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PREFACE

The work of the Regional Development Task at the Interna-
tional Institute for Applied Systems Analysis (IIASA) focuses
on problems of medium~ and long-term regional development. In
this context the restructuring of settlement networks forms an
important part of the development of regions. A critical aspect
of this restructuring is the development of service centers.

This paper presents a dynamic simulation model for develop-
ing service centers in a rural settlement network, together with
the results cbtained from running the model. These results are
interpreted in terms of human settlement theories.

The paper has been prepared in collaboration with the
System and Decision Sciences Area at IIASA.
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A SIMULATION MODEL FOR DEVELOPING SERVICE
CENTERS IN A RURAL SETTLEMENT NETWORK

Ryszard Domanski and Andrzej P. Wierzbicki

INTRODUCTION

Rural settlement patterns in European countries as

well as

in other parts of the world are characterized by great dispersion.

Such patterns indicate that many small settlement units
villages, hamlets,and single farms exist. The majority
small units are poorly supplied with both technical and
services, and their low economic efficiency, related to
small scale of the facilities needed, is an obstacle to

service provision.

such as
of these
social
the

improving

In turn, the poor supply of services retards the development

of agricultural production and hinders the raising of living

standards for the rural population. It is, therefore,

of deep concern to rural planners and policy makers.

a subject

Settlement patterns in rural areas are shaped by various

forces. Some (e.g. intrafarm location factors) encourage dis-

persion within the pattern, others (e.g. infrastructure,

market)

stimulate its concentration. In recent years, the concentrating

forces have generally been stronger.



Their influence has led to a restructuring of settlement
networks. Some villages are continuously increasing, undergoing
industrialization and urbanization, as well as enjoying a growing
range and level of services. Others suffer from continuous de-
population, decreasing job opportunities, and a low level of
services. Over time the latter type of village becomes increas-

ingly unsuited to modern life.

Some of the prosperous villages become key villages and gain
new functions. They take on the role of service centers with
facilities serving not only their own population but also the
population of surrounding areas. Agriculture is usually more
intensive in such villages; thus, the development of the food-

processing industry is stimulated.

This natural process is directly encouraged in many countries
through the socio-economic policies pursued. In such cases, the
development of villages is considered as a means of improving
the satisfaction of human needs and of increasing the efficiency

of investments and economic activities.

In order to be effective, policies for restructuring settle-
ment networks in rural areas should be based on an understanding
of the underlying socio-economic processes. Models of these
processes can be used to produce a set of development projec-
tions under various assumptions, regarding resources, and con-
straints. Thus, they enable policy makers to trace, evaluate,
and make reasonable choices between various possible paths of

growth.

THE SIMULATION MODEL

In this section a model for developing service centers in a
rural settlement network is presented. Through the development
of service centers, a restructuring of the network occurs. Re-
structuring is used in the sense of changes made to the locational
and hierarchical pattern of the settlement network that occur as a
result of the growth of some elements of the network, the shrinking
of others, and the shifting of ‘elements between the hierarchical
levels. This also implies that there will be changes in the pat-

tern of mutual interaction between elements.



In general, the restructuring process results in the emer-
gence of key villages; the decline of small towns, villages, and
hamlets; and the growth of regional urban centers. Since key
villages are the settlement units that, rural planners hope, will
help to rationalize the whole rural settlement pattern, most

attention is given to the emergence of this type of village.

Structural changes, because of their complexity, are
extremely difficult to model. The difficulties may be overcome
by the application of the relevant theory and methodology. Among
the theories that may be applied, Prigogine's theory of self-
organization in noneguilibrium systems (Nicolis and Prigogine
1977) seems to be particularly promising. It has been already
successfully applied in economic geography by Allen and Sanglier
(1979), who have elaborated a dynamic model of growth in urban

systems.

In this paper the conceptual framework of Allen and Sanglier
is used. However the model developed within this framework differs
from that of Allen and Sanglier. The model framework specified
in Domanski (1980) will be briefly referred to, since a new version

of the model described there is presented in this paper.

