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CHAPTER I
INTRODUCTION

Central place theory was developed by Walter Christaller, as an
explanation of ordering principles governing the size, number, and spatial
distribution of towns. The premise was that towns vary in their importance,
as service centers, or centrality, and that a hierarchy of central places
exists, in which towns of greater centrality serve regions consisting of
towns of lesser centrality. Since the advent of this theory, regional
scientists have been engaged in the empirical measurement of city centrality,
Using various methods of measuring centrality, data are used to claésify
cities according to the central economic functions which they perform. These
classifications of the service functions of cities and their relationship to
their hinterlands, serve as useful tools for optimal pianning and resource

allocation,
The Froblem

Many empirical studies have been completed which measure the cen=-
trality of cities in a particular region and rank them‘in a hierarchy. A
problem exists in the fact that the methods used to measure centrality are
almost as numerous as the number of empirical studies. Therefore, the purpose
of this paper is to categorize, review, and evaluate empirical methods used

to measure centrality,



Justification for Study

Centrality measurement takes on theoretical énd practical importance
through its relationship to hierarchial ranking, The means by which hierarchial
ranking takes place, the method of measuring centrality determines the fune-
tional importance of a city. Only after the centrality of various cities is
measured can the cities be assigned to hierarchial ranks,

Hierarchial ranking is the basic axiom of central place theory.
Empirical studies identifying hierarchies are used to determine the actual
size, number, and spatial distribution of towns, Without the hierarchial
concept, it is very unlikely that other theoretical laws governing the size
and distribution of towns could be upheld.1 Therefore, by serving as the
determiner of hierarchial ranking results, centrality measurement takes on
theoretical importance,

The hierarchial concept has several practical implications. Hierarchies
of central functions and central goods can be identified.2 Christaller says,
#"The model of central places furnishes a scheme for the optimum settlement
structure of any area.” Concerning the policy implications of central place
hierarchies, he says, "It should be the object of any regional plan to supply
a country or an area equally with the commodities and services of the central

"l

places, The practical significance of central place theory is further illus-

trated in its use as a framework to determine the size, number, and spacing of

IWAyna K. D, Davies, "Centrality and the Central Place Hierarchy,"
Urban Studies, 4:1, February, 1967, p. 61.

2Brian J. L, Berry and William L. Garrison, "Recent Developments of
C?ntral Place Theory," Papers and Proceedings of the Regional Science Associa=-
tion, Volume 4, 1958, p. 113,

3W’alter Christaller, "The Advantages of a Space=-Economical Theory for
the Practice of Regional Planning," Ekistics, 20:119, October, 1965, p. 224,



central functions for new regions, Sometimes referred to as polarized regions,
central regions can be delineated in any given country. Polarized regions
perform similar economic functions and are part of national, regional, or
local hierarchies, In some countries, the government has made a deliberate
effort to institute policy measures which insure economic development correspond-
ing to the central place concept., Regional planning is carried out with cen-
tral economic functions being placed in appropriate regions, in order to
insure a hierarchial landscape that is consistent with theoretical ideals.u
Such regions have been developed in Sweden, Iraq, the Netherlands, East
Germany, and France.5 As more sophisticated methods of regional analysis are
introduced, the use of centrality measures for determining hierarchial rank-

ing should increase in importance.
Method of Approach

Central place theory, in and by itself, does not offer a "cookbook,"
step by step procedure by which centrality measurement should take place,
Instead, it illustrates the fundamental philosophy behind centrality measure-
ment, As a result, a wide variety of empirical techniques have been developed
around the components of central place theory.

Empirical methods of measuring centrality can be classified in one of
two general categori;s, direct or indirect. Direct methods of measuring cen-
trality consist of an actual investigation and quantification of economic

functions provided by each place, A listing of goods and services available,

uNiles M. Hansen, French Regional Planning, (Bloomington: Indiana
University Press, 1968), p. 109,

5Christaller, "The Advantages of a Space-Economical Theory for the
Practice of Regional Planning,* p, 226,



and a judgment about the economic importance df each good and service pro-
vided, is made. On the basis of such information, the centrality, or economic
importance of each place is measured. Indirect methods of measuring centrality
are characterized by the analysis of one, or a few selected indicators, which
are assumed to represent the activity of many central functions, Indirect
methods consider those goods and services which result because of the existence
of the central place. Examples of indirect measures of centrality are the
volume of air traffic and the number of daily buses passing through a central
place. The accuracy of indirect methods of centrality measurement is dependent
upon the degree to which the selected indicators represent the total central
functions performed by the city.

