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Radio occultation sounding of the neutral atmosphere is
conducted routinely as part of the Mars Global Surveyor Radio
Science (RS) investigation [Hinson et al.,1999, 2001;Tyler
et al., 2001]. Each observation yields a profile of temper-
ature and pressure versus radius that extends from the sur-
face to∼10 Pa, an altitude interval of∼40 km. More than
7000 RS profiles have been acquired since measurements be-
gan in January 1998, and these experiments are continuing
as part of an ongoing extended mission. The RS profiles are
available from both PDS and a more versatile RS Web site
(http://nova.stanford.edu/projects/mgs/dmwr.html).

These RS experiments provide a unique record of pressure
variations within the lower atmosphere on time scales from di-
urnal to interannual. A compact summary of the RS measure-
ments can be obtained by extracting one sample of pressure at
fixed elevation from each profile. Figure 1 compares such RS
results with the classic pressure measurements by the Viking
Landers [Hess et al.,1979; Zurek et al.,1992]. Three sets
of data appear in this figure: (1) the daily average pressure
from Viking Lander 1 (VL1) at 22◦N, 312◦E, (2) analogous
results from Viking Lander 2 (VL2) at 48◦N, 134◦E, and (3)
RS pressures sampled at the same elevation as VL1. Both the
latitude and longitude of the RS measurements vary continu-
ally. These RS observations are from December 1998 through
May 2002, which corresponds to Mars year (MY) 24 and 25.
(In the convention used here MY 1 begins atLs = 0

◦ on April
11, 1955 [Clancy et al.,2000]). The VL data are from MY 12
and 13.

All three data sets in Figure 1 trace a similar cycle of sea-
sonal pressure variations, which arises primarily from polar
condensation and sublimation of carbon dioxide. Seasonal
changes in the general circulation of the atmosphere also im-
pose significant modulation on this pressure cycle [cf.Hourdin
et al.,1993]. For example, RS pressures at 60◦–70◦N in north-
ern winter (Ls = 270

◦–360◦) are 3–5% smaller on average
than the pressures recorded by VL1. This meridional pressure
gradient reflects geostrophic balance of the winter jet in the
zonal wind field.

The short-term variance of the RS measurements is real
and arises from planetary scale dynamics, with comparable
contributions from transient eddies [e.g.,Hinson and Wil-
son, 2002] and stationary planetary waves [e.g.,Hinson et
al., 2003]. Their amplitudes vary strongly with season, as
illustrated in Figure 2 where the RS data from Figure 1 have
been folded into one Martian year. The peak-to-peak spread
in the measurements ranges from>10% in late winter to<1%
near summer solstice. The signature of transient eddies (but
not stationary waves) is also apparent in the VL data in Figure
1. The eddy amplitude is largest at high latitudes (RS), mod-
erate at midlatitudes (VL2), and small in the northern tropics
(VL1).

The RS measurements span several Martian years. Both
the mean pressure and its short term variance are highly re-
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Figure 1: (top) Pressure variations at fixed elevation in the
Northern Hemisphere of Mars as measured by (black) VL1,
(blue) VL2, and (red) MGS RS. (bottom) Latitude of respec-
tive measurements.
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Figure 2: MGS RS measurements of pressure variations at
fixed elevation in the Northern Hemisphere of Mars. Colors
indicate results from (blue) MY 24, (red) MY 25, and (green)
MY 26. Experiments planned for the ongoing extended mis-
sion can fill the gap in coverage nearLs = 240

◦.
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Figure 3: Comparison of pressure measurements by (black)
VL1, (blue) VL2, and (red) MGS RS. The RS pressures were
sampled at the same elevation and essentially the same loca-
tion as each lander. The Viking data are from MY 12–13,
while the MGS data are from MY 24–25.

peatable from year to year, as shown in Figure 2. (Additional
observations during northern spring of MY 26 will be pre-
sented at the conference.)

The RS experiments in Figure 1 have sounded the at-
mosphere near both VL1 (Ls = 140

◦ of MY 24) and VL2
(Ls = 184

◦ of MY 25), which allows direct comparison of
pressure measurements by two very different techniques. Due
to the long baseline between the respective observations, this
comparison also provides a sensitive test for the presence of
secular pressure variations, such as those proposed byMalin
et al. [2001]. Figure 3 shows two years of data from both
VL1 and VL2 (MY 12 and 13) along with RS measurements
at the same elevation and essentially the same location as each
lander. The net effect of tides is small at the local time of
these RS measurements, so the daily average pressure from
the landers is used in this comparison. There is a high degree
of consistency among these data sets. The amount of carbon
dioxide that participates in the seasonal cycle appears to have
changed by<1% in 12 Martian years.

More generally, these RS experiments characterize the
geopotential and temperature fields within the lower atmo-
sphere. Sampling in longitude is relatively quick and com-
plete, allowing straightforward inference of the meridional
wind field. For example, Figure 4 shows RS measurements
of stationary waves in late summer (Ls = 162

◦ of MY 25) at
77◦N. Wave-induced variations in geopotential height range
from +240 to−180 m, corresponding to peak-to-peak pres-
sure variations of about 4% (cf. Figure 1). The meridional
winds (v′) implied by geostrophic balance range from+8 to
−10 m s−1. The temperature deviations (T

′) are surprisingly
large for this season and location, reaching extremes of+7 and
−5 K. The temperature field consists of a wave-1 disturbance
confined to the lowest scale height above the surface. Con-
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Figure 4: RS measurements of stationary waves in late sum-
mer at 77◦N. These experiments readily resolve structure
within the lowest scale height above the surface. The three
panels show (top) zonal deviations of geopotential height (m),
(middle) meridional winds (m s−1) implied by geostrophic
balance, and (bottom) zonal deviations of temperature (K).
Gray shading denotes negative values. Positive winds are
poleward.

tours ofT ′ slope distinctly westward with increasing height.
The fields ofv′ andT

′ are correlated at low altitudes, resulting
in poleward advection of warm air, equatorward advection of
cool air, and a significant poleward eddy heat flux near the
surface.
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