The initial state of the settlement network changes as a
result of two factors: the introduction of a new economic
activity in a settlement unit, and the interaction between the

settlement units within the network.

It is assumed that the evolution of the settlement network
results from the mutual interaction of the spatial distribution
of economic activities and the population. The distribution of
economic activities can be reflected by the distribution of
employment. Thus, in the model, employment may be substituted
for economic activities and it may be related to population.
An increase in employment is followed by an increase in popu-
lation. This, in turn, creates new resources of labor, new markets,
and new employment opportunities. The impact of employment on the

population opens up a cycle of mutual interactions.



Mutual interaction creates conditions in which self-organi-
zation of the system can occur. It may start with small changes
in employment (population) occurring during successive periods
of time. These changes are thereafter amplified by the inter-
action of the elements of the system. Through the cumulative
causation and amplification mechanism, interaction eventually
leads to a gualitative change in the macroscopic structure of

the system.

The rural economy is disaggregated into three sectors: agri-
culture, industry, and services. Agriculture is the basic activity
of a rural region included in each settlement but in some settlements
the food-processing industry is also included. Key villages are
distinguished from other villages and hamlets because they include
service activities. Services can have a dual function. They can
be provided for agricultural production as well as for the rural

populations.

The model of the development of service provision in a rural
region is a dynamic simulation model. There is a network of set-
tlements, with locations denoted by x (or X or y) and the
distance dxy between any two settlements x,y is given (Figure 1).
Population, employment in intensive agriculture and/or industry,
as well as employment in services develop over time. Time 1is
counted by discrete periods t = 0,1,...,30,...,50. At each time

t, every settlement is characterized by the following variables:*

(*) P,y = population at location x and time t;
r
(*) EZ £ = employment in occupation v at location x
’
and time t ((*) v = 1 denotes industry,
v = 2 denotes intensive agriculture);
(*) Ei £ = employment in service u at location x
and time t ((*) u=1,...,5; i.e five
services are considered in the model).
0 1 2 v 2 u
= — - E - E (1
Ex,t T K Px,t y£1 X, t u£1 X, t )

(*) ig used in this paper to denote a new variable or para-
meter that is introduced and defined.
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Figure 1. The network of settlements.

denotes the employment potential at location x and time t
(interpreted as the number of people employed in traditional
agriculture). The model parameter (*) k is the number of family
dependents per employee and is assumed to be constant for the
entire network (k = 3 has been used in the simulations).

Moreover:

5
R = )} E (2)

denotes the total employment in services at location x and time
t. The entire network is characterized by total variables as

given in equations (3)-(7).

P = ) P (3)

is the total population of the network at time t, while X

denotes the set of all settlements.



is the total employment in occupation v at time t.

ES = ) EZ (5)
wox Xt

is the total employment in services u at time t.
R = ) R (6)
is the total employment in services at time t. Finally:

x€X X, t

is the total potential for employment at time t.

The dynamic nature of the model results from the growth
equations:

P = (1 + )P + M ’ P is given, (8)

Xx,0

where

(*) r = the population growth rate, which is a
model parameter assumed to be constant
in the network (r = 0.01 has been used
in the simulations) ;

(*) M = the total immigration to location x at
time t, determined by the migration
mechanism, explained below;

(*) P = the initial population, which is a para-
meter of the model (set independently
for each x, but Px 0= 500 for all x

14
has been used in the simulations).



%, 0 is given, (9)

x,t+1 = "x,t x,t

where

the increase of employment in occupation

“*
>
x <
]

v at location x and time t, determined
by the occupational-employment mechanism
explained below;

initial employment in occupation v; this

“x
b
X <

|

is a parameter of the model (set indepen-
dently for each x, but E; 0= 0 for all x

’

has been used in the simulations).

EZ = g2 + Al ' EY is generated, (10)

t
Xrtou

where

(*) Ai, = the increase of employment in service u
at location x and time t, determined by
the sew ice-employment mechanism, which
is one of the main features of the model

explained below;

X, t = the initial employment in service u, gen-
erated at time tou when a service is intro-
duced in the network by the service-generation
mechanism, which i1s another main feature of

the model explained below.

