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The faint young Sun paradox

on Mars
@ Early Mars (- 3.8 Ga)

@ wet and warm climate?

Valley networ kS(Carr, 1996)

@ The warm climate cannot be

_ﬁained (Kasting, 1991)

Solar Luminosity 75 % as




Scattering greenhouse effect

of CO2 ice cloud

| cloud reflects IR rafiarion > Solar radiation




Scattering greenhouse effect

of CO2 ice cloud

@ Previus studies have shown

@ The strength of greenhouse effect
~ depends on cloud parameters such as

nate can become warm when cloud

anisms determining these values have
been examined.



mechanisms of
cloud parameters change

@ Cloud particle size and optical depth are
changed by ...

o Oxparticle coalescence by collision

» particle evaporation as getting out of the cloud

ticle growth by radiative cooling or
yoration by radiative heating in cloud layer




mechanisms of
cloud condition change

@ Cloud particle size and optical depth are
changed by ...

° particle combination with collision

partlcle evaporation as getting out of the cloud

rt1cle growth by radiative cooling or
aporation by radiative heating in cloud layer

~ This study:
I“ff? ion the greenhouse effect

i ' f stable CO2 1ce cloud




1-D radiation model

Solar luminosity: .
0.75 times of today Cloud particle:

(Gouth, 1981) * Mie theory
Complex indices of COz2 ice (Warren,1986)

‘Iwo-stream approximation
| (cloud layer: 0-Eddington approximation)

Gas ( for IR radiation only):

* Line-by-line method
absorption line parameters (HITRAN2000)

* At cloud layer, Ramdom model

COZ_HZO band parameter (Houghton, 2002)

atmosphere

Albedo: 0.216

(Kieffer et al. 1977)



Vertical temperature profile

Radiative eq.

\ (thin gray atmosphere)

Altitude

Temperature



1-D radiation model

Solar luminosity:

75 % current value
(Gouth, 1981)

Cloud particle:

* Mie theory

: : Comples indices of COz2 ice (Warren,1986)
‘Iwo-stream approximation

(cloud layer: ®-Eddington approximation)

Gas ( for IR radiation only):

line method

latent heat of CO2 condensation
ne parameters (HITRAN200

= net cooling energy in cloud layer
_ * At cloud layer, Ramdom model
COZ H2 O band parameter (Houghton, 2002)

atmosphere

regolith Albedo: 0.216

(Kieffer et al. 1977)



Latent heat of CO, condensation

atmospheric pressure: 1 bar ; condensation nucleus: 10° m™
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Estimation of temperature

atmospheric pressure: 1 bar ; condensation nucleus: 10° m™

Particle size [um]

time scale T

CE equilibrium(hour)
<< R equilibrium(week)

CE equlhbrlum '

| Surface temp erature change
| ; s in which these two
ilibriums are archived.

Column density [kg m~]



Estimation of
surface temperature

H,O melt |
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Estimation of
surface temperature

H,O melt |
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Estimation of

Surface Temperature [K]
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Conclusion

@ We construct simple 1-D radiation model and
estimate surface temperature when atmospheric
pressure and number of condensation nuclues are

_ﬁxed

feedback of changes of the particle
latent heat of condensation, the clouds may
e warm climate on early Mars.
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