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ExoPAG SAG16 will submit 5(+1) manuscripts:

1. EB I: Exoplanet Biosignatures: A Review of Remotely Detectable Signs 
of Life. Schwieterman et al.

2. Exoplanet Biosignatures: Understanding Oxygen as a Biosignature in 
the Context of Its Environment. Meadows et al.

3. Exoplanet Biosignatures: A Framework for Their Assessment. Catling
et al.

4. Exoplanet Biosignatures: Future Directions. Walker et al.

5. Exoplanet Biosignatures: Observational Prospects. Fujii et al.

+1. Executive Summary of 1-5 above.



Exoplanet Biosignatures:

A Review of Remotely Detectable Signs of Life

1. Requirements for life, 

biosignature definitions and 

types

2. Evaluating planetary 

habitability

3. an overview of terrestrial 

exoplanet modeling studies,

4. Gaseous biosignatures

5. Surface biosignatures

6.Temporal Biosignatures

7.Methods of assessing 

biosignature plausibility

8.Cryptic biospheres and 

“false negatives” for life

9.Prospects for detecting 

exoplanet biosignatures

10.Summary of our review

Schwieterman, et al., in prep



Atmospheric Gases

Planetary Biosignatures Reviewed

Surface Features

Temporal Changes

After Meadows (2006, 2008)

e.g., O2, O3, CH4, N2O, DMS, DMDS, 
CH3Cl, CH3SH, CS2, C2H6, organize 
haze, etc.

e.g., Vegetation Red Edge (VRE),
Other Reflectance features

e.g., Seasonal Change in Gas (e.g., 
“Keeling Curve”) or Pigments

-- Graphic credit



EXOPLANET BIOSIGNATURES: REVIEW
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e.g.,	“Keeling	curve”	

Seasonal		
Changes	in	
Gases	or	
	Surface	

Schwieterman (2016)



Line Intensities for Major Gases in Atmosphere
VIS to NIR: 0.4 – 2.5 μm

NIR to MIR: 2.5 – 20 μm
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Schwieterman, et al., in prep



Seasonal change in global NDVI 
Gas abundance oscillations as a 

possible temporal biosignature



Meadows, et al., in prep



Meadows, et al., in prep



A framework for 
exoplanet 
biosignature 
assessment

(Catling+ 2017,
Astrobiol. in 
prep.)
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Catling, et al., in prep



Exoplanet Biosignatures 4: Future Directions

Moving from product-based to 

process-based approaches

• Question in a process-based approach:
• What fundamental life processes underlie the chemistry 

we can detect on exoplanets? 

• How do we detect these processes? 

• And how can understanding the processes of life in turn 
inform new ways to identify and interpret the chemical 
signatures of life? 



What remote biosignatures will work when environmental 
context and biology are different than Earth?

Image from Cronin & Walker Science 2016

• Characterizing environmental contexts for life: P(data| no life)
• Stellar environment, climate, geochemistry  

• Characterizing living processes: P(data|life)
• Black-box approaches considering inputs/outputs of biological processes
• Information and energetics of living networks
• Laboratory and theoretical validation outside of Earth-like conditions
• Coupled evolution of planets and life

• Advancing Bayesian and statistical approaches to the search for life on 
exoplanets



Fujii, et al., in prep



Fujii, et al., in prep



Fujii, et al., in prep







Community Feedback

• 9 comments on the first manuscript

• 7 comments on second

• 8 comments on the third

• 3 comments on the fourth

• 11 comments on the fifth

• 38 total posted comments – this does not count one “post” with 
multiple “comments”

• Additional comments/feedback delivered privately via email



Timeline

• April 25 – presented progress update to astrobiology 
community @ AbSciCon2017

• May 15-21 – posted papers on arXiv, open community 
commenting period

• May 15-June 8 – open community commenting period
• We are still taking comments, but do not guarantee they will be incorporated

• July 14 – Submit papers, including executive summary to 
Astrobiology for publication

• We will send the executive summary to the ExoPAG EC for review/comment


