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Venus
D (km) 12,104
M (10%* kg) 4.86
V, (km/s) 10.4
P (bars) 92
T, (C) 477
Hzo (%) 5.9 x 10"

Earth
12,756

5.97
11.2

1

20
1.4 x 107

Earth has 100,000 times as much water as

Venus!
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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 opa /
Steam atmosphere [ H escapes.

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



Magellan:
"the Mariner 9 of Venus”
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LUNAR AND PLANETARY PERSPECTIVES

PLANETARY HISTORY

CRATERS |

PROCESSES .
i ces
« IMPACT | « VOLCANISM |

| - TECTONICS |

| 1
|
ORIGIN 4

PLANETS

I | |
K} 2 1 PRESENT

BILLION YEARS AGO



o T ST N |




Some surface
features from

t at

N

Magellan h

te change

Ima

cl

Tessera terrain

Magellan




Is there evidence for climate change
at the surface?

Weathered rock may
hold the chemical clues

Processed Venera 13 panorama




How Geologically Active Is Venus ?

Plai

Magellan saw
young volcanic
features

Vlcanoes
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Vesper will directly measure the atmospheric dynamics
and chemistry of Venus. Constituents in green will be
measured by SLS, in red by DASC and in purple
NUVI.
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Recent Hot-Spot Volcanism on Venus from VIRTIS Emissivity Data

Suzanne E. Smrekar,'* Ellen R. Stofan,? Nils Mueller,>® Allan Treiman,* Linda Elkins-Tanton,’ Joern Helbert®
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Akatsuki
First Japanese Mission to Venus
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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)

Geophysical Research Letters ok

RESEARCH LETTER
10.1002/2016GL069790

Key Points:

- Venus may have had a climate with
liquid water on its surface for
approximately two billion years

« The rotation rate and topography of
Venus play crucial roles in its surface
temperature and moisture

« Young Venus-like exoplanets may be
considered candidates for the search
for life beyond Earth
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Was Venus the first habitable world of our
solar system?

M. J. Way'?, Anthony D. Del Genio', Nancy Y. Kiang’, Linda E. Sohl', David H. Grinspoon®,
Igor Aleinov'3, Maxwell Kelley', and Thomas Clune®

'NASA Goddard Institute for Space Studies, New York, New York, USA, 2Department of Astronomy and Space Physics,
Uppsala University, Uppsala, Sweden, *Center for Climate Systems Research, Columbia University, New York, New York,
USA, “Planetary Science Institute, Tucson, Arizona, USA, *Global Modeling and Assimilation Office, NASA Goddard Space
Flight Center, Greenbelt, Maryland, USA

Abstract Present-day Venus is an inhospitable place with surface temperatures approaching 750 Kand an
atmosphere 90 times as thick as Earth’s. Billions of years ago the picture may have been very different. We
have created a suite of 3-D climate simulations using topographic data from the Magellan mission, solar
spectral irradiance estimates for 2.9 and 0.715 Gya, present-day Venus orbital parameters, an ocean volume
consistent with current theory, and an atmospheric composition estimated for early Venus. Using these
parameters we find that such a world could have had moderate temperatures if Venus had a prograde
rotation period slower than ~16 Earth days, despite an incident solar flux 46-70% higher than Earth receives.
At its current rotation period, Venus’s climate could have remained habitable until at least 0.715 Gya. These
results demonstrate the role rotation and topography play in understanding the climatic history of Venus-like
exoplanets discovered in the present epoch.




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

B
Earliest Beginning Terrestrial
Earth of Life Ecosystem
4,54 Ga 4.4Ga 4.28 Ga 3.5Ga 2.7 Ga 2.5Ga

Earliest Cyanobacteria Sulfur oxidizing
water (Photosynthesis) bacteria

Suggested Time-Frame for liquid Oceans to be present on Venus

>  \\ay et al. 2016 Neira et al. 2018
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System

Carrier instruments

CUVIS (Compact Ultraviolet td
Visible Imaging Spectrometer)

VfOX (Venus Oxygen
Fugacity Experiment)
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astCam, MARDI, MAHLI




Mission overview:
Low polar orbiter
Timeline is TBC:
Launch: ~2028

>3 yr science mission
beginning ~ 2030

Partners:

JPL lead institution
Lockheed Martin
Italian Space Agency
German Space Agency
French Space Agency

Discovering the secrets of a lost habitable world

PR

Does Venus have Earth-like continents
that formed in the presence of water?

Is volcanism steady, like Earth’s, or
catastrophic, implying episodic,
2 past tectonics?

Is there active subduction?
Did plate tectonics on Earth
start the same way?

D

What is the derived global heat flow
and does it prohibit the formation of
plate tectonics?

0 A

Heat Flow

VERITAS (Venus Emissivity Radio science, INSAR,
Topography And Spectroscopy)

VISAR
(Venus Interferometric Synthetic Aperture Radar)
First global, high-resolution topography
First planetary active deformation maps
« Global data sets:

- Topography: 5.9 m vertical,

250 m horizontal

- SAR imaging: 30 m
- Targeted data sets:

- SAR imaging: 15 m

- Surface deformation: 1.5 cm vertical

VEM

(Venus Emissivity Mapper)

First near-global map of rock type and

surface weathering

First search for volcanically outgassed water

« 6 NIR surface bands with robust SNR

- 8 atmospheric bands for calibration/
water vapor

GRAVITY SCIENCE INVESTIGATION
First global maps of derived elastic thickness
and heat flow

First determination of core size and state
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Supporting the search for life off Earth




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

* 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?



Venus Thermal Structure
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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?

? ?

7 ”



One final thought:

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 21 century humans.



ow can Venus help us to characterize
xoplanets and understand their evolution? ‘ .
/hich exoplanets will be Venus-like and

hich will be Earth-like?




