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Introduction:  We are using radio occultation 
(RO) measurements from Mars Express (MEX), Mars 
Reconnaissance Orbiter (MRO), and Mars Global Sur-
veyor (MGS) to characterize the atmospheric structure 
and diurnal variations in the lowest few scale heights 
of the tropics. We focus on northern spring and sum-
mer, using observations from 4 martian years at local 
times of 4-5 and 15-17 h.  

We supplement the observations with results ob-
tained from the NASA/Ames Mars General Circulation 
Model (MGCM) [1] and from large-eddy simulations 
with the Martian Mesoscale Model of the Laboratoire 
de Météorologie Dynamique [2]. The RO measure-
ments provide new constraints for validation of the 
models, while the models provide a foundation for 
interpreting the observations.  

Results:  We previously investigated the depth of 
the daytime convective boundary layer (CBL) and its 
variations with surface elevation and surface properties 
[3, 4, 5]. Figure 1 shows the temperature structure in 
late afternoon RO profiles from two locations. The 
depth of the mixed layer varies markedly with surface 
elevation, so that the peak height of the daytime CBL 
differs by 8 km between these two regions.  
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Figure 1:  MEX RO profiles in northern spring (Ls = 
25°). Orange lines show profiles from the Tharsis re-
gion (250°E, 20-25°N). Blue lines show profiles from 
Amazonis (210°E, 20-25°N). The local time is 15.6 h. 
Each profile contains a CBL, where the potential tem-
perature is nearly constant.  
 

Figure 1 also compares the vertical resolution of 
temperature profiles retrieved by the MGS Thermal 
Emission Spectrometer (TES), the MRO Mars Climate 
Sounder (MCS), and the radio occultation (RO) tech-
nique. The vertical resolution of the RO profiles yields 
unique insight into the structure of the lower atmos-
phere.  
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Figure 2:  MGS RO profiles in northern summer (Ls = 
140°). Orange lines show profiles from the Tharsis 
region (250°E, 20-25°N). Blue lines show 3 profiles 
from contemporaneous measurements in Amazonis 
(195°E, 20-25°N). The local time is 4.2 h. A detached 
mixed layer, where the potential temperature is con-
stant, appears above Tharsis but not in Amazonis. The 
shaded region corresponds to the 1-sigma uncertainty.  
 

We are also examining unusual aspects of the tem-
perature structure observed at night [6], which provide 
additional constraints on the diurnal cycle in the trop-
ics. Figure 2 shows examples of the RO measurements 
from the same two regions as in Figure 1. Most impor-
tant, predawn profiles above Tharsis contain an unex-
pected layer of neutral static stability at pressures of 
200-300 Pa with a depth of 4-5 km. Nighttime profiles 
in Amazonis show no sign of a detached mixed layer.  

The pre-dawn mixed layer above Tharsis is capped 
by a 10-K temperature inversion (not shown), which 
may arise in response to radiative cooling from a water 
ice cloud layer [7]. What’s new about the observations 
in Figure 2 is the further implication that cloud-
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induced radiative cooling can generate convective in-
stability below the inversion.  

We have performed a pair of simulations with the 
NASA/Ames MGCM to explore this hypothesis. The 
results confirm that nighttime radiative cooling by a 
water ice cloud can produce a predawn mixed layer 
capped by a temperature inversion – the simulated 
temperature structure closely resembles the Tharsis 
profiles in Figure 2. Neither the predawn mixed layer 
nor the overlying inversion appears in a “passive” 
baseline simulation that omits the effects of cloud ra-
diation.  

Discussion: These regional variations in the night-
time temperature structure appear to arise in part from 
large-scale variations in topography, which have sev-
eral notable effects. First, the CBL is much deeper in 
the Tharsis region than in Amazonis, owing to a 
roughly 6-km difference in surface elevation [3, 5]. 
Second, large-eddy simulations show that daytime 
convection is not only deeper above Tharsis but also 
considerably more intense than it is in Amazonis [4]. 
Finally, the daytime surface temperatures are compa-
rable in the two regions, so that Tharsis acts as an ele-
vated heat source throughout the CBL. These topog-
raphic effects are expected to enhance the vertical mix-
ing of water vapor above elevated terrain, which might 
lead to the formation and regional confinement of 
nighttime clouds.  

We are surveying the RO profiles from MGS and 
MRO to further characterize the spatial distribution of 
the predawn mixed layers and their seasonal evolution. 
We also plan to compare the RO results with nighttime 
observations of water ice clouds [8, 9, 10]. Our inter-
pretation of the results will rely heavily on MGCM 
simulations.     
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