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Part I: Velocities of moving random surfaces

For a stationary two-dimensional random field
evolving in time, one can derive statistical
distributions of appropriately defined velocities
utilizing a generalization of the Rice formula. The
theory can be applied to practical problems where
evolving random fields are considered to be adequate models. Examples include
changes of atmospheric pressure, variation of air pollution, or dynamical models of
the sea surface elevation. In particular, statistical properties of velocities can be
obtained both for the sea surface and for the envelope field based on this surface.
Additional extensions can be obtained by studying three-dimensional geometry of
spatial waves. Their statistical distributions can be presented in explicit integral
forms for the deep water seas modeled as Gaussian fields. The proposed approach
allows for investigation of the effect that shape and directionality of the sea
spectrum have on the joint distributions of the size characteristics.

Part II: Dynamics of spatial temporal random fields

General non-stationary spatial-temporal surfaces can have dynamics governed by
velocity fields. By applying an extension of the standard moving average
construction models which are stationary in time are obtained. The resulting surface
changes with time is dynamically inactive since its velocities, when sampled across
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the field, have distributions centered at zero. A dynamical evolution can be added to
such a field by composing it with a dynamical flow governed by a given velocity field.
The models are extensions of the earlier discretized autoregressive models which
account for a local velocity of traveling surface. For such a surface, its dynamics is a
combination of dynamics introduced by the flow and the dynamics resulting from the
covariance structure of the underlying stochastic field. An important connection
between the resulting stochastic field and underlying deterministic dynamics is
obtained by demonstrating that in the case of isotropic spatial dependencies, the
observed random velocities are centered at the velocities of the underlying physical
flow. Strategies for simulation of such fields are provided and foundation for
statistical fitting and prediction procedures are obtained.
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