust removal,
dust deposition rates on solar panels are around
0.2%/sol for Spirit, Opportunity or InSight [17]. At this
rate, the DCF on sol 500 would be 0.37, which is
significantly lower than the observed value of 0.85.
This indicates that there is a persistent dust removal
mechanism at Jezero crater that mitigates significantly
the effect of dust accumulation.

In addition, the comparison corroborates the need
of a daily dust removal rate when modeling the DCF
from MEDA observations. The difference with
previous missions could be attributed to the time of the
year and atmospheric conditions: dust opacities
remained below 0.5 during the first 300 sols of the
mission, and there is vast evidence of frequent dust
lifting events around the rover [8, 9, 16, 18, 19],
leading to small net dust accumulation rates.
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