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» . ABSTRACT

.

. . . . -

& . [ 4

This study proposes a different approach for analyzing central place systems in a
French rural county, the Cher. Initially derived from traditional methodology, an attempt is
made to more fully understand the structure,of centrality. Various approaches arc used in the
apalysis and this study may be é:onsidercdlargely experimental. R
. . L

Chrjgtaller’s idea to combine measures of both the aggredate and relative importance.
of towns is &topted and applied to the Cher area. Mdst central place studies did not define a
hierarchy of central places in terms of these two dimensions. A large majority of these works
"dealt with the aggregate importance of places in regarding centers as provisions of goods and
services. They quantified the towns' importance by means of demographic, functional and
econonric indices. In the Cher, the aggregate importance of towns is empiricall “assigned 1o
demographic and functional indices. The relative importance of towns involves # more spatial
dimension. In the past, a few studies which considered central places in their environmental
context usually.graded them by measuring the size of their hinterland. In this particular study,

a simipler solution .is examined. This solution relies on the basic assumption that a town's«
accessibility is a function of its spatial dominance. Following this assumption, nodal
accessibility indices are estimated for the 290 towns present in the Cher. »

All together, 15 centrality indices reflecting both dimensions (aggregate and relative)
are selected and submitted- to principal component analysis. The multivariate model shows’
three. underlying dimensions that .characterize the centrality of places in the Cher:
"Size-Hierarchy”, "Functional Status”, and "Accessibility”. The-imporfance of the size factor
as well as the disassociation of the accessibility indices to the remaining indicators are two
major features of this analysis. A grouping procedure is then performed on the factor scores
and the obtained resuits clearly show that in the Cher, accéssibility indices represerit a poor
measure of the relative’importange of centers due to an unexpected boundary problem. On the
other hand, two Christallerian indicators, the inner and ouier range of towns are shown to be
of great interest. The study of centrality profiles for gach group of towns outlines a:
three-step hierarchy. The identification of market syslen;j at each level of the hierarchy
reveals competitive systems of supply centers in the.Cher. '

.
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1. INTRODUCTION AND REVIEW OF CENTRAL PLACE STUDIES ¥ .

Y ,

1.1 The concept of centrality. S ,, o
)tral place analysis is one OX' the major themes of Regtonal Analysns and vct
' leads t6 confusion. Seventy studies that attempted to classrf y towns in dif ferent regtons of- thc

, world ‘were surveyed‘, and among them, more than forty dif ferent criteria of centrality have

4

been found. The concept of- centrality seems, therefore, to be viewed in a ‘multitude of
- . ' . ) . [} ITH .y ¢ . s, A‘ . .
different ways, which casts doubt upon the possibility of a strict definition of centrality.

Centrality is an abstract notion first introduced by Christaller in 1933 (21], and its

origin may lie in the economic law of demand and sdpp%y The relationship between demand :

'and supply is viewed by economrsts as the relatlonshxp/between the, amount of goods or

e
services that consilmers are willing to purchase and the varrous quantity of goods and servrces

/

which firms are wilhng to put up for sele over a- period- of time under a prevailing market

price.

Christaller considefed the fact that the market for any good or servxce xs an area, not

,_4.:v

\‘ .
regardmg the economtc space asa surfa'.e 1t hecomes obvnous that -

‘ -.‘_h.l_

at'dimensron'less point.
the prrce of a good ingreases and its consumptron drops in proportton 10 the dfstancé ‘one :
must travg] to get Jt. onsequently, a group of functrons would b&\‘i(o)cated in a posttron as
-central as possible in fegard to the spatially diffuse purchasrng_power: At a certain point, the
transport gh;ists incre s'enéo mueh that the quantity demanded per person drops to zero and

consumers will purchase in another closer centers This maximurn distance that. éonsumers are

YA complete Aist ’ of these works can be found in.the bibliography.

17
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cost advantage_is eliminated, and neighboring institutions can capture a portion of its market -~

-

‘ . .

" and cither Adestroy the 'firit institution or fosce it to return tp its original price level. One _
” institution may also offer a fairly low uniform pricc everywhere in ‘order to capture more
drstant markets and destroy competing centers. Concretely. "abnormal” situations‘ like this
occur nquite frequently._The economic tactic, "loss leader”, is widely used by North American
retailers. In France, people will»sometlmes travel surpisingly long dlstanqes to’ buy gas at the

"Leclerc” gas stations which ssll gas lf)% ‘c'heaper than everfrwhere else. In 1981, a French :
baker’made .t,he news because he sold each "baguette"” for 1 Franc whereas everyone else sold

e

it for the unified price of 2.10 Francs. However Christaller ignOred such situations and
f

assumed a ratlonal economrc syStem where extra profits are absent and where consumers °

behave in a ratlonal manner Therefore in his model the maxrmum drstance consufners are

willing 1o travel is assumed to be constant for each type of functlon found in different

centers.
ldeally firms locate in an optimizing way so that they can supply a maxrmum number .

of consumers thhm a minimum radius of sales. However a place ""A" which offers only
usual functions such as bakerres or grocery shops would have a smaller radrus of .sale since
consumers arenot ready tb travel long distances for thrs type of functlon which are qualified
i of a [o_wer order. ‘The importance of this place "A" regarding its surrounding area would thus
beb limited Conversel)l, ‘place "B" which offers rarer functions such as supermarkets'.o;
) hospltals would attract people from a further, distance. The economic scope o.f place "B", ’
Wthh off er f unctions -of a hzgher order would hence be.more 1mportant than place "A", and
place "B" would be qua’lifled as "more central” than place "A" This example shows that_)the '
~ centrality of an urban place may be dxrectly proportronal to the order of the functions %
‘supplies. In fact the centralrty of a settlement was defmed by Preston as, "(. )that part
attributable to a settlement's function as a source of goods and services for a'_surrounding
" region." [53, p. 38]. Gottman also provided a good definitfon of ‘centrality: "A successful and® -
durable centrality leads almost lnevitably to the .grouping in the.central place of a mirt of
dl,verse,activit"ies serw in van'ouspways areas of Varylng radius around the centre." [87, P.

]
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Centrality is usually referred to -as an abstract notiof and diffictltiesarise when one
. . N . ‘
attempts to-measure the centrality of towns in a particular area. Can the importance of a

center b& regarded as its centrality? Can centers be soleiy graded. according to‘their centrelity'?
Ghnstaller [21] provtde&nswers to these last two pomts In the theorettczﬂ dlscussmn

of his book [21}-he clearly defmes the absolute 1mportance of a center as the sum of its

aggfégate "and- ]r':que 1mportance..v 'I‘hlS. dlstmctton between the aggregate and relative -

_'importance-' of a place 1s” essential in claséical Central Place' Theory. Christaller assii’ns,the

-

centr?'ty 6f a place to its relative importance: "The centrality of a place is equal to its
surplus of importance, that is; equal to the relative importance of this place in Tegard 10 a

region belonging to it." [2I, p. 147]. He then assigoe the size of a center 1o its eggregote;
importance. The combination of these two measures should then provi'dc an adéquate image
. . - . .