The migration mechanism assumed in the model is relatively
simple. No immigration from other regions is considered; hence,
the network is closed. Full mobility within the network is as-
sumed and immigration to a location x responds immediately to

employment opportunities at this location:



2
- v _ 0
M g =K LA + 7 A VE, . (11)
v=

Thus, immigration results from new employees and their dependents
(employees multiplied by k) minus potential employees and depen-
dents from the pool Ei,t
emigrating to find employment in other locations; the coefficient

either staying in the same location or

U is chosen to satisfy the closeness condition:

Clearly, the migration mechanism could be made more realistic
by assuming first commuting of employees to work and then delayed
migration. However, these aspects have not been considered cru-

cial to the model and can be improved in later versions.

The occupational-employment mecnanism 1s also extremely
simple, since the purpose of the model is to represent the dyna-
mic changes resulting from the development of services, rather
than from the development of industry and agriculture. It is
assumed that the opportunity of employment (in services,
industry, or intensive agriculture) attracts people from the

employment pool EO of the entire network:

T,t
v v .0
= 14
Ax,t 6X ETlt ! ( )

where (*) 51 are the parameters of the model, constant in time
but specified independently for each occupation and each loca-

tion. By setting 5; = 0 or 6Z # 0, we can define at which
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locations there is a development of intensive agriculture and/or
industry. For example, three variants of the distribution of

v ) . )
Gx have been assumed in the simulations:

Variant I:

Industry : 6

1 _ )0.005, x =2, 12, 15, 23, 26, 34
0, otherwise

. . 2 _J)o0.002, x =9, 10, 12, 15, 16, 21, 22, 23,26,27,28
Agriculture : ¢ { 0, otherwise

Variant II:

0. 0005 Xx =2, 12, 15, 23, 26, 34
otherwise

o
|

Industry :

]

Agriculture : § otherwise

Variant III:

0.005, x=2, 11, 14, 23, 26, 35
a, otherwise

2 {0 .0002, x=9, 10, 12, 15, 16, 21,22, 23,25,27,28
Industry : 8 {

Agriculture : 62 { 0, x =2, 11, 14, 23, 26, 35

0.002, otherwise

Clearly, many other more realistic occupational-employment mecha-
nisms could be assumed, but such assumptions have not been con-

sidered crucial to the model.

The essential parts of the model are the service-generation
and service-employment mechanisms. It has been assumed that ser-
vices are introduced in the network at starting times tuo' These
times are parameters of the model, which have been specified in

the simulations as follows:

=0, 5, 10, 15, 20 ’ for u

il
—
-~
N
-

tuo 3, 4, 5
(15)

(t

o = S- 1) .

It has also been assumed thax EY 0 for t « t for all

uo’
is randomly generated
uo

14

. . o u
locations x. At time tuo’ employment Ex,t



to be either EZ° or 0, where (*) E represents the minimal
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-0

employment in service u above which the introduction of the ser-

vice is efficient.

of location and time, but dependent on the service type.

simulations it has been assumed that:

The random rule of generating the service at time tuo

20 30 40 5o

5,6° = 10,8°° = 15,8°° = 20,8°° = 25 ("° = su)

by the probabilities:

where

p(Ex,t =E ") = PO(Px’t,Rx’t,Y) /
uo
(X = 0) =1-p.(P R )
P X,t Py x,t’ x,t’Y ’
uo
— (let * Yert)N 7
po (PX t’RX tIY) - w1
! ! _z (P§ £ + YR; t)
XCX ’ ’
(*) v, = an unmodified probability of service gen-
1
eration; this is a parameter of the model
(W1 = 0.1667, for all x,u, has been used
in the simulations);
(*y N = the number of settlements in the network:
(*) vy = a service-agglomeration parameter (the

existence of already introduced services;
Rx,t > 0, might strongly influence the
probability of introducing a new service;
vy = 100 or vy = 0 has been used in the

simulations).

It is a parameter of the model, independent
In the

(16)

is defined

(17)

(18)

Thus, the probability of introducing a new service has an

average level of w1 but is modified and increased depending on

the relative population of the settlement and, more strongly

so, depending on the relative employment in already introduced

services.



