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Abstract

Based on our previous publication of this work [1], we
report an adaptation of the “random forest” method
of supervised machine learning [2, 3], trained on a
pre-computed grid of atmospheric models, which re-
trieves full posterior distributions of the abundances
of molecules and the cloud opacity. We demonstrate
our technique on a transmission spectrum of the hot
gas-giant exoplanet WASP-12b using a five-parameter
model (temperature, a constant cloud opacity and the
volume mixing ratios or relative abundance by num-
ber of water, ammonia and hydrogen cyanide) [4].
‘We obtain results consistent with the standard nested-
sampling retrieval method. Additionally, we can esti-
mate the sensitivity of the measured spectrum to con-
straining the model parameters and we can quantify
the information content of the spectrum. Our method
can be straightforwardly applied using more sophisti-
cated atmospheric models and also to interpreting an
ensemble of spectra without having to retrain the ran-
dom forest.

1. Introduction

The use of machine learning is becoming ubiquitous
in astronomy [5, 6, 7], but remains rare in the study of
the atmospheres of exoplanets. Given the spectrum of
an exoplanetary atmosphere, a multi-parameter space
is swept through in real time to find the best-fit model
[8, 9, 10]. Known as “atmospheric retrieval”, it is a
technique that originates from the Earth and planetary
sciences [11]. Such methods are very time-consuming
and by necessity there is a compromise between phys-
ical and chemical realism versus computational feasi-
bility. Machine learning has previously been used to
determine which molecules to include in the model,
but the retrieval itself was still performed using stan-
dard methods [12]. Here, we present HELA, our ran-
dom forest retrieval algorithm for exoplanetary atmo-
spheres, and demonstrate its use on the HST WFC3

transmission spectrum for the hot Jupiter WASP-12b.

2. Methods

We generated a set of 100,000 examples of transmis-
sion spectra with varying parameters for temperature,
molecular abundances and cloud opacities, using a
model validated for HST resolution spectra [4]. We
included the molecules H,O, HCN, and NH3. These
spectra were binned down to the resolution matching
the data from Kreidberg et al. 2015 [13], and divided
into a training and testing set. We then trained 1000
regression trees on this data, using bootstrapping and
bagging techniques to ensure no biases. We then used
the testing set to check the performance of our forest.

3. Results

Once trained and tested we were able to use our forest
to predict on the WASP-12b data. We could then com-
pare our results with the standard retrieval method of
“nested-sampling”, and found a good agreement. We
obtained a water volume mixing ratio of log Xg,0 =
—2.845}3:?; and a temperature of 952f‘1%f K, which are
broadly consistent with the previous analysis [13].
Figure 1 shows our posteriors for WASP-12b.

A great advantage of using the random forest is the
information content analysis known as “feature impor-
tance”, which is easily computed in the training pro-
cess. This feature importance gives the relative weight
of each data point when constraining each parameter.
We find a good agreement with some of our intuition,
for the molecules for example, where the feature im-
portance appears to match the opacities. However,
temperature and cloud opacity are perhaps less intu-
itive parameters, and thus the feature importance for
these is enlightening.
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Figure 1: Posterior distributions of the relative molec-
ular abundances (volume mixing ratios), temperature and
cloud opacity obtained from the machine-learning retrieval
analysis of the WFC3 transmission spectrum of WASP-12b.
Shown are the logarithm (base 10) of the volume mixing ra-
tios and cloud opacity. Within each scatter plot, each dot is
an individual prediction of a single tree in the random forest.
The straight lines indicate the median values of the parame-
ters

4. Conclusion

We have demonstrated our random forest retrieval
technique for exoplanetary atmospheres, and validated
its performance against the tradition nested-sampling
technique. We have obtained predictions for the hot
Jupiter WASP-12b, and produced feature importance
analysis for the parameters in our model.
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