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Stochastic Cellular Automaton Model for Recurrent Epidemics :
Study of Spatio-Temporal Patterns

Yukito Iba
(College of Arts and Sciences, University of Tokyo)

A stochastic cellular automaton model for recurrent epidemics is introduced and
numerically investigated.

The model consists of states of individuals living on a two-dimensional lattice and
rules for the temporal evolution. FEach state can take one of the three possible states ;
susceptible, infective and immune.

The states are updated according to tﬁe following rules (R1-R3).

R1 (infection rule) :

A susceptible individual becomes infective when at least one infective individual
lives in the neighborhood.

R2 (recovery rule) :

An infective individual recovers after a fixed time interval and becomes immune.
(To realize this rule, the time from infection is recorded for each infective individ-
ual as an auxiliary state variable.)

R3 (renewal rule) :

Individuals in any state are substituted by fresh susceptibles with a constant
probability (renewal rate: u).

The rule (R3) leads to the oscillatory or “recurrent” behavior, which distinguishes our
model from dynamical percolation. '

Densities of infective and immune individuals are measured on large lattices (80 x 80,
100x100). Temporal density fluctuations are analyzed by AR model fitting. For small g,
most qualitative properties agree with the mean field approximation (“Sorper equation”)
and no evidence for the phase transition is found for x — 0.

Spatial patterns are characterized by (1) the spatial density correlation functions and
(2) coarse-grained power spectra. Both methods show that the correlation length grows
as the renewal rate y decreases.

In a finite lattice, the density of infective individuals will ultimately disappear after
many time steps. The system size dependence of this extinction rate (z7!) is calculated at
various renewal rate. The results can be interpreted as a crossover from 7~ exp (al) to
7~ exp (bL? as L becomes large (L : linear dimension of the system, a, b : constants).

Related models in ecology and epidemiology are briefly discussed.

Key words: Recurrent epidemics, stochastic cellular automaton, spatial pattern, extinction.



