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Introduction: The CO, seasonal mass exchange
between the southern and northern caps results in
changes in both time variable gravity field and rota-
tion of Mars. These variations have been measured
from the spacecraft tracking, using the data princi-
pally from Mars Global Surveyor (MGS) and Mars
Odyssey missions (Yoder et al. 2003, Smith et al.
2001,2009, Balmino et al. 2005, Konopliv et al.
2006, 2010, Marty et al., 2009). The time variations
of the zonal gravity coefficients and rotation provide
an important constraint for the total mass involved in
the exchange of mass from one pole to the opposite.
In addition, it allows monitoring the global CO2
cycle; whether the process is highly regular or con-
tains evidence of irregular climate changes. Addi-
tional constraints on the Martian icecap seasonal
histories are provided by the High Energy Neutron
Detection (HEND, Litvak et al., 2004, 2006), and
the Neutron Spectrometer (NS, Prettyman et al.,
2004, 2009) instruments aboard the Odyssey space-
craft.

Time Variable Gravity: We investigated sea-
sonal and inter-annual changes in seasonal gravity
and LOD. The solutions are compared with the GCM
AMES (Haberle et al., 008) and Laboratoire de
Météorologie Dynamique (LMD,) Forget et al.,
1999) models and Odyssey HEND and NS data sets
(see Konopliv et al. 2010). The observed MGS and
Odyssey J; seasonal gravity solutions represent the
sum of odd zonal coefficients and have the largest
seasonal signature observed in Mars gravity field.
The MGS J; history versus as a function of time
(mean anomaly, M or solar longitude Ls) is present-
ed in Figure 1. Since the observed J; seasonal gravi-
ty, the sum of odd zonal history through degree 25 of
two GCM models (AMES and LMD) and HEND
model are graphed (Karatekin et al., 2005). Although
we can detect seasonal J, changes from spacecraft,
their accuracy is limited.

The measures gravity periodic signature of J; is
studied for different periods or cycles that represent
aphelion-to-aphelion Martian years ( -180° < M <
180°). For example the cycle 3 covers the time be-
tween September 21, 2002 and August 3, 2004. In
Figure 2 we compare the periodic fit of cycles 3 and
4 and examine if the changes seen in NS data agree
with MGS tracking results. Differencing should can-
cel any common modeling errors. Both NS and MGS
have similar signature for the first part of the com-
parison. Although the presence of interannual varia-
tions is not conclusive, we cannot discount that the

NS yearly change could be real. The difference can
be due to a phase shift in the timing of the accretion
and melting of the CO, ice caps that could reflect a
change in overall temperature or dust content. Dust
storms might contribute to such a process.
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Figure 1: Comparison of measured MGS gravity
harmonic J; history with GCM models of LMD,
AMES as well as the HEND Data. The data is plot-
ted as a function of mean anomaly (M) and solar
longitude (Ls). Points A and B correspond to the end
of north and south cap melting, respectively. The fits
are good except at the extremes and the break at
point B (end of south cap melting), especially for the
AMES model (Konopliv et al. 2010).
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Figure 2: Search for inter-annual signature in

NS and MGS cycles 3 and 4 by comparing the cycle
4 minus cycle 3 residuals. Also included is the dif-
ferenced residual using the smoothed NS data.



Length-of-Day (LOD) Variations: The param-
eters of the rotation of Mars have been determined
using radio Doppler and ranging measurements from
the Viking landers (Yoder and Standish, 1997) and
Mars Pathfinder (Folkner et al., 1997). These meas-
urements were performed from an Earth tracking
station to a lander on Mars and had a signature on
the measured radio signal due to the rotation of Mars
about its spin axis and to the changes in Mars’ orien-
tation. Accurate radio tracking of Mars orbiters is
being performed nearly continuously since the arri-
val of Mars Global Surveyor in 1997. Since then, the
radio science data from orbiters (Mars Global Sur-
veyor, Mars Odyssey, and Mars Reconnaissance
Orbiter) combined with the data from Viking and
Mars Pathfinder landers has been continuously im-
proving the determination of the Mars rotation pa-
rameters (Konopliv et al., 2006, 2010).

