
Investigations of planetary atmospheres:Investigations of planetary atmospheres:
methods and resultsmethods and results



Remote sensingRemote sensing

Imaging

Spectrometry

Polarimetry

Limb sounding

Occultation methods

Radar sounding

Thermal sounding

Microwave investigations



Spectrometry of reflected solar radiationSpectrometry of reflected solar radiation

Wavelength range UV – Near-IR (0.3 … ~ 3(0.3 … ~ 3μμm)m)

Good sensitivity to the total number of moleculestotal number of molecules
on the line of sight 

Low sensitivity to the atmospheric temperature

Day side observations

Multiple scattering needs to be taken into account



Clouds (or surface)Clouds (or surface)

Composition of the atmosphereComposition of the atmosphere



PFS/MEX spectrum in the 2.56 μm H2O band

Synthetic spectrum PFS spectrum

Solar spectrum

H2O lines
OMEGA/ MEX

Monitoring the atmospheric water on MarsMonitoring the atmospheric water on Mars



Seasonal cycle of water on MarsSeasonal cycle of water on Mars

SpringWinter Summer



Seasonal water cycle on MarsSeasonal water cycle on Mars

Seasonal variability 100 – 1000 ppm

Advective transport

Non-atmospheric reservoirs (polar caps, regolith)

Spring  Summer  
Autumn  Winter
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Atmospheric water above Atmospheric water above TharsisTharsis volcanoesvolcanoes
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Composition of the Martian polar cap (OMEGA/ MEX)Composition of the Martian polar cap (OMEGA/ MEX)



Detection of perennial water ice on the South pole of Mars (OMEGDetection of perennial water ice on the South pole of Mars (OMEGA/ MEX)A/ MEX)

Map of CO2 ice band depth
(blue – deep band)

Map of H2O ice band depth
(blue – deep band)



TES: Surface mineralogy TES: Surface mineralogy 
Carbonates and weathering productsCarbonates and weathering products Carbonates, quartz and sulfates Carbonates, quartz and sulfates 

have not been identified at have not been identified at 
detection limit of 5, 5, and 10% detection limit of 5, 5, and 10% 
respectively and 3 km spatial respectively and 3 km spatial 
resolution.resolution.

Christiansen et al., 2000, 2001



TES: detection of hematite TES: detection of hematite 

Three localities of crystalline gray Three localities of crystalline gray 
hematite: Sinus hematite: Sinus MeridianiMeridiani, , AramAram Chaos, Chaos, 
OphirOphir/Candor small deposits./Candor small deposits.



PolarimetryPolarimetry of Venus: discovery of sulfuric acid cloudsof Venus: discovery of sulfuric acid clouds

Sensitivity to aerosol optical properties and size distribution



Spectroscopy in transparency “windows”: Spectroscopy in transparency “windows”: 
Composition of the Venus lower atmosphereComposition of the Venus lower atmosphere

COCO
COSCOS



Aerosol extinction, km-1

Imaging at different wavelengthsImaging at different wavelengths



Cloud top altitudeCloud top altitude

Ignatiev et al.
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Limb sounding Limb sounding 

Air mass advantage 

Vertical sounding

Higher altitude resolution in 
temperature sounding



Venus limbs by Venus Venus limbs by Venus 
Express Monitoring CameraExpress Monitoring Camera



Solar occultation sounding



COSPAR, Montréal, July 15, 2008

SPICAV/SOIR solar occultation

To Sun

Venus

VEX

Atmosphere

Orbit 232 – Order 129

Cloud top



COSPAR, Montréal, July 15, 2008

SPICAV/SOIR solar occultation

To Sun

Venus

VEX

Atmosphere

Orbit 232 – Order 129

Cloud top

150 km

65 km

Detected molecules:Detected molecules:

COCO22, H, H22O, HDO, CO, O, HDO, CO, HClHCl, SO, SO22



ExamplesExamples of SOIR Venus Express of SOIR Venus Express spectraspectra
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Earth radio occultation Earth radio occultation 

