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The Geoeffective Halo Coronal Mass Ejection
(CME) that departed from the Sun on 28 October 2003
also encountered the planet Mars. The Mars Global
Surveyor (MGS) magnetometer/electron reflectometer
(MAG/ER) instrument package detected the passage
of the CME through elevated electron fluxes and an
increase in the magnetic field magnitude in the mag-
netic pileup region over typical values. Unlike terres-
trial space weather, global magnetic storms are not ex-
pected to occur at Mars because Mars does not have a
significant global dipole magnetic field. However, in-
teraction with the small-scale magnetic structures tied
to the Martian crust does occur. We investigate space
weather effects on the electron environment and mag-
netic field morphology as seen from the 400 km map-
ping altitude of MGS during the late October solar
storms.
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We discuss the use of the MGS MAG/ER instru-
ment in the characterization of coronal mass ejections
(CMEs) and solar energetic particles (SEPs) at Mars.
The Electron Reflectometer (ER) onboard Mars Global
Surveyor (MGS) is an imaging electrostatic analyzer
designed to measure the energy/angle distributions of
10 eV to 20 keV electrons. During quiet conditions, the
ER has a background count rate, integrated over the
entire anode, of about 7 counts/sec (¢/s). This back-
ground is caused by high energy particles that pene-
trate the 2-mm-thick instrument casing and impact the
detector. Since these particles bypass the electrostatic
analyzer section, they produce a count rate that is in-
dependent of the instrument’s energy sweep, typically
dominating the signal in the highest 2-3 energy chan-
nels. During CME and SEP events, these background
count rates increase by several orders of magnitude or
more. Using these penetrating particle counts, we show
several examples of classical SEP and CME shock ar-
rival profiles at Mars obtained during the MGS map-
ping orbit, including events from the recent October-
November storms in 2003. In many cases the ER data

interpretation is supported by magnetic field enhance-

ments, including some examples of the direct measure-
ment of the shock. We also discuss the time variability
of these events in orbit around Mars, comparisons to
simultaneous measurements by the MARIE instrument
and at Earth by the ACE spacecraft, the implications
of these results for CME velocity models, and the re-
sulting radiation environment at the surface of Mars.
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The chemical stability of the atmosphere of Mars
appears to be determined by HOx chemistry which in
turn is related to the distributions of water and ozone.
Using the G3M (Global Mars Multiscale Model) as a
host we have added chemistry and dust modules. The
dynamical model is based on a SL/SI dynamical frame-

work employed in the Canadian Meteorological Service
of Canada’s weather forecast model, GEM (Global En-
vironmental Multiscale) model. The model includes
comprehensive physics and has been extended to over
150 km and been run in global uniform (at 1.3° hori-
zontal resolution) and zoom mode with an interior reso-
lution of 10 km). The version that we will present has a
top at 150 km with uniform horizontal resolution. The
chemistry added includes photolysis of COy and water

