
Machine learning, at its heart, is the process of learning from examples. 
However, in many scienti�c domains, we not only have training data or 
examples from which to learn, but also physical models of either the data 
collection mechanism or the underlying physical phenomenon. In this talk, 
I will describe two settings in which physical models can be incorporated 
within a machine learning framework to yield improved predictive 
performance. First, we will consider using training data to help solve ill-posed 
linear inverse problems such as deblurring, deconvolution, inpainting, 
compressed sensing, and superresolution. Second, we will examine using a combination of 
observational data and simulated data to improve subseasonal climate forecasts. Treating both 
types of data as co-equal training samples can bias many learning methods and yield misleading 
results. I will describe an alternative framework that combines observational data with a correlation 
graph that can be estimated from large ensemble climate model outputs, and we will see how this 
approach leads to more accurate forecasts. Finally, we will discuss open problems and future 
directions at the intersection of machine learning and the physical sciences.
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