Abstract: Co-optimizing adaptation and mitigation for sustainability is fundamentally a problem of
decision-making under uncertainty. Planning for the future requires projecting non-stationary climate
risk and using those projections to guide present actions. However, extreme, episodic events—such as
cyclones, heatwaves, and floods--or the sudden emergence of tipping points can disrupt carefully
prepared strategies that assume a gradually drifting mean climate state. Quantifying the risk of such
extremes requires resolving fine-scale dynamics and statistical tails, a challenge for both modeling and
observation. Most climate models lack the resolution to capture and adequately sample rare, high-
impact events, while observations remain scarce, even for routine environmental variables such as soil
salinity. In the first part of this talk, speaker introduced a strategy for generating and resolving extreme
events. The approach employs a novel stochastic process for coherent fluids to create large catalogs
of synthetic events. It integrates statistics, physics, and foundation models to reconstruct extreme
fields at high resolution. This method directly maps coarse climate models to fine-scale observations,
ensures physical consistency, overcomes data scarcity at extremes, and is applicable to future climate
scenarios. In the second part, the speaker addressed the challenges of model complexity in hybrid Al-
physics systems, where over-parameterization limits generalizability and interpretability. Speaker
introduced an approach based on stochastic learning dynamics, in which an ensemble approximation
to the Fokker-Planck equation tractably enables the co-active optimization of neural structure and
function. Finally, the speaker generalized the Co-Active Systems framework, demonstrating how
feedback between models, data, theory, and experts enables parsimony for efficient knowledge
acquisition and resilient representations. Arguing that parsimony is fundamental to both modeling and
observation, speaker discussed emerging opportunities in quantum computation for subset selection
problems as a potential future direction.
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