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[1] Examination of the small-scale density perturbations
in Mars’ thermosphere inferred from Mars Global
Surveyor (MGS) accelerometer data reveals wave-like
structures consistent with gravity waves. The structures are
interpreted to be horizontal with dominant wavelengths of
100–300 km observed along the orbital path. Density
perturbations are significantly stronger in winter versus
spring/summer, suggesting that the zonal mean winds play
a major role in filtering these waves. There is also
evidence of possible modulation by the mean winds due to
local time differences. No correlation is found with the
underlying topography, a source region on Earth for
gravity waves. In fact, density perturbations in the
northern hemisphere are observed to be greater than
those in the southern hemisphere, which has a higher
orographic variance. Over the Martian tropics, an observed
source region for gravity waves, density perturbations are
again not elevated, leaving questions on how gravity
waves observed in the lower atmosphere are related
to those observed in the thermosphere. Citation: Creasey,

J. E., J. M. Forbes, and G. M. Keating (2006), Density

variability at scales typical of gravity waves observed in Mars’

thermosphere by the MGS accelerometer, Geophys. Res. Lett.,

33, L22814, doi:10.1029/2006GL027583.

1. Introduction

[2] Gravity waves are an ubiquitous feature of planetary
atmospheres. In Earth’s atmosphere, gravity waves play an
extremely important role in defining the circulation and
thermal structure of the mesosphere [e.g., McLandress,
1998]. Gravity waves break in Earth’s mesosphere, deposit
momentum into the mean flow, and as a result reverse the
direction of the zonal mean wind jets around 65–75 km.
The zonal forcing combined with the Coriolis force drives a
meridional circulation with strong upwelling (downwelling)
and adiabatic cooling (subsidence heating) in the summer
(winter) hemisphere, driving the mesopause region far
from radiative equilibrium. Wave breaking also contributes
significantly to turbulent mixing in the region.
[3] The influence of gravity waves on the middle and

upper atmosphere dynamics of Mars is not nearly as well
established as for Earth, although numerical models have
attempted to parameterize the effects of orographically-
generated gravity waves [Théodore et al., 1993; Joshi et

al., 1995; Collins et al., 1997; Forget et al., 1999].
However, a recent analysis of Mars Global Surveyor
(MGS) radio occultation temperature profiles [Creasey et
al., 2006] shows that the global distribution of gravity wave
energy near 25 km in Mars’ atmosphere does not correlate
well with source distributions that would be expected on the
basis of topographic generation of waves. This leaves open
the question of the primary source mechanisms and source
spectra (i.e., distribution of phase speeds).
[4] Gravity waves have been observed [e.g., Hinson and

Jenkins, 1995] and cited as potentially important for the
dynamics of Venus’ lower and middle atmosphere [Schubert
and Waterscheid, 1984; Hou and Farrell, 1987; Leroy and
Ingersoll, 1994], and have even been found to be a common
characteristic of Venus’ thermosphere [Kasprzak et al.,
1988]. The effects of upward-propagating gravity waves
on Earth’s thermosphere are not even well-established and
are difficult to separate from waves emanating from auroral
sources [Forbes et al., 1995]. In the thermospheres of Venus
and Mars, however, most wave activity observed is likely to
originate in their lower atmospheres, and therefore repre-
sents a means of vertically coupling energy and momentum.
[5] The characteristics of gravity waves in Mars’ ther-

mosphere are currently unknown, and it is our objective in
this paper to provide some insight into this problem through
examination of in-situ density measurements between 100
and 170 km by the accelerometer on MGS. This work
complements a previous study by the authors [Creasey et
al., 2006] who utilized MGS radio occultation measure-
ments to delineate the gravity wave energy emanating
upward from the lower atmosphere. These combined data
sets can begin to provide some constraints on parameteri-
zation of gravity wave effects in models of large-scale
atmosphere dynamics, while in addition providing informa-
tion on atmospheric variability relevant to future exploration
activities involving aerobraking, aerocapture, and entry,
descent and landing (EDL).

2. Data Analysis

[6] The MGS accelerometer experiment provided meas-
urements of Mars’ thermospheric densities during Phase I
(September 1997–March 1998) and Phase II (September
1998–February 1999) of MGS aerobraking operations. The
combined Phase I and Phase II measurements, obtained
from the NASA Planetary Data System [Keating et al.,
2001], have provided over 800 inbound-outbound density
profiles ranging from about 100 to 170 km altitude and
covering all latitudes from 60�N to the South Pole. Figure 1
shows the relatively even geographical distribution of
measurements. Phase I measurements were taken in north-
ern late autumn and early winter (latitude 30�N–60�N,
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