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IDENTIFYING A DIFFUSION COEFFICIENT IN A TIME-FRACTIONAL1

DIFFUSION EQUATION2

T. WEI∗ AND Y. S. LI3

Abstract. In this paper, we propose a conjugate gradient algorithm for identifying a space-

dependent diffusion coefficient in a time-fractional diffusion equation from the boundary

Cauchy data in one-dimensional case. The existence and uniqueness of the solution for a

weak form of the direct problem are obtained. The identification of diffusion coefficient is

formulated into a variational problem by the Tikhonov-type regularization. The existence,

stability and convergence of a minimizer for the variational problem approach to the exact

diffusion coefficient are provided. We use a conjugate gradient method to solve the varia-

tional problem based on the deductions of a sensitive problem and an adjoint problem. We

test three numerical examples and show the effectiveness of the proposed method.

1. Introduction4

Recently, fractional diffusion equations have been used to describe anomalous diffusion5

phenomena in the saturated zone of a highly heterogeneous aquifer [1] and in an under-6

ground environmental problem [13]. Metzler and Klafter [23] demonstrated a fraction-7

al diffusion equation with respect to a non-Markovian diffusion process with a memory.8

Ginoa et al. [9] pointed out that the fractional diffusion equation describes one kind of9

relaxation phenomena in complex viscoelastic materials. Backgrounds and application-10

s in physics and chemistry for fractional diffusion equations can be found in references11

[38, 24, 14, 37, 2, 25, 30].12

Direct problems for time-fractional diffusion equations have been studied extensively13

in past decades, see [10, 21, 22, 19, 28, 11] for examples. Inverse problems for fractional14

diffusion equations have also been investigated in recent years, refer to [28, 15, 39, 35,15

33, 34, 17, 36, 31]. There are some theoretical works showing the uniqueness, such as16

Cheng et al. in [4] established the uniqueness for determining the fractional order and the17
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