The paper is organized into four parts. Chapter II contains a review
of central place theory, as formulated by Christaller and Losch, Chapter III
reviews and evaluates some common methods of indirect centrality measurement,
while direct methods of measurement are discussed and evaluated in Chapter IV,
The conclusion is a comment on direct and indirect methods as they attempt

to serve as measures of centrality.



CHAPTER II
CENTRAL PLACE THEORY REVIEWED

Walter Christaller, the father of central place theory, describes
his theory as being a general deductive theory designed to explain the size,
number and distribution of towms in the belief that some ordering principles
govern their distribution.6 August Losch contributed to the refinement of
the theory.? Other writers have further developed the theory, but its basic

ideas, as presented by Christaller and Losch, have remained unchanged,
Higher Versus Lower Order PFlaces

The theory states that the purpose of a city is to be a central place
which provides central functions (gocds and services) for the surrounding
territory. Those central places which perform central functions that extend
over a larger area in which other central places of less importance exist
are called central places of a higher order, Those central places which
have only local importance for small areés are called central places of a
lower order.8 In both cases, the region served by the central place is

called its complementary region,

6Walter Christaller, Central Places in Southern Germany, trans, by
Carlisle W. Baskin (Englewood Califfs: Prentice-Hall, Inec., 1966),

7August Losch, The Economics of Location (New Haven: Yale University
Press, 1954),

8Christaller, Central Places in Southern Germany, p. 17.




Threshold and Range

The size of the complementary region is determined by the thresheld
and range of each type of good and service distributed by the central place,
The threshold is the minimum market area needed to induce central places to
provide a particular good or service.9 The range is the farthest distanee
that the populaiion is willing to go to purchase a particular good or ser-
vice at a ecentral place.lo Every type of good and serviece has its own dis-

tinet threshold and range.
larket Area Characteristies

Because each type of good and service has a distinet threshold and
rangs, each will have an optimum market area, These circular areas overlap on
the economic landscape and create areas of competition, Consumers within
the areas of competition will buy the good or service from the nearest cen-
tral place, causing market areas to assume the shape of hexagons, as illus-
trated in Figure 1. Thus, the economic landscape contains a lattice of
regular hexagons which combine with other hexagons in a variety of ways,

In the centers of the hexagons are various central places which provide the
particular good or service, In the extreme case when all hexagonal centers
overlap, a metropolis exists and every type of central good and service is
provided., In most places on the landscape, only a few centers will overlap
and a city of lower order exists.ll Figure 2 portrays an economic landscape

with various overlapping hexagons and places of differing centrality.

9Barry and Garrison, "Recent Developments of Central Place Theory,"
p. 111,

1OChristaller, Central Places in Southern Germany, p. 22,

11F. H. We Green, "Community of Interest Areas--Notes on the Hierarchy
of Central Places and Their Hinterlands," Economlc Geography, 34:3, July,
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Figure 2, An Economic Landscape

An economic landscape and places of differing centrality

Source: Brian J., L. Berry, Geography of Market Centers and

Retail Distribution,




Higher Versus Lower Order Goods

Goods which are necessities and are purchased often are called lower
order goods. These goods are found in the most remote places, Higher order
goods are more expensive goods, for which the consumer will travel long dis-

tances, Such higher order goods are called "shopping goods."
Centrality

Regional scientists disagree on a standard definition of centrality,
Generally defined as the degree to which a place is a service center for
surrounding regions, centrality denotes the relative importance of a place
in terms of the service functions it provides.12 However, before one knows
the meaning of "relative importance," the definition is incomplete,

Some investigators consider geographical market size and the number
of central functions performed as the relative importance of a city.13
Others lock to business activity, exported goods and services, people served,
income generated, or specialized services as measures of relative importance,
The concept of centrality consists of many definitional components like those
mentioned above, Regional scientists have not agreed on which components
constitute a strict definition of centrality., Lack of such definitional agree-

ment has undoubtedly been a reason for the large number of methods used to

empirically measure centrality, In order to avoid confusion, the terms

lzChristaller, Central Places in Southern Germany, p. 18,

13Robert H. T. Smith, Edward J, Taaffe, and Leslie J. King.,, Ed.,
Readings in Economic Geography, (Chicago: Rand McNally & Co., 1968), p. 65.
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"economic importance™ and “centrality" will be synonomous in this paper,
Each term will denote any or all of the above views as to what constitutes

the relative importance of a eity,
Hierarchial Arrangement

The interplay of higher and lower order goods, along with the prin-
ciples of threshold and range, creates a hierarchy of central places.14
Centers of a higher order provide all the goods and services of lower order
centers, plus a set of central goods and services which sets them above the
lower order centers, The result is a nesting pattern of lower order trade
centers within the trade area of larger order centers, plus a hierarchy of
transportation routes joining the centers, This hierarchy of centers results
in the optimum production and distribution of resources,

