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Representation of  the spatial grid in a GCM. 

Credit: L. Fairhead, LMD



Simulation 

number

Name CO2 clouds 

Microphysics

Water ice as CN CO2 clouds 

radiatively active

1 Reference Yes - -

2 CO2useH2O Yes Yes -

3 RT Yes - Yes

4 RT+CO2useH2O Yes Yes Yes

- Simulation of  1 Martian year

- Horizontal grid resolution: 64 x 48 

(5.6258°longitude x 3.758° latitude)

- Vertical grid resolution: 32 levels (top at ~ 120 

km, ~ 3 × 10−3 Pa)

- Dust scenario: climatology (regular scenario)

- Dynamical time step: 1.5 minutes

- Physical time step: 15 minutes

- Microphysical time step: 18 seconds

- Outputs time step: 2 hours





CO2useH2OReference

Cross: mesospheric clouds observed

RT+CO2useH2ORT

• Use H2O ice as CN help to form CO2 clouds in the equatorial region

• Theses clouds are located in the mesosphere (see after)

• Good match with the mesospheric clouds observed

• RT simulation don’t show significant variations (back-up)



CO2useH2OReference

• CO2 clouds reach 45° around each pole during winter

• As for equatorial region, they are located between ± 40°N

RT+CO2useH2O



Reference CO2useH2O RT+CO2useH2O

Activate radiatively CO2 clouds increase the opacity at 1 micron in the case with RT+CO2useH2O 



16h

Few equatorial clouds at 16 h and 

their opacity is far below OMEGA 

observations (𝜏1µ𝑚 < 0.01 − 0.6 at 

16h for equatorial mesospheric 

clouds [Määttänen et al., 2010])

0h





Co2useh2oReference

• CO2 ice clouds are lower than H2O ice clouds

• H2O ice allows to form more CO2 ice clouds at all atmospheric levels

• Activate radiatively CO2 clouds shows no significant variations

RT+Co2useh2o



• CO2 ice this time are upper than H2O ice, closed to the tropopause at 1 Pa

• Activate radiatively CO2 clouds forms less CO2 clouds above 3 Pa around Ls=50°

Co2useh2oReference RT+Co2useh2o



• Weak variations in local time of  CO2 ice radius particles with the case using H2O ice particles as CN

• CO2 ice particles reach size of  ~100 µm radius closed to the surface and drop down to few microns around 10 Pa

Co2useh2oReference RT+Co2useh2o



• No variations in local time of  CO2 ice radius particles

• CO2 ice particles reach size of  ~100 µm radius closed to the surface and drop down to few microns around 1 Pa

Co2useh2oReference RT+Co2useh2o



Reference CO2useH2O RT+CO2useH2O

Average of  saturation profiles: at all local times, all longitudes and latitudes > 60°

Quite good agreement with 

MCS observations in the 

south pole.

At the north, the saturated 

layer thickness is still high. 

Our CO2 ice clouds reach 

high altitudes

Activate radiatively CO2

clouds allow thicker 

supersaturated layer in the 

north polar region at the 

beginning of  autumn



• Top altitude of  CO2 clouds simulated higher (~ 64 km) than MOLA observations for all simulations.

• Compute from Eq. 22 in Tobie et al., [2003]: 𝑧𝑡𝑜𝑝 = 𝑤ℎ𝑒𝑛 𝜌𝑎𝑡𝑚𝑁𝐶𝑂2 > 2.10−8 𝑅𝐶𝑂2
−2



Credit: Garry-Bicas et al. [2020]

• Direct value comparison is dangerous

• Low emissivity patterns are encouraging

• We will develop a tool to get the 32 µm emissivity for a 

better comparison with MCS observations



NORTH: Values do not be compared, but tendencies emissivity are closed between observation and simulation

Credit: Garry-Bicas et al. [2020]



Credit: Garry-Bicas et al. [2020]

SOUTH: Values do not be compared, but tendencies emissivity are closed between observation and simulation





• CO2 clouds are located above the H2O clouds for all 

seasons

• During two periods, models do not form CO2 clouds:

• Ls = ~[20, 80]°

• Ls = ~[220, 330]°



CO2 ice mmr (Ls)

• CO2 clouds are formed mainly around -50°E, and around +/- 100°E around Ls=100°

• During the 2 Ls periods described before, the atmosphere is hotter on averaged compared to the rest of  year 

Temperature (Ls)



Temperature (local time)CO2 ice mmr (local time)

• CO2 clouds appear around -50°E at the beginning of  the night and go westerly vanishing during afternoon

• CO2 clouds appear close to the sunset (6-8 h) at all longitudes



Mesospheric CO2 clouds are formed at the beginning of  the night and vanished during the day

Temperature Saturation CO2CO2 ice mmr H2O ice mmr



Reference CO2useH2O RT+CO2useH2O

CO2 particle radius start growing at 18h and reach a maximum at 12h the next day



Reference CO2useH2O RT+CO2useH2O

CO2 ice particles radius have few microns size







Reference RT



Reference RT



Reference RT



Reference RT



RTReference



RTReference



Reference RT



CO2useH2O CO2 ice mmr (local time) CO2 ice mmr (Ls)



CO2useH2O Temperature (local time) Temperature (Ls)







CO2 ice mmr Temperature SaturationH2O ice mmr



Reference TR



Reference RT


