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Who am I?

• I’m a philosopher of science 
working with the UK Centre 
for Astrobiology

• Leverhulme-funded project:
• EURiCA

• ‘Exploring Uncertainty and 
Risk in Contemporary 
Astrobiology’

Co-I: Sean McMahon





Oxygen-methane 
disequilibrium 
discovered in exoplanet 
atmosphere!

No known abiotic explanation!

Biosignature!



The problem of unconceived alternatives

Kyle Stanford





“Here we report new research that shows a non-
biological, post-depositional origin for the structures.”





Oxygen-methane disequilibrium?

“We can’t currently 
conceive of any plausible 
abiotic mechanism for 
such a disequilibrium”

“Highly likely the 
disequilibrium has a 
biotic cause”





•Level 4:

•“All known non-biological 
sources of signal shown 
to be implausible in that 
environment.”

•But how significant is it 
that all known abiotic 
sources have been ruled 
out?



Explored so far

?

Explored 
so far

?





•“this area of enquiry has received rather scant and 
unsystematic attention from astrobiologists, who 
have tended to focus their published work on 
expanding our knowledge of life’s signatures rather 
than its abiotic mimics.”

•“[G]iven the haphazard and unsystematic way in 
which varieties of false biosignature have so far been 
identified, we can only assume that many others 
remain undiscovered.”







Bayes theorem?

•How on Earth to fill in p(E/¬L)?
• If we haven’t explored the possibility space very much, we can’t 

responsibly input a value here.
• We should say: “We just don’t know; we haven’t done the 

research”

• Seems to be a conflict between what would happen if we 
discovered an oxygen-methane disequilibrium, and what a 
sober assessment of the relevant uncertainties would 
suggest.

𝑝 𝐿, 𝐸 =
𝑝 𝐸, 𝐿 𝑝(𝐿)

𝑝(𝐸)
=

𝑝 𝐸, 𝐿 𝑝(𝐿)

𝑝 𝐸, 𝐿 𝑝(𝐿) + 𝑝(𝐸,¬𝐿)𝑝(¬𝐿)



“We can’t currently 
conceive of any plausible 
abiotic mechanism for X”

“Highly likely X has a 
biotic cause”



• Level 4, where the maximum 
is 7.
• Time to start getting excited, 

perhaps?

•Reaching Level 4 is hugely 
significant if we’ve 
thoroughly explored the 
possibility space.

•Otherwise it means nothing.



7

1

• How confident?
• VERY, if we’ve explored 

the possibility space 
thoroughly.

• NOT AT ALL, if we’ve just 
started.

• ‘CoLD scale’ 
• ‘Confidence of Life Detection’



Quantifying uncertainty in assessment 
of possible exoplanet biosignatures

requires…

…quantifying the extent to which 
we’ve explored the possibility space of 

abiotic mimics.

Take-home message:



Questions?
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