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A planetary biosignature is a way that life has 
modified its environment in a potentially 

detectable way. 
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Biosignatures 

need to be:

1. Reliable

2. Survivable

3. Detectable
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Searching for the things life does is easy.

Eliminating abiotic processes is hard.

To eliminate abiotic processes, you need 

to understand environmental context.



Mumma et al., 2013
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For exoplanets, 

the environmental 

context is beyond 

global.

Sellers Exoplanets Environments Collaboration
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Exoplanet biosignatures assessment 
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3.	Input	components	in	a	framework	of	observing	exoplanet	biosignatures	
The Bayesian framework for assessing biosignatures presented in Figure 1 suggests some practical 

steps that are illustrated in a 4-component procedure for observing and interpreting biosignatures in 

Figure 2. Each component is an observational and/or analytical procedure intended to increase 

confidence and reduce uncertainty in a potential biosignature. For practical reasons – the schedule of 

new telescopic observations and when new instruments see first light – measurement components 

may not follow the idealized sequence represented by the yellow arrows in Figure 1. For example, in 

the case of next generation telescopes, it might be the case that “external” exoplanet contextual 

properties in Figure 1 (e.g., exoplanet mass) are determined after an exoplanet spectrum has been 

acquired. 

 In any case, the first two components are needed to gather the astrophysical and planetary 

“context” for a probabilistic assessment of life on an exoplanet. The first component is to characterize 

“external” properties of an exoplanetary system including the properties of the host star, the orbital 

and physical properties of the system, and the mass and radius of a target exoplanet. These properties 

are independent of life occurring on the planet and can be fed into Exo-Earth models to simulate 

exoplanet data. The second component involves characterization of the key “internal” properties of 

the target exoplanet, ideally including its bulk atmospheric composition, global mean climate, and 

surface material properties. Properties that are considered independent of life can be fed into Exo-

Earth models also. Otherwise, properties would need to be considered as part of the biosignature data 

rather than contextual data. 

  

 The third and fourth components in Figure 2 gather and examine the spectral or photometric 

data that contains potential biosignatures. The third component is the explicit search for biosignatures 

in the reflected spectrum, transmission spectrum, or photometry of an exoplanet. These data are the 

ones that Exo-Earth models attempt to simulate under scenarios of life being present or absent, which 

can be done using either forward or inverse (retrieval) methods. The fourth component is to 

distinguish a truly biogenic signal from all conceivable false positives. This component requires Exo-

Earth modeling to test potential false positive scenarios (by evaluating P(data | context, no life)) and 

Figure 2. Four components to assess whether 

potential biosignatures are best explained by 

the presence of life. The numbered order and 

yellow arrows indicate information that an 

idealized observational strategy would gather 

sequentially, though in reality the order will 

likely be different. The blue arrows indicate 

how practical observation and analysis would 

require iteration to increase confidence in 

biosignature acceptance. Alternatively, 

following the blue arrows could aid in 

identification of a false positive. These four 

components, combined with Exo-Earth models 

(see text), would help to constrain the 

likelihoods of the biosignature data occurring 

with and without life: P(data |context, life) and 

P(data | context, no life), respectively. 
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(HabEx and OST have similar step-

wise observation sequences)
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Simulations and figure 

fromJacob Lustig-Yaeger

vegetation detection w/30-m space telescope
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whereas other planetary atmospheres, including Mars, Venus, Titan, the Jovian planets, are 

structured more like random networks. These results resonate with the view that life is indeed a 

planetary process and is deeply embedded in the Earth system, to the point that even the network 

arising from the chemical dynamics of the atmosphere is driven by life (and not just its molecular 

constituents such as O2). 

 

Figure 8: A network representation of Earth’s stratospheric chemical reaction network. High degree nodes are 

highlighted in warm tones, and lower degree nodes in blue. Data from DeMore et al. (1997). 

 

There are observational biases that must be accounted for in network analyses, as we know 

Earth’s chemical constituents and its reaction network to a much greater level of detail than we 

do other planetary atmospheres. However, even the major constituents contained in Earth’s 

atmosphere may require a more complex network to fully explain them. The fundamental reason 
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An abbreviated wish-list
• More complete incorporation of biological understanding into the field

• Models of abiotic processes under not-Earth-like conditions

• Evaluation of potential new biosignatures, and their false positives

• Sustained support of lab measurements of known and potential biosignatures

• Development/support for 3-D general circulation models, including chemistry

• Expansion of 1D models to include subsurface, surface (ocean, biology, 

geochemistry), atmospheric, and escape processes

• More accounting of model uncertainties, in general

• Quantitative biosignatures, and the adoption of statistical frameworks (e.g., 

Bayesian) to utilize them.

• The interdisciplinary “glue” to make the above possible.


