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Abstract

The martian water cycle's main source is the northern 
polar  cap.  Running  high  resolution  models,  up  to 
360° per 180°, help better resolve this ice cap, and 
better mimic the gradual retreat of the seasonal cap. 
Atmospheric  circulation  is  also  better  resolved. 
Water vapor advection and the subsequent formation 
of clouds quite differ when we compare these brand 
new high resolution simulations and the usual lower 
resolution ones at 64 per 48 grid points.

1. Introduction

On Mars,  there  is  no liquid water  in  present  time, 
even if geological evidence of it exists. The planet is 
a cold, dry desert. Yet, there is still a water cycle. Its 
main  source  is  the  northern  polar  ice  cap  :  the 
perennial  one is  indeed  mainly composed  of  water 
ice which is exposed in summer and fuels the water 
cycle. Water ice frost was observed during the retreat 
of the seasonal cap[1] below the dry ice and mixed 
with it.  While a  significant  part  of  the  atmosphere 
condenses in winter at the poles, it traps water vapor 
that can be released in the subsequent warmer season. 

The  martian  global  climate  model  (GCM) used  in 
this study was developed in the LMD laboratory over 
the course  of  many years.  Radiatively active water 
ice  clouds  were  recently  included,  that  make  the 
temperature  profiles  agree  more  with 
observations[2].  There  is  a  new  microphysical 
scheme of  growth  of  clouds over  dust  particles[4]. 
The  model  is  now  able  to  simulate  the  observed 
supersaturation[3].  The  northern  polar  hood  now 
vanishes in summer[5].

2. High resolution model

A set of models was run to unravel new phenomena 
to be seen  with  this  increased  resolution.  Standard 
models are run on a 64 per 48 grid. The new, higher 
resolution grid is made up of 360 per 180 points. The 

height  levels  are  the  same,  29  ranging  from  the 
ground  to  around  100 km.  Runs  with  and  without 
clouds that are radiatively active were computed, to 
be able to understand better the physical origin of the 
observed effects on climate and the water cycle.

3. Results

The advection  of  the  water  vapor  sublimated  from 
the northern seasonal cap in summer when the polar 
hood disappears is visibly changed, as can be seen on 
figure 1.   

Figure 1: Total vapor column and a sample of wind 
vectors at 8 km over the north polar cap, summer 

solstice. Up: high resolution, down: low resolution.
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Figure 2: Spiralling clouds, Ls=150°

There are also significant differences in waves in the 
high resolution runs.  The active clouds seem to be 
one  of  the  triggers  of  these  waves.  The  study  is 
ongoing.

One  effect  of  the  better  resolution  is  interesting 
spiralling clouds  during  the  dust  storm  season,  or 
earlier, like on figure 2 which shows cloud column 
and a sample of the wind vectors for clarity.

4. Validation of a new 
parametrisation

High  resolution  model  runs  can  also  help  validate 
new parametrisations. An example is the inclusion of 
a  subgrid  scale  temperature  distribution,  which 
allows to compute partial cloudiness in the model. 

Rebinning  high  resolution  runs,  a  cloudiness 
diagnosis  may  be  made  to  compare  with  new 
parametrisation  models.  On figure  3,   the  aphelion 
cloud belt of clouds at  low latitudes (between -10° 
and 30°) is visible, and partially cloudy at its edge.

Figure 3: Partial cloudiness, high resolution model, 
threshold on ice cloud column: 1 pr. μm, Ls=90°

5. Conclusions and perspectives

The study of these high resolution simulations with 
the  LMD  GCM  helps  uncover  new  dynamical 
phenomena.  These  are  linked  to  interesting  cloud 
patterns  and  even  some  spiralling  clouds.  New 
insights into the fascinating water  cycle  of the red, 
desert  planet  will  be allowed.  Watching the clouds 
and  advected  vapor  swirling  in  high  resolution  is 
very  interesting  and  opens  new  opportunities  of 
study.

The next step will be the improvement of the regolith 
water adsorption scheme and the frost representation. 
Combined  with  the  power  of  high  resolution 
modelling,  they  might  help  understand  the  water 
cycle of Mars even better.
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