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Stochastic stability of the Ekman spiral

MATTHIAS HIEBER AND WILHELM STANNAT

Abstract. Consider the stochastic Navier-Stokes-Coriolis equations in T2 ×
(0, b) subject to Dirichlet boundary conditions as well as the Ekman spiral which
is a stationary solution to the deterministic equations. It is proved that the stochas-
tic Navier-Stokes-Coriolis equation admits a weak martingale solution. More-
over, as an stochastic analogue of the existing deterministic stability results for
the Ekman spiral, stochastic stability of the Ekman spiral is proved by consider-
ing stationary martingale solutions.
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1. Introduction

Consider the Navier-Stokes equations in the rotational setting on an infinite layer

R2 × (0, b) =: ! for some b > 0,






∂t u − ν$u + ω(e3 × u) + (u · ∇)u + ∇ p = 0, t > 0, x ∈ !,
div u = 0, t > 0, x ∈ !,

u(t, x1, x2, 0) = 0, t > 0, x1 ∈ R, x2 ∈ R,
u(t, x1, x2, b) = e1 · ub, t > 0, x1 ∈ R, x2 ∈ R,

u(0, ·) = u0, x ∈ !.
(1.1)

Here ω ∈ R denotes the speed of rotation, ν > 0 the viscosity of the fluid, ub ∈ R is
a constant, and ei , i = 1, 2, 3, denotes the i-th unit vector inR3. Equations (1.1) are
sometimes also called Navier-Stokes-Coriolis equations because of the additional

Coriolis forcing term. It is a remarkable fact that (1.1) admits an explicit stationary

solution (uEb , pEb ) given by

uEb (x1, x2, x3) = ũb




1− e−

x3
δ cos ( x3δ )
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x3
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0



 , pEb (x1, x2, x3) = −ωũbx2
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