vapour and related products and also includes ozone
chemistry. Long-lived chemical species are subject to
transport by the resolved circulation and by diffusion
within the PBL. At present we have not included het-
erogeneous chemistry. We will present seasonal distri-
butions of CO and ozone and compare with available
observations.
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SPICAM, a light-weight (4.8 kg) UV-IR dual spec-
trometer on board Mars Express orbiter, is dedicated
primarily to the study of the atmosphere and iono-
sphere of Mars. The UV imaging spectrometer (118
- 320 nm, resolution 1 nm, intensified CCD) is dedi-
cated to nadir viewing, limb viewing and atmospheric
vertical profiling by stellar and solar occultation. We
report about the first ever stellar occultations around
Mars, and the first measurements of the UV absorption
of CO2 in the upper atmosphere of Mars. By orienting
Mars Express to a star, the UV spectral transmission
of the atmosphere is measured with SPICAM as a func-
tion of altitude and wavelength, by comparing the star
spectra seen above the atmosphere and through the at-
mosphere. The main absorbers are CO2 (below 200 nm)
and dust (above 200 nm), with some ozone at particu-
lar latitudes and seasons. Because of the huge variation
of the UV absorption cross-section of COZ2, it provides
a large dynamic range of slant density measurements.
After vertical inversion, the atmospheric pressure and
temperature are retrieved from 150 km down to 15-25
km, where dust is usually preventing further measure-
ments. Several occultations have been obtained, and
their results will be compared to the LMD General Cir-
culation Model predictions. Collection of future verti-
cal profiles of density and temperature will help in the
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refinement of meteorological and dynamical Mars at-
mospheric models. This is essential for future missions
that will rely on aerocapture and aerobraking.
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On board Mars Express orbiter, the UV channel of
SPICAM is dedicated primarily to the study of the at-
mosphere and ionosphere of Mars. This UV imaging
spectrometer (118 - 320 nm, resolution 1 nm, intensi-
fied CCD) is dedicated to nadir viewing, limb viewing
and atmospheric vertical profiling by stellar and solar
occultation. We report here about the first SPICAM
measurements of the Mars UV airglow obtained during
limb observations. They were obtained by orienting
Mars Express to a predefined inertial pointing direc-
tion, and the drift of the spacecraft along its orbit al-
lowed to obtain a vertical profile of the limb emissions.
On the day side, above the dust scattering layer, which
extends up to 40-50 km, the UV day glow spectrum
contains the emissions of CO (Cameron bands produced
by dissociation of CO2), the O I line at 297.2 nm, and
the (0,0) transition of CO2+at 289 nm. Other emis-
sions are also present. Thanks to observations of cal-
ibrated stars, intensity lines are retrieved with an ex-
cellent photometric accuracy. Comparisons of absolute
intensities and altitude distributions will be compared
to model predictions. Future observations of seasonal
variations with SPICAM should allow us to much bet-
ter constrain the mechanisms leading to loss to space
through the understanding of the mechanisms driving
the formation of this region.
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The Far Ultraviolet Spectroscopic Explorer (FUSE)
satellite was used to observe Mars on 7/8/2001 for
8031s and on 8/10/2001 for 13241s. During these obser-
vations, 6233s and 10988s, respectively, occurred when
the satellite was within Earth’s shadow and terrestrial
airglow contamination was minimized. An earlier ob-
servation by Krasnopolsky and Feldman (Icarus, 160, 8694,
2002) lasted 18340s, of which about half was obtained
from within Earth’s shadow. The FUSE spectra cover
the wavelength range 90-120 nm, at a resolving power
of about 5000, and contain a large number of dayglow
emission lines of H, He, C, N, O, Ar, N+, C+, and
Art, as well as bands of Ny and CO, as described by
Krasnopolsky and Feldman. Here we present detailed full-
disk simulations of several of atomic emission line mul-
tiplets, using recent 1-D and 3-D model atmospheres,
to place constraints on disk-averaged abundances of the
major species of the upper atmosphere.
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A two-peaked structure of the Martian ionosphere
has been seen in the Mars Global Surveyor Radio Sci-
ence electron density profiles. Sometimes the lower
peak is seen only as a shoulder and sometimes as a
distinct peak. The lower peak is produced by ab-
sorption of soft xrays, and the upper peak by absorp-
tion of the main part of the EUV solar fluxes. We
present the results of models of the Martian thermo-
sphere/ionosphere in which we employ different solar
EUV and soft xray fluxes. We have found that a dis-
tinct lower peak cannot be reproduced by scaling the
solar fluxes below 250 A by a constant factor of 3-6.
This is in contrast to models of the terrestrial low al-
titude ionosphere, where such a scaling has been found
to reproduce the electron density profiles measured by
incoherent scatter data (Solomon et al., 2001). We have
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modeled the ionosphere for solar fluxes from Hintereg-
ger, and the S2K fluxes from K. Tobiska. We find that
there is a large difference in the model ionospheres that
result from the S2K v1.24 fluxes, which are based on
the SNOE soft xray data, and the v2.22 fluxes, which
are based on the TIMED SEE data. These differences
are not limited to the soft xrays, but extend into the
EUV as well. Previous models based on the SERF2 so-
lar fluxes (Tobiska, 1991) had shown the double peaked
structure (Fox et al., 1995). We show that the appear-
ance of the double peak depends on both the EUV and
soft xray fluxes.
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Approximately 2000 profiles of ionospheric electron
density between 100 and 200 km altitude have been
generated by the Radio Science Experiment on Mars
Global Surveyor and publicly released on the PDS. Ba-
sic parameters that can be extracted from each electron
density profile include the altitude, peak density, and
thickness of two distinct ionospheric layers, the top-
side scale height, and the overall total electron content
and equivalent slab thickness. With the 2000 profiles
spanning the years 1998-2001, the analysis will include
effects of variability in the longitudes, latitudes, local
times, and seasons sampled. Simple scaling laws for
the behaviour of these ionospheric parameters will be
tested. We will investigate the hypothesis that layer
width, slab thickness, and topside scale height can be
related to neutral atmospheric temperatures and that,
when combined with peak altitudes, these results can
be related to neutral atmospheric pressures. We will
discuss the implications of our results for interactions
between the neutral and ionized portions of the martian
upper atmosphere.
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The terrestrial ionosphere has four ”classic layers”
termed D, E, F1 and F2. At Mars, there are two dis-
tinct ionospheric layers that we call M1 and M2. In
this paper we compare the electron densities of M1 and
M2 measured by the Mars Global Surveyor (MGS) ra-
dio science experiment during 9-27 March 1999 with
the electron densities of the terrestrial E and F1 layers
derived from ionsonde data at six stations distributed
around the globe. These ionospheric layers at the two
planets are dominated by photochemistry, occur at sim-
ilar atmospheric pressure levels, and their day-to-day
variations are all linked to changes in solar activity.
These variations provide the opportunity of making the
first simultaneous study of four photochemical layers in
the solar system. We introduce an ”ionospheric layer
index” to characterize ionospheric layers in general,
and show that it varies between the M1, M2, E and
F1 layers because different atmospheric chemistry and
solar radiations are involved.

