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Abstract

Predicting how complex nonlinear systems respond to external perturbations is a central challenge.
In this talk, | present a novel, data-driven framework that combines the Generalized Fluctuation—
Dissipation Theorem with score modeling to estimate the response of nonlinear systems beyond
traditional Gaussian approximations. This approach directly estimates the score function—i.e., the
gradient of the invariant log-probability density—allowing accurate predictions of higher-order
statistical responses. | will demonstrate the method’s robustness and versatility across a range of
applications: from low-dimensional models of climate variability and ENSO-like dynamics to
stochastic PDEs including the Allen—Cahn and two-dimensional Navier—Stokes equations. Results
show that this framework significantly improves upon classical techniques in capturing non-
Gaussian features of system response, paving the way for more reliable data-driven predictions in
climate science and beyond.
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