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C A N T E A C H U S  A B O U T C L I M AT E  
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Enhanced D/H is a 
signature of water loss

Altwegg+ 2014



HOT START
Climate history of Venus

+ Experienced a runaway 
greenhouse transition 
sometime during planet’s 
history due to…

+ Water loss occurrs during 
the magma ocean stage 
(first ~10–100 Myr) 

+ Magma ocean provides an 
efficient oxygen sink 

+ Liquid water never stable 
on planet’s surface

(a) Growing 
luminosity of 
the Sun

(b) Eruption of 
large igneous 
provinces

COLD START

Massol+ 2016



Ancient Venus: a habitable world?

Way+ 2016
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Ancient Venus: a habitable world?
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HOT START
Climate history of Venus

+ Experienced a runaway 
greenhouse transition 
sometime during planet’s 
history due to…

+ Water loss occurrs during 
the magma ocean stage 
(first ~10–100 Myr) 

+ Magma ocean provides an 
efficient oxygen sink 

+ Liquid water never stable 
on planet’s surface

(a) Growing 
luminosity of 
the Sun

(b) Eruption of 
large igneous 
provinces

COLD START

e.g., Massol+ 2016, Way+ 2016, Gillmann+ 2020, Way & Del Genio 2020



W I L L  E N A B L E  A N E N S E M B L E-  
A P P ROAC H T O U N D E R S TA N D I N G 

T H E  LO S S O F H A B I TA B I L I T Y  
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A G E C O M P O S I T I O N O R B I T  R A N D O M 

Venus-like exoplanets





Different UV spectral slopes

CO2
SO2

HCl

Sun (G2) 
ap = 0.72 AU 

GJ436 (M2.5) 
ap = 0.11 AU 

TRAPPIST-1 (M8) 
ap = 0.016 AU 
(like TRAPPIST-1c)

Wong+ in prep

NUVMUVFUV



Abiotic O2 & O3 profiles
Sun (G2V) 
GJ436 (M2.5V)  
TRAPPIST-1 (M8V) 
Solid = O2, Dashed = O3

Artwork: ESO/M. Kornmesser

Wong+ in prep





PAPER IN THREE SENTENCES 

+ PH3 was detected in 
Venus’s atmosphere. 

+ Conventional chemistry 
cannot explain its existence. 

+ Perhaps it is a sign of life!
Greaves+ 2020ab, Bains+ 2020
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cannot explain its existence. 

+ Perhaps it is a sign of life!
Greaves+ 2020ab, Bains+ 2020

FOLLOW-UP QUESTIONS 

+ PH3 or SO2? Where in the 
atm? Was there a signal at all? 

+ Do we know the venusian 
environment well enough? 

+ Can life meet the challenges 
of the venusian environment? 
Why would it make PH3?
Villaneuva+ 2020, Encrenaz+ 2020, Trompet+ 2020, 
Truong & Lunine 2020, Lincowski+ 2021



D I S C U S S I O N 

W H AT CO M M U N I T Y-D R I V E N P RO T O CO LS  
S H O U L D W E D E V E LO P T O H A N D L E  T H E  

G R O U N D B R E A K I N G D I S C O V E R I E S  O F  
B I O S I G N AT U R E S  O N E X T R A S O L A R  WO R L D S?
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I S  A  P R O V I N G G R O U N D F O R 
T E C H N I Q U E S  T H AT W I L L  H E L P  U S  

D E T E R M I N E  T H E  A B O V E

Venus-like exoplanets

Venus
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