7/

of the absolute importanceof central places: "Part of the importaree must be ascribed 1o the

“town itself as an agglomeratton of the population, and another part of a town as" a oe,{\tral
a8 -

. . e
.place.” [21, p.18]. e ' : ( |

o
-

“ This dlstmctxon between relative and aggregate importance of a placc was later

reaffirmed Ry several geographers Among them Preston. [53] assngned the term nodaluy o
the aggregat xmpqrtance. and kept the term centrallty solely for the relative importance: of

‘places. The relative importanoe or\/centrality"". represents'the level of interactions betweeh a
.4 i : .
center and ‘its hinterland. Towns are then considered- as regional centers. The aggrggate
importance or nodelity of a‘:town is rather expressed by some index of its size. Towns are then
eonosidered as closed sy‘stems and the centers-hinterlands relationships are neglected.

v In Central Place Theory, Chnstaller ‘emphasized the concept of centrahty or relgtive
- 1mportance of centers He put forth the notion of economic distance as one of the major

determinants of the centrality of places:

"One of the most important factors whnch always determine the range of a central
good is the distance between those who live dlspersedly and the place where the
central good is offered. The distance in Kilometers is economically unimportant.
Only the -cost distance, which we shall call the economic distance, can be a
determinjg factor (. . .)" [21 pp 51- 52] /L -

1
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However, he did not refer to the accessibility of centers as their nodal accessibility Gottman

»
. argues thaty "Centrality connotes and: requrres a particularly favourable accessibility to and

from the various porttoi'ls of the s})ace served by the center [87 p. 4]. Later he adds, "One
thus recogmzes that the geographical space to- which centrality appltes depends on the”’
organization of ‘the network of access to the central place.” [87, p 4]. Smcc' the centrahty of
towns depends upon the distance’ consumers are willing to travel, it is clear that one
fundamental ind"icator of centrality may be-found with the accessibility of centers.

More recently, Bird [76] defined three types of centrality as s'hown in Figure 1 1.
l:ndogeneous centrality relates’to the relative commercial oentrality of .a center in regard to its
hinterland or trade area. On a larger scale; theoonC\pt of .intérnal centrality appears within
studtes of urban agglomeration and scale economies. It 1s used. to dW the internal
organization of cities. Conversely, exogeneous centrality describes the importance of a center
in terms oT its international linkages and extra-reglonal functions. Chrrsta_ller and the authors '
.of resulting central place studics restrict their analyses to the endogeneous centrality of

.' centers. Centers were consrdcred as pomts and not as areas. Functional ltﬁkages were studred
Jithin the center’s trade area, and most of the ttme extra- regtonal lmkages were neglected

Although the concept of centrality prevails in Central Place Theory, most central place
analyses dealt with the aggregate rather than :he relative importance of centers in their
respective study areas. The general drsregard of the ralatzve importance of centers may have

resulted from the difficulty of finding reliable quantitative indieators to measure it.

' K

\ . .
ot

1.2 Criteria for grading centers.

One of the first challenges presented by central place stugi

find some way of
’measuring the importaqce of urbarr pl.aces in order to stratify them into distinct hierarchical
" classes. One general issue was raised c_oncerning this problem; what indices should be selected?'
The problem is indeed fundamental since the credibility of such s ies largely’ rested on these

indices. Should one select key criteria or compute a multitude of m 'cators" The queétron is

not easy to answer and the large variety of indices found in the l\erature infers that a
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| Source: Bird, J. 1977. Céntralities and Cities. Routledge Direct Editions.

.

Figure 1.1 Thres definjtions of centrality.

-
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sausl”actory methodology for determmmg uo y aggregate and relauve importance of service

centers may have not yet be found. As. shown m the preceedmg section, geographers thave

¥

drl”ferenl concepuons of urban importance and their measures can range from a simplistic

» -

type to a. complex mix of numerous criteria. A good 111ustranon of simple measures can be
found in Abler's work [3] where in the United States the 1mportance of urban places is
looked at in terms of major league baseball team locauon The distribution of téhms

_represents then the cemral place hierarchy. At the other end of the scale, in Kenya Henkel
- oo - ’ b

[30] considered 18 centrality indices to grade 30 centers. Between these two extremes, it is

possible to find a wide range of indicators. Basically, they can be divided into three
A N ) e
subgroups: : , » . ——

1. Relational criteria. N
2. Direct quantitative criteria.
3. Economic criteria. | - ' I

" 1.2.1 Relational criteria. Q
. : ‘ L N
Several geographers, who conducted central place analyses attempted to capture the

relative importance or centrality of places present in their Jespective study areas. As discussed
above the concept of cent{alrty prrmarrly tests on the distance consuggers are willing to travel.

Cemral places which providé functions of a higher order will have larger trade areas than
t

’those that offer only functions of a lower order. ’I‘herd‘ore the size of the trade area is

proporuonal to theocentrallty of the correspondmg center A good approach to measure the
~ centrality of a place is to quantify the level of interactions between centers and respective

trade areas.

~

' Carruthers [18], Green [27], Uliman [70], and Godlunﬂ [26] det_ermined the extent of
the area served by the central place by mapping the bus lines radratmg from each center. By
superrmposm‘ these maps, they could recogmze the approxunate boundarres of urban spheres

of mfluence. The different sizes of thesé hinterlands permitted them to ’determme distinct
i ; : ' \ :

classes of centers in their respective test areas. These techniques were criticized on the grounds



that they only considered the rural element of seryicc.' However they fulfilled the concept of
surplus importance ¢f towns and seem therefore to constitute adequate measures of centrality.
A restriction may be- that buses are not the only form of transport and have diffefent

(“ .
meanings as céntrality indicators in backward or advanced economies..

Another method of measuring the attractive’ power of centers was based on
questior;naires. Their goal was {o determine levels o patronage and trading arcas. I three
different studies, Murdie [45],, Saey. Lieter [56], and Bracey {13) asked people to identify the
urban places whére they -usu;liy gO *Eo shop for selected goods-and slerviccs.» In Southern
England, Bra\&i‘ scored one point to a center when this center was given as the place visited
for one ser}/ice.' At the end of the operation, a cértain‘ number of points were allocated to
each center which could thus be stratified into distinc't Wchical classes. ‘This system is
probably one of the mos{, powerful since it deals with consumers' behaviours. However, the
dct that each service is awarded the same value, irrespective of its functional importance,
contradicts the concegt of the hierarchy of services. ' (

- Finally the last éf:t of procedures used to identify the urban fields measured the

volume of interactions between different urban R(aces. The first and most famous of these

methods was the one found in Christaller's emﬁirical study held in Southern Germany [21].

fod

Christaller recognized the importance of business links as telephone conneciions and ‘proposcd
the centrality formula: ' s ]

)

Z=T-P(TR/PR)
(

Wheré

Z is the centrality o‘f a central place.

Tis the‘number of ‘business telephone connections in that plaée.v

P is the population size of the.central place.

TR is the number of teiephone connections in the region. -
/ ) .
> _
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PR is the population of the region.
In this formula, the term T gives the a%tual observed number of telephone connections in the

-

plaéc while P (\TR / PR) gives the cxpected nu;nber for the same placc_t "based ori the
X assumption tha.t the density of telephone connectior;s per person was thg same in the region,
Other geographers utilized the telephone index in their central place: analyses. Caroll [17] in
Michigan, Borchert, Adams [12}Lin the Upper Midwest, Kant [37] in Estonia, and fain [34] in
« . India used the same indicator. However, with the growth of private subscribers, the telephone
has ceased to be a purely businesé tool and does not represent a‘sati.sfac’tiory means 10 assess
the surplus of the furictiénal importance of“a ccnt‘er. For Taaffe ‘[68] and Reed.[55], the
»paucrn. of air passenger linkages reflects the centrality. of towns. In the United States, Taaffe
éomp’arcd air ‘passengers linkages with gravity-model expectations. Reed .e:‘(ami/ned India's
system of airline flows and identified an urban hierarchy with four levels of conn&livity. The
air .traf fic procedure is appealing but it seems that this index does not simply summarize the
endogeneous centrality of centers, but also partly embraces their éxogeneous centrality. ’
Both Stabler [65] and étanley [6”7’]3 included in their centrality modéls the accessibility
of each cen.ter as indicated by tybe f road connections. Although. rarely found in éemral
place studies, the nodal accessibifity of towns fnay be ~a major criterion 6f centrality. Since the
centrality of a town depends on the distance consumers travel, it is obvious that the more

: \
central, the more accessible centers should be. In Liberia, Stanley treated the road network as

a grabh. He then described the relative centrality of a town as the expression of its centralness

»

to the entire network.

1.2.2 Direct quantitative critéria.

L3

Apart from the ccﬂtrality' procedures thatrmeasure the relations between towns and’

country, most\ﬁmral place analyses focused_upon\the aggregate importance of cénters. They
- il \

usually based their measures on the assessment of central services and insti‘tutions existing at

E.]

the centre.

