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We establish a connection between the strong solution to the spatially periodic Navier-Stokes
equations and a solution to a system of forward-backward stochastic differential equations (FB-
SDEs) on the group of volume-preserving diffeomorphisms of a flat torus. We construct repre-
sentations of the strong solution to the Navier-Stokes equations in terms of diffusion processes.
Assuming the existence of a solution to the Navier-Stokes equations with the initial data in the
Sobolev space H

s for sufficiently large s, we construct a solution of the associated system of FB-
SDEs. Conversely, if we assume that a solution of the system of FBSDEs exists in some sense, then
the solution of the Navier-Stokes equations can be obtained from the solution of the FBSDEs. In
fact, the constructed FBSDEs on the group of volume-preserving diffeomorphisms can be regarded
as an alternative characterization of the Navier-Stokes equations for studying the properties of the
latter.
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