Uses spacecraft telecommunication systemUses spacecraft telecommunication system
High vertical resolution 0.1 High vertical resolution 0.1 -- 0.2 km but 0.2 km but 

spatial averagingspatial averaging
Deep penetration in the atmosphereDeep penetration in the atmosphere
Complete latitude coverageComplete latitude coverage
OccultationsOccultations occur in seasonsoccur in seasons
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Atmosphere static stability from radio-
occultations by Venus Express

low latitudes high latitudesmiddle latitudes



Venus unveiled…Venus unveiled… Venera-15-16

Pioneer-Venus

Magellan



InIn--situ investigationssitu investigations

Descent probes
Pressure/ temperature sensorsPressure/ temperature sensors

Optical studiesOptical studies

InIn--situ analysis of gases, aerosols, and rockssitu analysis of gases, aerosols, and rocks

Balloons  

Rovers



SpectrophotometrySpectrophotometry on on 
descent probesdescent probes

SSnn ??

Venera-11



Spectra of the Titan atmosphereSpectra of the Titan atmosphere

DISR/ Huygens/ Cassini



Titan atmosphere: Let’s dive in !Titan atmosphere: Let’s dive in !

Huygens descent on Titan   
Simulations by B. Grieger

Descent on Titan.mpeg



NephelometryNephelometry on descent probeson descent probes

Vertical profile of aerosol extinction

Optical properties of cloud particles

Extinction coefficient, km-1



HH22SOSO44

H2SO4 + Unknown UV absorber + Unknown UV absorber (Sn, S2O, FeCl3…) 

H2SO4

Crystals ?

H3PO4

Spectrometry of the aerosol particle sizesSpectrometry of the aerosol particle sizes



InIn--situ composition analysis: gas chromatographysitu composition analysis: gas chromatography

Gas 
sample Adsorption 

column

Time

1 2 3



InIn--situ composition analysis: masssitu composition analysis: mass--spectrometryspectrometry
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VEGA VEGA --1, 1, --2 Balloon Experiment (1984)2 Balloon Experiment (1984)



Global network of tracking stationsGlobal network of tracking stations



Spectrometry of thermal radiationSpectrometry of thermal radiation



Spectrometry of thermal radiationSpectrometry of thermal radiation

Wavelength range mid – far-IR (3 (3 –– 1000 1000 μμm)m)

Good sensitivity to 

1. atmospheric temperature and 1. atmospheric temperature and 

2. total number of molecules2. total number of molecules

Both day and night side observations

Multiple scattering is usually of minor importance



Thermal emissions spectra  of terrestrial planetsThermal emissions spectra  of terrestrial planets



Thermal emission spectra of Giants and Titan Thermal emission spectra of Giants and Titan 



Temperature soundingTemperature sounding
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Vertical sounding of the temperature structureVertical sounding of the temperature structure

ττ ~ 1 rule ~ 1 rule 
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In strong bands thermal radiation forms at different altitudes 
depending on wavelength (ττ ~ 1 rule~ 1 rule )

Gas should be well mixed, not variable, with known abundance

Local thermodynamic equilibrium (LTE)

Vertical resolution ~ half a scale height 

Principles of the temperature remote sensingPrinciples of the temperature remote sensing
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Temperature retrieval is anTemperature retrieval is an illill--posed posed problem.problem.

Special Special stabilization (regularization)stabilization (regularization) methods are requiredmethods are required



Temperature sounding of the Martian atmosphere Temperature sounding of the Martian atmosphere 

Retrieval error is 2Retrieval error is 2--3 K and 3 K and 
increases towards the edges of the increases towards the edges of the 
sounded range sounded range 



Mars atmospheric temperaturesMars atmospheric temperatures
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Sounding of the Martian atmospheric dust Sounding of the Martian atmospheric dust 

PFS-LW

Dust



Microwave investigations Microwave investigations 

Very high spectral resolution Very high spectral resolution 
1010--33 –– 1010--44 cmcm--11

Temperature soundingTemperature sounding

Trace gases soundingTrace gases sounding

Very high sensitivityVery high sensitivity

Vertical profileVertical profile

Doppler wind measurementsDoppler wind measurements
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