.
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A certain number of these models were still conceived in terms of surplus centrality

since they compared the center's functional importance with that of its hinterland. A perfect

4
application of this procedure can be found in Johnston's study [36). In Yorkshire, Johnston
- .
compared both population and functional status of 233 centres with the populati

functional status of their surrounding regions. He came up with the formula:

A

C'= ( (PH/SH) - (PV/SV)’).(100/(PH/SH) ).(SV)

P

1

where: ‘ J N
A Lo
C is the required importance of a center.,
~PH is the population of the ufban t;imcrland.

PV is the population of the center. 4

SH is the number of shops in the urban hinterland.

SV is the number of shops in the center.
This formula was tested only with one central instituti(')n, the grocery gencral shop, and
therefore “did not account for the hierarchy of f u.nctions. In South Walcs.. Davies [23)
measured the status of a larger group of functions with the formula:

C= (/ 1.100) /T

-

where:
- %
C is the location coefficient of each outlet of individual functions.
t is one establishment of the function.
T is the total number of outlets in the region. .
C was then multiplied by the average number of workers in an establishment of each type of
* function. The result thus-obtained was multiplied by the number of establishments under each

function to rahk each center. This method of assessing gervices and activities between the

center and its region was reapplied by J. Singh [59] and Marshall [43], and seems to have



L provrded satlsfactory results Other approaches such as the one proposed -by O P Singh [61] :

o>

s

m lnd;a compared centers to therr hmterland in terms of populauon mdtces In New England,

'Johnsoﬁ [35] calculated the ratio Number of denusts / Population of hmterlands for each -
: center “and substracted the res;dent populatron of the town from the number of people

' estlmat‘&d to be served there She thus obtamed positive and negatrve values for each center.

The srmplest measure of the aggregate 1mportance of a centeﬁonsrsts of addmg :

together all the f unctrons that are f ound in the ‘central; place. Thrs simple method was used in
J

lnumerous studres For instance, in I‘ﬁdxa Bansal [5], Mandal [42] -and Pandey [49] assigned

' _ welghts to drf ferent service functrons consrdered to'be srgmfrcant and su}nmed them up to

: yleld a total score. Bracey [13] adopted thrs method in a classrfrcatron éf villages in Sornerset

andl'Palomakl [48] ranked each central place in South'Both-ma upon the basis of the total

‘ number - of different centra‘l functions' it. possessed. In Australia, Scott [57] examined the
" r\el_ationship between the numbers of functions and establishments to classify towns. Although

.+ it is. a popular me‘thodology of identifying: the ,hierarchy‘ of towns, it seems that'-the

summatron of the crude ‘numbers of outlets alone provrdes an incomplete measure of the

.

. absolute 1mportance of places “This procedure does not permit the measure of the dominance

of the center in regard to its'surroundmg area, but rather assumes centers to bevrndependent

Systems. L Lo

An alternanve method was to consrder the occurrence of functrons mstead of "their .

- total number Whether every partrcular functron or a hmrted number of general classes of
actwmes were consrdered this method provrded a more complete assessment of the status of a
: _center In Southern Towa, Berry and Garrison [8] based their studres on an incidence matrix in

_ which the TOowS . ‘were central places and the columns were central functions, In thrs matnx

cells were coded 1.if the function was present, and 0 ‘otherwise. By “applying’ Prmcrpal

- Component Analysis to this matrix, they could obtain a hlerarchy of towns based on their

f uncnonal drversrty Similarly, Crrssman [22] in Taiwan, and Muwonge [46] m Uganda

‘ straul‘ 1ed centers accordmg to the frequency of therr central services and institutions. By

lookmg at the level of occurrenoe of activities for each central place workers consrdered the
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varrety of actwrtres offered rather than therr cryde number,

A more orrgmal method proposed by Berry and Garrrson [9] in Wash' gton Statc

11 i 17.

of a functron is tl)e lowest population of the central place of its appcarance | India,
Prakasato’ gi"Sl] determrned these thresholds by drrectly comparing the populatron of eacl

center in which actrvrttesappeared. With a large number of centers «and activities,™ ghts

‘proce%ure" may be tedious. ‘_ Berry and Garrison [9] estimated statistically the threshold

._ populations of 52 central functions present in 33 urban phces' in the State of Washington,

They based their study on the expectedv relationship between the population size of a central -

~

place and the number of establishments within. it by assuming that the f olIOWin°g equation

\

‘held: o
P=aAGBY

where . ' - .
P is the population size of, a place. ,
N is the number of establishments for.a chosen f unctl.;n

A and Bare coeff 1crents that dre calculated- from the ml‘ ormation provided.

. This equation was apphed using estimates for A and B together with a value l for N. P was

termed the threshold population for the function in questron and represented an estimate of

the average level population requrred to support one establrshment of that function in the

) system of towns under study. The central fubctions were ranked on the basis of their

populatron thresholds ‘They were then drvrded into groups and groups of “centers were_

statrstrcally defmed This concept of populatton threshold is very close to the Chrrstallenan

. lower limit of the range of goods defined as, "the minimum amount of consumptron of this

" central good needed to pay for the production or ‘offering of the central good." [21,p. 54].

However, Christaller based his theoretical model of central places on the relationship between

the lower limit (population threshold) and the upper limit (maximum distance travelled by

e

o
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| consumers) of the range of goods.? By usmg only the threshold measure to grade centers, the

aggregate tmportance of centers was then eva]uated

1.2.3 Economic criteria. s o j

‘ | ~ A more economic approach can be found in a large number of central place studies
| where the f requency of central services and institutions is no longer consrdered as a criterion
. for measuring the aggregat_elrmportance of places. Instead of relatronal or functtronal indices,
severa‘l scholars used thé retail turnover of a center or the number (or percentage) ‘of active

. persons in -retail trade and services.

In the.East Midlands, Brown [15] based his hrerarchy model on the .total re 11 '

turnover of centers. In Sweden, Olsson and Person [47] ‘measured the status of centers by

reference to an economic ratio of centrahzatlon:
€ ="Sd / (1,000 . (P/100) . Ic )

inci
C is the centrality‘of a center.
Sd represents the sales of durables in. the place. : o e
P/100 is the percentage of per capita income available for durable goods B -_: o
Ic is the percentage income in the provrnce in which a centr‘al place 4s located.
Finally, in Wales Carter [20] Lombmed the retail turnover and employment of firms wrth
" populatron indices. The correlatlon levels between these varaables provided adequate 1r‘drcators
of urban hrerarchy Total turnover of frrms is a criterion of hrerarchy that may be

questronnable Total turnover fmay ' vary Wlth the income levels of regrons or. countries. It

seems then necessary to werght it with the hinterlands' income levels as-did Olsson and Person

I

[47] in Sweden. Moreover the total turnover of firms present in a center may hide the real

functional importance of this centre. The composition of the total is more important, for the
g

?For more precision on the Christallerian concept of the -Tange. of goods and its

-upper and lower limits see Chapter 3.
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same total figure may be derived from a number of low orgler functions, or f rorh one high

order f unctxon

.
»

The mdxca[or of hlerarchy the most f requently used is the number (or percemagc) of -

¥

active persons in retall‘trades and services. This factor is essenualpa predommamm studies
B o (%)

-held in backward countnes where collectmg precnse data of the Mnciional organization of '

towns is difficult. In Kenya, Henkel {30] evaluate® the percemage of -workers f ound in enght

categones of actlvmes Tgiether w:th populauon and ethnologlcal criteria, these ‘daia"were

_ compiled through a factor analysxs Three relevam factors were extracted and a grouﬁmg

procedure was then carr)"ed out on the factor scores; Five distinct levels of towns were

" established. In Western Guatemala, Smith [63] applied the same statistical method‘df factor

analysis on’economic-vafiableé" measuring the percentage of traders With functional and
population attributes. S?«ﬂ’rfy//KN Singh [60] and Sidavll [58] calculated the percentage of |
the total ;;opplagioﬁ,of centers engaged in specific activities. Finally, in the Pacific Northwest
Preston [53] eombjnéd four ecohomic indices with a populaiion index in the formula: o

r.