The random rule for generating a service is also repeated

at time t > tuo’ but in a modified sense:

pc(E‘;’t > EY9) = Pp(Py vRy o)
(19)
pc(Ei’t =0) = 1= p(By JR oY)
where
. (Px t M YRx t)N
p1(Px,t’Rx,t’Y) = min 1,w2 Z L 4 . (20)
—ex Pzt * YRR, ¢

Here, (%) wz is another unmodified probability of service gener-
ation, a constant parameter of the model. However, wz # w1 can be

assumed and, operationally, wz >> 1 can also be used (with the

interpretation that pc (Ei £z Euo) = 1, for all x,if wz >> 1; two
14
variants wz = 0.1667 and wz = 1000 have been used in the simulations).

The probability pc (Ei . Euo) does not mean, however, that
14

service u will be introduced at location x and time t at level
Euo, after location x has been randomly selected. It implies

merely that the introduction of service u at this randomly selected
location x will be considered in accordance with the service-employ-
ment mechanism and, if the demand for this service at this location
is estimated as satisfactory, the service will finally be introduced.
The random selection of locations in which the introduction of

4 = 0. If

x,t-1

Ei =1 > 0, the service-employment mechanism based on an estimation
,t-

of the demand is always applied.

services is considered applies only to such x that E

This particular way of service generation has a reasonable
real-life interpretation. The moment that the need for a new
service is perceived, a small number of service units is randomly
introduced without really estimating the demand, but based only
on the belief that there is sufficient demand. In the next periods,
however, existing service units adjust their size to the demand,

and new service units are initiated only after existing demand
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has been estimated. The demand estimation and the consideration
of whether to introduce new service units can be made either at
all settlements (high value of wz) or only at randomly selected
settlements at any instant of time. Thus, a random distribution
and delay in service generation might occur. However, the distri-
bution and delay are influenced by the population size and might

depend heavily on the existence of other services.

The service-employment mechanism is based on demand esti-

mation and an adaptive-employment mechanism. Although demand

estimation could be treated jointly for the cases when Ez £ = 0
7
and when E; & > 0, these cases have been separated here for the
7
sake of clarity of presentation. If t > tio and E; e 0, we
14
estimate first:
u _ a
Ex,t M _2 xuu Ex,t
u uFu : u
= E >0 and d < D
xy,t 3= ! 1f Ep ¢ Xy o
o if either d 2 =0
0 ' 1f either Xy > D0 or %, t '
(21)
where
{(*) Aiy e = the attractiveness of service u at location
’ .
x for possible customers from location y;
(*) kau = a coefficient of service agglomeration
attractiveness (the existence of other
services helps to attract customers also
to the service being considered; kﬁu are
parameters of the model and two cases,
i - = = 0. = 0.1
either all qu 0 or A1u 0.2, k2u 0.1,
= = = 0.04 have
l3u 0.067, Auu 0.05, kSu 0.0
been used in the simulations):
(*) « = the power coefficients of the influence of

the distance dXy on the attractiveness; this
is a parameter of the model (= = 2 or = = 1

have been used in the simulations) ;



a parameter of the model (the average

(*) dxx # 0
distance that customers have to travel
to obtain services in their own settle-
ment; dxx = 0.4 km has been used in the
simulations);

(*) D = the maximal distance that consumers would

travel to obtain a service (two cases,
Do = 5 km and Do = 100 km have been used
in the simulations). Hence, the set
XDO,x = {yCX:dxy-s Do} can be interpreted
as the set of settlements influenced by
the service located at x, the attraction

region of this service.

