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sede. s Gr oo oo w Seitlenent Sysiems: . 110W o Can One

o preach _elicy nori- tated

we, L 1 ¥ poorly undarotooud 3ystems?

M, Cordey-iiayes

The awm o this rote is to hiphlight somre of the dirri-
curtieo ir. the dynamical rodelling or poorly understooud systens,
ar.: te cui_ £ o u struiepy that inteprate. fundamentazl research
or. the stricture und wurk.ags of the .rban system with the policy”
need Tor methodolugies that analyze through time the effects and
rezercussi.ns of alternative policies. In urtan anu regicnal
analyo:ns i iu of _ittie vulue to develop simulation or cptimi-
zoi.olor sppromeces 28 I deunling with well structured =z=ng:ineering
gu.ne . -dr.e g3l opromization and simulaticn methous have
becn lurpeily iunelfoctive cwer two Pccades of sevelopment in
urtan r.iar-ing.  uor poorily understood systems, it is necessary
that @ouelyiicst medellinyg Le inteprated into a structured learn-
proses..  nesezrch inte planning methodolosgy requires a
Qi aC.puw LuilYeon ypot..esi: and duva, and cetwz2en thecry and
pruectice tat .un wnly be .chieved in un iterative cnroiryg pro-

. Ccyviicusl learn:npg proeess us ueen weol coccumented

(8

eecs.  .h
in the Jewv-lupirent anu application of simile compurative-_tatic
laa wew wmeael. It the V.. (Massey and Cordey-Hages, 1371

¢,

pasrws o ., cict.ven. 1o3).0 0 Luch oz view Lid asse u=en put



forwarae by Boyce (i971., and indirectly and

in much more polemical form by Lee (1973). In the current

vogue or dynamical modelling (bcth simulation and optimiza-
tion) auch of this earlier experience is being ignored. Lut

this note will go uo further into this debate, here ﬁhe aim is
sinply to emphasize how important it is that dynamic modelling

be inteprated with a serious programme of experimental research
devoted to the formal understanding of urban processes. A frame-
work which is useful in this respect is outlined.

The approzach is derived from dynamical systems theory,
which itself is historically a direct outgrowth of the Laygranian
viewpoint of classical mechanics (see for example, Rosen 1370).
It can be used as a dynamic opfimizing approach, or adapted as a
heuristiec or simulation method. lowever, in urban systems it
is probably more useful siwply as a general structuring frame-
work fcr the experimental analysis of growth and change. Two
research projects that are based upon the approach arc cutlined
--one uses the framework to provide an analytical strategy for
a dynamical study of inter-urban migration (Cordey-Hayes and
Gleave, 1973), and the second focuses more on policy and the
cptimizstica or inter-regicnal economic growth (Paelinck, 197.5.

In corcluiing this introductivn it is pernaps worzh noting

that his approach is derived from a state space approach tc
cdynamica. systems theory in preference to the classical
transform functicn approach. The latter is based cr: a Lap-.ace
transform of a Linear input-output differential equaticn anﬁ
this gives a high level of zbstraction that is suitabie for

claszica. conir... vroblems .n engineering but wrici is rati-r



opayue Lo the mechanisms and behavioural changes that wccur
within the system. In urban and regiocnal planning the explicit
manner in which cthe system changes and the intermediate states
through whic: it passes are of vital iwportance. An approach
which is based on states variables and direct rates of

change is preferred becuause it has greater transparency to

the processes of change, and this makes it a much more userul
conceptual iramework for policy oriented dynamic analyses of

urban systems.

2. The inaiysis ci Urtan Crowth and {hange

The dynamical study of any system has two basic aépeccs:
first, it nust be decided what constitutes a. instantanecus
descrirtion of the system of interest; and secondly, %te mach-
anisms -hat translate this information from one pcint in time
to anotrer lust be understood and expressed in formal terms.
An ordered n-tuple of wvariables (Xl’XZ""’Xn) arising frem a finite
set of measurenients rerpresents a possible instantaneous state
of the system cf interest and this notationally exnresses :zhe
first step in the dynamic description. But now the manner in
which this system chanpses over time must be specified, this is
rmucr more cdifficult. Sometimes it is possible To .ive condi-

tions thiat helr in the specification of the functicnual depen-

e

dencies that express the rates of change. For exumple, tu

rate at wh2:h . particular state varizble Xi(t) is changin

o

at time t may «-pe-d or..y on the existing state



(xl(t),x 54t) RRERR: “(t))
ie. ax; . fi(xl cees xn) i=(1....1) 1)