C=R +8S-&MF
where:

Cis the impprtance of a center.

R equals the total sales of retail establishments.

" -S equals the total sales in selected service establishments. ‘ t

& is the average percentage of median family income spent on retail items and selected

services. : " : AT '
- | » ¢

M is‘the median family income fora central place. '

F is the total number of f amxhes in a central place
Although some scholars took the precauuon to mclude economlc criteria describing both smus

of the centers and their surroundmg areas, most of the economic centrality ratlos solely

descnbed the economxc vnportance of centers. The hmterland support for cemral places 15
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often neglected. I-lowever,~ the price._ df items or the 'income.of the center's population
certainly affects the distance travelled by consumers and therefore the centrality of central .
| places. These two particular criteria seem to be good mdrcators of centralrty
Moregcently, the drffusron of. goods or phenomena has been vrewed as a good
mdrcalor of the hierarchy of centers For instance, Weisbrod [71] described the spread of wage
inflation down through an urban hrerarchrcal diffusion process Berry [7] Huang. Gcﬁld [31],¢
and Hudson [32] all recognized the diff usron proces; in terms of the number and proportrgns
of centers of particular orders that had been reached by the process after stated numbe?aof

time intervals. Howevef, Pred [52] stressed that in fact very few, if ‘any, phenomena are -

spread by way of a strict central place hierarchical process. - - -

Philbrick stated that "All centers of a given region are not equally significant in the

total areal functional organization.” [99]. One way of grading centers proposed_ by Christaller.

” ’ P
" s to mea;ure and combine their relative and’ aggregate importance. ’l‘he above' discussion
clearly showed that geographers .. combined thése ttvo types of measures in one cornposite
| centralitil index. ‘One "group of geugr:@hers measured exclusively the relative importance of
centers by using relatronal mdrcators Basrcally, they attempted to measure the expansron) of
hmterlands and ordered-the places accordmg to their respectrve hrnterland size. Another group
of geographers déalt more specrfrcally with the aggregate importance of towns.- By means of ©
direct quantrtauve 0T economic cnterra they measured the functional status ol: centers by
considering them as clesed systems. They generally 1gnorecl any interactions between centers
and their surrounding regions. '
13 Location patterns. |

Once the hierarchy ,of central places was established, most central place studies .

analyzecl thexlocational patterns of central places at each'level of the hierarchy. In surrrrnary,
two groups of studies can be drfferentrated The goal of the studies belongrng to the first

group was. 1o emprrrcally verify Chrrstallens locatronal arrangements of central places In

-
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contrast several studies attempted to dismiss the classrcal central place pattern by stressmg_'
the differences between the settlement pattern of their test areas and the Chr;rstallernan
hexagonal drstnbutron of centers. ' Y : o

Under the assumptron that central places lie on a umformly populated rsotroprc plain
with a static economic system where consumers behave in a raiofial manner,‘Chrrstaller [21]
\cOnsidered that at‘ each level of the hierarchy, a strict, uniform spacing of central place
‘ existed, With a ‘hexagonal distribution ‘of central placés. he determined for each center at any
level of the hierarchy, a set of tributary areas of different size nested within one another.

°

Moreover, he stated that each hierarchic‘al Hevel of central places is separated -by a distance -

”

- that increases by /- 3 (1.73205). from the lowest to the hrghest o
In'the "Versorgunsprmzrp or Marketmg system shown in Figure 1.2, there is always
one center of a hrgher»drder surrpunded by six ,centers of the next lower order, and these six

¢ .
surrounding centers are located on the vertices of the higher-order center's largest tributary

area. The progression describing the number of different size places is: 1, 2,6, .18, 54, 162 ...
and so on. Figure 1.3 outlines the geometric pattern of cent_r‘alplaces in the context of the
" "Verkehrsprinzip” mode‘l or Traffic principle. The 'requirement of a long distance
transportatio'n system causes centers to be alignedr'along main routesl and the system is
: therefore essentrally linear. In this -system, -the number of places in successive order run as
follows 1 3, 12, 48 192 ... and so on. By contrast, the "Absonderungsprinzip” or
Separation prmczple displayed in Frgure 1.4 takes into-account the admrmstratron boundartes
.
of a.region. It results in the creatron of virtually complete districts of almost equal area and
populatron at the center of which lres the most impbriant place In thrs arrangement the
number of centers in successive order runs as follows: 1, 6, 42 294, 2 058 . and so .on.
Christaller [21] recognrzed similar patterns of central plages in’ Southern Germahy. However
his work has been widely criticized on the ground that the mherent assumptrons were

unrealistrc Parr [50] goes one step further and demonstrates that in Southern Germany, the

. Christallerian frequercy of centers of different size-classes is not valid. -

\ :
. g -
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Figure 1.2 Pattern of central places according 10 the market principle..
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Figure 1.3 Pattern of caatral plaé:s according to the traffie principle. (
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Figure 1.4 Pattern of central places according to'the separation principle.

.
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l)es'pite these difficulties for accepting Christaller's rigid model of central places as an cxact

description of reality, several studies attempfed to verify Christaller's model o,f central places

-

>~ -. .
in their respective test-dreas. Johnson [35] tested the most basic outcome issued frgm
»

Chnslaller s theory In New England she [ested the uniformity of central place distribution by
calculafing the pere?tage of the total area covered by hexagons of equal ‘size centered on

central places. Her results showed that J1.5% of the area was covered by the hexagons. She

1]

thus concluded that local service centre distribution demonstrated to an acceptable dcgr'ce the

uniformity predicted by Christaller's market principle morlel.‘ Scott [57] in Australia, and -
| ) \ .

Brush [16] in Wisconsin both verided the unifornt increment of distanf.;e between cach level of
central places. As far as sequences of central places are considered, Scott [57] identificd a
*

relationship between the progression of numbers found and the ones stated by Christaller. In

3

Southern Ontario, Marshall [43] recdgnized a progression of central places described as: 1, 2,

8, 52, which is close to the sequence of places found in the Market principle. Finally, scveral

studies outlined the Christallerian lattice of qcemral places. Figure 1.5 shows that, the
: organizatlon of the marketing patterns distinguished -by Skinner [64] in China is close to fhat
‘o{ the Market prirlciple. Sirgilarly, in Western Guatemala, Smith [63] identified a composite
: rrro‘del lying between the Market, Traffic, and Separation principles as illustrated in Figure

1.6. Finally, in Southera.Ontario, Marshall [43] demonstrated’ the triangular lattice of centers
‘ ) P ) i _

shown in Figure'l.7. He wrote that:
"The triangular lattice pattern . .". will be recognized as a basic . feature of all
Christallerian central place models, and it is encouraging to discover this pattern in
an empirical study . . . There is a definite tendency for centers to be located.to the
- Versorgungsprinzip Todel." [43, p. 51]

In contrast wrt'h these studies, some geographers have attempted to demonstrate that

-

the (‘nnstallerran pattern of central place does”not hold in reality. Losch [40] brought
Christaller's theoretical landscape closer to reality by incorporating variations in population
densities in his central place theory. Following this idea, Isard [§2] propoSed é/cemral place
system where the size of the trade areas differs with unequal population distribution. In a
nrore rigourous manner, both Rushton [103] and \G\rsein-Zade [38] rrrathemetically

demonstrate%the relationshsip between population density and the size of market areas. Hence '
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theylproposed dlfferent arrangemems of* central places where the size of the market area
becomes a f uncuon of the population density. Within an economrc context, Dacey [82] demed

the rational economic system assumed by Christaller, and identified a probabrlrsuc model that
' : ' ' <

* combines a random elenfent with the hexagonal point lattice. Gambini, Huff, and Jenks [85]

identified markel areas where firms possess unequal levels of attraction. Finally, a series of

.

