


Fundamental Questions

• How do planetary atmospheres evolve?
• Not explicitly stated but about half of the Planetary Decadal top-level 

cross-cutting questions, and all of the VEXAG Goals point to this:
1. Understand atmospheric formation, evolution, and climate history on Venus.

2. Determine the evolution of the surface and interior of Venus.

3. Understand the nature of interior-surface-atmosphere interactions over time, 
including whether liquid water was ever present.

• Over 3000 exoplanets have been discovered: 
• How earth-like are they; Can they support life?



TRAPPIST-1 Exoplanets

NASA/JPL-Caltech/Robert Hurt (IPAC).



Equilibrium Temperature; 
Albedo = 0.0
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Planetary Temperatures 
with Greenhouse effect
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Mars from two vantage points

From Earth From TRAPPIST-1d

NASA
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Visible Venus

NASA/Johns Hopkins University Applied Physics Laboratory/Carnegie Institution of Washington



Ultraviolet 
Venus

JAXA/ISAS



LIR Camera

JAXA/ISAS



Infrared Venus

JAXA/ISAS



Radio Venus

NASA/Magellan





Himawari-8
Satellite

http://ds.data.jma.go.jp/
mscweb/data/himawari/



Earth Atmospheric 
Observation Now

• Over 3000 ground stations 
reporting METAR conditions 
with at least hourly cadence

• Each of these release 
radiosondes for vertical profiling 
at least twice per day

• Half a dozen Geostationary 
global earth observing satellites

• Dozens of small f.o.v. earth 
observing satellites (including A-
train)

Extraterrestrial Atmospheric Observation 
over 50 years and three planets

• 1 ground station (Mars:Curiosity)

• ~20 descent probes (mostly Venus)

• Dozens of flybys (mostly Titan)

• Two global view observers (VEx, 
Akatsuki)

• About a dozen small f.o.v. observers 
(mostly Mars)



Where do we go from here?
• Akatsuki is revealing a more dynamic atmosphere that exceeds expectations

• Coupling of the surface to the upper atmosphere

• Earth-like (?) meteorological structures in mid-latitudes

• Exoplanetary exploration demands a greater understanding of terrestrial 
planetary atmospheres than exists today.

• Current state of Earth atmospheric modelling would be improved by 
expanding the well-measured parameter space.

• Missions like Akatsuki show that exploration of atmospheres can produce 
huge gains in terms of knowledge per dollar.

• It is time that NASA and/or the world space exploration community commits 
to the effort of deciphering planetary atmospheres.

• Venus is the ideal fulcrum by which all of this can be leveraged.


