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Preface

Stimulatedby Ross MacKinnon's WP-7S-22, "A First

Attempt to Combine InterregionalMigration and Spatial

Diffusion Models," this working paper briefly notes some

striking analogiesbetweenone view of regional development

problems and an extensive literature of models in

epidemiology and chemical engineering. It is intendedas

a stage in continuing discussionand exploration of

modelling approaches,and is, therefore, deliberately

open-endedand somewhatspeculative.



Combined Migration-Diffusion Models:

Analogies for Regional

Development

In WP-75-22, Ross MacKinnon has outlined a "first

attempt to combine interregionalmigration and spatial

diffusion models." It may be of interest to note that

the combinationof physical migration (movement) and

"diffusion" of attributeshas interestedworkers in

severalother fields--particularly epidemiology (where

the interest is primarily in migration of diseasecarriers

or vectors such as insectsand the "diffusion" of conta-

gious diseasesby infective contact) and chemical

engineering (where the movement is convective transport,

locally and over long distances,of substancesthat react,

diffuse, and radiate energy). In both these fields, this

interest has led to a substantialbody of mathematical

analysis, some of which appearsto shed light on the

basic regional developmentproblems that motivate the

work in WP-75-22.

Epidemiology:

For example, in epidemiology, the model presentedin

WP-75-22 is known as a multi-location logistic process.

This basic logistic model is one of the simplest used;

it considersonly two of the major transportand diffusion

contributions, omitting severalothers. The analogy is as
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follows: the mechanismdescribedin regional development

as "telling" correspondsto infection; the non-knowers

correspondto the susceptiblepopulation not yet infected;

physical migration is much the same in both cases. (The

main difference is that, in epidemiology, infection is

usually assumedto require spatial proximity, so that the

matrix 2 presentedin WP-7S-22 would usually be diagonal.)

Does the analogy tell us anything new? In this

instance, it seems to provide considerableinsight. For

example, the standardepidemiologicalmodels show that the

logistic model (and hence the regional developmentmodel

in WP-7S-22) omits the following contributions:

a) Non-susceptiblesin the population. MacKinnon

has assumedthat the entire population not yet

informed is susceptibleto being informed. In

some cases, that may be so; in other cases, the

information or attribute being disseminatedmay be

sufficiently complex that only some people are

capableof receiving it effectively and perhaps

fewer are capableof transmitting it further.

Then the susceptiblepopulation, per se,

becomesof great interest: do they migrate

differentially faster or slower to or from

particular places? What control policies (e.g.,

education, training programs, bonusesfor skilled

personnelin particular locations, targeted
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transmissiontechniques,etc.) can affect their

numbers in particular places? Are there differ-

encesbetweenreceiversand transmitters? Etc.

In epidemiology, of course, the aim is to

increasethe ｾ Ｍ ｳ ｵ ｳ ｣ ･ ｰ ｴ ｩ ｢ ｬ ･ ｳ Ｌ mainly by immuni-

zation programs, which have been among the major

contributions to over-all public health in this

century. In epidemiology, diffusion-type consider-

ations also occur nestedwithin migration; for these

the susceptiblepopulation can also be an important

control variable. Here, the mass sterilization and

releaseof male screw-worm flies (to minimize the

fraction of all females able to have fertile

matings) is a classic example.

b) Disappearanceof attributedpopulation.

MacKinnon has assumedthat information (or whatever

other attribute is being transmitted) sticks with

the people who receive it for the entire period

under examination. That may well not be so:

if the people with the knowledge or skills are

mainly older (e.g., skilled artisans), they may

retire or die; no matter what age people are, they

can (and will) forget the information or skill or

lose the attribute (e.g., through underemployment);

or they may migrate out of the systembeing

considered(e.g., the "brain drain" of so much
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concern a few years ago).

