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Introduction:  For any given set of assumptions 

about the location of a habitable zone (HZ) around a 
star, the instantaneous “habitability” of a detected planet 
can be determined by (relatively) straightforward meas-
urement of stellar properties. If we are interested in the 
actual surface conditions of a planet or the likelihood of 
detectable life on it, it is necessary to have some 
knowledge of its history. For a star of known mass, age, 
and composition, the evolution of the stellar habitable 
zone can be predicted to the limits of a model’s accu-
racy. Codes and libraries of models for various HZ de-
scriptions and stars of a wide range of masses and de-
tailed abundances are readily available. 

 In practice, it is often difficult to determine the age 
of field dwarfs to better than a gigayear. While the situ-
ation is rapidly improving, many stars do not have high 
quality chemical abundance information. We present a 
method for probabilistic determination of HZ evolution 
in the absence of constraints on stellar age and compo-
sition of an individual system to contribute to prioritiz-
ing targets for biosignature detection observations.  

Methods:  Developing predictions for HZ evolu-
tion requires three components. We use the library of 
stellar models presented in [1] and [2]. The database 
includes time-dependent HZs derived from the stellar 
models and HZ parameterizations from [3]. In this 
work we use the conservative moist greenhouse and 
maximum greenhouse cases. Second, we must choose 
a constraint on the HZ evolution that is informative for 
target selection. For this example we choose a 2 Gy 
continuous HZ (CHZ2). This choice is based on the in-
terpretations of Paeleozoic sediments that propose life 
modified Earth’s atmosphere at a level that might be 
detectable from a nearby stellar system with about two 
billion years. Finally, we choose priors describing the 
stellar population. In this test case we assume a uni-
form distribution of stellar ages and a metallicity distri-
bution identical to that in the Hypatia stellar abun-
dance database [4]. Different priors can, of course, be 
chosen, such as more complicated age distributions 
motivated by star formation history models. Combin-
ing these, we can assign a probability that a planet or-
biting at a given distance from a star of (approxi-
mately) known mass has been in the HZ for at least 
2Gy, even if we do not know the age or composition of 
the star. In principle, this schema can be adjusted to an 
arbitrary number of degrees of freedom, with greater or 
lesser predictive power.  

To compute the 2 Gyr HZ statistical probabilities, 
we create radius and step through each star’s evolution 

in the Tycho. At each stellar age, we measure whether 
the radius falls within the calculated HZ limits, and if it 
remains for at least 2 Gyr, then we add the current 
time-step to that bin. For each model, we end up with 
the amount of time that each orbital radius is in the HZ 
for at least 2 Gyr, and we also know the total lifetime 
of each model. To combine the various models, we 
sum the total time in all models spent in each radius 
bin, and divide the results by the total time of all mod-
els. Finally, we incorporated the Hypatia Fe distribu-
tion into a combined plot by taking the fraction of the 
Hypatia stars in each of our metallicity bins, normal-
ized to 1. While combining the metallicity models we 
multiplied the radial 2 Gyr HZ fractions by the corre-
sponding normalized Hypatia bin value, again dividing 
by total time of all the models. This results in a 2 Gyr 
HZ probability curve, weighted by the Hypatia metal-
licity distribution. 

Results:  Figure 1 shows the probability that a given 
orbital distance has been in the HZ for at least 2Gy, for 
a star of unknown age and metallicity. Probabilities are 
for a uniform age distribution with a cutoff of 12 Gy and 
the Hypatia metallicity distribution. Planets from the 
NASA exoplanet archive are overplotted for compari-
son.  
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