. Studies criticized the fact that Christaller built up asystem‘ where the time dimension is

\

ébscm. In order to compensate for this deficiency, geographers like Allen and Sanglier [72]

provrdcd a central place orgamzauon resultmg from a srmulated evolung? of a centfal place-
)f/

 system. & . v . y

Does the locational pattern of central places recognized by Christaller hold in practice” .
" Despite several atlempts to verify this, most geographers criticized ttle mherent assumptrons
of Central Place Theory and demonstrated that reahsucall the rigid Chrrstallerlan pattern of

central places could not exist. However, evaluating the functional spatial magnitude of centers

"and trying to‘éeﬁne patterns of central places is still of interest. The concepts of urban

~

hrerarohy and nested trading areas are still valid, and studymg their characteristics is of deep

{

interest. In such attempts, Christaller’ s model of cemral places should be consrde\:red as a
[4

theoretical referenct pattern. The main interest lies then, in the recognitiorrof to what\degree ~
] : 4 [ .

/

the actual pattern departs from the theoretical one.

1.4 Objective of the dudy. » . |
The above discussion tnrows dight m&n;ajor éssues regarding past central place studies.

It appears that a majority of these studies di d not fullly respec_t the‘concept of central place

hierar'chy which conside:s a cenrral place as a place of manifold activities responsible for

exchanges of socio-economic cemmaxdities and necessiti'e;s‘:for the immediate contiguous

surrounding region. One of .the disappointing fearures of these central place studi%as been

:heir inabilvity‘ to describe the absolute importance of places by combining indicators describing
, ,

both their aggregate and relative importance. Most of them considered the hierarchy of

centers in terms of their static importance characterrzed by their functional deg;ee- or dlscrete'

[ -
- #\>a

\ ' ) , .QQH



SOURCE: G. V. Skinner, "Marketing and Social Structure iw Rural China°, Journal of
Asian Studies, vol. 24, p. 21 ‘
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Figure 1.5 Hexagonal'marketing area system in‘China,
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Figure 1.6 Central place pattern in western Guatemala.
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" Figure 1.7 Triangular lattice of central places in Ontario.
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| population level. They did not a}ccount for the fact that the order of a service center depends,

“toa certain extent,. its interactions with rthé surrounding region-.‘ ‘ e
In contrast to most of the- above mentroned works _this study attempts. to *we a

_complex regronal analysrs of the hierarchy’ of central places makrng use of aggregate as well as

'relatrve 1mportance 1ndrces In other words the ‘purpose of the study is to examine the‘
,';.f unctronal structure of towns in relatron to ‘their centralrty and thetk size. The arm is to .
: propose aﬁbjectrve approach to the problem of determrnmg the hrerarchy of central places..
It is not wrthout problems to apply the central place prrncrple to a regron wrth regards to both .-

;the aggregate and _relative 1mportance of plgces The main dlffrculty of such a project is to
determine what indices of urban hierarchy should be collected In fact; it has been seen that
the aggregaze importance-of a town can easrly be evaluated by several indices such as the -

\’“\
“total number and the drversrty» of functions; the populatrbn' or the populatron thresholds of

A

. edch actrvrty More difficult rs tl:re collection of approprlate centralzty data Centralrty

mdrcators should measure the level of interactions between a center and its surroundmg
region. ‘Most central place studres that dealt wrth thrs problem conducted questronnarre
surveys 10 analyze ‘consumer behavrour Other works studred\:the .flows of commodrtres_
between a center and its hmterland If we assume that the 1mportance of hnkage networks
betweeﬁ place's((:? proporttonal to the amount of commodrtres shrpped between them one
srmpler solution may- be to conduct a network analysrs in the regron under investigation. TK\§
study of-. road networks and ‘the evaluatron of centers accessrbrlrty may then represent
adequate tools for measurrng the relatrve 1mportance of. central places Chrrstaller also
provrded an mterestrng centralrty measure the upper range of goods or the maximum drstance

~

travelled by consumers: to purchase a good when- thrs good rs not supplred in therr own towns

As a rtesult, in the present -study the f irst index of centrality (the accessrbrhty of tow

‘

estrmated by means of nodal accessrbrhty rneasures dlj ectly calculated from the roa network
-t} v

of athe regron The upper range of goods was evaluated using a reliable source of data, the

lnventarre Communal a Frepch census book whrch provrdes all the necessary elements for. thrs

: pro_tect The area under mvestngatron is a rural area lymg in the center of France called the
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Cher. Q

The present study is an attempt toward rectifying the most common deficiency' f ound

in central place studies through a combination of indices accounting for both the aggregate

and the relative impqrtance of 290 places located in‘the Cl{er (Fra;ce). Forty -eight central

activities were examined and the data thus obtained were computed through Principal

Component Analysis. A groupiné procedurc'w§s then applied to the factor scoreé to identify

‘hierarchical levels of central pfaces_ in the Chg:r. The last task was to analyze the neiw’oiké of

central ‘places and determine whether the jlla. of influence of centers was arranged in

geometric patterns with the trade areas of low order centers nested within those of higher

o]
-

order. . . -

To cénclude,_ this study proposes an alternative method of grading centers, with the

o &

method being applied to a French area, the Cher. This method attempts to address the defects

found ‘in several other central ~place studies. It offers a composite centfality méésure

accounting for both the aggregate and relative importance of ‘centers. One difficulty in this

i

stud,y~ has been an inability to collect economic Variables such as the families' incomes, price
of goods or Tetail sales in the Cher. ‘The centrality model, therefore, es'semially) rests on

relational and direct quantitative indices.

¢
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2. THE MATERIAL
. ¢

3

The first task, in undertakmg the assrgnment of analyzing both the relatrve and
ag‘gregdle 1mportance of settlements m the Cher consists tof finding a reliable source of data
The choice of* 4n appropnate data- source is dtpendent upon two factors. Frrst the source
‘must offer the majority of criteria included in diverse past lcentralrty models. Secondly, if it is

not possible to extract these criteria wrthout data- operatrons thcse operatrons must be

mmrmlzed These two requrrements are essentlal to assign an-accurate cemralrty index to every

central place in an ef ftcrent manner.. The Inventaire Communal, the French census book
containing thls mf ormation, will be sefefred to later in thrs chapter. ‘

After locating an adequate source of inf ormatron the next task is to seek a favourable
area for study. In keepmg with the central place theory, a rural-type area with roughly a
plane topography was selected Thrs area tends to be homogeneously populated and its
settlements tend to be evenly spaced. The study-area, selected on the basis of these cnterta
lies in the centre of France and corresponds to the admmrstratrve boundarres of a French

county ("departemen‘t "), the Cher.

Cg
+ «
A ;

i - i P
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»

2.1 The data-source i

- This section presents the sourcehof info:mation‘ utllized for the central placelanaly'sis

]

in the Cher. Smce centrahty models largely depend upon the choice and the exactness of the

o —

data, specral agtention is drrected toward the method of collectmg the data Then it is shown
N

.

$how the French census book the Inventarre Communal represems a satisfactory source of

centrality indicators. Finally, the limitations of the data’ will be stressed and their reliability

will be discusscd.

. 26

"@s&

.



. -municipality ha

2.1.1 The ongm. 3y

The data used in. this study are taken from a French source entitled : Invemaire

Communal (Municipal Survey), published in 1980. The survey was um{ertaken when both lhc'

"French Department of the Interior and Ministry of Finance recognized the lack of complete

information concerning both private ;and public functions at a rhunicipal devel. In actyal fact,

this information was available, but scattered in numerous census books, each of them specific.

to a particular type of function. Under this old.sylsrem, it often took ‘up to onc day of -

research- to gather a complete description of the functional organ_izatioh of one singlc
commune! In 1979, it was decicied to renovate the ‘sy"stem\, and the I;“rench Bureau of Statistics
(Inst’uitut. National de ls Statistique et des'Etudes Economiques),undertook a large surp&y
covering the whole country.

[

A thigteen - page qucstionnaire was sent to all the councils of the French communes.

