Nonlinear Analysis: Real World Applications 25 (2015) 127-136

i

Contents lists available at ScienceDirect - "
Nonlinear
Analysi

Nonlinear Analysis: Real World Applications

www.elsevier.com/locate/nonrwa =

Global stability for a nonlocal reaction—diffusion population model @CmssMark

Keng Deng®, Yixiang Wu

Department of Mathematics, University of Louisiana at Lafayette, Lafayette, LA 70504-1010,
United States

ARTICLE INFO ABSTRACT

Article history: In this paper, we study a nonlocal reaction—diffusion population model. We establish

Rece%ved 6 AugPSt 2013 a comparison principle and construct monotone sequences to show the existence and

ggfgwed in revised form 5 March uniqueness of the solution to the model. We then analyze the global stability for the
model.

Accepted 25 March 2015

Available online 23 April 2015 © 2015 Elsevier Ltd. All rights reserved.

Keywords:

Nonlocal population model
Comparison principle
Existence—uniqueness
Global stability

1. Introduction

In this paper, we consider the following nonlocal reaction—diffusion population model that describes the
dynamics of a single species with competition between individuals:

w=du=u|fw-a [ gt puni). (11)

u(z,0) = up(x)

forz € R™ and t € (0,00), where a > 0, g, ug are nonnegative continuous functions, and f is a continuously
differentiable function on [0, 00).

Over the past few years, there have been several studies on the population models with spatial nonlocality.
In [1], Britton used (1.1) with f(u) = 14 au — bu? to model a single species that takes advantage from local
aggregation (represented by au) and competes for local space (represented by —bu?) and nearby resources
(represented by the convolution term). Later, Britton [2] conducted a linear stability analysis for the uniform
steady-state solution of (1.1) and then considered the bifurcation from the uniform steady-state. Gourley
et al. [3] and Billingham [4] studied traveling wavefront solutions of (1.1) with a special form of the kernel
¢ using numerical and asymptotic techniques. Deng [5] established the existence/uniqueness and uniform
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persistence results for (1.1), and Sun [6] proved the existence and uniqueness of positive solutions for a related
nonlocal dispersal population model. On the other hand, many authors have investigated the linear stability
and global stability of equilibria for specific models with nonlocal spatial effects on bounded domains under
homogeneous boundary conditions (see [7-9] and their references).

Our main objective here is to conduct a global stability analysis for the uniform steady-state solution of
(1.1). However, all arguments for previous models with spatial nonlocality on unbounded domains do not
appear to apply. Therefore, in this paper we will adopt a different approach that is based on successive
improvement of upper and lower solutions. Similar approaches have been used for models with temporal
nonlocality on bounded domains [10-12] which rely on the notion of a pair of upper and lower solutions
introduced by Redlinger in [13]. Because model (1.1) is on an unbounded domain, we will introduce the
definition of a pair of coupled upper and lower solutions. The same definition was used in [5], and where a
comparison principle was established by assuming uy € L'(R™). Nevertheless, such an assumption cannot
be imposed on the initial data in (1.1) since we require ug(x) > § for some § > 0 to carry out the stability
analysis, and consequently the arguments of [5] do not apply.

The paper is organized as follows. In Section 2, we define a pair of coupled upper and lower solutions and
establish a comparison principle. In Section 3, we construct two monotone sequences of upper and lower
solutions and show their convergence to the unique solution of (1.1). In Section 4, we analyze the global
stability for model (1.1).

2. Comparison principle
In order to conduct our discussion, we first impose the following hypotheses.

(H1) g(z) is a continuous, nonnegative function on R™ with g € L*(R™) and [, g(z)dz = 1.
(H2) up(x) is a continuous, nonnegative function on R™ with ug € L= (R").

For simplicity, let Dy = R"™ x (0,T) and Dy U I'r = R™ x [0,T). We then introduce the following definition
of coupled upper and lower solutions of problem (1.1).

Definition 2.1. A pair of functions u(z,t) and u(x,t) are called an upper and a lower solution of (1.1) on
D, respectively, if they satisfy the following conditions.

(i) u,u € 02’1(DT) N CB(DT U FT).
(ii) u(x,0) > up(x) > u(x,0) in R™.
(iii) For any (x,t) € Dr,

where Cg(Dr U I'r) is the space of all bounded continuous functions on Dy U I'p.

Comparison principle and existence results have been established in [13] for nonlocal problems on bounded
domains. However, since a continuous function may not attain its maximum or minimum value on an un-
bounded domain, the argument in [13] cannot be applied to problem (1.1). On the other hand, in [14] for
a problem on R x [0, 00), inspired by the Phragmén—Lindelof Principle for uniformly parabolic operators
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