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Introduction:  Understanding the first 100 Myr of 

Venus’ planetary evolution will make it easier to discern 
whether it was ever capable of hosting liquid water on 
its surface or not. Using the methods of comparative 
planetology we will try to compare and contrast Venus’ 
early evolution and that of Earth. We will discuss the 
shortcomings in present day early Venus evolutionary 
models and where improvements can be found. Finally 
we will discuss how exoplanetary science may contrib-
ute to better understanding Venus’ early evolution and 
the key in-situ observables (that we are missing!) that 
can also help us constrain its evolution. If Venus did 
start out cool and wet it may be the poster child for what 
we call “The Optimistic Venus Zone” of exoplanet liq-
uid water habitability. 

Background:  Current models of Venus’ early cli-
mate evolution [1] put Venus at the boundary of starting 
out very dry (Type II) or allowing for an Earth type evo-
lution (Type I). A Type II world is one that is close 
enough to the Sun that the initial steam/CO2 atmosphere 
covering its magma ocean will last for up to 100Myr. 
Such an atmosphere will experience photodissociation 
of H2O and hydrodynamic escape of Hydrogen (H). 
This is one possible source of the high Deuterium to Hy-
drogen ratio measured by Pioneer Venus [2]. The re-
maining Oxygen was likely absorbed by the magma 
ocean and may contribute to a highly oxidized mantle 
partially explaining the abundance Nitrogen in Venus’ 
present day atmosphere [3,4]. The Type 1 world’s steam 
and CO2 atmosphere would last about the samelength of 
time as Earth’s, or ~1Myr. This would allow Venus to 
retain much of its primordial H2O and allow an evolu-
tionary scenario similar to that of the Cool Early Earth 
hypothesis [5,6,7], see Figure 1. In the latter scenario 
Venus’ long-term evolution could follow a number of 
paths.  

Methods:  We have recently proposed to extend the 
1-D model of [8] to include species not included in the 
older work of [1] such as SO2, H2SO4 and HCl.  The 
high planetary albedo from clouds have been shown to 
be a key component to explain how the inner edge of the 
habitable zone is much closer to the host start for slow 
rotating planets [9,10]. Hence we plan to include H2O 
and H2SO4 type clouds as well as additional SO2 aerosol 
products such as SO4 known to cool the Earth’s atmos-
phere. We plan to use the 1-D model until we reach tem-
peratures and pressures suitable for our 3-D GCM [11] 
which we plan to extend to temperatures approaching 
400K and pressures up to 10-20 Bar as described in [12]. 

We will also include those gas species and the aerosol 
mentioned above. Using these simulations we will pro-
duce observables such as transmission, reflection, & 
emission spectra that can be used by the exoplanet com-
munity to search for Venus-like worlds around  nearby 
young stellar systems with planets.  

Conclusions: Understanding the early state of Ve-
nus’ climate is necessary to understand its long-term cli-
matic evolution. Did Venus really have an early period 
of liquid water habitability [13], or has it always been 
dry?  Unless we return to the surface of Venus and make 
detailed in-situ measurements of the heavy noble gases 
[14] only exoplanetary studies will help us to inform 
Venus’ history. 
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Figure 1: The Cool Early Earth, inspired by [4]. Note 
that the LHB (Late Heavy Bombardment) is not as cer-
tain today as it was 20+ years ago [6], hence the addi-
tional blue dashed line has been added. 

               



	 	 	 	 	 	 	 	 	 	 	 Valley et al 2002

	 	 	 	 	 	 	 	 	 	 	 A cool early Earth

                                                              Valley et al 2014

	 	 	 	 	 	 	 	 	 	 	 zircon ages 4.374±0.006 Ga

	 	 	 	 	 	 	 	 	 	 	 => low surface temperatures

	 	 	 	 	 	 	 	 	 	 	 	 liquid water

	 	 	 	 	 	 	 	 	 	 	 	 continental crust

	 	 	 	 	 	 	 	 	 	 	 	 - Korenaga 2013 & 2018

	 	 	 	 	 	 	 	 	 	 	 	 - Mojzsis, Brasser et al. 2019
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