——

i
L

Thu3s in this c¢use ~he Jynamics of the system are devermirzd ty
specifying the inetant.neous description (xl ceenn xn) and the
functions ?i e fn' It is very rare that we arc able to
specify these tunctional uependencie:z adeguately for urban
systers, and it is considered here that the experimental deduc-
tion o!" these functions is the fundamental long term proble:. in
the analysis c¢f growth and change. '%he functions are essentially
an expression of the exogenous 'forces' that are zzcting upon

the system and which are responsible for its dynemical beraviour.
The problem or interest is how to structure experimental anai-

ysis in or.er to ueduce these functicnal dependencies.

If the fuwictions fi were known then, in principle, it

=2
w

would rcssible to consider how the inputs to the systen

193
W

could chosen such that the trajectory to some pre-zssigned

made in a 'best possible' way. This lezds to vari-

} e
4]

state
ational principles and 'optimal controls' as outlined in
Section 4. DLut we restate that for urban systems these func-
tionel depe¢ndencies are mcstly unknown, and tnerefore an
important problem is how to structure analyses in order to
deduce these ifunciions whilst concurrently adirec:ing polic

. t . . . A . s
questicns. 'the next two sections outline attempr. to do this.

T?or further discussion of this point in relation tc a

critical appraisal of the dynamic sinrulation meth.ds of Forrester

see Ccrdey-liayes, 1972.



3. A Framcwork for the An.lysis of Migration

The system ccnsidered here for migration anzlysis is con-
ceptually & reiatively simple one. We are interested in the
rates ol change of population of a set of ¢it) regions in terns
of the prdbability of transitions (migration) between the city
regions.. "hus let 18 dencte the population pf city regien i

and x4 its rate of chanye over tinme due to migration. benote
dat
the provability per unit time of a transition frcm category i

to J as aij’ Similarly, xj is the occupaticn number of

ané  a.. is the transition coefficient which represents tne
J
provability of a i to i transiticn in unit time. The rate

of change <of tne oveeupation nunber of category 1 is zhus slumply
reiated te the dil'rerence batween the luwnrd and .atwzrd flows
foir that cntegory.

%3

du

(azi‘j . ai‘xi) i=4(1....n) lz)

Caa Ry

Various constrainuts wi.l normally resirict the 3o0iutions to tnis
set of equitions, Lut Fose. (1970, descriu:s auw the s»lutions

have tio genierar Tupm

where the second exuonential represenvs an wadumped vsciliatory
function (ui and . v; ure rclated Lu Lhe transition parameters
ag:3 they are the eigenvalues of the u.. matrix),.

The time vuriation of the population of a =ity re.ton (x.; can

thus exiidi. a waricty of behaviours cepending sn tue siln of
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u, and its mugnivude relative to v . Il u. is pusitive
i

and mucih largeir thian 50 then X3 increasces alrnius
tially with time; when us is negative and lar{er than v

the y. deecrease expoaenv.ally, @nd whern u; is snmzll bu

1

exponen~

i
-
v

A large ~hen x. exuibits damped osclllations as snown in

Figurc 1.

uj pcuitive and »» v,
p t) 1
Ai( J

-
'-Ju

Pipure 1. Soms: possibie vuriation of X3y tl:rough time,

Thus a variety of traj«ctcries are possibie ard the expli:zit

ec »i whe Gynamicr - systen ar: dezerrin
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proper:.

(a;j) whicin revresents the external f'orces acting upon ths
P

system. Civen a specilic runctional Zorm for {(a, ), <hen

‘o

2 above, which would then. for exampie, anal stic:lly desc
the pcrulation changes idue to mig=ation within a ..ystem of

interacting city regions.

cssible to obtaln a particular solution of the busice equztion



Trhis analyivical approzch to urbasn growtn @nd change Lro-
cesses sugiests that a useful stratepgy for structuring exceri-
merital work (in this case for migration analysis) 1is:

i) To conctruct an accounving matrix comprising transiticn

probabilitics Jrom wbse »vatiorisc cf pacst beshaviour. Tnis

provides a ae,uylp.bun wf the migration procezs through

tine in a useful sumary form, but this must Le fullowed oy:

An interpretation .f these par ameters in terms of hysuthe-

[¥D
e

siz=d cuusal re~lations:;ips which represent the externa
forces.