SA31A CC: 220 C-E Wednesday
0830h

Mars Space Weather and Upper
Atmosphere Science IIT Posters (joint
with A, P, SH, SM)

Presiding: S Ledvina, University of
California, Berkeley; J R Espley, Rice
University

SA31A-01 0830h POSTER

Modeling Space Weather Effects on the
Middle and Upper Atmosphere of
Mars

Natalie Curtis® (210-522-5573; ncurtis@swri.org);
Geoff Crowleyl (210-522-3475;
gerowley@swri.org); Chris Hackert!
(210-522-4615; chackert@swri.org); David Hinson?
(210-522-3475; hinson@rocc.stanford.edu); Gregory
Wene? (210-522-5201; gwene@utsa.edu);
Christopher Freitas! (210-522-2137;
cfreitas@swri.org); Sidney Chocronl!
(210-522-3698; schocron@swri.org); Mark
Bullock! (210-522-3475; mbullock@swri.org);
Raymond G Roble? (303-497-1000;
roble@hao.ucar.edu); Dan Boicel (210-522-3475;
dboice@swri.org); Leslie A Young! (210-522-3475;
layoung@swri.org); David Grinspoon
(210-522-3475; dgrinspoon@swri.org); Walter
Huebner! (210-522-2730; whuebner@swri.org)

1Southwest Research Institute, 6220 Culebra Road,
San Antonio, TX 78238-5166, United States

2High Altitude Observatory, NCAR, Mitchell Lane,
Boulder, CO 80303, United States

