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"THE FAINT YOUNG SUN PROBLEM" 
Feulner (2012, Reviews of Geophysics)

• For the early Earth, models of stellar evolution predict a solar energy 
input to the climate system that is about 25% lower than today. This 
would result in a completely frozen world over the first 2 billion years in 
the history of our planet if all other parameters controlling Earth’s 
climate had been the same. 

• Yet there is ample evidence for the presence of liquid surface water and 
even life in the Archean (3.8 to 2.5 billion years before present), so some 
effects must have been compensating for the faint young Sun.

from Wikipedia



Feulner (2012)

Constraints on ocean temperatures



Comparison of estimates of carbon dioxide 
partial pressures and climate model results for 
an average global surface temperature of 288 
K assumed to be required to prevent global 
glaciation as a function of relative solar 
luminosity



"Is the Faint Young Sun Problem for Earth Solved?"
Charnay et al.  (2020, Space Science Reviews)

• "The faint young Sun problem for Earth has 
essentially been solved."

• Key processes:
• Greenhouse effect of CO2 + CH4
• Less land surface area
• Decreased low clouds due to fewer cloud 

condensation nuclei (CCN) 
• Increased high clouds due to absence of 

ozone
• Lower pressure

Global mean warming by methane



Charnay et al.  (2020)



Suggestions from a 3-D GCM  (Charnay et al. 2013)

Continents
• The continental crust volume was lower and has 

increased during the Archean
• Since continents have lower albedos than oceans, the 

smaller continental area would have increased the 
temperature

Clouds
• On the modern Earth, an important fraction of CCN 

comes from biological activity
• The smaller amount of CCN during the Archean leads 

to a smaller number of larger droplets, which means 
optically-thinner clouds, lowering the planetary albedo.



Homogeneous nucleation 
vs. Heterogeneous nucleation

• Homogeneous nucleation
– Liquid or solid particles form directly from vapor 

without the presence of pre-existing particles (cloud 
condensation nuclei, CCNs)

– It generally requires significant supersaturation of 
the vapor, i.e., a vapor pressure higher than the 
saturation vapor pressure.

• Heterogeneous nucleation
– Liquid or solid particles form on the surface of 

existing aerosol particles (CCNs).
– It generally requires relatively small 

supersaturation.



Atmospheric Pressure
• The surface pressure was higher in the past. About 2 bars 

of nitrogen were likely initially present in the atmosphere 
and later fixed by surface organisms and incorporated into 
the mantle by subduction.

• An increase in the atmospheric pressure increases the 
moist adiabatic lapse rate (going closer to the dry 
adiabatic lapse rate −𝑔𝑔/𝑐𝑐! ≈ 9.8 K), leading to warming

• An increase in atmospheric pressure reinforces the effect 
of other greenhouse gases through pressure broadening, 
leading to warming

Dry adiabatic lapse rate

Moist adiabatic 
lapse rate 
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Atmospheric ozone (O3)

• The absence of ozone leads to a colder higher 
troposphere, which could result in a increase 
of the amount of cirrus clouds, increasing 
their greenhouse effect.

(Mueller-Wodarg et al.)

Solar heating due to O3

less lower clouds and 
more upper clouds


