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Introduction:  The MGS TES atmospheric
temperature data set has allowed a basic
characterization of planetary eddy activity in the
Martian atmosphere.  The planetary eddies include
midlatitude weather systems (baroclinic eddies),
forced quasi-stationary waves, and thermal tides.  All
of these eddy circulation systems can transport heat.
momentum. dust, and water substances into and out
of the polar regions.  Recently, it has been become
evident that they also are acting to transport the
minor atmospheric constituent Argon into and out of
the polar regions [1].  During the winter season, this
transport acts to reduce the enrichment of Argon
which would otherwise occur (by transporting Argon
equatorward), while during early spring the transport
due to the eddies reduces the depletion of Argon (by
transporting Argon poleward).  At present the Argon
data from the MGS GRS experiment have been
analyzed only for the Southern Hemisphere, but it
certainly can be expected that an analogous polar
Argon enrichment/depletion and transport takes place
in the Northern Hemisphere also.

The analyses of the MGS GRS data [1] have
allowed estimates of meridional eddy mixing
coefficients to be made for the southern fall, winter,
and spring seasons.  The mixing coefficient values
have been found to vary greatly during this time
period, and it is thus of interest and importance to
compare them with direct observations of the
planetary eddy activity allowed by the MGS TES
experiment.

Eddy Activity:  Analyses of the MGS TES
atmospheric temperature data have yielded good
estimates of the levels of planetary eddy activity
associated with midlatitude weather systems,
stationary waves, and thermal tides.  These estimates
have been obtained for almost three full Mars years,
in both the southern and northern hemispheres.  All
of the three types of planetary eddies can produce net
meridional transports of conservative atmospheric
constituents, but in general such transport can only
occur in the presence of transience, dissipation, and
nonlinear effects [2].  In view of this, the midlatitude
weather systems might be expected to be able to
produce strong net transports since they are highly
transient in nature, as well as being nonlinear and
dissipative.  A very basic aspect of the weather
systems as revealed by analyses of the TES data is
that they are more vigorous in northern winter than in
southern winter.  In fact, in southern fall and early

winter the weather systems are extremely weak in
comparison to those in the north.  Model studies have
indicated that this is basically a consequence of the
large-scale topography in the south, as well as of the
seasonally asymmetric thermal forcing produced by
the large eccentricity of the orbit of Mars [3].  An
additional basic aspect of the weather systems is that
they tend to have very deep structures in the northern
hemisphere under relatively dusty conditions, and are
generally less deep in the southern hemisphere.  In
both hemispheres, the weather systems tend to be less
deep in early fall and in late winter and spring; the
seasonal variation in vertical structure is much more
pronounced in the north.

As stated above, the weather systems in the TES
atmospheric temperature data are very weak during
the southern fall and early winter seasons.  However,
during the remainder of winter and continuing into
the early spring season, the weather activity is found
to be strongly enhanced, particularly at lower
atmospheric levels.  This can be seen in Figure 1,
which shows the weather system temperature
variance (isolated from that due to both the stationary
waves and the thermal tides) at two relatively low
atmospheric levels as a function of latitude and time,
for the first MGS mapping year.  At higher levels the
variances are much smaller and reach maximum
values earlier in the winter.  The seasonal variation in
the weather activity as measured by the TES
temperature variance shown in Figure 1 (the seasonal
variations in the second and third MGS mapping
years are very similar) is at least fairly similar to the
seasonal variation in the eddy mixing coefficient
inferred from the MGS GRS Argon data [1].  In
particular, the weather system activity is quite weak
prior to Ls ~ 130, but increases very strongly after
this seasonal date.  It reaches maximum levels for Ls

~ 160-180, before diminishing.  This is quite similar
to the inferred seasonal variation in the eddy mixing
coefficient values, except that these continue to
increase after Ls ~ 180, peaking for Ls ~ 180-210.  In
addition, the Argon mixing coefficient values remain
relatively high out to Ls ~ 240-250 (into late southern
spring), whereas the observed levels of weather
activity have fallen off to low values by Ls ~ 210.

Discussion:  The basic similarity in the seasonal
variation of the TES-observed weather system
activity and the eddy mixing coefficient values
inferred from the GRS Argon data strongly suggest
that the midlatitude weather systems (transient
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baroclinic eddies) may be playing a primary role in
producing the sizeable net meridional transports of
Argon during southern winter.  The mixing
coefficients remain large well after southern spring
equinox, however, while the weather activity falls off
rapidly after this seasonal date.  One possible
explanation for this difference is that the ability of
TES to detect the weather systems may be decreasing
rather strongly after Ls ~ 180.  This could be the
result of the vertical depth of the systems becoming
quite shallow in the spring season.  Model
simulations indicate that this tends to occur [3].  A
second possible issue which could help explain the
difference is that the mixing coefficient values
inferred from the GRS data may be overestimated
after Ls ~ 180.  This could be the result of the fact
that the gradients in Argon between the polar region
and lower latitudes are small during the spring
period, making the mixing coefficient estimates
rather sensitive to small errors in the polar Argon
abundances derived from the GRS data [1].

It seems unlikely that forced stationary waves
could be primarily responsible for the Argon
transports during southern winter and spring because
their amplitudes remain relatively constant all
throughout the fall, winter, and spring seasons [4].  In
particular, their amplitudes are quite large during the
fall season for which the eddy mixing coefficient
values are very small.  Similarly, the tidal amplitudes
in southern middle and high latitudes appear to
remain fairly constant throughout the southern fall
and winter seasons [4].  During southern spring in the
first MGS mapping year, the tidal amplitudes in
middle and high latitudes did increase strongly
following the occurrence of a large regional dust
storm event [4].  Thus thermal tides could be playing
an important role in producing the relatively large
eddy mixing coefficient values in the springtime –
assuming that these values are real, as discussed
above.  The southern atmosphere was indeed quite
dusty during springtime in 2003, when the Odyssey
GRS Argon data were obtained.

It can be speculated that the generally higher
levels of weather system activity in the north, as have
been found in the TES data, could produce larger net
meridional transports of Argon and reduce the levels
of enrichment and depletion of Argon in the northern
polar regions in comparison to those observed by the
MGS GRS in the south.
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Figure 1:   Temperature variance associated with
weather system activity during the first MGS
mapping year southern winter season as observed by
the TES experiment.  The top panel shows the
variance versus latitude and seasonal date at a
pressure level of ~ 3.7 mb, while the lower panel
shows the variance at ~ 2.2 mb.
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