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Modelling Mars water 
cycle with the LMD Global 

Climate Model 



  

Main recent improvements

● Radiatively active clouds (Madeleine et al. 
2012, Navarro et al. 2014)

● Improved microphysics (Navarro et al. 2014)
– nucleation on dust particles

– ice particle growth

– scavenging of dust particles

– supersaturation



  

Main remaining issues
● Systematic 

temperature 
inversion 
within 
nighttime 
clouds

GCM

MGS 
Radio-occulta
tions
(D. Hinson)



  

● Polar 
hood too 
thick

TES

GCM





  

Night-time mixing layers under 
water ice clouds

Spiga et al. 2017

MGS 
radio-occultation 
measurements

    Mixing layer
    250°E
    195°E

Potential 
temperature 
profiles

Mesoscale model : 
● Horizontal res~30km
● vertical res~750m

MGS



  

High horizontal resolution
P

ottier et al. 2017c

c

GCM
Usual 
res~3,75x5,625°
(~220x330km)

GCM
High
res~1x1°
(~60x60km)



  

High vertical 
resolution~1,2km

Lon=-120°

Lon=-120°

Ls=150° ;  Lat=10° ; LT=2am

Usual vertical 
resolution~2,5km



  

High 
resolution

Ls=150°
Lat=10°
LT=2am

Lon=-120°

Lon=-120°

Ls=150° ;  Lat=10° ; LT=2am

Res~2,5km
Res~1,2km



  

Water cloud cycle

GCM
Vertical 
Res~2.5km

GCM
Vertical
Res~1.2km



  

Water cloud cycle

GCM
Vertical 
Res~2.5km

GCM
Vertical
Res~1.2km

Very high vertical 
resolution ~ 500m ?



  

Water cloud cycle

GCM
Vertical 
Res~2.5km

GCM
Vertical
Res~1.2km

Very high vertical 
resolution ~ 500m ?

Improved coupling of ice 
particle growth and 
sedimentation !



  

Preliminary study

GCM
Vertical 
Res~2.5km

GCM
Vertical
Res~1.2km
Improved
Coupling
Ice particle growth -
sedimentation



  

Conclusion & perspectives
● Investigate on significant improvements of the high vertical 

resolution
● Microphysics resolution : coupling of ice particle growth and 

sedimentation, retuning parameters ?
● Implement improvements :

– Choice of a good vertical resolution

– Sub-grid scale clouds implementation ? (A. Pottier)

– Dust cycle : parametrization of detached dust layers (PhD Chao Wang)

● Future comparisons with brandnew observations (TGO)

● Question : are we missing a physical process to correctly 
simulate the water cycle on Mars ? 



  

From here backup slides



  

GCM : 
Vertical res~2.5km

GCM : 
Vertical res~500m

Very high 
resolution

Ls=150°
Lat=20°
LT=2am

Lon=-100°

Lon=-100°



  

High 
resolution

GCM : 
Vertical res~2.5km

Res~2,5km
Res~500m

Ls=150°
Lat=20°
LT=2am

GCM : 
Vertical res~500m

Lon=-100°

Lon=-100°



  

TES

GCM

Water vapour cycle



  

GCM
Vertical 
Res~2.5km

GCM
Vertical
Res~1.2km

Water vapour cycle



  

Water vapour cycle

GCM
Vertical 
Res~2,5km

GCM
Vertical
Res~1,2km
Improved
Coupling
Particle growth - 
sedimentation



  

Longitude, deg

TES

GCM
Vertical
Res~1.2km

Water cloud cycle



  

GCM
Vertical 
Res~2.5km

GCM
Vertical
Res~1.2km

Water cloud cycle



  

Water cloud cycle

GCM
Vertical 
Res~2,5km

GCM
Vertical
Res~1,2km
Improved
Coupling
Particle growth - 
sedimentation
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