
Objectives: The objective of this proposal was to adapt the Kernel Flows (KF) ML technology from Caltech to chaotic 

time-dependent physics-based model emulation of atmospheric models. The dynamical systems KF (DSKF) can represent 

the complex behavior of physical-based models faithfully while providing accurate mid-to-long term predictions.

Background: Computationally-expensive, physics-based science models work well for nominal prediction cases like 

weather forecasting. However, when emergency events arise like a hurricane, these models become too expensive to 

provide real-time updates with very significant damage implications. In these situations, fast evaluations and forecasts of 

chaotic time-dependent science models are of critical importance. This issue brings up the need to have high fidelity 

machine learning (ML) emulators for such dynamical systems. As these systems are inherently non-linear, the applicability 

of linear stochastic emulators, such as AR, MA, and ARMA [Diebold, 2006], is limited or even of no use. At the same time, 

direct applications of high capacity models for emulation like recurrent neural networks (RNN) with long short-term memory 

(LSTM) have shown to provide poor mid-to-long term predictions [Chattopadhyay et al.; 2019]. What is needed is an 

emulator that can provide accurate mid-to-long term predictions while also consistent with the observed data and science 

model simulations.

Approach and Results: During tests of KF, we came up with an alternative approach, which we call robust learning.

Significance/Benefits to JPL and NASA: This allows the deployment of ML systems with high fidelity across JPL/NASA 

applications.

Publications: Under preparation.
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