Tnese tested hyLotiieses for tihe particular form of a.

[N
-

ecniid then give specifins sclutions to equation 2 which
would then, in principle, give the future udistributions

ol vwopulation ouver ¢ime, or at least the 'behazviour nudes’
(appro;lmare time "vath: of that system of city regionc.

It should alsc begin to provide the understanding necessary
for the 1molenenta ion of policies aimed z% steering tae
system of city reglons to some plznned national sevtlement
patiern.

Thus initially our aim'ic <o interurev the 23 Tor zity

repgions in terms orf the ch.aracteristics of 1 and §. Con-

siceralle simpiificatiin o the sclution proceiurs ol equaticn

(2} 1is pessible if the &., are decomposged into two componeits,
- -

which have Leerr called in =arlier -papers an '=scave urobanilicy

per unit t.me' (e;;, eauivalently an escapz frequcricy, ans a

-
-

'capture crsss—-section’ (uﬁ). Thiz simplificzticr. separates

T S e - « s
the ¥irsi twe stens cre similar to tre strategy describ:d
oy Tincrer. (1-72) In kis work on a Seri-Farkov aisrozin ¢ rl rpa-
Ticn analysis.



the migration interaction into dyrnamic 'mover poos' and
'differential attracticn' components. For example, from con-
ventional spatial interaction theory it is nypothesized trnat
the 'differgntial attriction' depends not only upon the intrin-
sic¢ attributes of city repion j as perceived frocm 1, but a.s
upon the competing attrauctions from all other possible destina-

ticns j. That is, the prebability of a migrant from 1  select-

ing a destination § from a competing set of city regions is
g.P.1r(e..)
S b I §
R Py e

(3)
)

1
K

where a. represents scome 'iptrinsic attractiveness'

J )
of c¢ity region J for potential migrunts, the pcpulation (Pj)
anc¢ the functicn f(cij) weight tnis intrinsic attraction in
reiation te its size and distance frcm the origin region 1.
tlence, the probabiiity of a2n individual in city region i

migrating to city region in unit time beccmes

~2

Q:Ef(c. .)

€y w3 1J ()
ﬁqukf(cik)

[

e
.

-

Cordey-Hayes and Gleave have described progress ts date on the

interprstation of €4 and g. in terms of tne c¢hanging intrinsic

J
characrerizsicr ¢ 1 uné j for 20 city rerions in the U.K.

These ¢uperimesial rescits do supgest cthat there —xisw

Z
[~%

Cd

concen. ol intrinu.c attractiveness tr.at sore.siy inr.uaences

the di_fTerentiasl s.locatiuvn of miprants, nut e resuits also

ir 3
arz

g2 toat there enists 2 strane feedbzey vele.lonship



betweel qj ani Ei tinat _ominates tne propertcies of the
"mover coolil' ana it is this that may have caused difficuliies
and 'anomalcus' results in many miygration analyses. These
results have been wutlined in Section % of the note 'Models

of Wational S8Bettlement Systems: L. A preliminary perspective!',
ana there it is discussed how the results disagree witn the

traditicnal mipgration equa~ions that have been used in recent

dynumic simuliaticn models., 'This is important because nct

-

only is mijration the most volatile cumponent of populaticn
change, but also in most models provides the lynch-pin inter-
action with the emnloyment growth sector. To some extent this
demonctrates the need rur the iterative structured approach

to model building of poorly understood systems.