Then, the relative attractiveness coefficient

u
A
u — Xy,t
= — ¥, , 22
Txy,t 7 Al (22)
%X Xy,t

is determined, where x denotes alternative locations of services

(including x). The coefficients niy t estimate the results of
4

competition for customers of services between service location

x and other locations. nu
Xy,t

tion of customers from settlement y that would travel to loca-

can be interpreted as the propor-

tion x for service u. It is assumed that (%) qu is the
coefficient of demand for service u, measured by the number of

employees in u per capita of the population, where two variants:

Variant I:

i
]

q' = 0.004, g% = 0.007, g = 0.012,

1}
q 0.017, q° = 0.020,

]
it

Variant II:

q' = 0.002, g% = 0.0035, q° = 0.006,
5

51
g = 0.0085, g° = 0.010

have actually been used in the simulations. Then, the demand for
service u at location x can be estimated by:



If a small maximal distance D0 has been assumed, then this
estimate is, in a sense, conservative (slightly smaller than

it could be), since in reality customers would travel a con-
siderable distance to obtain certain types of services. On the
other hand, this estimate is conservative only if it is assumed
that the existing levels of services at other locations are not
increased. On the whole, this estimate might be far too

optimistic.

If t > tuo but Ei,t = 0 and the loca?ion x was selected in
random generation procedures, the computations are repeated as
in (21), (22), (23) under the hypothesis that service u is intro-
duced at location x and at the minimal level Euo’ while in other
locations the levels~of service u remain unchanged. Thus, the

hypothetical demand Di is determined by:

' £
uo u
E - + } A= E
~y _ Gu uu X, t ) (24)
Xy.t 3~
Xy
“u
% = Xy, t , (25)
xy.t ;\u + u

Xy.t Z Ax , £
xx Y

u. 1 u
D = L P, .gn . 26
X, t vex V.t Xy, t (26)

After the estimate Di £ OF the hypothetical estimate 5; £ have
14 ’

been determined, the next period of employment in service u at
location x is computed by an adaptive employment mechanism. The

estimated employment increase Ai ¢ results from:
’




u u
D
x,t 1f Ex,t 0
u o _
bt = : (27)
u . u
Dx,t E £ if Ex,t > 0

However, it is known that the estimates Du or Du
X,t x,t

may be too optimistic, because other locations might also

increase their service levels. Therefore, the employment
u
X, t+1

crease Ax & (where a is a parameter of the model and expresses
[

the conservativeness of employment policy; a = 0.5 and a = 1.0

estimate E is adapted by using only a part a of the in-

have been used in the simulations):

~u u ~u
v = <+ .
B, t+1 - Ex,e Y @b, ¢ (28)

A

The estimate Ei £+ could be used directly to determine future
[
u

employment (which would result in the simple relation Ax £ =
A [

aAi,t). However, it has been assumed that it is not reasonable
to introduce a service into a settlement whose employment level
is below EZ°. Similarly, it is assumed that it is not reasonable
to retain a service if employment decreases below bEuo, b being
a parameter of closing down the service (b = 0.5 has been used

in the simulations).

Thus:

u ~u uo
> 5 >4
R Ex,t 0 and Lx't+1 > bE
o if Jor
X, £+ u ~u uo
= >
EX,t 0 and EX,t+1 > E
u = . (29)
Ex,t+1
u “u uo
Ex,t > 0 and Ex,t+1 < bE
0] if (or
EX =0 and EV < g"°

X,t X,t+1



Then, Ai N is only defined by the identity:

u = u - u 30)
Ax,t IE:x,t+1 Ex,t ’ (

which is not used in actual simulations, because (29) can be used

instead of (10) in order to determine EY .
X, t+1

The question of the stability of this simulation model and
of its steady-state solutions is rather complicated and will be

treated here only approximately. If a linear adaptive employment
u _ u
x,t+1 = Ex,t+17
switch characteristics (29), then the steady-state solutions

u - pu . . u - pU .

