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Energy balance of the atmospheric system
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Energy balance of the atmospheric system
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Greenhouse effect

Effective temperature

Venus Earth Mars Titan

F, (W/m2?) 2620. 1370. 590. 15.1
A 0.75 03 025 0.2
o 1) 232 255 210 86
<Ts>(K) 1735 28 215 95
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Elements of spectroscopy

Electronic transitions
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Example for Hydrogen atom
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Elements of spectroscopy

Line shape

Doppler broadening : core of the line, gaussian profile
Pressure broadening : Lorentzian profile
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Elements of spectroscopy

Molecules : vibrations, rotations
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Elements of spectroscopy

Collision-induced absorption
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Example of CO2 dimer CIA
relevant for Venus deep atmosphere

XXV Canary Islands Winter School of Astrophysics — Solar System Exploration



Planetary Atmospheres - 2. Radiative transfer, composition and clouds

Elements of spectroscopy

Properties of particles Absorption and scattering cross-sections
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Planetary spectrum

Spectrum of Solar Radiation (Earth)
25 Absorbed and

uv Visibleé Infrared »
- reflected solar spectrum

Earth

1.5

5778K blackbody

Sunlight at sea level

HO
Atmospheric
absorption bands

KO cq o

750 1000 1250 1500 1750 2000 2250 2500
Wavelength (nm)

Irradiance (W/m23/nm)

500

Earth from
VIRTIS/
Venus-Express

XXV Canary Islands Winter School of Astrophysics — Solar System Exploration



Planetary Atmospheres - 2. Radiative transfer, composition and clouds

Planetary spectrum

Absorbed and reflected solar spectrum :Titan
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Planetary spectrum
Infrared spectrum : thermal emission Earth

Earth from VIRTIS/Venus-Express
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Planetary spectrum
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Energy transfers

Trenberth diagram : Earth

Net emitt surface
'«2
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Energy transfers

Trenberth diagram : Venus
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Radiative transfer, composition and clouds

» A coupled system
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Atmospheric composition

A scenario for the history of Titan's atmosphere
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Atmospheric composition

Interactions with the surface

Sunlight

Factory and
vehicle

CO, cycle \ emmissions

Photosynthesis
Ffa nt

Decay Dead organisms
organisms and waste products

d

Fossils and fossil fuels
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Atmospheric composition

Vertical distribution : balance of many processes

Escape

Sources
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Condensation
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Particles in the atmosphere

Dust

SUSPENSION

SALTATION

XXVIII Canary Islands Winter School of Astrophysics - Solar System Exploration



Planetary Atmospheres - 2. Radiative transfer, composition and clouds

Microphysics
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A coupled system

Microphysics
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Radiative transfer, composition and clouds

» Temperature profiles : examples of couplings

XXV Canary Islands Winter School of Astrophysics — Solar System Exploration



Planetary Atmospheres - 2. Radiative transfer, composition and clouds

Computing the radiative transfer
and temperature structure

Fluxes and heating rates
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Computing the radiative transfer
and temperature structure

Advantages of the NER matrix : detailed example for Venus
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Solar
radiation

SW
heating
rate

LW
cooling
rate

log(p) in mbar

Computing the radiative transfer
and temperature structure

Titan's haze and stratospheric temperatures
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Observed temperature structures

Venus dayside, VeRa/VenusExpress Titan, northern winter, CIRS/Cassini
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