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Fig. 11 A diagram of the mean
vertical temperature profile in
Venus’s atmosphere, showing the
major processes at work, and the
approximate locations of the
main cloud layers. From Taylor
(2014)

Figure 11 shows the mean vertical profile with the names of the different regions that have
been assigned by analogy with the Earth.

The horizontal temperature contrasts, i.e. those that vary with altitude and longitude, on
Venus are quite subtle in general, with the largest systematic variation in the tropics being
due to a predominantly wavenumber 2 thermal tide, which has an amplitude of 2 or 3 K at
the cloud tops. Inside the clouds the horizontal temperature contrasts are sometimes larger
than this because of non-uniformities in the cloud structure and hence variations in solar
absorption and emission, but still typically less than 10 K. However at high latitudes in
both hemispheres we find the ‘cold collar’ features that surround each pole at about 75◦N
and S, and the warm ‘polar dipole’ feature inside the collar, again at both poles. ‘Cold’ and
‘warm’ in this context refer to less than 200 K and more than 250 K respectively, compared
to a global mean of about 235 K, all again measured at the cloud tops. Both types of polar
feature exhibit quite complex spatial structure and time variability, and are clearly linked to
wave-like instabilities in the dynamics of the atmosphere at high latitudes. These in turn are
features of the global super-rotation and the consequent transportation of angular momentum
polewards in the meridional Hadley circulation, as discussed further below.

4.4 Composition and Chemistry

The atmosphere on Venus is mostly (96%) carbon dioxide, with about 3% of nitrogen. The
rest is dominated by argon and the other noble gases, plus carbon monoxide, a small amount
of water vapour (by terrestrial standards), and a large amount of sulphur dioxide (again
compared to Earth). Traces of hydrogen halides, HCl and HF, have also been observed along
with several isotopic ratios, including the important deuterium to hydrogen fraction which
is more than a hundred times higher than on Earth. Table 3 gives a short summary of the
composition of Venus’s atmosphere, for full details see Marcq et al. (2018, this issue).

Water is present on Venus as vapour in the atmosphere (about 30 ppm) and bound up
with sulphuric acid in the cloud droplets, but the total water abundance is small compared to

Taylor  et  al.  (2018)

Thermosphere:
EUV  and  CO2 near-­‐IR  heating.

Troposphere:
Greenhouse  effect  due  to  a  
thick  CO2 atmosphere,  
convective  equilibrium.

No  stratospheric  
temperature  inversion.
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Fig. 19 VTGCM slice (70–180 km) near the equator for neutral temperatures (K) (altitude vs. LT). Solar
minimum conditions (F10.7 ∼ 70 at Earth) are utilized (from Bougher et al. 2013)

Fig. 20 VTGCM heating and cooling rates (K/day) for solar minimum conditions at SZA ∼0° (on the
equator at noon) (from Brecht and Bougher 2012)

These panels clearly indicate that symmetric (SS-AS only) winds have equal (but opposite
signed) magnitudes at the ET and MT locations, while asymmetric (SS-AS + RSZ) winds
do not. The difference between these two components is plotted in the last panel, illustrating

Equatorial  temperature  slice  from  the  VTGCM  model  
(Bougher et  al.  2013)



From  Cockell et  al.  (2009)

Figure 4 shows that the mid-IR spectrum of Earth displays
the 9.6 !m O3 band, the 15 !m CO2 band, the 6.3 !m H2O
band, and the H2O rotational band that extends beyond 12
!m. Earth’s spectrum is clearly distinct from that of Mars and

Venus, which display the CO2 feature only. Figure 5 illustrates
the physical basis behind the spectra shown in Fig 4.

The combined appearance of the O3, H2O, and CO2 ab-
sorption bands is the best-studied signature of biological ac-

COCKELL ET AL.6

FIG. 4. The mid-IR spectra of the Earth, Venus, and Mars at low resolution. Spectra are derived from a variety of pub-
lished models including Meadows and Crisp (1996), Tinetti et al. (2005, 2006), Kaltenegger et al. (2007), Selsis et al. (2007b).

FIG. 5. Diagram illustrating the reason for the spectra shown in Fig. 4. The mean surface temperature (T) and partial pres-
sure of CO2 and H2O as a function of the orbital distance on a habitable planet within the HZ (Kaltenegger and Selsis, 2007).
Data adapted from Kasting et al. (1993) and Forget and Pierrehumbert (1997). 
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Photolysis  of  CO2 in  the  stratosphere  
(above  ~70  km):

𝐶𝑂# + ℎ𝜈 → 𝐶𝑂 + 𝑂 l <  169  nm

𝐶𝑂 + 𝑂 +𝑀 → 𝐶𝑂# +𝑀

The  reverse  reaction  is  spin-­‐
forbidden  and  thus  extremely  slow:

Instead,  we  might  expect:

𝑂 + 𝑂 +𝑀 → 𝑂# +𝑀
𝑂 + 𝐶𝑙𝑂 → 𝐶𝑙 + 𝑂#
𝑂 + 𝑂𝐻 → 𝑂# + 𝐻

Should  end  up  with  a  lot  of  CO,  O2
and  O  with  [CO]/[O2]  =  2.

Yung  and  Demore (1982):

𝐶𝑙 + 𝐶𝑂 +𝑀 → 𝐶𝑙𝐶𝑂 +𝑀
𝐶𝑙𝐶𝑂 + 𝑂# + 𝑀 → 𝐶𝑙𝐶𝑂+ + 𝑀
𝐶𝑙𝐶𝑂+ + 𝑂 → 𝐶𝑙 + 𝐶𝑂# + 𝑂#

𝐶𝑂 + 𝑂 → 𝐶𝑂#

𝐶𝑙𝐶𝑂+ + 𝐶𝑙 → 𝐶𝑙 + 𝐶𝑂# + 𝐶𝑙𝑂
𝐶𝑙𝑂 + 𝑂 → 𝐶𝑙 + 𝑂#
𝐶𝑂 + 𝑂 → 𝐶𝑂#

𝐶𝑙𝑂 + 𝑆𝑂 → 𝐶𝑙 + 𝑆𝑂#
𝑆𝑂# + ℎ𝜈 → 𝑆𝑂 + 𝑂

𝑆𝑂# + 𝑂 +𝑀 → 𝑆𝑂+ + 𝑀
𝑆𝑂+ + 𝐻#𝑂 +𝑀 → 𝐻#𝑆𝑂- + 𝑀

𝐶𝑂 + 𝑆𝑂# + 𝑂# + 𝐻#𝑂 → 𝐶𝑂# + 𝐻#𝑆𝑂-






