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Motivation

●Still much to learn about chemical cycles on Mars (OH,methane?)

●Development of a technique to assimilate trace gases on Mars necessary 

to maximise science benefit of future observations to come back from 

ExoMars Trace Gas Orbiter mission

●Ozone has been measured for multiple Mars years, provides ideal 

dataset to test newly created technique!
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Motivation

●Benefits of ozone assimilation:

●Global mapping - best estimate of global ozone constrained by retrievals 

and physical laws

●Chemical constraints - Ozone assimilation can provide information on other 

chemical species

●Unified ozone datasets - Ability to combine several sources of ozone data

●Ozone retrievals - Providing more accurate initial guesses for retrieval 

algorithms

●Model validation – Ozone assimilation provides several approaches to 

contribute to the validation of models
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Martian ozone observations
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ExoMars Trace Gas Orbiter mission

Future observations

http://exploration.esa.int/mars/56666-exomars-2016-trace-gas-orbiter-and-schiaparelli/

• NOMAD-UVIS will provide 

nadir column and vertical 

profiles of ozone

• MAVEN/IUVS semi-global 

ozone maps (oral 

presentation yesterday by 

Lefèvre et al.)
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The LMD-UK Mars Global Circulation Model

Model setup

• Physical parameterisations shared 

with LMD

• UK-only spectral dynamical core

• Typical resolution of T31, 5º x 5º in 

longitude and latitude

• Interaction and transport of 16 

chemical species by LMD 

photochemical model and UK-only 

semi-Lagrangian advection 

scheme respectively

• Assimilation of MEx/SPICAM total 

ozone column retrievals using AC 

scheme
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Data assimilation overview
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SPICAM ozone reanalysis results

• Disagreement in total ozone 

between model prediction 

and reanalysis is observed 

between 45°S-10°S from    

LS = 135-180° and at 

northern polar (60°N-90°N) 

latitudes during northern fall 

(LS = 150-195°).

• Reanalysis allows us to 

investigate mechanisms 

which lead to total ozone 

disagreement 

Ozone in reanalysis

Ozone in reanalysis - GCM
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We can investigate links between water vapour and ozone

1 & 2: Interaction with water vapour

Water vapour in the reanalysis Increments

Difference to TES WV reanalysis
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How does assimilating ozone affect data sparse regions and 

other chemical species?

3: Effect on data sparse regions

GCM Ozone reanalysis

Reproduced from Montmessin et al., 2013
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How does assimilating ozone affect data sparse regions and 

other chemical species?

3: Effect on data sparse regions

Percentage difference in

O H
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Conclusions

●Reanalyses of SPICAM/TES data show underestimation in total ozone 

after aphelion and northern winter can be attributed to modelling biases in 

water vapour transport, in particular over Arabia Terra and west of the 

Tharsis region for the latter

●Assimilation of SPICAM column ozone data provides southern polar 

ozone layer to match SPICAM stellar occultations as a result of 

alterations in chemical species

●A synthesis of model and observations via this assimilation method is a 

powerful tool to delve deeper into the ozone (and other trace gas) cycles 

on Mars 
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