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Mars : the smallest terrestrial planet 



Hubble view Topographic map of MGS 

Condensation/ sublimation of water on Mars 

•  Seasonal polar caps •  Fogs, clouds 



Main characteristics of Mars’ atmosphere 
•  Pressure : 7 mbars (mainly 

CO2). 
–  Most of CO2 probably lost to 

space and/or to the subsurface 
(carbonates) 

•  Composition : 95% de CO2, 
2,7% de N2, 1,6% de Ar, 0,13% 
de O2, 0,07% de CO. 

–  Very little O2, contrary to Earth 
(oxygen from photosynthetic 
origin) 

•  Water vapor : between 1% and 
0,001%  (10 pr. µm in an 
average). 

•  Dust at the surface and 
suspended in the atmosphere 
(micron size) : storms. 

Mars 

•  Triple point of H2O: 6 
mbars, therefore no 
liquid water(only vapor 
or ice). 



Diurnal cycle of temperature measured 
by Viking landers 

•  Large 
amplitude(like on 
the Moon) 
because of the 
tenuous 
atmosphere: 
–  Small greenhouse 

effect (≈3 K, vs 
≈33 K for Earth, 
and ≈500 K for 
Vénus). 

–  Low thermal 
inertia. 



Strong temperature 
contrasts 



No ocean/ tenuous 
atmosphere 
–  Tenuous atmosphere, weak 
greenhouse effect (3 °C), 
atmosphere unable to store heat 
at night à large diurnal thermal 
variation. 
–  No ocean : 

•  no heat storage during winter à 
large seasonal thermal variation. 
•  global solar heating at 
hemispheric scale à one single 
Hadley cell (contrary to Earth). 



Global picture of meteorology and climate 

•  Atmosphere heated from 
below by the surface 
(directly heated by the Sun). 

•  Rotation axis tilt angle 
(24,6°) and day duration 
(24h39mn) similar to 
Earth’s values. Twice 
longer year (687 jours). 

•  Similar meteorological systems:  
–  Hadley cell in intertropical regions, eastern trade winds.  
–  cyclones-anticyclones (baroclinic waves) at mid-latitudes. 
–  Tidal waves, planetary waves. 
–  Water ice clouds. 



The 3 cycles of 
Mars climate 

Northern Spring 

Northern Summer Northern Fall 

Northern Winter 

1) Carbon dioxide 

2) Water/cloud 

3) Dust 



The CO2 cycle 



CO2 cycle : alternate 
condensation on 

polar caps 



CO2 clouds 

10-3 
mbar 

-170°C 

Mars Global Surveyor 

80 km 



CO2 ice on the permanent south polar cap 

J.-P. Bibring & OMEGA team	


Left : CO2 ice in blue 
Right : H2O ice in blue 



CO2 H2O 

OMEGA / HRSC 

J.-P. Bibring & OMEGA team 



The water cycle 



•  MOC-MGS 
image 
(beginning of 
Northern 
summer). 

•  Residual water 
ice during 
summer. 

•  Corona of dark 
dunes. 

•  Diameter : 
1100 km. 

•  Global 
equivalent 
layer of 10 m 
depth 



Residual Southern cap of 
H2O ice with a supercicial 
layer of CO2 ice 

•  Image MOC-MGS 
(Souther summer). 

•  Condensation temperature 
of CO2 : - 125°C. 

•  Diameter : 420 km. 
•  CO2 atmosphere at 

condensation equilibrium 
with CO2 ice at the top of 
the southern polar cap. Layer of ≈10 m of 

carbonic ice at the top of 
H2O ice cap.	




Water phase diagram 

Mars 

Water transport 



Seasonal cycle of H2O recorded by Viking by 
near-IR reflectance spectroscopy 

•  Condensation of H2O 
on the Northern polar 
cap and sublimation 
during spring. 

•  At the South, the very 
cold superficial layer of 
CO2 ice acts as a trap 
of H2O. 

•  Trapping of H2O in the 
regolith at mid latitudes 
during winter 



Observation 
and GCM 
modelling 

Montmessin et al 
(2004) 

TES 

GCM 
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Scattering by surface with albedo A 

MEX/ 
SPICAM 

τv vertical optical 
thickness of absorption, 
varies strongly with 
wavelength 

Absorption 
by gas CO2 

Water vapour band 

SPICAM – near Infra-red 
observations, orbit 8, 9 jan. 2004 

SPICAM – Ultra-Violet 
observations, orbit 8, 9 jan. 2004 

UV 

Reflectance spectroscopy in the UV and near-IR 
by Spicam (Mars-Express) 



Mapping of H2O 
from MeX orbit 

SPICAM H2O map at 
1.38 µm, near spring 

equinox) 

Hellas	


But need for further 
inter-calibration! 



Past water cycle 

Head et al (2005) 



Obliquity 
history 
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Laskar et al. 2004 

 



Cloud thickness (kg/m2) 
and mean winds at 1 km 
above the surface during 
Northern summer  

Observations 

Modelling 

Subsurface « water »  mapped by GRS 
aboard Mars Odyssey (Feldman et al. 2004) Mapping of remnant traces of cold-based glacier 

(Head et al., 2003) 

Forget and collaborators 



The cloud cycle 



Morning frost at high northern latitudes 

Persistant frost on a Viking 
landing site Viking 



Hazes in Valles Marineris (HRSC/OMEGA, 
Mars Express, Inada et al, 2008) 

Lidar of Mars Polar Lander 



GCM cloud 
opacity TES cloud 

opacity 
Montmessin et al (2004) 



High clouds observed by solar occultation 
from Phobos 2 spacecraft 

•  Transmission and tangent optical depths of high cloud layers 

Chassefière et al, Icarus 97, 46, 1992 



High clouds observed by solar occultation 
from Phobos 2 spacecraft 

•  Spectral slope à 
size of particles 
(submicron) 

Chassefière et al, 1992 



Characteristics of the 5 clouds 
observed by Phobos 

Chassefière et al, 1992 



The dust cycle 
Mars	


Earth	




Vertical distribution and 
size of dust particles from 

Phobos observations 

Chassefière et 
al, JGR, 1995 



LS=344° 
REGIONAL  

or  

GLOBAL 

Occurrence of dust storms 



Global storms 
•  No vertical 

stratification and 
unique Hadley 
cell : small global 
scale mixing time 
(a few days). 

•  Rapid transport of 
dust to the whole 
plate à global 
storms 

•  Formation at the 
boundary of the 
retreating south 
polar cap. Strong feedbacks dust/T/wind 



Dust devils 



Storm generation process 