The sitron;: feedbacxk mechanism between Ei, and uj noted
above makes the avnroach analytically intractable and a simu-
lation model bused upon these experimental analyses has been
develeped. In due course this mecdel will be used to explcre
policy guestions rclating to regional imbalances and national
seftlerment patterns, and this will then begin to integratsz
structured anslytical reseurch on the workings of the system
with pelic; anaglysis. fut on the whele tne atove research
hag been cuacernsu Wity the analysis of the dynamics of the
interdei-enuent interaciions between thne demographic and employ-

mer.it sectors ana rus had ruelatively little to zay on policy.

o

The nezt segeti h considers a research project that liac a simi-
lar analyt’cal f{ramewcrk b.t which is much more directly

orientated cow.rde pol:ecy unalysis.
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4. A nmodel ro-- @ rrdon sl Beoreomis Polioyt

Paslinek in a series of papers (197322, 1273E, 1974) has
used wizat is essertiaily a dynamical systz2ms thecry approach

to construct & mocel for multiregional eccnomic policy. It

Pte

s larpely structured on concepts of 'locaticnal profiles!
(Guiguu, iﬂ7i) ana 'aruraction analysis' (Klaassen, 1969).
Essentially locational pr.files uanalycis consists of comparing
the profiles offerad {suprlied) by a region to the optimally
desired (demanded) profiles of a2 firm. It cunsiders that bota
the growth in output and the probability of a new firm locating
in a particular rerion is proportional tc scme matchiﬁg of ’
these regional und sectorui profiles.

adapting Paciinek's notation inve difreraatiul eguation

ferm, we huve

iy..
4 = . (. . .
—-’dt FGegoriaXss) (5)

where d*i~is the rate of growth of prcductior. in sector i ir

mar—

gt

-~

region j; 35 and rj reprcsent the sectoral ard regional pro-
files respectively, and Xij are a set of policy variables that
orerate on the profiles. Paelinck mentions that the functional

dependencies . snould be related to a "framework of consistent

i
theory ... ana ... not a simple (cpurious) correlation exercise”.
However, he does rot consider the problems which are asscociated

with this due to the primitive state of urban and regional treory.

1.'i“m'.s is a very Iree adaptation of Paelinck's work to suit

ne alms ol tris rote. Readers interested in thesze rultl-regional
ncaels should, of course, refer tu the cited papers.

3 !
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instea: he Zoec on to Juns der the problem of hiow the inpuis
to the systvem .pariicu:arly the policvy variables) can be chosen
such tirat vhe sransit to a pre-assipned state is made in some
opvimu: way. .:his esvwent.ally involves thne use of the calcu-
lus of wvariatious co moaim:ze an objective funetivn over =
variety o1 woutibiv tr.gjeciuries turough tine,.

e liviek Lelices the aoove runet.oonali derendencies tnrcugh
a civer-enc: isdex idij) wtiich is a w2ighved compariscen o the
mar ¢h uetween scecetral ana regional profiies, «nd then hy.otn.-

cen thet

‘J.,-_:'
_];'L = . = L. 'J)
i iij

wihere p, iv some poeten 1al sate ol proueth o or cctor 1ownien i
reiates, oo cuzampie, o tie natiornal prowth rate in tnat see-
tor. Thus, the rate ol geevwth of seciuvr I o in region §ois assun-
ed gropeortional tu this sectoral potential for growth moder-
ated by the rexicnnl-sccilo.ul divergence index di.. Gther
policy wariables, snd stochastic slements zan ve included in

the equation., Zgquitions ol this ©ype are cnen wriiten to

include firstly a z2¢ o ge:toral policicu and then a set T

regional policizs, znd .n cach cane ani: exXpres3ion for tne

v in sector 1 in rezion j is ecalcu-

‘_h

ot

£

"acceleration®™ of srou
lated. Acceleration is a second aifferential which is used
by raelinck to mean the sersitivity oi the rawe of growth of

vroduction Lo changes . tire policy variabies [Macceleration™

-~

peing tne alflfzreniial of = rate). (. the bazis of this zet
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ot equatiors, & mathematical programming format is written
down to caicui~te an optimil conmbination of regional and sec-
toral policies to wmaxiwize the change of growth rate subject
te wvariocus coustrammts. 1. is supjitesied that the constfalnts
co:id we ernressew In term of a multi-regpional, nulti-sectoral
accounting model, und iaei,nck argues that this optimising
apoaroach tuen .untains "economic telheovioural relations as well
as Ul sy consiroliats .,