Ex,t+1 Ex,t would imply, first, Dx,t Ex,t by VLrEue of (27)
and, second, a rather precise estimation of demand Dx £

’
2 £ for all x, u, t. Such a solution,
[
characterized by a near equilibrium of supply and demand for

mechanism, say E were used instead of the nonlinear

resulting

from the constancy of E

services, is attainable only without random influences and only
if r = 0 and 61 = 0, that is, without any population growth or
industrial and intensive agricultural development. The stability
of such a solution can also be analyzed. 1In such a version the
model would be stable for sufficiently small coefficients ¢ and
would probably remain stable for a £ 2. This results from the

~

following reasoning: the difference between the demand and supply
u u . u .
Dx,t Ex,t depends mainly on the supply Ex,t at the same location,

since the inequality dxx < 0.1dxy for all other y implies that the

influence of the supplies E; at y # x for each y on the demand

t
Di t is rather small. Thus, the stability of the model can be
[

analyzed approximately as the stability of independent equations
u u u aDi t

_ _ . . : ,

Ey,t+1 = (1 = @Ey ¢ + aDy 4. If the partial derivatives -
X,t

are close to zero, then these equations are stable for 0 < a < 2.

As long as those partial derivatives are positive and do not

exceed 1 (which can be concluded close to the equilibrium solution),
the stability of these equations is only improved. However, with

the nonlinear switch characteristics (29) and for a model with ran-
dom influences, population growth, as well as industrial and intensive
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agricultural development, the questions of stability and of a
qguasi-equilibrium solution of the model are much more complicated.
It can only be expected that the model remains stable for
sufficiently small ¢ and for b that are not too close to 1. An
approximate stability analysis of the model with the switch charac-
teristics (29) results in the stability condition 0 g a g (1 - 2),
although when b +1 and a < 2, the amplitude of the oscillations
decreases. These expectations have actually been confirmed by
simulation runs, in which the model exhibited strong oscillatory
benavior for b= 0.5, a = 1, while for b= 0.5, a = 0.5 it
remained stable. Naturally, the quasi-steady-state solutions

of the model can correspond to somewhat larger disequilibria
between supply and demand for services kecause of the switch

characteristics (29).

SIMULATION RESULTS

The above model has been used to simulate the development of
a rural settlement pattern. Changes over time in the following
characteristics of the pattern were observed: the number and size
of service centers, the spatial coincidence of services, the
spatial distribution of the population, and the stationarity of

the composition of service centers.

The first change was measured by the average number of
services. The second change was measured by the proportion of
centers having a coincident cluster of services to the total
number of centers (only centers having at least three coincident
services were taken into account). The third change was measured
by the coefficient of location. Finally, the stationarity of the
composition of service centers was identified by the earliest date

at which the composition ceased to change.

Seven settlement patterns were simulated, each case being
defined by the parameters given in Table 1. The results of the

simulation for the seven cases are given in Table 2.

Several general conclusions can be drawn from a glance at
Table 2. As development advances, the number of service centers
decreases but their size increases. This implies that development

is accompanied by concentration. The relation between the number
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Table 1. The parameters defining the seven settlement patterns
to be simulated.

SETTLEMENT P A RAMETE R S

PATTERNS v D, » a q* §*
1 1000 5 100 2 I I
z 0.1667 5 100 2 I I
3 0.1667 100 100 2 I I
4 0.1667 100 0 2 I I
5 0.1667 100 100 1 I I
6 0.1667 100 100 2 II I
7 0.1667 100 100 2 I II

*T and II denote the first and second variants of the demand/employment
ratio g.

**I and II denote the first and second variants of the coefficient § deter-
mining employment in intensive agriculture and industry.

and size of centers in the simulated pattern is similar to that
in Christaller's model only at an early stage of development. In
later stages, larger centers are more numerous than smaller ones,
which implies that the tendency in the simulated pattern deviates
from that in Christaller's model. It 1is, however, consistent
with the idea of the development of key villages and the decay

of small service centers. The tendency also leads to the forma-
tion of a new hierarchical pattern characterized by the existence
of several centers on the highest level instead of one center

only (Figures 2, 3, and 4).

The coincidence of services is positively correlated with
their concentration. The higher their concentration, the higher

is their coincidence (Figures 5 and 6).



