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Thermal Structure

Influenced by different kinds of processes: 

• solar irradiation 

• internal heat 

• chemical reactions in the atmosphere 

• clouds or haze (i.e. aerosols) 

• volcanoes/geysers 

• interactions between atmosphere and crust/ocean (for terrestrial planets) 

• biochemical and anthropogenic processes (on Earth) 



Thermal Structure

Determined primarily by the most efficient energy transport mechanism. 

Generally: 

• in tenuous upper layers, conduction dominates 

• down to pressures of 0.5 bar, radiation dominates 

• below, convection dominates 

Lapse rates: 

Adiabatic lapse rate: rate of change of the temperature with pressure. 



Earth’s Pressure-Temperature Profile



Mars’ Pressure-Temperature Profile



Mars’ Temperature Evolution



studies using the 295 K spectroscopic data. They showed
that the impact of temperature is stronger when observing
larger slant densities (i.e., lower atmospheric levels) because
the CO2 absorption cross sections sensitivity to temperature
is mostly significant at wavelengths larger than 160 nm
(with a maximum around 190 nm [see Quémerais et al.,
2006, Figure 17]). The retrieval is sensitive to this part of
the spectra only for slant densities larger than 1019 mole-
cules per cm2 (i.e., altitude below about 100 km). For
smaller slant densities the effect is small, with an average
difference of 7% between the retrievals performed with the
195 and 295 K data set. Above 1019 cm!2, the difference
increase linearly with the log of slant density and reaches
50% for slant densities equal or larger than 1022 cm!2 (i.e.,
below 50 km). Extrapolating this sensitivity below 195 K
may be hazardous. Nevertheless, taking into account the
typical Martian temperatures at various levels, we have
assumed a 5% bias for slant densities lower than 1019

cm!2 and a 20% error above 1022 cm!2 with a linear
transition with the log of slant density in between. Because
the CO2 absorption decrease with temperature and because
the upper atmosphere observed by SPICAM is colder than
195 K, the corresponding bias correspond to an underesti-
mation of the density. Below 60 km, it is likely that the
presence of airborne dust adds an additional uncertainty
which is difficult to estimate [Quémerais et al., 2006].
Absorption by dust is the limiting factor of the method at
low altitudes (no more star signal), while at high altitudes

the limiting factor is the CO2 slant density. Altogether, we
suspect that the density retrieved by SPICAM below 50 km
are often strongly underestimated, and not reliable.

3.2. Temperature Profiles

[9] Temperature profiles can be derived from the density
profiles assuming that the atmosphere is in hydrostatic
equilibrium [Quémerais et al., 2006; Korablev et al. 2001].
In practice, the integration is performed from the top of the
density profile to the bottom, to avoid the amplification of
errors resulting from the decrease of density when going
upward. The temperature at the top of the density profile
(around 140 km) is not known. In this study we assumed that
it ranged between 100 and 250 K, in agreement with the
available in situ observations [Seiff and Kirk, 1977;
Magalhães et al., 1999] and model results [Bougher et
al., 1999; Angelats i Coll et al., 2005]. Figures 3d, 3e, and
3f show typical temperature profiles corresponding to the
density profiles shown above. In each cases, three temper-
ature profiles are retrieved assuming top temperatures of
100, 175, and 250 K. The three curves are superimposed
below 120 km. It is safe to assume that the retrieved
temperature profile is insensitive to the assumed top bound-
ary temperature below this level. As for the density, the error
bars account for the instrumental noise (typically 3 to 6 K at
115 km, 7 to 15 K at 70 km) and the possible bias resulting
from the underestimation of density due to spectroscopic
data uncertainties. We estimate it by adding the systematic

Figure 3. Examples of (top) three typical SPICAM CO2 density profiles and (bottom)the corresponding
derived temperature profiles. The error bars illustrate the instrumental and retrieval model errors and a
possible bias due to uncertainties on CO2 cross sections (see text). In each cases, three temperature
profiles retrieved with top temperatures of 100, 175. and 250 K are shown.
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Mars’ Pressure-Temperature Profiles

to 30 K south polar warming. Such a warming has been
predicted by General Circulation Models [Forget et al.,
1999]. It is thought to result from adiabatic compression in
descending winds induced by a convergence of mass in the
upper atmosphere, primarily forced by thermal tides at this
particular season. Similar or stronger warming have been
observed in the northern polar night around 100–130 km by
the Mars Odyssey spacecraft during its aerobraking period
[see Bougher et al., 2006, and references therein]. In the
southern hemisphere, the aerobraking observations are less
clear. Data were obtained by Mars Global Surveyor
[Bougher et al., 2006; Keating et al., 2003] and Mars
Reconnaissance Orbiter [Keating et al., 2007]. Both space-
craft detected a cooling at 120–130 km [Bougher et al.,
2006, 2007] but MRO measured a !10 K warming at 110
km [Keating et al., 2007] on the nightside. When plotted in
altitude coordinate (not shown) SPICAM nightside obser-
vations are consistent with this observation, and suggest that
if MRO had been able to make measurements at 90 km and
80 km, it would have been able to detect a polar warming
larger than 20 K, at least on the nightside.

6.2. Longitudinal Variations

[18] The densities measured around 100–130 km by the
aerobraking Mars Global Surveyor accelerometer at fixed

Figure 8. Temperature retrieved between 50!S and 50!N plotted as a function of season (Ls) and
interpolated at four pressure levels. The absolute error bars shown are large, but we believe that the
relative variations are meaningful. Depending on the season, 0.1 Pa corresponds to altitudes around 70–
80 km, 0.01 Pa to 85–100 km, 0.001 Pa to 100–115 km, and 0.0001 Pa to 115–130 km.

Figure 9. Day-night temperature variations observed by
SPICAM in the winter northern midlatitudes. The curves are
the average of 23 and 4 profiles retrieved at about the same
local time and latitude.
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Venus’ Pressure-Temperature Profile



Titan’s Pressure-Temperature Profile



Solar System Giant Planets 
Pressure-Temperature Profiles

1 

��

��

��

��
��

�

�

�

�n�����
p���m
���m
�����q�

�

�

�
�

2 

CIVXMGEP�WXVYGXYVIW�SJ�TPERIXEV]�EXQSWTLIVIW�

�

(Mueller-Wodarg et al.) 



Mesospheric “thermostat” on GiantsMesospheric “thermostat” on Giants
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CCxxHHyy absorptionabsorption Mesospheric temperature 
increases by solar heating until it 
reaches the temperature,for which 
maximum of the Planck function 
overlaps with absorption bands of 
hydrocarbons. This makes 
radiative cooling efficient.

credit: Dmitry Titov
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Aurorae Win!



Examples of structural parametersExamples of structural parameters

Venus Earth Titan Jupiter Saturn

g, m/s2 8.87 9.78 1.35 ~25 ~10

µ ~44 29 28 ~4 ~4

Scale height, 
km

5-16 8.5 30-40 18 35

Lapse rate, 
K/km

8 8 ~1 1.9 0.84

credit: Dmitry Titov