Every single town, village and hamlet received the questlonnaire and the couryl members‘

were required to complete the survey as p_recisely and rhorOughly as possrble. The questions:

covered a wide -' of subjects and were often not easy to answer. For instance, each
C

ot

,.'%‘hey were also asked to register such »peculiar- statistics as the number of hunting licenses

lissued ina given year, or the exact length of sand and pebble beaches thhm their territory.

Generally speaking, the questions were desrgned to evaluatc the number and diversny

_of public and private ernstitu%ns in each municipality. The majority of the questions dealt

with quantitative and qualitative information relative to functions such as educational ‘and

heaith establishments, recreational and cultural facilities, transportation, ahd private f in_ns.
Retail trades, "seif -employed professions and services such as banking institutions and religious
establishrnents were arbitrarily grouped under the heading "private sector”

Toplcs such as population mdustrial and agricultural activities, were consrdered only
briefly since: this mformamoh was readily available in other census books. The scope of the

survey was limited to several more specific points. In short, the purpose of the survey was

threefold:

scientifically measure the level of poliution”in their water, soil and air.
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1. To make an inventory of all local institutions.

(3

2. " To gather previously scattered‘ information into one central source.
3. Toextraci’ relrabl'~ data on the largest scale.

With the Inventaire Communal the Ftbnch Bureau of Statistics (I.N.S.E.E.)

attempted to gather complete and reliable data concerning each of the main sectors of local
socral life. The value of this source- lies in its fine geographical frame and its recent
establishment It is also the only inventory of its kind to present an exhaustive portrait of the

f unctional organization of France's municipalities. ' -

2.1.2 A satisfactory.source of centrality data. ‘ \

+

2.1.2.1 A good description of the rural environment.
The general survey covered a large vanety of toprcs rangmg from social

information to geographic and demographlc data. The Fiches Communales (Mumcrpal

‘Cards), a census book -also issued from the_ general survey had a more economic and ‘
quantitative approach.

The Fiches Communales was used to gather information about public and private ™

institutions throughout the 95 French counties ("départements"). Ai] of the 95 Fiches

Coinifhunales were 1dentically organized. In ‘each of these census books, each category of

f unctrons is classrfied into different tabulatrons These tabulations, under headings such

as "Recreational and Cultural Facilitres or "Educatronal and Health Establrshments list:

all the commiines of the-county by alphabetical order, and, for each commune, record the
. number of establishments of up to 75 functions.

Our interest was.directed toward one partrcular tabulation called "Servrces and
Retail . Trades". In this section, the services “and retarl ‘trades are classrfied into 48
functions as they are listed in Table 2.1. This tabulation provides a list of the
municip'alities,.and, for each- of them, the number of establishments of the 48 functions is

tallied.



Table 2.1 The 48 functions chosen for the study.

POST OFFICE

1
2 FIRE HAL.
3 SOCIAL SECURITY OFFICE
4 rAX BUREAU
5 , POLICE STATION
6 . BANK -
* 7 SAVING BRANCH
8 NOTARY
9 VETERINARIAN
10~ CHURCH
11 MINISTER
12 - BUILDER
13 PAINTER
14 CARPENTER : ,
15 PLUMBER v
. 16 FURNACE MAN
17 ELECTRICIAN

418  MECHANIC
19 MECHANIC FOR AGRICULTURAL MACHINES
20 "SUPERMARKET :
21 GROCERY
o 22 BAKERY
23, CAKE SHOP
24  BUTCHER’S SHOP

25 ° DAIRY

26 FISH SHOP

27 RESTAURANT

28 BAR

29 BARBER .

30  HAIRDRESSER

31 CLOTHING STQRE

32 HABERDASHERY
>33 SHOE STORE

34 - APPLIANCES-STEREO STORE :
35 =~ FURNITURE STORE :

.36 HARDWARE SHOP

a7 IRONMONGER 'S SHOP

38 SPORTS SHOP

\ 39 SEED. SHOP

40 STATIONERY STORE

. 41 TOBACCO SHOP |

¥ . 42 - NEWSPAPER STAND N
43 GAS STATION
a4 DIESEL STATIO R
as GARAGE FOR OIL| PURCHASE
46 GRANARY )
a7 MARKET (MONTHLY)

48 WHOLESALE MARKET (ANNUALLY)

‘v

o
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The class:fncanon of services and retail trades rnto 48 functrons may appear detailed to -
the North American. However *retail trade is very 1mportant in France and French-
consumers generally prefer to conduct their business in small privately owned shops as
opposed to ,‘shop_plng-malls which are found only in France's major cities and remain

‘ unf.amilia.r"' to most‘rural inhabitants. As a rule, every town or village is. characterized by
an nmportant retaﬂ trade activity and a major part of French social life is centered
around the relationships between consumers -and retailers. Often, retarlers are— —"famrly
friends" and shoppmg in stores becomes a usual and daily habxt Therefore, even wrth a
\\}ow populatlon French villages often have an important retail actrvxty The daversrty of
functions offered is generally greater than the diversity of functions one can find in
North American towns. Functrons that may be unknown in North Amenca are often .

by °
ubrqurtous in France ie. the habberdashery or 1ronmonger 's shop.

X

Rehglon is another important aspect of French social life, particularly in the rural
areas where the presence of a church of a. permanent minister 1n a village is an indicator
of urban hierarchy since mmrsters generally live in the most 1mportant vrllages Though-
cﬁ;rrches can’ usuall.y be found in even the smallest of France's vrllages of EF“ a minister
must travel from another town to celebrate mass where there is no permanent mmrster ma
resxdence For this reason, "church” and mmrster m residence” appear as two separate

f unctxons in the section "Services and Retail Trades", and the presence or absence of the

) l}{er is an indication of the centrahty of a town. Other functions such as dairies,
k]

farmers, they tend to be located in town$ where they are easxly accessible. o

All of the above tends to demonstrate that the Fiches Communales and the
inventory of services and retail trades in 48 functions is well suited to rural areas. Careful
attention was pild to 1nclude in the survey functions vital to a rural envxronment

whether or not they exrsted in cities. Nlost central place studres take place in rural areas

-and the Erches Communales will be’ extremely useful for accomphshmg our project over

the selected rural area.
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2.12.2 The Fiches Communales and the components of ‘ntrahty

.
»
.

Chapter ] hng ighted the . centrality md1ces generally used in past cmpmeal

-

studies. These indices can be gouped into three categories as-follows:

A

1. Relational indices.

«

2. Direct quantitative indices.' . ’

) —~

3. Economic indices. , L

The Fiches Communales of the Inventaire Communal offers thc mést rehab? .

complete, and categoncal information” far evaluating direct quantxtati‘ve eentrallty

indicators at a municipal level in France. The tabulation that deals with services and retail
: o R :
trades codes most of the elements included .in past centrality models. The population

density, the nucleated and total population of piaces are éresented in the tabulation. The

s

total number of establishments of each place may easily be determined by adding the \

number of establishments of the 48 functions. The construction of a binary matrix with

. I3
rd

"1" when the functior‘i is p;:rformed in a town and "0" when it is not present allows us to

<

i . . -
estimate the functional diversity qf each town,

.

c

. However, relational indices and economiic . criteria cannot be extracted f rom the

‘Fiches- €ommunales. Relational indfces of centrality must be searched into different, "
sources. One simple approach to evaluate the level of. interactions between a center and

its surrouding region is to consider its accessibility to the--road network. Accessibility

]

- measures may.: tf;eﬁ be* derived through Agraph theory froxy lafge scale road maps.
Economic criteria‘such as famfly) incomes or prices of goods are either scattered among
several other sources or simply cannot be found in any statxstlcal reports (e.g. price of '
goods) Fpr this type of information, the best source would stem from a derCl survey by
mreans of questxonnalres sent to retallers and families over the whole\ study area. Such
‘ proc:;s was virtually impossible to achieve and it .was decided not to, mclude economtc

data in the centrahty analysis in the Cher. The centrality model proposed in’ thls region

'wxll therefore essentlally rest upon direct quantitative and relattonal indices.