ioooatter a0 23 .wsceribed and solutions obtauined for a
hy sutiornien ] o v gl e;.ﬁple, cut even in tnis case it was
ne.esLuly, vecause of wnali.ticul complexity to modify the
cpiimi.ing approaca into a simulation methouoivgy. 'The frame-
WOIK ..o a.50 beer used to guide the empirica. studies of the
loui:g Lo proweh behaviour of the regions of the »EC, and a
Ru::z o~ udy whi:h ainee at seleeting industrial activities
whech e Ychain efficlent® in the sense that they prouote a
clivtering of cuther activities. rom: thes2 hypotiestical tests
anu em;.iricsl studies Faelinck coricludes that the marginal
ef’ects of eit.er regicnal or sectoral policy alene are small,
bus tr: .t the cutib.ned effect of complimentary sectoral and
re iore. poile es s sipniiicant. 'Th.s certainly vepins to
il .ustrate the votintiality of this mwthod fer po.icy analysis,
bur it .wust be enrphasized again that tne properties of the
components vut of wnich the system is constructed are not at
al. wel.l urcersztcce. almest in passing, Paelinck observes

thet Yoie Jon Gerl forps wnder which these neasures nave to

ve =nte,ra. ed n uhe moedsl apreur %Yo Lo impertant.t It was
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the thesis of the last section on migration that these tune-
tional dependencies are of very fundamental importance, and
at present dynamical gimuiation and optimization methods cou-
sider only very simple (mostly linear) dependencies and that
thiese ure bésed on untested hypothesis. Plausiple relatiuvn-
ships of the type given above in equation 6 may contain a
fifty percent error (snd possibly much more) and as a result
of compounding these errors the simulations are of limited
use. This is wiiyy this approach must be integrated with a
careful systematic, experimental analysis of the transition
matrices (or dynaric multipliers) that represent the dynamic
properties of the system. If this is done then the approach

llows an explicit'exploration of how urban and regional
systerns ﬁork and iow they may react to the implementaticn of
varicus planning policies, and this vegins to provide the
structured framework for the researcher and policy analyst
alike.

s
Perhaps the strategy that is called for in our work on

national settlcement policy is onc which is more policy orien-
tated than the mipration :tnalysic outlined in Section 3, but
wnich is also more sensitive and cautious to the problems of
writing the dynamical eguations for poorly understood systems
than i3 the iater-regionai economic growth study deseribed
above. The aovnroach should be one of structured learning as

well as ident.lying anrd testing volicy options.*

+within tnis iterative process, there are of course many
specilic problems that may be amenable to niove directi prcvramn-
ming methods and some detailed cconsideration should b2 given

t: these. Fer example, Aionso (1973) ha~ su.-ested %hat the
consiseration of the test investment ctratep, for saslorz |
settienent peliey is such a problem--shoulu there e z zizul-
taneous growth of several small centres or a big push to cne?
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Our next task will be to describe how to implement this
strategy--this will be the topic of another note.

5. The Approach Simpliiied to Give Comparative-Static Models

In the absence of a formal theoreticai understanding of
how urban aréas evolve and change through time it has been
usual to develcp cumparative-static models. Such models are
useful in the scnse that they give the long term implications
of changes made to input vuriables; but they are atemporal
devices in the sense that they do not consider the process
of moving from one situation to another (Cordey-Hayes, 1972).
This section illustrates how the dynamical systems appfoach
outlined in Section 3 can if required be adapted to give
siiple comparative stutic models. 'The system considered is
again a seil ol c¢ity regious between which there are continuous
inter-changes of rvopulation, and we are interested in the
question: What would be the implications for national settle-
ment patterns it the current migration movement were continued
over long tefm?

The rate of change ol population (ni) of city region i
due to migration is the difference between the inward and out-

ward rates of flow of population.
¢ri.
i

— = t(a.. n, - a.. n.)
it i ai 3 ij i

At equilibrium n. remains unchanged

ie, §(aji nj - aij ni) =0
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As in Seccviun 3, it iz useful to make the simplificaticn
that migration is a twc stuge process--an individual - akesc a
decisicn tc move and then selects a destination. This allows
us to uecompos: the trznsition parameters;aij into two cowpo-
nents waicn ma; be cal.ed an ‘escape'’ or departure frequency
(si) ana a ‘'ca:sture' or destination croés-section (uj) i.e.

write H.. = E.U:
. ij ;‘J

- Ei”jni) =0

e consider a c.osed system in which an indiviaual who leaves

i nust <nter cne of the regions j.