Table 2. The results of the simulation for the seven settlement

patterns.
Spatial Station-
coinci- Spatial arity
Number Size dence distri- of compo-

giggégﬁgNT of of of bution of sition
: centers centers services population of centers
1 £=10 24 1.3 0.04

t=30 18 3.1 0.39

t=50 17 3.3 0.47 0.45 t=40
2 t=10 23 1.2 0.04

t=30 16 2.6 0.31

t=50 15 3.1 0.47 0.45 -
3 t=10 20 1.3 0.05

t=30 11 3.4 0.55

t=50 10 4.3 0.90 0.45 t=40
4 =10 23 1.4 0.09

t=30 13 3.6 0.62

t=50 13 3.6 0.62 0.45 t=30
5 t=10 21 1.3 0.05

t=30 9 3.2 0.56

t=50 7 3.9 0.86 0.45 t=40
6 t=10 15 1.3 0.00

t=30 9 3.0 0.56

t=50 8 3.9 0.75 0.45 -
7 t=10 25 1.3 0.00

t=30 21 2.5 0.19

t=50 24 2.9 0.37 0.19 -
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Figure 2.
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The spatial distribution of the population measured by the
coefficient of location turned out to be the same in six cases
for t = 50 (Figures 7 and 8). This result suggests that our set-

tlement system exhibits a type of steady-state characteristic.

In four out of seven cases the composition of service centers
does not change with time by the end of development period. In
two further cases the changes are very small. Hence, it can be
stated that the composition of service centers approaches a
stationary state.

Let us now look at changes in the settlement-pattern charac-
teristics resulting from changes in particular parameters in con-

secutive simulations.

Parameter ¥ was used in a random selection of locations in
which the introduction of services was considered. Two parameter
values were assumed: Wz = 0.1667 and WZ = 1000. WZ = 1000 deno-
tes the probability of service generation equal to 1, which means
that each locaticn x is considered as a center for service u,

WZ = 0.1667 means that only one-sixth of locations is considered.

The assumption Wz = 1000, in comparison with ?2 = 0.1667,
resulted in a larger number and size of centers. The growth
path showed a greater deviation, manifested by a larger number
of opening and closings of services en route to the final state.
Tne lowering of the probability of service generation appeared

to be a limiting factor in the development process.

Parameter a was used to measure the influence of distance
on the attractiveness of service centers. In case 5 its value
was lowered from 2 to 1. The effect on the settlement pattern
was marked. The number of service centers decreased considerably.
At t = 50 only seven centers remained. These were mostly large
centers. Small centers were pushed out almost entirely. Such
a result is to be expected. The weakening of the friction of
space allows long distance trips to be made in searching for

attractive service centers. Usually, large centers are more

attractive, whereas small centers lose customers and decline,
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The change in the value of parameter D denoting maximal

'
distance that customers are prepared to tragel to obtain services,
caused a similar effect. After its value was increased from 5 to
100 km, the range of trips also increased. This improved the
position of large centers and worsened the situation for small

centers.

The existence of services introduced earlier, expressed by
parameter Y, did not influence the simulation results in an
explicit way. This can be explained by the fact that ¥y influen-
ces only the selection of the locations for services and not the

growth path of established service centers.

A strong agglomeration effect in the process of growth
showed instead the existence of industry and intensive agricul-
ture. It influenced the concentration of services, their coin-
cidence, as well as the spatial distribution of population. The
leveling down of employment in industry and intensive agricul-
ture made the settlement pattern more dispersed.

The change in the value of parameter ¢, which denotes the
demand for services, exerted an influence only on the number of
centers, whereas the degree of concentration and coincidence as
well as the spatial distribution of population did not show any
reaction. The decrease in demand also resulted in a decrease

in the number of centers needed to serve the population.

CONCLUSIONS

The model generated a plausible picture of a restructured
network of settlements in a rural area. The network of key vil-
lages obtained from the model may serve as a basis for settle-
ment planning in rural areas.

The assumptions of the model stress a decentralized self-
generating process of service development. In order to emphasize
the planned introduction of services and their influence on
settlement patterns, appropriate modifications would have to be
introduced into the model. However, in principle, such modifica-

tions are possible.
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The model proved to be sensitive to all defining parameters
and can be used to obtain a set of projections under various as-
sumptions about economic activities and population. Thus,

various settlement policies for rural areas can be tested.
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