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Venus Earth
D (km) 12,104 12,756

M (1024  kg) 4.86 5.97

Ve (km/s) 10.4 11.2

P (bars) 92 1

Ts  (C) 477 20

H2O (kg) 5.9 x 1016 1.4 x 1021

Earth has 100,000 times as much water as 
Venus!













IDENTICAL TWINS:  WHERE DID VENUS GO WRONG?

Born too close to the sun.

Too much sun.    Runaway Greenhouse
    powerful positive feedback: 

                       higher surface T        more water vapor in atmosphere

           greater IR opacity

Steam atmosphere    H escapes.  

        Result:  Today Venus has only 10-5 Earth’s water inventory. 



Magellan: 
”the Mariner 9 of Venus”



















Some surface 
features from 
Magellan hint at 
climate change

Magellan – Tessera terrain

Magellan – canali terminus



Is there evidence for climate change 
at the surface?

Processed Venera 13 panorama

Weathered rock may 
hold the chemical clues



How Geologically Active Is Venus ?

Tessera

Volcanoes

Plains

Compositional 
Diversity

Magellan saw 
young volcanic 
features











Akatsuki
First Japanese Mission to Venus





Modelling result: 

Including clouds in global climate models greatly increases stability of oceans on early Venus 
against the warming sun, essentially delaying the runaway greenhouse, possibly by billions of 
years.  (Grinspoon & Bullock 2007; Way et al. 2016) 



Neira et al. 2018Way et al. 2016

For over three billion years our solar system may have contained 
two neighboring terrestrial planets with habitable surface oceans. 











• What does the Venus greenhouse tell us about climate 
change?
– How do clouds and chemical cycles affect atmospheric 

energy balance?
– What drives the atmospheric superrotation?
– What is the history of climate?

• When and where did the water go?
– How did the early atmosphere evolve? 
– Did Venus have an ocean and if so, when was it lost?
– Was Venus habitable? Was it inhabited? 
– Could there be life in the clouds today?

Why is Venus so different from Earth?
How and why did they diverge?





• What is the history of geological activity?
– How active is Venus geologically?
– What is the volcanic and tectonic resurfacing history?
– What are the ages and compositions of different surface 

units?
– Did Venus ever have plate tectonics. When did it cease?
– How are geology and climate connected?

• What is the interior structure?
– What is the structure of the Venus lithosphere?
– How does mantle convection work on Venus?
– What is the size and physical state of the core?
– Does Venus have Earth-like continents?
– Why no magnetic dynamo?

Why is Venus so different from Earth?
How and why did they diverge?



⁇

Moon forming impact?

Why is Venus so different from Earth?
How and why did they diverge?
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In discussions like this we tend to focus on the question of science value. 
But there is also huge exploration value  - related, but not quite the same thing.

Venus is a vast, unexplored world of great beauty, variety and mystery, so like 
our Earth, and yet so distinct.

In many ways the most Earthlike world and Earth-relevant world we* will ever 
get to explore up close.

The potential for public fascination and serendipitous discovery is unlimited.

* “We” here meaning 21st century humans.

One final thought:



How can Venus help us to characterize 
exoplanets and understand their evolution?  
Which exoplanets will be Venus-like and 
which will be Earth-like?  