The changes in Mars rotation parameters are
mainly caused by the condensation/sublimation of
the CO, atmosphere at seasonal scales. Several au-
thors (Cazenave and Balmino, 1981; Defraigne et al.,
2000; Van den Acker et al., 2002; Sanchez et al.,
2003, 2004; Karatekin et al., 2006) estimated the
seasonal variations of LOD from Viking lander sur-
face pressure measurements as well as from GCM
data, which includes the wind contribution as well.
The discrepancy between the observed and modeled
LOD variations has decreased with time thanks to
the continuous measurements of Martian orbiters as
well as to the developments in numerical modeling
of the Martian atmosphere. Figure 3 shows that there
is a good agreement between the observed and mod-
eled ALOD.

In Table 1 we compare the LOD variations from
AMES and LMD GCM data with the previous solu-
tions that used earlier versions of the same GCM.
Total ALOD deduced from AMES and LMD GCM
is in good agreement with the previous studies. The
ALOD annual and semi-annual amplitudes of
Sanchez et al. (2003) based on sum of axial atmos-
pheric angular momentum and cap’s inertia (see Fig.
14 of Sanchez et al. (2003)) are very close to those
deduced from the current AMES GCM run which
simulates more closely the Viking lander pressure
variations (Haberle et al., 2008). The load factor and
the liquid core neglected in Sanchez et al. (2003)
have a combined effect of less than few percent (Ka-
ratekin et al., 2006). Similarly the ALOD amplitudes
reported by Defraigne et al. (2000) and Van den
Acher et al., 2002 using earlier LMD GCM simula-
tions, are in line with the present LMD GCM solu-
tions except the large semi-annual component gi-
ven by Defraigne et al. (2000

We can also expect that the tracking of present
and future orbiters around Mars will be pursued to
improve the present knowledge of the rotation state
of Mars. Besides constraining the CO, cycle, in syn-
ergy with the time-variable gravity measurements,
the variations of the zonal wind can be estimated.

Seasonal zonal winds which are the primary cause of
ALOD on Earth, are less important on Mars but still
significant. Because of the lack of direct measure-
ments, they are only estimated from Martian GCMs,
which suggests, nevertheless, annual amplitudes as
large as one third of the total ALOD. In our calcula-
tions, the total signature and the annual and semi-
annual signatures have about the same amplitude.
This is contrary to an earlier study that found that the
wind component is primarily semi-annual (Van den
Acher et al., 2002). Also, AMES GCM predicts zon-
al winds that are about 30% larger than the LMD
GCM. This also holds true for the mass component
and total amplitude. In future, Martian meteorologi-
cal data assimilation (e.g. Montabone et al., 2006)
can be used to estimate the wind variations. ALOD
amplitudes with an accuracy better than 2% were
shown to be necessary to determine whether or not
the core is liquid, and even better (<0.5%) to con-
strain the core size (Karatekin et al., 2006). This kind
of accuracy can be obtained more easily with Mar-
tian landers having direct radio (see Dehant et al.,
2010). Observing polar motion and nutation would
provide a step forward in our understanding of Mars,
exactly as it did for the Earth a couple of decades
ago. Compared to LOD variations, it is more chal-
lenging to detect the rotation variations associated
with polar motionand nutations, principally due to
their smaller signature. Nevertheless, an upper bound
for the polar motion of Mars is given by Konopliv et
al. (2006) from radio tracking of Mars orbiters and
landers.
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Figure 3: Seasonal LOD variations of Mars giv-
en in msec. The LOD variations computed from the
GCM data (red and blue lines) compared with the
observations from Konopliv et al (2006) (blue re-
gion) and Konopliv et al. (2010) (green region). The
thickness of the shadowed regions corresponds to the
measurement uncertainties.
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Table 1: Comparison of the annual and semi-
annual ALOD Amplitudes calculated from the out-
puts of GCM.

Reference Amplitude (ms)
Annual Semi-annual

Sanchez et al (2003) 0.374 0.272

Van der Acker et al (2002) 0.253 0.246

Defraigne et al. (2000) 0.223 0.375

AMES (present) 0.360 0.260

LMD (present_ 0.229 0.207
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