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Upper atmosphere (UA)

● UA: mesosphere + 
mesopause + 
thermosphere + 
ionosphere

● Interface with UV solar 
activity + solar wind

● Transition between 
gravitationally bound 
atmosphere and escaping 
exosphere



  



  

Tools

● Mars Express  
Interdisciplinary Scientist

● Collaborator of 
MAVEN/IUVS

● NOMAD/ExoMars TGO 
science team

Observations

Development and 
application of LMD-Mars 
Global Climate Model

Modeling



  



  



  

The Mars Climate Database



  

Motivation

● Geological records on Mars show evidence of wetter, denser 
atmosphere in the past

● Where did that atmosphere go?

● Atmospheric escape is a key process to understand Mars 
atmospheric evolution



  

Motivation

● Escape variability strongly affected by temperature/density 
variability in UA



  

Motivation

● Good knowledge of UA structure and variability essential 
for aerobraking maneouvers



  

Sources of variability in UA

● Solar UV variability
● 11-year cycle
● 27-sols
● Flares
● Orbital eccentricity
● Latitudinal/LT due to insolation variations

● Atmospheric waves
● Tides (migrating/non migrating)

● Transient waves

● Gravity waves

● Dust load in the lower atmosphere



  

Solar UV variability

SPICAM/MEx MAVEN



  

MY26

Results: temperature variability
MY25

MY29 MY32

González-Galindo et al., JGR 2015



  

Results: temperature variability

González-Galindo et al., JGR 2015



  

Results: Hydrogen escape

Chaufray, González-Galindo et al., 
submitted

Chaffin et al., GRL 2014



  

Summary and future work

● Mars upper atmosphere strongly affected by variability

● We have characterized the temperature variability  in the UA 
during the last 10 MYs

● Strong seasonal variability

● Important solar cycle variability

● Strong H escape rate variability 
● x10 seasonal, good agrement with MEx and MAVEN

● x2-5 solar cycle

● Future directions:
● Study temperature/escape rate at past solar conditions, to 

provide estimates of accumulated H loss



  



  



  



  

Results: temperature variability



  



  



  

The Mars Climate Database



  

The Mars Climate Database
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