In epidemiology, the disappearanceof infected

casesis often an important mechanism: people

become immune to some diseasesafter having been

sick; others die; still others simply recover from

the diseaseand become susceptibleagain.

c) Exogenoussupply of susceptibles. MacKinnon

has assumedthat the susceptiblepopulation is

essentiallyfixed at the beginning, and then simply

reshuffled through time by migration. When one

takes the total population as being susceptible,

new supply is not likely to become important unless

there is substantialnet population growth. When

one considersa more restrictedsusceptiblepopula-

tion, however, exogenoussupply may becomequite

important. New college or technical school

graduates,educatedwomen entering or re-enteringthe

labor force, etc., may be significant contributions,

especially in less developedregions and countries

(about which concern is presumablythe greatest).

In epidemiology, the classic casesof exogenously

supplied susceptiblesare children beginning school

and transients (tourists, etc.), who may also be or

become exogenoussourcesof infection.
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The epidemiological literature is now sizeable.

Two references(chosen simply becausethey happenedto be

at hand) that provide some entree into that literature,

and give some of the relevant equations (though by no means

all of them) are:

o M.S. Bartlett, An Introduction to StochasticProcesses,

CambridgeUniversity Press, 2nd edition, 1966. See

especiallyChapter 4.4, "Epidemic Models", particularly

p. 143, which gives a general equation including

spatially distributedeffects.

o J. Gani, "Point Processesin Epidemiology", pp. 757-774

in P.A.W. Lewis (Editor), StochasticPoint Processes,

Wiley-Interscience,1972. See especially the

references.

Solution Insights:

As these referencesshow, for a single region,

MacKinnon's model reducesto the difference form of the

logistic differential equation:

y (t + 1) = Y (t) [1 + q (1 - y ( t) /X) ] , or

y (t + 1) - Y (t) = (q/X ) [X - Y( t )] Y (t )

There appearsto be no simple closed-formsolution to this

difference equation, though the correspondingdifferential

equation (representingthe deterministic form of the
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stochasticmodel)

has the simple solution

x

I + [(X-Yo)/Y o] exp(-Axt)

which is the well-known logistic function (yielding the

characteristicS-curve). For "large" X and moderately

large t, the solution to the difference equation is

essentiallyindistinguishablefrom this function. The

stochasticformulation matters primarily when Y is small.

Since no closed-formsolutions seem able to be

obtainedeven for the single region case, it is apparent

that solutions to the multi-region casewill need to be

computed even for the very simple form the model now

assumes. Though there may be surprisesin store from extreme

choices of coefficients, my experiencewith similar models

in chemical engineering (representingflows betweenprocess

units) indicates that the solutions in each region will

resemblemixtures of logistic functions, with appropriate

changesin slope added by the inter-regional transportand

communication. One may be able to get staircase-type

solutions in some instances,where first one region, then
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anotherand anotherexert a dominant impact on some other-

wise isolated region.

Future Directions:

The logistic model is a special case of the so-called

"pure birth process"; in that the numbers of informed

people can only grow. In general, the solutions to these,

and the controls on these, are not consideredvery

interesting. There is not enough room to maneuver

effectively and they are not consideredvery realistic

except in highly specializedsituations.

Very interestingphenomenacan be observed, however,

as soon as one adds differentially susceptiblepopulations

and/or disappearances("deaths" in the stochasticprocess

terminology). Then one can get critical threshholds,

fluctuations, and a variety of interestingcontrol possi-

bilities. Since everything is likely to have to be

computedanyway, one does not add a great deal of complexity

by adding one or more of these features, and one may gain

a great deal of realism and interestingsolution charac-

teristics.

Chemical Engineering:

As a postscript, and to provide food for further thought,

it may be interesting to note analogiesalso to chemical

engineeringproblems. In these, the formulation is usually

changedinto the form of a generalizeddiffusion equation

(a second-order,parabolic partial differential equation)

either by applying the theory of transportprocesses
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directly or, perhapsmore pleasingesthetically, by

developing the forward or backward Kolmogorov equations

describing the underlying Markov process. In some instances,

thesemay be easier to treat numerically (though that seems

doubtful for such simple models). In most instances,these

will yield considerableintuitive insight into the nature

of the phenomenabeing described, since such a very great

deal of work has been done exploring the nature of the

solutions to diffusion equationsof all types.


