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Outline
• Present-day Mars climate cycle : the water cycle

– Observations of water, clouds and frost
– Simulating the water cycle

• Recent climate variations
– Observations of past climate icy landforms
– Simulating and understanding past climate variations

• The early Mars climate
– Geological evidences of different climates on early

Mars
– Simulating and understanding early Mars climates





Mars climate now : atmospheric circulation, dust , CO2  (and some water)
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Water on Mars



Around North Pole : a 
relatively fresh and 
pure water ice layer 
interacting with the 
atmosphere  
(diameter : 1000 km)
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Mars water cycle 

Atmospheric column of water vapor  (précipitable microns)
( TES NASA Mars Global Surveyor data)
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Clouds
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N. Summer 
Tropical Cloud  
belt

(TES thermal IR obs.
Smith, 2001)
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Opportunity, 25/09/2006



MAP of 
clouds:

N. Summer

N. Winter



| N summer  |           fall          |       winter       |   spring             | summer          |  fall               

Remote sensing by TES (Mike Smith et al. , GSFC) at 2pm local time



| N summer  |           fall          |       winter       |   spring             | summer          |  fall               

Remote sensing by TES (Mike Smith et al. , GSFC) at 2pm local time



Other kind of clouds : Morning Haze



| N summer  |           fall          |       winter       |   spring             | summer          |  fall               

Remote sensing by TES (Mike Smith et al. , GSFC) at 2pm local time

Phoenix



Image from Phoenix SSI camera
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Cloud

Cloud (ice fog)

Fall streaks

Lidar Measurements of Dust and Clouds

Whiteway et al. 2008



Whiteway et al. 2008



Fall Streaks

Whiteway et al. 2008



Whiteway et al. 2008



Virga



Surface frost, Viking Lander 2 (48°N) in winter



Seasonal ice cap in spring
(mosaic of the northern polar cap)



26 March 
–

9 April

OMEGA
data

(visible)
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26 March 
–

9 April
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CO2 ice
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H2O ice
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Recession of the Northern seasonal ice cap as seen by TES
(Titus et al. 2005)

Ls = 0 – 90° (MGS year 3)
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Blue : Albedo boundary
(water frost)

Red : Thermal boundary
(CO2 frost)



Modelling Mars water cycle with a 
Numerical Global Climate Model 

The European GCM
LMD-AOPP-OU-IAA



Simulation of planet Mars with a Global 
Climate Model (GCM)

Reality Model

Observations



Zonal mean
temperature
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LMD GCM
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Figures from
John Wilson !
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temperature
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Modelling the  water cycle



Seasonal cycle 

Simple
GCM 
Simulation 

MGS TES 
Observations 

Eté N.       /   Automne  /  Hiver      /  Printemps  /  Eté



Modelling the  water cycle
“Cloud model”:
(Montmessin et al. 2004)
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Basic facts learned from present-day GCM 
water cycle modelling :

1. A « closed » water cycle (almost !) (Richardson 
and wilson 2002).



A closed seasonal cycle : most water released in summer 
goes back to North polar cap
(the remnant get trap in the perrenial CO2 ice southern cap)



Northern Cap Texture

Byrne et al. 2008





North Polar Residual Ice Cap

¸ Can we understand present 
accumulation/loss rates?
Â Dust-free ice must have 

accumulated recently
Â BUT: OMEGA grain-sizes 

indicates current net loss
Â N. Residual Cap has 

temporary variations in extent 
(~1%)

Â i.e. it’s not clear what’s going 
on…Langevin et al., 2005

Byrne et al. 2008



Basic facts learned from present-day GCM 
water cycle modelling :

1. A « closed » water cycle
2. Surface water ice cannot accumulate

outside the polar regions



GCM simulations of Zonal mean
Surface water ice (µm):

| Spring               |    N. Summer     |   Fall             | N. Winter             |

_No accumulation outside the polar regions



Basic facts learned from present-day GCM 
water cycle modelling :

1. A « closed » water cycle
2. Surface water ice cannot accumulate

outside the polar regions

What about surface liquid water  ?



Liquid water on Mars

Haberle et al. 2003



Liquid water on Mars ?

Pure water
Only if T >0°C and Ps > 610 Pa (triple point)
_ Reading phase diagram :

– Boiling : controlled by ABSOLUTE pressure 
(~atmospheric pressure) 

– Evaporation : surface liquid water stability controlled
by water vapor partial pressure in the air  

(PH2O = Pabs x [H2O]  << Pabs !

_ Pure Liquid water impossible except in lower
plains (Ps> 6.1mb) where it is unstable



Liquid water on Mars

Haberle et al. 2003



• No pure liquid water ponds, but
– Metastable water (Hecht, 2002.)
– Role of « liquid » adsorbed water (Muehlman

et al.)
– Role of brines (with dissolved salts)

• can be liquid at much lower P and T (as low as -
70°C)

• Example : Perchlorate detected by Phoenix MECA
_Renno, et al., 2009 : evidence for « deliquescence

» and liquid water at Phoenix site



On present-day Mars
• No accumulation of ice on the surface 

outside the polar regions. 
• No surface liquid water

In the past ?
Very ancient terrains (>3.8 Ga) Recent terrain (-106 yr)          Recent terrain (-106 yr)



Topography (m)

,          AMAZONIAN : ice caps,glaciers, gullies…

-4.5 -4.0 -3.0 -2.0 -1.0 Present
Age (Gyr)

Ancient terrains



Topography (m)

Ice landforms on 
Mars in polar regions
(> ~80° lat)



3D View (MOLA)



First Radar sounding with Mars 
Express MARSIS  (december
2005) :  95% water ice



NPLD sounding with radar 
SHARAD on Mars 
Reconnaissance Orbiter 



Topography (m)

Ice landforms on 
Mars in polar regions
(> ~80° lat)



Topography of the polar regions

NORTH

SOUTH



2682

South Polar Layered Deposits seen by Mars Express 
Radar MARSIS- 3.3 km thick, almost pure ice !!

500 km

MARSIS Data

MOLA Topo

Nadir groundtrack

SPLD surface

Basal interface

50 ms



2687

Internal Layering in the south polar layered deposits (MARSIS)

1.4 km



Topography (m)

Ice landforms on 
Mars in polar regions
(> ~80° lat)




