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● Lecture 3 - Stars
● Lecture 4 – Planetary Atmospheres
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VenusVenus

● Importance of Venus to astrobiology

● Present day Venus

● Outstanding questions

● The Venus Zone

● Climate models of Venus and Venus analogs

● Expected exoVenus yield

● Planned Venus missions
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Figure 13.15: Catling & Kasting



  

Venera 13 (1982)



  

“If Venus did not exist in our solar system, 
we would not dare to imagine it”

- Francois Forget



● The atmosphere of Venus is 
~2 orders of magnitude more 
massive than that of Earth’s 
atmosphere.

● Approximately 3% of sunlight 
incident at the top of the 
Venusian atmosphere reaches 
the surface. Thus, almost all of 
the solar energy absorbed by 
the planet is deposited into the 
atmosphere.

● This, in turn, produces a 
turbulent atmosphere with a 
dramatic velocity gradient 
(super-rotation), that interacts 
strongly with the surface 
topography. Such interactions 
can transfer angular 
momentum between the 
atmosphere and solid planet.

Atmospheric dynamics on VenusAtmospheric dynamics on Venus

Fukuhara et al. 2017, Nature Geoscience, 10, 85
Margot et al. 2021, Nature Astronomy, 5, 676
Kane. 2022, Nature Astronomy, 6, 420



Stagnant-lid surface 



  

Maat Mons ~8 km high
Still active?



  

Sapas Mons
~400 km dia.



  

Cleopatra Caldera
On Lakshmi Planum



  

Tectonic features: Fotla Corona S.E. of Aphrodite Terra



Venus: Orbital EccentricityVenus: Orbital Eccentricity

Kane et al. “Could the Migration of Jupiter Have Accelerated the Atmospheric Evolution of Venus?”, 2020, PSJ, 1, 42



Venus: Orbital EccentricityVenus: Orbital Eccentricity

Kane et al. “Could the Migration of Jupiter Have Accelerated the Atmospheric Evolution of Venus?”, 2020, PSJ, 1, 42



Venus: Orbital EccentricityVenus: Orbital Eccentricity

Kane et al. “Could the Migration of Jupiter Have Accelerated the Atmospheric Evolution of Venus?”, 2020, PSJ, 1, 42

 Circularization through tidal dissipation (see also 
Green et al. 2019)
 Requires significant volatile inventory
 Increased water-loss during eccentric period (see, for 
example, Palubski et al. 2020)





Venus: Habitability FactorsVenus: Habitability Factors
● What is the interior structure and composition of Venus? How much does it 
differ from the Earth and the Sun?

● What has been the history of tectonics, volatile cycling, and volcanic 
resurfacing (Ivanov & Head 2011)? Does any subduction occur today (Smrekar 
et al. 2018)?

● What is the detailed composition and atmospheric chemistry that exists 
within the Venusian middle and deep atmosphere and how does it interact 
with the surface?

● Where did the water go (Kane et al. 2020)? Was hydrogen loss and abiotic 
oxygen production prevalent, or did surface hydration dominate?

● Did Venus have a habitable period (Way et al. 2016)? That is, did Venus ever 
cool after formation (Hamano et al. 2013)? If Venus had a habitable period, 
how long did it last (Kane et al. 2019)?

●  What are the major factors that have caused a divergence in the 
evolutionary history of Venus and Earth (insolation flux, rotation, volatile 
inventory, lack of a significant moon, etc)?



  



Why do we need a “Venus Zone”?Why do we need a “Venus Zone”?

● The transit method is biased toward short-period planets.

● We know that it's possible for planets of Earth-size to
produce radically different atmospheres.

● What is the frequency of Venus analogs? How often does
Dr Jekyll become Mr Hyde?

TARGET

SELECTION!

Kane, Kopparapu, Domagal-Goldman. 2014, ApJ, 794, L5 



The Venus ZoneThe Venus Zone
● Outer edge defined by runway greenhouse

●  Inner edge defined by atmospheric mass lossInner edge defined by atmospheric mass loss  

●

Kane, Kopparapu, Domagal-Goldman. 2014, ApJ, 794, L5 



The Venus ZoneThe Venus Zone
● Define ηη(Venus) as fraction of stars with at least one(Venus) as fraction of stars with at least one
terrestrial planet within the Venus Zone terrestrial planet within the Venus Zone 

● For M stars:   ηη(Venus) = 0.32 +0.05/-0.07(Venus) = 0.32 +0.05/-0.07
  For GK stars: For GK stars: ηη(Venus) = 0.45 +0.06/-0.09(Venus) = 0.45 +0.06/-0.09

●

Kane, Kopparapu, Domagal-Goldman. 2014, ApJ, 794, L5 



●Kepler-1649b: A Possible Venus AnalogKepler-1649b: A Possible Venus Analog

Angelo et al. 2017, AJ, 153, 162



●Kepler-1649b: A Possible Venus AnalogKepler-1649b: A Possible Venus Analog

Kane, Ceja, Way, Quintana. 2018, ApJ, in press (arXiv:1810.10072) 



Transiting Exoplanet Survey Satellite (TESS)Transiting Exoplanet Survey Satellite (TESS)

Aims to measure masses for at least 50 planets smaller than
Neptune over primary mission (TESS-Keck Survey).



Transiting Exoplanet Survey Satellite (TESS)Transiting Exoplanet Survey Satellite (TESS)

Huang et al. 2018, arXiv:1807.11129
Ostberg & Kane, 2019, AJ, 158, 195

Venus Zone

46 Venus Zone TOIs
from sectors 1-13



Comparative Atmospheric PlanetologyComparative Atmospheric Planetology

Kane, Kopparapu, Domagal-Goldman. 2014, ApJ, 794, L5
Ostberg & Kane, 2019, AJ, 158, 195

- Ratios of terrestrial planet atmospheres within the same system.
- Simulation of transmission/emission spectra with/without clouds.



Starting ConditionsStarting Conditions



Starting ConditionsStarting Conditions

AlternativeAlternative

EarthsEarths
AlternativeAlternative

VenusesVenuses
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Two NASA Venus missions selected as Discovery class planetary 
missions. Current anticipated launches are early 2030s.

The missions are complementary: DAVINCI will study the atmosphere, 
whilst VERITAS will investigate the surface and interior. Both aspects 
are critical pieces of the habitability and evolution narrative.



The European Space Agency (ESA) has selected EnVision as a 
medium-class planetary probe. Expected launch is early-mid 2030s.

EnVision will be an orbiter that maps the surface, with particular 
attention to the “tesserae”, revealing basaltic versus granitic 
compositions, indicative of past surface water.
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