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Solar flux variability of Mars’ exosphere densities and temperatures
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[1] Using densities derived from precise orbit determination
of the Mars Global Surveyor (MGS) spacecraft from 1999
to mid-2005, the response of Mars’ exosphere to long-term
solar change is established and compared to that of Earth and
Venus. At Mars, exosphere temperatures (weighted towards
high-latitude Southern Hemisphere daytime conditions)
change only 36—50% as much as those at Earth as solar
activity increases from solar minimum to solar maximum,
whereas the response at Venus is one-fifth that at Mars.
General circulation models suggest that this difference may
be strongly influenced by adiabatic cooling associated with
the thermosphere general circulation. However, other
processes such as differences in CO, cooling rates may
also be playing a role. Citation: Forbes, J. M., F. G. Lemoine,
S. L. Bruinsma, M. D. Smith, and X. Zhang (2008), Solar flux
variability of Mars’ exosphere densities and temperatures,
Geophys. Res. Lett., 35, 1L01201, doi:10.1029/2007GL031904.

1. Introduction

[2] From a comparative planetary perspective, the
responses of the upper atmospheres of the terrestrial planets
(i.e., Earth, Mars and Venus) to solar variability pose
interesting challenges and opportunities. The relative impor-
tance of such processes as heating efficiency, radiative cool-
ing, thermal conduction and dynamics must be considered
[e.g., Bougher et al., 2000]. These planetary atmospheres are
sufficiently different, yet sufficiently alike, that their com-
parative study allows deeper understanding and insight to be
achieved for each planet.

[3] Studies have established that the thermospheres of
Venus and Mars are about 10% and 30—50% as responsive
as Earth, respectively, in terms of exosphere temperature
changes due to solar EUV variability associated with the
~27-day rotation of the Sun [Forbes et al., 2006, 2007,
Keating and Bougher, 1987, 1992]. These differences are
thought to be primarily due to the increased importance of
CO, cooling in damping the responses at these planets, as
compared to Earth and to each other.

[4] In terms of long-term solar variability, Earth has
benefited from many measurements from satellite-borne
and ground-based instrumentation, as well as orbital anal-
yses of satellites, over several solar cycles. These results are
embodied in empirical models such as MSISE-90 [Hedin,
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1991], DTM94 [Berger et al., 1998] and NRLMSIS-00
[Picone et al., 2002]. For Mars some sense of long-term
change due to solar variability has been inferred from sparse
and disparate data sets such as in-situ mass spectrometers,
airglow, and plasma scale heights [e.g., see Keating and
Bougher, 1987, 1992; Bauer and Hantsch, 1989; Bauer,
1999]. Some of these data, in particular the plasma scale
heights, may underestimate the exosphere temperature re-
sponse since the inferred temperatures may correspond to
that part of the temperature profile lower in the thermo-
sphere (ca. 130 km) than representative of the exosphere
temperature (i.e, above 180—220 km during daytime at solar
maximum [Bougher et al., 1999]). The widely-quoted
exosphere temperature response of Mars by Stewart [1987]
is also strongly dependent on plasma scale height data. For
Venus, information on solar cycle variability of exosphere
temperature is available from Magellan and Pioneer Venus
Orbiter measurements (see review by Kasprzak et al.
[1997)).

[s] The objective of the present study is to establish the
response of Mars’ exosphere densities and temperatures to
long-term solar change, and to compare Mars’ exosphere
response with that of Earth and Venus. Compared to
previous studies, ours is distinguished by the length, quality
and quantity of data employed, and the wide range of solar
conditions over which the data are collected. Our work is
also relevant to the calculation of Martian volatile escape
rates, which are sensitive to variations in the density and
temperature of Mars’ exosphere.

2. Data

[6] The Mars density data consist of daily values inferred
from precise orbit determination (POD) of the Mars Global
Surveyor (MGS) spacecraft from 1 February 1999 — 7 July
2005. Each density value is determined from analysis of
Deep Space Network (DSN) observations over processing
arcs with lengths of 4—5 days, and normalized to a constant
altitude of 390 km using the DTM-Mars empirical model
[Bruinsma and Lemoine, 2002], which is based in part on
almost 2 years of MGS drag data of the type presented here.
The MGS satellite is in a 93.7°-inclination 1400-0200 LT
sun-synchronous 370 x 437 km frozen orbit with periapsis
confined to —40° to —60° latitude. The density values
presented here therefore represent averages over all longi-
tudes, and are strongly biased towards daytime Southern
Hemisphere conditions. The POD technique is similar to
that utilized by Bruinsma and Lemoine [2002] and in recent
studies devoted to solar flux changes in density due to
rotation of the Sun [Forbes et al., 2006, 2007]. Briefly, we
employed the MGM1041c gravity model [Lemoine, 2003],
and took into account such processes as third-body gravity
perturbations due to the Sun, planets, and satellites of Mars;
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