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Introduction

Entry descent and
landing through the thin
Mars atmosphere is

highly sensitive to

— atmospheric density (and
thus temperature and thus
dust)

— winds,

— dust erosion, etc...

Mars environment is
highly variable

Characterizing the
atmosphere (mean state,
variability, extrema) is
key for EDL
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Outline

* New spacecraft observations

» Characterizing the atmosphere at various
scales:

— Global climate models and derived tools for
EDL (Mars Gram, Mars Climate Database)

— Meteorological Data assimilation products
— Mesoscale modeling to predict wind

— Microscale modeling to simulate the
convection in the planetary boundary layer.



Spacecraft observations:
What is new since ~2003 (MER, Beagle 2) or even 2007

(Phoenix) ?
« MRO Mars Climate Sounder data are now

well processed and available
— extended coverage (z=0-70 km) and resolution
compared to previous measurements.
* Continuous Monitoring of Mars

Meteorology by thermal infrared sounders
(MGS TES, MO Themis, Mars Express PFS, MRO MCS)

IS now available since 1999 (7 Martian
years) = Statistics are meaningful.



Example: 5 years of zonal mean atmospheric
temperatures (p=50 Pa; z~25km)
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What we have learned from years of observations:

1. All data show that Mars Meteorology is extremely repeatable in

northern spring and early summer: Ls=0-120°
2. Much more interannual variability for Ls=120-360°

Example of 4 years
of dust opacity
measurements by
Opportunity :

(courtesy of Mark
Lemmon, MER team)
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The Exomars Demontration Module : Landing in the heart
of the “dusty” AND “unpredictable” season (Ls~245°)

Nevertheless we can
start to perform statistics
on regional and local dust
storm at the reference
Meridiani landing site.

« Example : local dust
storms occurring between Ls =
2100 and Ls =290- from MY 24
to MY 29 in the Meridiani area
(data courtesy of N. Cantor
MSSS)
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Predicting global scale
temperature, density and winds

* Available temperature observations are still too sparse to
be used directly for EDL studies. Strategy :

1) Use Mars Global Climate Models (GCM) tuned to fit
the observations, through interfaces for EDL.:
« Mars Gram (based on NASA Ames GCM)

« Mars Climate Database (Based on the LMD GCM see poster
Millour et al. tonight)




The Mars Climate database : LMD 3D Climate
simulations stored in an optimized way to keep the

information about the atmospheric variability

Year to year variability . Simulation of years with
different dust content

Seasonal cycle . Storage of 12 “typical” day
(average over 30° of Ls) around the year

Diurnal cycle . Storage of environmental data 12
times per day,

Day to day variability: (e.g. transient waves):
Within a season, storage of statistics with EOF
statistic tools

Subgrid scale variability (Gravity waves scheme)



Example from the current
version of the Mars Climate
database (V4.3)

Prediction of the temperature
profile at the EDM 2016
meridiani reference landing

site, compared to available
observations (TES, MCS)
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2011 :Toward a “new generation Mars Global Climate
Model” to better simulate Mars meteorology

Takes into account many new
phenomenon previously
neglected by GCMs:
Interactive dust transport
radiatively active water clouds
dust scavenging by clouds

Improved parametrization of near
surface convection

Improved CO2 cycle

= Solve major discrepancies
with observations

= production of new Mars
Climate database (end of
2011)
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Example: seasonal evolution of equatorial daytime
temperature with the new LMD GCM (p=50 Pa; z~25km)
(Madeleine et al. 2011)
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Predicting global scale
temperature, density and winds

* Available temperature observations are still too sparse to
be used directly for EDL studies. Strategy :

2) New: Meteorological data assimilation. Optimal
method combining data and climate models to produce
reference climatology (standard on the Earth: “reanalysis”)

eUK team (Lewis et al. 2007) e Univ. of Maryland (Hoffman et al.
2010) e Caltech (Lee et al. 2011) e Project at LMD for ExoMars
Trace Gas orbiter



Modelling near surface winds and temperature
with a meso-scale model

Simulate regional Mars meteorology in a limited area with a
resolution of ~10 km. The LMD mesoscale model:

WRF dynamical core

integration of conservation laws for
momentum, mass, energy, tracers ; V

LMD Mars physics

radiative transfer (dust and CO»), soil
model, vertical mixing, microphysics (H,O
and CO»), lifting/sedimentation, chemistry

LMD Mars GCM fields
initial and boundary conditions

MGS hi-res dataset

topography, albedo, thermal inertia
specific dust scenarios

[Spiga and Forget, JGR, 2009]



Horizontal wind velocity (m.s ) LT 16, at level 10000 m AMR
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latitude

An example : Simulation of extreme strong winds (> 25 m/s)
at the boundary of prescribed local dust storms
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However, new simulation taking into account dust radiative
effects and transport suggest a more complex, less extreme

dynamics. Heated dust tends to be lifted up in the middle
atmosphere.

Section Temperature(K) & Mass mixing ratio (10 ™5 kg/kg)
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Parachute descent in the Convective
Planetary Boundary Layer

Daytime convective motions
can creates strong updrafts
and downdrafts.

This can now be simulated
using a “Large Eddy
Simulation Models”

* “Non hydrostatic fluid dynamical
core”

» Resolution : 10 to 50 meters to
resolve convective cells

* Physical parametrizations

» Validated with MER surface
measurements (MiniTES sounding)
and Radio occultation profiles
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Crossection of
vertical wind for
worst-case soil
properties

LMD LES model:

- 5km x 5km x 15km,
-periodic boundaries

- initial local time : 10h

- simulation duration : 8h

- With 10 m/s background
wind
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Findings on convective activity on Mars

Potentially dangerous downdraft (up to10 m/s) and updraft (up to 20 m/s) can
occur at the EDM landing site
* Intensity of convection
* decrease strongly with dust loading (dust atmospheric inhibit convection)
* Increase with surface heating (lower albedo and thermal inertia, higher insolation)
« slightly increase in the presence of background wind, small scale topography,

Maximum updraft velocity (redis > 15 m/s)
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Summary & Conclusions

Accumulation of years of observations allows to
perform meaningful statistics on interranual variability

Improved climate models including new meteorological
process will allow much improved prediction of Mars
EDL environment

Climatologies output of meteorological data
assimilation processes like on the Earth provide new
reference data

A hierarchy of realistic models (Global, mesoscale,
microscale/LES) can now be used to simulate all
phases of Entry, Descent and Landing.