/ ‘ ¢ . 32 . ‘r

The ‘Fiches Communales of the ‘Inventaire Communal are ‘reliable publish_ed
'\ sources for the purpose of the present study as fér. as direct 'quantitative indices are -
lconsider’éd.n For every French county, this census gathers almost all the geographical -
indices found in past cemra}jty models into one tabulation and “allows a straight.
calculation of these indices by simplg i;omputations of .datva. Tﬁis recent data-source will

therefore permit the development of a centrality model that largely relies on -di}ect

h

quantitative centrality indicators. Befqre choosing an appropriate study area however, it

is necebsary to stress the limitations of this source of information.
2.1.3 The limits. .

o

4

The Fiches Communales-of the Inventaire Communal is a ne'zv source of information
that provides new perspegtives for geographers who deal with environmental studies. No

source is infallible however, and it'is therefore necessary to undertake an objective evaluation .

2 &

. ) f .
of, this source. To disregard the limits of the sources would certainly result in blinding

deficiencies in the final outcome and, therefore, they must be taken into consideration at the

beginning of the study. . | } a

Two major restrictions are apparent in the Fiches Communales. The first concerns the
original qu;:stionnaire upon which the whole survey is based. The second involves the actual '
data. : - . | |

2.1.3.1 The questionnaire . | _ . ' i * .
The examination of the questibnnaire leads to two major judgements:
1. The qhestionnaire is Idng énd complex. )
2. The different systems of "no_tatio‘n for answering are ambiguous. '

The ‘questionnaire' may appear excessfyely long since it is composed of thirteen: .
densély.\yritten pages. Twelve seﬂons and numerous sub-secti6n§ are poorly organized'
-and not cleérly definfd. Moreovﬁe'r, some of the questions require a level of knowledge--

and degree mrmision that 'may hinder accurate and objective answers. Are. all

"municipa'lity councils. aware of the exact level of 'p'ollutidn in the air or the lenghx of
b 4
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pebble beaches within their territories? The question\'naire was obviously éddressed to
competent staff. However, as complex as it is, one may wonder wheth’er‘ the
representati\{es of every municipality completed it wg‘th all the atlc‘htion a‘nd accuracy
_ reqtiired.. - I ’

| 'Adding to these first difficulties, the different systems of notation that are
~ proposed t \b\glve quantitative mt‘ormatnon are ambnguous The followmg example¢ /may
help to illustrate this point. In the section "Servnces and Retall Trades™, one is a k‘cd to
- record the number of services and retail trades that exist within. the town “gased on 48
separate functions\. For mést servjcés, one is tt;e-maximum number allowed. JInterestingly,
when two services within the same functional category exist, there. is no room for proper
) ciocumentation. As far a$ retail trad‘es are concerned, one is allowed to record up to five
estabhshments per fﬁnctlon Obv1ously this sy'stefn of hotation can easily lead to
maccurate results, since there is a limit of one for services and five for rctanl trades.
Furthermore why is the upper 1;m1t of numbers allowed in both cases so low? As far as
rural areas are concerned, these numbers would r§rely exceed the upper limits of onc and
fi've. On the other %mnd, for urban areas, the data tend to be inexact, since lar;&c‘
settlements may offer more than oneﬁ servi‘ce and five ouilets for each function. This

;-

sectiop of the questlonnalre is therefore clearly more suxted to rural areas than urban
. -

areas with larger settlcments Hopefully, in the Cher seldom are the settlements that offer
o

.more than five establishments per- function, and except for the three main towns

(Bourges, Vierzon, St Amand-Mondrond), the maximum number of five establishiments

allowed per function will not distort results.

2.1.3.2 The Fiches Communales. BT

The census book entitled the Fiches Communales deals specifically with the
functiona! organization of municipalities. The same deficiencies noted in the questionnaire

occur in this material. Some public services are recorded by means of a "0 to 1" code

'whergas all retail tradesvand‘self -employed professions are tallied with a ™0 to 5" code.
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Anart from this deficiency, another disadvantage results from the breakdown of
f unctions into fifteen sections. Such a breakdown may prevent a comprehensive study of
the functional organization of settiements. For the purpose of t.hi's study, it was decided
to consider only the sectron entrtled\WServrces and Retail Tmdes" and the forty-eight
functions listed in Table 2.1. However, one may wonder whether the definition of central
f unctions should not embrace other sections such as 'TTourrsm. oL, "Educatxonal and
Health Facilities”. Should sexvices :Ind institutions such as hospitals, drugstores, schools
or hotels have been includedAn the study? In order to reduce the amount of data
manipuiation in this study, it was decided_‘ to restrict the data-source to one single section,
thus allowing the French Bureau of Statistics to provide the necessary'data-base on
magnetic tape with no additional computer operations. Adding to these technical
" considerations, it seemed that the “I'ack of four to five central functions in the source of
data was small enough to have a negligible effect on the remainder of the analysis.
From the standpomt of the present study, the reliability of the matenal is

regarded as satisfactory. First, the areal unn recognrzed by the Inve'ntarre Corrimunal is

the smallest administrative drvrsron . the administrative commune¢.” Second, the Fiches
A\ d

Communales describes essentrally the functronal organization of communes. Past studies

had to seek crrterra of centrality in numerous statistical reports and an abundance (}f

" varied data. The Frches Communales, however, o&fers‘ the necessary elements required
to evaluate a direct quantitative centrahty measure ‘as complete as possible. Since this
source of inf ormatron contains obvious apparent mconsrstenc;{s &hen dealing with urban
areas, 4 rurgl,area of study was chosen for ;he purpose’ ol?f obta‘mhg the hrghest possible

\
reliability ur( the results. ‘4 v

2.2 An adequate central place laboratory, the Cher.

In this section, it-is demonstrated that the selected study area contains the necessary

attributes for testing the centrahty of places in the Cher. The advant.ages of the area under

mvestrgatron is analyzed m two respects. Frrst it is shown that the general features- of the

T e

k
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région favour a regular settlemem pattern. Secondly, the lattice of central places 1s examined,

f ocusmg on the degree of umformxty in the distribution of towns.

2.2-11 General features of the study area. | .

The selected area lies in the centre of France as shown in Figure 2.1. The Cher is the
»ei'ghteenth Prench county and the fact that the selected area is an administrative entity is
advantageous for the collecﬁ’o" ofi data, which is g;ouped by counties in the Inventaire
Communal. The adr;linistxative division was therefore chosen over physical or economic
regions, principally for better utilization of the data-source. However, it will be shown f urlgcr '
that the area under investigation is homoﬁeneous in terms of physical features, economic
activities, and popul;fion distribution.

The eastern border of the county is defined by a major physical feature, the lLoire
river, which is the lop;ést in France. This river provides the only major relief feature of the
region. A set of hills lies in the eastern part of the county and runs along the valley of the
Lbire river. This reli,ef is however limited to a small part of the region and rises as much as
400 'metres (1200 feet) above sca level. Another set of hiils the Beischaud hills, can be
observed in the southeastem part of the county, theugh they at 300 metres (1000 feet), are

o

- lower thahsthse along pthe Loire valley ‘Apart from these minor physical contrasts, the
remainder of the selected area has a plane topogra.phy. This absence of: relief is essentially duc
to the extension of the low plateau of Berry and Champagne. The altitude _61‘ the plateau
varies sligp”tly around 200 metres (650 feet), and the sufface is unimerrupted i)y major valleys
and escarpments. One single important river, the Cher, erOsses the southwestern parlv of the
region, though no escarpments isolate this part of the county from the Temaining area. in
sum, the Cher is not an area of strong and varied ;Shysical features, an\a the 7325 squarc
kilometers (4522 square niiles) under investigation exhibit principally a low plane surface. The
terram.&ls physmally homogeneous and almost identical to the isotropic plam of classical