Hierarchies may be orientated according to market, transportation or
administrative principles, Although nesting patterns differ with each prin-
ciple, the problem of centrality measurement remains unchanged. Thus, the

differentiation of these three principles will not be a concern of this paper.
Central Place Theory as Economic Theory

Central place theory can be described as economic theory with spatial
application, The assumptions of pure economic theory are accepted in central
place theory. However, because of the existence of space, meaningful changes

result in traditional theory.15

luBerry and Garrison, "Recent Developments of Central Place Theory, "
p. 111,

153. Valavanis, "Losch on Location," American Economic Review, Volume

45, 1955, p. 642,
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An example of such changes are the priéa funnels and demand cones
which result from the blending of the traditional price-quantity relationship
and the concept of transportation costs. In a spatial economy, the total
price paid by the consumer consists of the market price of the good, plus the
transportation costs to the market place, The distant consumer will pay a
higher final price than the near consumer, which induces distant consumers
to demand smaller guantities of the good or service, Price funnels and demand
cones result, which illustrate respectively, prices paid and quantities of
goods and services demanded at various distances from the central place.
Figure 3 illustrates the ideas of transportation costs, market prices, and
the resultant price funnels and demand cones,

Valavanis emphasizes two general alterations of traditional economic
theory as a result of central place theory. First, the idea of an econonmic
region is derivable and not primary. Second, price funnels break up the
landscape to the point where the concept of local market prices is meaning-
less.16 Although central place theory brings about changes in traditional
economic theory, it remains as a useful and integrated part of general

economic theory,

16Ibid.



Figure 3. Transportation Costs, Market Prices,
Price Funnels and Demand Cones

When consumers must pay high transportation costs (A), their
relative price goes up (B), and they will consume less, relative

to the distance (D) and pay more (C).
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Source: S, Valavanis, "Losch on Location,'" American Economic

Review, 45: 1955, p. 642,




CHAPTER III
INDIRECT METHCDS OF MEASURING CENTRALITY

Indirect methods of centrality measurement are characterized by the
use of one, or a small mumber of indices as sole determinants of a place's
importance, Any one of a variety of indices, from the rmumber of daily buses,
to the amount of newspaper publication is aésumed to represent the whole of
a city's centrality, Imndirect methods have an advantage over the use of
direct methods in that they eliminate the problem of weighing the contri-
butions of the several indices.l? Their disadvantage lies in the fact that
the chosen indicator of centrality is often not a good measure of the total
contribution of a eity's central functions,

This chapter reviews and evaluates several indirect methods of
centrality measurement that are commonly used in empirical studies. An
empirical study is presented to illustrate the use of each indirect method,
Although not all indirect measures of centrality are discussed, the ones

presented are the most frequently used.
The Telephone as a Measure of Centrality

The telephone is a necessity to the business community, It is used
to place orders, contact buyers, and to conduct daily business. As a result,
the telephone is a popular measure of centrality., Two approaches to telephone

analysis are discussed, One is a stock approach in which the number of telephone

17Brian Jo L. Berry and Duane F, Marble, ed, Spatial Analysis,
(Englewood Cliffs: Prentice=Hall, Inc., 1968), p. 408,
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connections serves as a measure of centrality, The other is a flow approach
in which the amount of telephone traffic is analyzed. Both approaches stand

as adequate methoeds of centrality measurement,

Number of Televhcns Connections

In his application of central place theory to the Southern part of
Germany, Christaller encountered difficulty in quantifying and weighing various
central functions, He stated, "Because the various elements of the concrete
contents of the importance of a specific place are not always easily recogniz-
able, and because it is so difficult to quantify the importance precisely, it
seems that it would be nearly impossible to find a method for quantifying the
central places so that their sizes could be easily compared."l8

Furthermore, Christaller concluded, " . , , there is a perplexingly
simple and sufficiently exact method for determining through numbers the
importance of a place as a central place; one need only count the telephons
connections; the number corresponds rather exactly to the importance of a
place."19

Using telephone directories as his guide, Christaller counted all
telephone connections in Southern Germany and placed them locationally on a
map to determine the importance of places. During the 1930's, this may have
been an accurate way of determining the importance of cities. Most telephone
connections were those of businesses, since few private individuals had their
own telephones, Thus, the number of telephone connections was thought to
represent the business activity of a particular area and, hence, its relative

contribution to the surrounding region,

18

Christaller, Central Places in Southern Germany, p. 143.

