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Abstract

We examined in situ measurements of thermospheric density (120-160 km) from
aerobraking accelerometers, SPICAM atmospheric profiles, and ionospheric peak from
Mariner 9 and MGS. lonospheric peak altitudes are a useful diagnostic as they indicate the
height of a particular thermospheric pressure level. We find that:

(1) Thermospheric conditions can be perturbed by dust storms outside the classical “dust
storm season” of Ls=180°-360°.

(2) The thermospheric regions affected by even a small dust event can include nearly all
latitudes.

(3) Atmospheric temperatures can be affected by dust storms at altitudes as high as 100 km.
(4) The thermosphere can respond to a distant dust event on timescales of a few days or less.

(5) The characteristic timescale for the decay of the thermospheric response to a dust event
can be tens to one hundred days, and it may differ from the corresponding timescale for the
lower atmosphere.

(6) Average thermospheric densities can change by factors of a few during mere regional
dust storms and an order of magnitude change is possible for the largest storms. These are
general trends; individual density measurements may be greater than suggested by a general
trend by a factor of two due to the intrinsic variability of the thermosphere.



HST view of dusty Mars

Mars ¢ Global Dust Storm

June 26, 2001 September 4, 2001
Hubble Space Telescope * WFPC2

NASA, J. Bell (Cornell), M. Wolff (SSl), and the Hubble Heritage Team (STScl/AURA) ® STScl-PRC01-31




MGS TES dust opacities (MY 24-27)
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Major dust events are most common at Ls=180°-360°.
Effects on the lower atmosphere are well known

What are the effects on the upper atmosphere?
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Dust opauty during Noachis storm
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A moderate dust
storm occurred at
southern latitudes
during MGS
aerobraking

This adversely
affected aerobraking
operations

Conversely, that
meant atmospheric
density data were
available from
these times

MGS TES data from
MY 23-24
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Noachis Dust Storm at 130 km Inbound
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Noachis Dust Storm at 140 km Inbound
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Noachis Dust Storm ot 160 km Inbound
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Noachis Dust Storm
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Timescale for decay of thermospheric
effects of Noachis dust storm depends
on latitude

Recall dust storm in southern hemisphere, |

density data in the northern hemisphere
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lonospheric electron density profile
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Mariner 9 arrived at Mars during an

immense dust storm (1971)
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Mariner 9 Dust Storm
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Latitude

Odyssey THEMIS dust opacities
(MY 25-29)
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Orbital data from the time ®
of these MGS ionospheric data Spirit Mini-TES shows opacity increased
show only small signatures of to 0.8 at Ls=130°
dust events, yet peak altitude
increases by 5 km (>0.5 H) Similar Opportunity data show opacity

increased to 0.6

MGS ionospheric data are
north of 60°N while THEMIS
data show no dust north of 20°N



Conclusions

Dust storms could affect MAVEN operations. MAVEN has no way to detect and
monitor lower atmospheric dust events.

(1) Thermospheric conditions can be perturbed by dust storms outside the classical
“dust storm season” of Ls=180°-360°.

(2) The thermospheric regions affected by even a small dust event can include nearly
all latitudes.

(3) Atmospheric temperatures can be affected by dust storms at altitudes as high as
100 km.

(4) The thermosphere can respond to a distant dust event on timescales of a few days
or less.

(5) The characteristic timescale for the decay of the thermospheric response to a dust
event can be tens to one hundred days, and it may differ from the corresponding
timescale for the lower atmosphere.

(6) Average thermospheric densities can change by factors of a few during mere
regional dust storms and an order of magnitude change is possible for the largest
storms. These are general trends; individual density measurements may be greater
than suggested by a general trend by a factor of two due to the intrinsic variability of
the thermosphere.



