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Abstract

The primitive equations—also known as the hydrostatic Navier-Stokes equations—serve
as a foundational mathematical model for large-scale atmospheric and oceanic dynamics.
Strikingly, their analytical behavior sits between two extreme regimes: while the inviscid
equations are notoriously ill-posed (exhibiting instabilities worse than the 3D Euler
equations), full horizontal viscosity renders them globally well-posed, displaying regularizing
properties even stronger than the standard Navier-Stokes system.

In this talk, we explore the transition between these regimes by considering primitive equa-
tions with fractional horizontal dissipation. We will discuss how varying the strength of frac-
tional operators dictates sharp boundary lines between ill-posedness, local well-posedness,
and global well-posedness. To provide a broader perspective, we will also survey other related
nonlocal fluid models, highlighting common analytical frameworks and mechanisms where
fractional and nonlocal operators govern fluid motion.
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