19Ibid.
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At this juncture, it is interesting to note that despite his
theoretical insistence that centrality was a measure of the contribution
of a city to its surrounding region in terms of goods and services, range
and threshold, etc., Christaller could not guantify these central functions
and used only one factor, telephone connections to empirically implement
his ideas, This represents the gap that existed between pure central place
theory and its empirical application in Christaller's time,

Using the number of telephone connections as his guide, Christaller
was able to rank cities in their various orders according to their centrality,
Centrality was based on the number of telephone connections a city had in
excess of the regional average.zo Table 1 illustrates the nature of the various
ranks of cities and their centrality, as analyzed by Christaller,

Because many private citizens now have telephones, a repeat of Christaller's
method today would probably indicate private usage, as well as business activity.,
Separating the two becomes difficult, and therefore, the number of telephone
connections is not as accurate of an indicator of business activity as it was

in the 1930's,

Amount of Telephone Traffic

A more recent attempt to use the telephone as a measure of centrality
was a study completed in 1961 by Sven Illeris and Poul O. Pedersen, Instead
of using the number of connections like Christaller, a factor analysis of

21
telephone traffic was used, The data were composed of the number of calls

201hid., p. 147,
1
Sven Illeris and Poul O, Pedersen, "Central Places and Functional
Regions in Denmark; A Factor Analysis of Telephone Traffie," Lund Studies in

geoara hy (Lund: The Royal University of Lund, Sweden Department of Geograﬁﬁy.
lP- ll .




TABLE 1
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RANKS OF CITIES AND THEIR CENTRALITY

Population Number of

Type (approximate) Telephones Centrality
H 800 5=10 - 0.,5- = 0.5
M 1,200 10-20 0.5-2

A 2,000 20-50 2-4

K 4,000 50-150 L-12

B 10,000 150-500 12-30

G 30,000 500-2, 500 30-150

P 100, 000 2,500-25,000 150-1,200
L 500,000 25,000-60,000 1,200-3, 000
RT 1,000,000 60, 000 3,000

R 4,000,000 ? ?
Source: Walter Christaller, Central Places in Southern

Germany, page 158,
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between each of sixty-two districts into which the telephone companies divide
the country, A matrix was established including the number of calls from each
district to every other district., Because the calls are an indication of
commercial activity, intra-district calls were excluded, Thus, most calls
used in the data were long distance and, therefore, business orientated;
Factor analysis was then applied to the telephone call matrix, after which

the seven most important places in Denmark were ranked according to their
centrality.

Table 2 shows the results of the centrality ranking according to
telephone call flows, as compared to wholesale trade and another study analyzing
sixteen central functions. As can be seen, the telephone call data agrees
with the other two studies in its ranking of the first four cities, However,
universal disagreement follows iﬁ the last three rankings,

Although useful, telephone data is biased as a centrality measure,
First, differentiation in telephone use is not considered, Not all businesses
rely upon the telephone in the same degree, Some businesses which perform
higher order functions do not use the telephone as much as businesses per-
forming lower order functions, Second, differentiation of business types,
for an analysis of central functions, is impossible with telephone analysis,
One call generates the same input as any other call, regardless from which
type of business it originates,

Routes and Flows of Transportation as a
Measure of Centrality

Central places, being places of economic importance, are characterized

by business and market activity, Vital to market exchange is a transportation

network that brings buyers and sellers to a common place. To facilitate its



TABIE 2

THREE COMPARISONS OF CENTRALITY MEASURES

Factor analysis of Employment in Occurrence of
telephone traffie, wholesale trade, 16 central functions,
1961 1958 1960

1 Copenhagen Copenhagen Copenhagen

2 Arhus Arhus Arhus

3 Odense Odense Odense

4 Alborg Alborg Alborg

5 Haderslev Randers . Esbjerg

6 Holstebro Esbjerg Randers

7 Esbjerg Kolding Horsens

Source: Illeris and Pedersen, Central Places and Functional Regions
in Denmark, a Factor Analysis of Telephone Traffic,
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greater market demands, a central place of higher order requires a more
extensive transrortation system than a place of lower order, Thus, transpor=-
tation routes and flows are reasonable measures of centrality, Several

transportation indicators of centrality will be discussed in this section,

Analysis of Bus Traffic

The rationale for using bus traffic as a measure of centrality is
that it is considered to be an accurate reflection of the public demand for
transportation to and from trade centers.22 Two British geographers, Ian
Carruthers and F, He W. Green, are noted for their work in analyzing bus
traffic as a measure of centrality, B

