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Introduction: Radio occultation (RO) measure-

ments provide vertical profiles of temperature and 

pressure in a planetary atmosphere assuming that its 

atmospheric composition and a temperature at the 

uppermost altitude of each measurement are known. 

Fjeldbo and Eshleman [1] proposed the concept of 

RO for planetary explorations, and Fjeldbo and 

Eshleman [2] first conducted RO measurements in 

the Martian atmosphere utilizing the flyby of Mars 

by Mariner 4. Hinson et al. [3] retrieved vertical pro-

files of temperature and pressure from RO measure-

ments conducted by the Mars Global Surveyor 

(MGS) mission. In their retrievals, the authors as-

sumed the Martian atmospheric composition ob-

tained by the Viking Landers [4] and several typical 

temperature values at the uppermost altitude. The 

influence of these two assumptions is especially 

large in the polar winter regions of Mars, where the 

temperature is extremely low and supersaturation 

and condensation of CO2 frequently occur [5, 6]. The 

CO2 condensation is significant in the Martian at-

mosphere [7], and the high vertical resolution of 

temperature in RO measurements can contribute to 

the science of the polar winter regions [8].  

In the present study, we consider changes of the 

atmospheric composition as well as the high-altitude 

temperature constraint in the Martian polar night 

when retrieving MGS RO data. We follow the meth-

od previously established by Noguchi et al. [9], 

which resolves one of the two problems, the change 

in atmospheric composition. We newly utilize the 

zonal-mean temperature climatology obtained by the 

Mars Climate Sounder (MCS) [10] onboard Mars 

Reconnaissance Orbiter (MRO) in order to solve the 

other problem, the temperature assumption at the 

uppermost altitude [11]. This update of the vertical 

profiles of temperature and pressure obtained from 

MGS RO measurements provides new insights into 

the supersaturation of CO2 in the southern polar win-

ter region of Mars.  

Data and Method: We utilized the MGS-RO da-

ta set [12] available from the NASA Planetary Data 

System (PDS). The original data set contains more 

than 20,000 vertical profiles, including atmospheric 

pressure, temperature, number density and their er-

rors during four Martian years from Mars Year (MY) 

24 to 27 (see Piqueux et al. [13] for a description of 

MY). Following the method proposed by Noguchi et 

al. [9, 11], we rederived 2,065 of the MGS- RO ver-

tical profiles of temperature and pressure in the lati-

tudes between 60°S–90°S during Ls=30°–220°, 

which corresponds to the southern polar night re-

gions.  

In the rederivation, we utilize the temperature da-

ta set obtained by MRO-MCS observations to re-

place the temperature assumed at the uppermost alti-

tude (hereafter Tu). The MRO-MCS data set is avail-

able from the NASA Planetary Data System (PDS). 

The data set contains millions of vertical profiles 

including atmospheric pressure, temperature, extinc-

tions of water ice clouds and dust and their errors 

from MY 28 to the present. Those physical quantities 

are retrieved from measurements of thermal emis-

sion in limb geometry, covering a vertical range 

from near the surface to 80-90 km altitude [14]. The 

data set is based on an improved algorithm that con-

siders the two-dimensional structure of the atmos-

phere along the line of sight of the limb measure-

ment [15]. This improves the accuracy of the re-

trieved quantities in regions that have strong hori-

zontal gradients of temperature and aerosols, which 

is particularly important for the study of the winter 

polar regions, where strong gradients are encoun-

tered.  

Because there is no overlapping time period be-

tween the MGS and MRO observations, we use data 

from different MYs of MRO mission in order to cre-

ate a temperature climatology to serve as a replace-

ment for Tu. The southern winter season is less influ-

enced by dust and less interannually variable than 

the dusty season [16]. Therefore, we simply aver-

aged the temperature profiles obtained by MRO-

MCS in MY29–33 to create a zonal temperature cli-

matology. We gridded the zonal averages into bins 

of five degrees in Ls and latitude.  

The CO2 saturation temperature (Ts) for a given 

pressure, is calculated by the formula shown in Kast-

ing [17]. 

Results: The zonal averages of the difference be-

tween the rederived temperature and Ts are shown in 

the latitude–altitude cross section (Figure 1) and Ls–

altitude cross sections (Figure 2), where negative 

values, which are shown in purple, indicate CO2 su-

persaturation. The supersaturation mainly occurs 

south of 65°S and extends to an altitude of about 15 

km. The temperature in the supersaturation regions is 

at most a few kelvins below Ts. After the winter sol-

stice (Ls>90°), the vertical extent of the supersatura-

tion decreases rapidly, yet remains several kilome-

ters above the surface at high latitudes, as illustrated 



 

 

in Figures 1(d) and (e). Even beyond the spring 

equinox (Ls>180°), a thin layer just above the sur-

face continues to exhibit low temperatures, at least 

between latitudes of 70°S and 60°S, where it is not 

significantly supersaturated. The observed seasonal 

variations in the vertical structure of supersaturation 

and temperature align with the evolution of the 

southern seasonal polar caps [7, 13], which cover 

their largest surface area at the winter solstice and 

still extend to at least 60°S or further south by the 

spring equinox. This suggests that the polar caps, 

persisting after spring, continue to cool the air im-

mediately above the surface.  

To further examine the near-surface thermal 

structure, we analyzed vertical profiles of rederived 

temperature before and after the spring equinox 

(Ls=180°). Before the equinox, in the polar night, 

the temperature profiles at lower altitudes generally 

follow the CO2 saturation curve. After the equinox, 

however, the profiles often exhibit strong tempera-

ture inversions extending up to about 5 km above the 

surface. These changes suggest that the boundary 

layer evolves markedly with season, influenced by 

surface-atmosphere interactions and thermal inertia 

after the seasonal polar cap begins to retreat.  

Concluding Remarks: We have provided evi-

dence for supersaturation with respect to CO2 in the 

Martian southern polar night and examined its verti-

cal structure and its dependence on latitude and Ls 

by using MGS RO measurements. We improved the 

retrievals of RO measurements by correcting the 

upper boundary temperature Tu, using the MRO 

MCS temperature measurements. The analysis of the 

updated MGS RO temperature vertical profiles 

shows that the supersaturation mainly occurs south 

of 65°S and extends to an altitude of about 15 km. 

After the winter solstice, the height of the supersatu-

ration decreases rapidly but remains a few kilometers 

thick at high latitudes. Even after the spring equinox, 

a thin layer just above the surface still stays at a low 

temperature at least in the latitude range of 70°S–

60°S. The temperature below Ts in the supersaturated 

regions is at most a few kelvins. 
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Figure 1: Latitude and altitude cross sections of zonal av-

erages of the difference between rederived temperature and 

Ts in the Ls intervals of (a) 30°–60°, (b) 60°–90°, (c) 90°–

120°, (d) 120°–150°, (e) 150°–180° and (f) 180°–210°. 

 

 
Figure 2: Same as Figure 1, but for Ls and altitude cross 

sections in the latitudes of (a) 75°S–70°S, (b) 70°S–65°S 

and (c) 65°S–60°S.  