3Stanford University, 350 Serra Mall, David Packard
#333 Stanford University, Stanford, CA 94305-
9515, United States

4University of Texas at San Antonio, 6900 N. Loop
1604, San Antonio, TX 78249, United States

We have created a new Mars GCM that extends
from about 14 km above the planetary surface to alti-
tudes of about 300km, thus coupling the lower and up-
per atmospheres. The model includes Mars-appropriate
dynamics, chemistry, and energetics. Some preliminary
results for a dust-free atmosphere are presented, show-
ing temperature and composition profiles, electron den-
sity distributions, and global wind patterns. The sim-
ulations are validated against Mars Global Surveyor
measurements of neutral density and temperature, and
electron density. We examine modeled and measured
space weather effects in the variability of the Mars at-
mosphere.
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This research encompasses a study of the sensitivity
of the Mars Thermospheric General Circulation Model
(MTGCM) to vertical dust distributions in the lower
atmosphere. Previous studies by Bougher et al (2003)
have illustrated that including realistic lower atmo-
spheric dust loading provides a more accurate portrayal
of upper atmospheric dynamics. In particular, the ob-
served polar warming during the latter part of Mars
Odyssey’s (ODY) Aerobraking Phase was largely repro-
duced by incorporating appropriate vertical dust pro-
files from the NASA Ames Mars General Circulation
Model (MGCM) Murphy et al (2003). In the current
simulations, we investigate the effects of modifying the
Barney Conrath dust vertical mixing profiles on the re-
sulting dynamics of Mars thermosphere. In addition,
we use latitudinal and longitudinal variations in dust
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opacities from the Mars Global Surveyor (MGS) Ther-
mal Emission Spectrometer (TES) Year One (1999-
2000) and TES Year Two (2001-2002) data sets. Two
primary benchmark cases are presented: Ls = 90, and
Ls = 270, which correspond to MGS Phase 2 Aerobrak-
ing and the near end of Mars ODY Aerobraking. This
sensitivity study represents a first step towards char-
acterizing how dust storms may globally impact Mars’
upper atmospheric regions.
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Recently, general characterizations have been made
of the magnetic oscillations observed in the Martian
magnetosheath and below the magnetic pileup bound-
ary. We expand upon that work to examine in detail
observed alti-

the magnetic oscillations at the lowes
tudes. We find that low frequency magnetic oscillations
at or below the proton gyrofrequency are consistently
observed at altitudes as low as 200 km. We discuss
the physical origin of these waves and what this im-
plies about the plasma from which the waves originate.
We also note the relevance of these waves in the explo-
ration of the deep subsurface using inductive sounding
techniques such as those found in magnetotelluric and
magnetic gradiometry methods.

SA31A-04 0830h POSTER

3D multi-fluid simulations of the effect
of dynamic solar wind conditions on
the Martian magnetosphere

Erika M Harnett! (206-543-0212;
eharnett@u.washington.edu)

Robert M Winglee! (206-685-8160;
winglee@ess. washington.edu)

Carol Patyl (206-543-0208;
cpaty@u.washington.edu)

1Department of Earth and Space Science, Univer-
sity of Washington Box 351310, Seattle, WA 98195,
United States
Under quiet solar wind conditions, the strong sur-
face magnetic field on Mars can modify the plasma in-
side the bow shock, and lead to the formation of mini-
magnetospheres. The crustal magnetic field has no ef-
fect on the bow shock though. 3D multi-fluid simula-
tions are used to study the effects of pressure pulses as-
sociated with storm conditions, on the structure of the
inner Martian magnetosphere. The increased dynamic
pressure of the solar wind pushes the bow shock closer
to the surface, into a region where stronger magnetic
fields can have substantial influence on the plasma.
This can also lead to enhanced ionospheric outflow.
Ionospheric outflow rates down the tail are calculated
for a range of solar wind conditions and crustal mag-
netic field orientations.
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