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The grand challenges of astrobiology are to understand 
how life begins on this planet and others, and to search 
for life elsewhere in the Universe. Toward that end, the 
2015 NASA Astrobiology Strategy document lists  
identifying, exploring and characterizing environments 
for habitability and biosignatures, and constructing 
habitable worlds, as major topics of research. The 
community, and this workshop, have focused on habit-
ability and formation of habitable worlds: obviously 
one must be certain life could exist on a planet before 
searching for life on it. But we argue that habitability is 
not precisely what the community should be assessing, 
and we argue instead for assessing detectability of life.  
 
Others [1] have critically examined the current useful-
ness of habitability as a concept, noting habitability is 
just equated with liquid water on the surface, and lim-
ited observational data is used to judge even that fac-
tor. The Habitable Zone Index for Transiting Exoplan-
ets [2] and the Earth Scalability Index [3] are metrics 
of habitability that use only planetary mass and radius, 
stellar flux, and orbital information to assess whether 
the planets have liquid water or are similar to Earth, 
which is not the same as habitability. To state the ob-
vious, Mars, Enceladus and Europa might all be habit-
able without liquid water on their surfaces. 
 
We make the separate point that habitability is not pre-
cisely what we want to assess anyway. The observa-
tional strategy in the near term is to find promising 
planets in their stars’ habitable zones, then characterize 
their atmospheres using transmission spectroscopy 
enabled by JWST or other future missions. Identifica-
tion of putative biosignature gases like O2 and CH4 in 
their atmospheres would constitute the evidence in 
support of life.  The problem is that habitable worlds 
are quickly becoming dime-a-dozen. Kepler and other 
surveys have discovered hundreds of rocky exoplanets 
< 1.6 RE (exoplanets.eu), with a large number in their 
stars’ habitable zones. Yet JWST will only be able to 
characterize the atmospheres of a handful of these. To 
prioritize future observations, something more precise 
than habitability is needed. 
 
What is needed is an assessment of how easily life can 
be conclusively detected on an exoplanet. This means 
predicting an exoplanet’s observable quantities (e.g., 
atmospheric gas concentrations) in two cases: 1) the 
case with the highest plausible amount of life; and 2) 
the abiotic case. If an observable is different between 

the two, then life is detectable. Otherwise, the question 
of habitability is moot: whether or not life exists, it 
cannot be conclusively identified, and such an ex-
oplanet should be deprioritized for observations. 
 
The case of “aqua planets”---planets like Earth in all 
respects except covered in oceans, without land, illus-
trates the difference between detectability and habita-
bility. By all measures, such a planet is habitable, and 
might easily support life merrily engaging in oxygenic 
photosynthesis. However, biological productivity in 
Earth’s central ocean gyres is 10-102 times than it is 
near continental sources of bioessential elements, and 
~103 times lower than in highly-productive terrestrial 
environments [4]. Production of O2 on a planet without 
land and continental runoff would be lower than on 
Earth, perhaps comparable to abiotic rates of O2 pro-
duction like photolysis of water. If models robustly 
predicted that on an aqua planet the most favorable 
biological rates were only comparable to abiotic rates, 
then no observation of O2 in its atmosphere would be 
taken as conclusive evidence for life. Aqua planets 
might be an example of planets that are habitable, but 
where life is not especially detectable. 
 
Detectability provides a guide for future exoplanet 
system characterization. The need to assess abiotic 
geochemical cycles and biogeochemical cycles means 
determination of a host star’s composition is a neces-
sary starting point. Other constraints on planet for-
mation and solar system architecture are also desirable, 
and extensive modeling is essential. It cannot be em-
phasized enough that detectability demands thinking 
about exoplanets as planets, and incorporating tools 
and insights from the geophysical and geochemical 
communities.  Assessing detectability may be best 
conceptualized within a Bayesian framework [5]. 
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