
Predicting the Madden-Julian oscillation using 
interpretable machine learning

Abstract
The Madden-Julian oscillation (MJO) is among the most important

modes of tropical variability on the planet, and a dominant driver of
subseasonal-to-seasonal prediction skill and predictability globally. The past
decade has seen substantial advances in MJO prediction using dynamical
forecast models, which now show higher skill than statistical MJO forecasts.
Also in recent years, an increasing body of literature has demonstrated that
machine learning methods represent a new frontier in Earth science with a
wide range of applications. After a brief overview of the current state of
MJO prediction, we discuss how state-of-the-art machine learning can be
used to make real-time MJO forecasts. We introduce a particular type of
machine learning model called a neural network, and then demonstrate
how it can be used to predict MJO. We show that machine learning models
have high skill relative to statistical models overall, but still underperform the
very best dynamical MJO models. We close by discussing the strengths of
these models and how they might be used and improved going forward,
including their potential to lead to insights about the MJO. We also discuss
cutting-edge techniques from the field of interpretable AI that allow us to
visualize how these neural network makes predictions.
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