Carruthers' method of centrality measurement involves, first, deter-
mining the number of bus journeys made into a town, and second, calculating
the number of those journeys that serve no place larger than the town itself,
This information is plotted on maps and used to delineate second and third
order centers and their hinterlands.23

Green's analysis considers the direction of bus routes as well as
their importance. Each bus route is mapped and analyzed according to its
time table.zu In Figure 4, the width of the line indicating the bus route
reflects the number of buses on that route each day, The wider the line, the

greater the number of buses on that route, The figure shows the convergence

of bus routes at a central place, as well as a thinning out of the route lines

22John E. Brush, "Bus Service Hinterlands in Great Britain," The
Geographical Review, 46:2, April, 1956, p. 267. __-

23Tan Carruthers, "A Classification of Service Centres in England
and Wales," The Geographical Journal, 123:3, September, 1957, pp. 372-373,
24
F, H. W, Green, "Urban Hinterlands in England and Wales; an Analysis
of Bus Services," The Geographical Journal, 116:1-3 July-December, 1950, Ps 65,




Figure 4, Pickering: Market Day Bus Services
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to represent the decreased demand for transportation away from the city center.
Through such diagrams, Green ranks cities according to their centrality and
also estimates the hinterland of esach city,

The reliability of bus service as an indicator of centrality depends
upon the degree to which bus service reflects demand for transportation and
the extent tc which buses are the most common form of publie transportation.25
Part of the success of the two stndies cited lies in the fact that they were
conducted in Great Britain. In European countries that rely heavily on public
transit, bus routes serve as an accurate indicator of transportation demand,
This is true because even the most isolated towns have some sort of bus service,
In countries like the United States which have, for the most part, ignored
public transit and accepted the family automobile, bus service is a less accur=-

ate indicator of transportation demand.26

Other Transvortation Measures

Given the task of defining a set of urban centers for the Philippines,
Edward Ullman used traffie flow, principle roads, and passenger air traffic
density as measures of centrality.z? Although air traffic density was appro-
priate for the delineation of only the larger centers, traffic flow maps, as
well as prineciple road maps were used to help classify even the smallest centers,

Traffic flow was by far the most useful of the three measures., In

his study, Ullman was fortunate to have maps of traffic flow prepared by the

25P. A, Brown, "The Local Accessibility of Nottingham," The Fast
Midland Geogravher, 11:1, 1959, pp. 37-48. T

Z0Raymond E, Marphy, The American City, (New York: McGraw Hill, Inc.,
1966), p. 91,

275dward L. Ullman, "Trade Centers and Tributary Areas of the
Philippines," The Geographical Review, 50:2, April, 1960, p, 204,
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Philippine Bureau of Public Highways, Using these maps, he was able to deter=~
mine the volume of traffic over the road network. He was then able to draw
more positive conclusions about centrality than would have been possible using
28
only road maps.
As with bus services, railroad travel, or any transportation mode, the

reliability of the study is determined by the degree to which the selected

type of transportation reflects publie demand.
Population as a Measure of Centrality

Population is the most commonly understood and widely used method to
convey the idea of centrality, Road maps are a standard example of the use
of population figures in ranking central places, Despite its popular usage,
population is a poor indicator of explicit ecentral functions., A resort town
can have a large population, yet it might perform lesser order services than
an industrial town of the same size.

John E, Brush, in his study of central places in Scuthwestern
Wisconsin, peinted out that by looking at population figures alone, no clear
cut distiﬁction between city ranks is apparent. As indicated by Figure 5,

a smooth, exponential relationship exists between population size and city
rank for the region studied.29 Because no distinct city ranks are apparent
in the relationship, Brush concludes that population cannot be solely relied

upon to accurately measure centrality,

281pid., p. 207.

. 29John E. Brush, "The Hierarchy of Central Places in Southwestern
Wisconsin," Geographical Review, 43:3, 1953, p. 382,
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Figure 5,
| I
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Source: John E, Brush, "The Hierarchy of Central Places in South-
western Wisconsin," Geographical Review, 43:3, 1953,




