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Over the next three years, Jupiter- and Neptune-

sized planets will be the primary accessible targets for at-

mospheric characterization, until the launch of JWST allows 

us to begin pushing the characterization boundary down 

towards Earth-sized planets and potential biomarkers. As a 

part of this push towards measuring the subtle signatures of 

planetary habitability, we need to also ensure that we are 

accurately treating the sources of noise in these observations 

and incorporating this into our measurement uncertainties.   

 Gaussian-Process (GP) regression techniques offer 

one way to create flexible systematic noise models for ex-

oplanet timeseries observations. Unlike traditional detrend-

ing techniques, a GP models the observed data points as 

random draws from a multivariate Gaussian distribution 

about some mean function. This is in contrast, for example, 

to a chi-squared fitting process, which models the data as 

random draws from a univariate Gaussian distribution. As a 

result, GPs are able to model the possible covariances be-

tween data points while remaining relatively agnostic about 

the precise functional form of the systematic noise model. 

 I will discuss the real-life application of GPs to 

observations of exoplanet atmospheres from the ground and 

space. Spectroscopic eclipse and phase-curve observations of 

transiting hot Jupiters using LBT, HST, and Spitzer all show 

how GPs can be used to model the systematic noise present 

in these observations, and that they do so in a way that cap-

tures the presence of this correlated noise in the final meas-

urement uncertainties. This is in stark contrast to traditional 

polynomial detrends of the same data. 

 I will also discuss the applicability of GP methods 

to future NIRCam and NIRSpec spectroscopic characteriza-

tion observations using JWST. GP noise models will allow 

us to construct accurate on-orbit noise models for these de-

tectors, and should be able to capture the effect of pixel-

sensitivity variations and interruptions in JWST’s pointing.  

 Though computationally intensive, using GPs to 

model the systematic noise in exoplanet characterization 

observations will allow us to accurately report the results of 

future observations of habitable exoplanets. 

 

 
Figure 1: A simulated shallow eclipse lightcurve of a habitable 

exoplanet, with added systematic noise. Overplotted in red is the 

mean GP noise model (dark red) and a sample of possible draws 

from the underlying GP distribution (light red). The ability to 

provide multiple realizations of the underlying systematic noise 

illustrates the power and flexibility of GP modeling. 

4142.pdfHabitable Worlds 2017 (LPI Contrib. No. 2042)

mailto:tbeatty@psu.edu