.
1
™~
"
[

constant

|-
3
"
“m™
™
E;
"

A
n
=
[y

- 8ince zn

ke o

e nave u,/

‘this gives .hat at cquilibrium the number of individuals in

city re.i1on i az=penus on the total populaticn within the whole
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system tiiy. the ratio of the capture cross section and escape
Treguency, and inversely orn the sum of these ratios for ail

other c¢ity regions. This last component (Zui/E ) represents
. i i

the 'cowmpetition' amonyct destinations. The abuve equation

is similar in format-to comparative static spatial interaction
equations used in transportation analysis and retailing etec,
bul this eyuation has now been derived from a dynamic frame-
work and has time implicit in the cbncepts of escape freguency
(the mover pool). The equation can be used to assess sone
'end state' tc which an existing unstable distribution is
moving, the disturbance being caused, for example, by some
planneu change that influences the €; Or pj.

Here we take a soumewhat simpler approach and asgess the
long term equiiibrium distribution implied by current migra-
ticn paztterns. This involves calculating e; and ¥ from a
recent Census #nu enterinp these into thé above eguation.

The resulty for the U.K. based upon the 1901 Census ara given
in Tab.2 1 . 'he figures. for the equilibrium population were
calculitea for a sjstem.wide population total which is the
same a:. at pre.-.ent, this enables the current and equi.ibrium
tetals (¢ e nore easily compﬁrea--a modification to allow
for nz urz. in:rewce ir. poyulation ic straight fcrwarJ.. The
twenty city re; icuz given ‘n the Table are functicvnal labcur
market ureas, -nu tngse ar: consiverably _arger taan ine
adminiscrative reg.ons.

wrazle 1 indirates thauv if current mipration satterns

-

continusd then Jdewcast.e2 would deciine by aprsoxisately 303
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before an equilibrium situation is reached, and that
Southhampton would increase in population by a similar per-
ceritage; ail other city regions would grdw or decline by an
intermediate amount. Such changes would have important con-
sequences {or the incividual cities but do nct indicate a
fundamental re-struacturing of the J.K. seitlement pattern,
and when cne ailows for natural increase in populaticn it
appears un.ikely that any city region will actually decline
in total population. However, there may be large scale re-
structuring within these city regions. For exampie, Lever
(1973) has stu:die¢ the equilibrium population of 1,000. towns
in the U.X. using & Markov analysis approach. His results
imply a strong clustering of city sizes around populations of
about :150,000. This result can be misleading if taken too
litera.iy in a nornative seénse. Lever is probably obszerving
decentralization and suburbanization effects 2t his scale
of resclution znd *hese sub-urban towns have very strong
furicticnal ties tc each other and to the nearby metropolitan
cei.tre. 'They would not evoive with such fregusncy if isclated.
Th.ese results will not be discussed in anymore detail here,
becuaust¢ they are extremely tentative but also they are part
ol a note on analytical style and reseérch strateygy. They
are given here mainly to indicate the versutility of the ay-
namical sys+tems framework and to illuctrate that znalytical

resear.~ ana p.licy issues need not be wicely dis-.arate.f

A werking Paper that is presently beirg prepared uevelops a
Kinematizc ejuar.on which irterpolates between tne :urrent and
equilibtirium ponwlat:ion ~otals given in Tab.ie ., ard trezn compures
these with equivalent values obtained from a Mzrkov approz:h.



TALLE 1

current Eauilibrium
Ciy kegiun P.pulation Pcpuiation

{in thousands)

1. C_outh ve, o0y

Svuthuiapton
Plrinouli
Lrictol
Cuvantry
Norwich
Leicester
Ncttinghamn
Derby

Hull

Loundori

2. Declinung verions

Hewcastle
Sheffield
Manchester
Leeds

B'ham
Liverpcol
Curdify
swansed
Middlesborougn
Stoxe

1,563
i,145
1,888
902
1,015
84y
1,494
531
927
10,579

2,139
1,540
5,540
2,508
3,616
3,473
1,299

744

925

765

2,059
1,379
2,349
1,.76
1,226

. 920
1,583
578
362
12,015

1,348
1,153
3,C74
2,286
3,505
3,392
1,:13

L29

589

730
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