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Abstract

In this paper we present a finite element approximation of a model of a linear stochastic partial differential equation driven by
additive and multiplicative white noises. Using the Wick-product properties and the Wiener–Itô chaos expansion, the stochastic
variational problem is reformulated as a set of deterministic variational problems. To obtain the chaos coefficients in the corresponding
deterministic equations, we use the usual Galerkin finite element method. Once this approximation is performed, the statistics of
the numerical solution can be easily evaluated.
© 2010 IMACS. Published by Elsevier B.V. All rights reserved.
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1. Introduction

The purpose of this paper is to give a finite element approximation of a linear stochastic partial differential equation
(SPDE) in infinite dimension driven by a white noise under the framework of the white noise analysis. We study the
following problem: Find a solution u(t, x, ω) of the linear SPDE⎧⎪⎪⎨

⎪⎪⎩
∂u

∂t
− ∇ · (κ♦∇u) − ru♦W1(t, ω) = f + σW2(t, x, ω) in (0, T ) × D × �

u(t, x, ω) = 0 on [0, T ] × ∂D × �

u(0, x, ω) = g(x, ω) inD × �

(1)

where u is a scalar field, f is the source term, g is the initial condition, κ is the diffusion of the medium, W1, W2 are
singular white noises, � is the set of random events, D ⊂ Rd (d = 1, 2 or 3) an open bounded domain with a smooth
boundary ∂D and r, σ ∈R+ which represent the intensities of the reaction and the the white noise terms respectively.
The term ru♦W(t, ω) can be viewed as a stochastic perturbation of the reaction term ru.

Eq. (1), is a linearized model for the evolution of a scalar field in a space–time dependent random medium. It arises
in several physical and mathematical problems such as:

• Flow in a porous medium where u(t, x, ω) denotes the pressure, κ is the permeability of the medium, f represents
the external forces (for example sources or sinks in an oil-reservoir) and g represents the initial data. We allow κ,
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