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EARTH THROUGH TIME
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— Oxygen begins to appear in the atmosphere
— Oxygen-producing bacteria get their start

— Major CH4 contributions to the atmosphere from methanogens
—— First microscopic life begins consuming CO»

—— High CO; compensates for the faint young Sun




Modeling chemical uncertainties

In a pale orange dot
Fric Hébrard (NASA-GSFC / ORAU)

EARTH THROUGH TIME

T, . Kasting et al., 2004 - Sci. Am.
H 7]
— Global ice ages —
5 02
-'C:U .
% 3000 ppmv
z
S
v 1000 ppmv
g
Q
= .
< CHa R
z !_ | | g R
4 3 | 2 | 0
Time (Ga)
35 30 25
Pavlov et al., 20012 Pavlov et al., 2001b Trainer et al., 2004
Trainer et al., 2006 Haqqg-Misra et al., 2008 Domagal-Goldman et al., 2008

Zerkle et al., 2012 Kurzweil et al., 2013



ARCHEAN EARTH




CHs ? co,

9

Trainer et al.,, 2004 - Astrobiology



Impact on atmospheric chemistry 7

Impact on planetary climate ?

Impact on planetary spectrum 7

Wolf and Toon, 2010 - Science
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Geochemical constraints

Temperature
Pressure
Gases abundances
Haze abundance

SMART - Spectral Mapping and
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Wolf and Toon, 2014 - 62% ice free
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Geochemical constraints
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Gases abundances
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PHOTOCHEMICAL MODELING

@ Chemical models of planetary atmospheres are complex ([0-3]D chemical-dynamical
codes with thousands of highly coupled nonlinear equations)

(D The chemical equations are based on empirical parameters :

AB ™ A+ B A+B U 4D
oi(A\T) qij(AT) ki(T) = ai(55)" exp(—F)
Photodissociations Neutral-neutral thermal reactions

(D These empirical parameters are obtained from experiments, calculations and/or [ more
or less [ but most often less ]] educated-guessed estimations :

== They are always evaluated with [ [very] large ] uncertainty

== Most of the cases, extrapolations of these parameters are mandatory
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« NEXT-GENERATION » PHOTOCHEMICAL MODELING

AB ™ A+ B A+BE 04D
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« NEXT-GENERATION » CLIMATE MODELING
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« NEXT-GENERATION » CLIMATE MODELING
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PHOTO - ID photochemistry
CLIMA - ID climate
SMART - Spectral Mapping and Atmospheric Transfer Code
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