A

central place theory. - /
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The area's remoténess favours economic mde;pendence The county of the Chcr is indeed far

away from major cities. The closcst Paris, is 300 kilometers (190 miles) f rom*Bourges, (hc

main town of the area. The Cher was la?gely uninhabited until the end of the eighteenth
century due to land unsuited to farmipg, and an excessively humid climate. The arca was
covered by marshlands caused by a clay soil. At the beg'nning of the nineteenth century, /

attempts to farm new lands cnhapced drainage, and the uality of the soil was improved. .“"

L Y

Today, the economy of the plain 1s characterized by extensive f armmg activity based upon thL\)
cultivation of cereals, fodder plants, and vinés. Cattle breeding is also importam.\ The low and
uniform topography favours the cultivation of ;vheat_ while the low hil{s lying along the loirc
valley are suited to the production of reputable wines such as Sancerre wine. The late
development of farming activity in the Cher area resulted in a larger paﬂitioﬁing of lands, a
larger spacing of farms, and the extensive cultivation of cereals with high rates of production

and gross sale value. The area under inveétigation is Vonc of thg richest agricultural regions of
Fran_ce while manufacturing remains largely underdeveloped. Indl;slrial activity is restricted to |
twb sectors-the construction of agricultural machinery, and hardware. iness activity,
relatively important in the main town; Bburgcs. is essentially related to farming trade. The

\ -
relative lack of non-central activities and the important purchasing power of the wealthy -/

farming’ population makes the study area a suitable one in which to test the concept o
cemrality » . | |

Accordmg to the 1982 French populatlon census, the area under investigation hgs a
populatlon of about 326,000. The densxty of the total population outside incorporated cent
inéluding farming as well as non-farming households, varies between 10 and 30 inhabitanls
per square/ kilometer, this low population densiEy is essentially due to the abundance ¢f
scattered farm households. In rural communes the dispersed population is generally close t
fifty percent;of the total population. Figure 2.2 indica;es, however, that the southwestern part
of the county is essentially composed of a rural population scattered thr‘oughout isolated

farmsteads. It is apparent. fyom Figure 2.3, which indicates population density by commune,

that the placeds,w?re population density is heavy are rare. Out of the 290 communes found.in



8 .

i

oI AGP 1 " . 20 708 300\ 1000 7808, ‘9008 - ecoe 16000 ' Jifhatitants
i S ] x:""" .

"Figux"'e 2.2 Urh.m‘and'mxal population of the Cher area. o - . o
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' the study area only 23 have a population density greater than 76 inhabitants per square
krlometre The average population densrty in the rural communes of the area proper covered e

) "by the present study is 15 inhabitants per square krlometre D0m1nat;d by rural communes, |

the variation observed in' the drstrrbutron of populatron is slrght Figure 2. 4 and 2.5 confirm

} " the gerreral ‘uniformity of the population distribution in the Cher Only two maJor peaks of

ipopulation can be noticed. They correspond to the two  main towns, Bourges with a

population of 76,432, and Vierzon, 34,209. | |

In summary, the Cher area is endowed with features which rnake it'a favorable

laboratory for central place investigation, "l'he area investigated is esse_ntially uniform with no

4maj:or physical coftrasts. F‘uthermore‘;”the ﬁonomy of the \region is dorninated by extensive

farming activity. Manufacturing is relatively underdeveloped. Rural areas are dominant and

their population is generally uniformly distributed oyer the plain. Since the number. of densely

. populated communes is. small and the area is far from the sphere of influence of major crtre
)

the purchasmg power of the rural populatron is drrected toward local centres.. The

T T

homogeneity of the selected area is the ‘essential factor in selectmg a adequate stu

the purpose of this study. The settlement pattern, however, should also be Suk
. places analysis, ‘
‘ &

2.2.2 The settlement pattern ' - ‘ I

»
&

Since one of the major assumptions of central place theory is the unrform spacing of
towns a close mvestrgatron of the settlement pattern of the study area is ar{ rmportant criteria |
to determme ‘whether or not the area is an adequate central place laboratary. In this section,
- g ‘priority will be given to the study of the drstnbutron of towns. -~ ' -
The regron under mvestrgatron includes 290 agglomeranons with populatlon ranging
from 22 to 76, 432 According to the French ‘criterion for drfferentratmg urban and rural
umts "Groups of burldrngs that have at least 2,000 rnhabrtants and, in general, have the
buildings spaced no. further than 200 metres apart, are classified as urban agglomeratrons

" the county o. mher has only twenty urban agglomeratlons Frgure 2.6 reveals the areal

v






Figure 2.5 Population of the Cher in 1982 (isometric view)
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distribution and the populati n on ,settle;ments in this area. A glance at this map shoWs that
small hamlets are typical features. Figure 2.2 suggests that t‘he smal‘lest agglofnerations
consist, in, fact, of a few scattered farmhouses, «and essentially of a farming population. Tl;c‘“ "
only group of buildings then, consists of a church and several farms, since most of thé
housgholds are ‘scattered bin the farming lands: On the other hand, twenty urban
agglomerations lie in the Cher area, though only three of them have a pbpulatibn greater than
©10,000. These centres, Bourges with .a population of 76,432, Vierzon, 34,209, andf)\Si.
Arﬁand-Montfond. 12,450, stan& out as the largest and most functionally complcx'of cch_tral»-
" places in the study area. These three towns are 'fairl'y equidistantly situated and as Figure 2.6
indicates, both Bourgeé and St.. Amand-lMontrond‘.’“ occupy ,,qtgm‘ral po’sitionsA within their
systems. Bourges lies at_ the centre of the county and St. Amand-Montrond has a central
position in the sOuthe;n part of the county. This town represents ;:kme major market centre for
‘the hll'merous villages that lie in this southern region. Since Viérzon 'isblocatedlo‘p the .
northwestern end of the cbunty, its sphere of influence Aprciba'bly extends t‘oiihe adjacent
county, the "Loir et ‘Cher". As a result, the northern pari of the ‘Ciler tends 10 'bg divided into
two distinct trade dreas: those of Vieribn and Aubigniz sur Cher. Situated between hamdets
'an_d; urban agglomeréti;ns, a variety of villages prpvide the principal purchasiﬁg power of the

Cher. The presence of a few ‘major competitive centres contrasting with a variety of smaller

units militate in favour of a central place analysis. However, Figure 2.6 reveals cluster.

the Cher area. Neafestfncighbour énalysis ié a statistical method developed in 1954 by Clark

and Evans [80] to measure the cluster or uniformity of pattérns of points.i By calculating the,
mean of the distances between all points and their nearest neighbours, this technique is well
suited to the measuremeh_t of the arr'anéernent of central places. The mean or "observed"
nearest-néighbour distance between the,v 290A settlements of the area investigat'ed is 327
kilpmeters. 'The theoretical - mean nearest'-neighbéur distance for a hypothetical r.andom'

arrangement of agglomerations over the same area can be calculated by the following
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Qquaﬁon: .
- , 1
ran = ————— (1)
2V P ' -

Where: ‘
" Dran s the theoretical mean néafest-neighbour distance. /,
P is the density of settlements for the Chérf.érea.
Using equation 1, the "e;gpected" mean nearest-neighbour for a random afrangement of
‘settlememé m the Cher area 1s251 kilometers. ﬁarﬁes ind Rdbihson (74] provided a methoq
to célculal.te the expected mean nearest-neighbouf distance f‘or_ a more Christallerian pattern of

towns. In the case of a regular arrangement of places where the distances 'separaling them- are

maximized, the mean nearest-distance is given by:
o : .

R 1.07453
Dreg = '———\r-%— ‘( 2)
where: '
p Drcg is the expe;cted mean nearest-nei_ghbéur distance.
P is the density of settlements of the study area. i l
Usihg equaiion 2, the expeéted mean nearest-neighbour distance of a uniform arrangement of -
the 290 agglomerations is 5.4 kilometers. On the other t;and a clustér pattern of settlements
will tend to have a meéan nearest- nexghbour distance closer to zero. |
In the area under mvestnganon the expected mean nearest-neighbour dxstance equals
zero for a hypothctlcal cluster- pattern of places and 5.4 kilometers for a uniform or
"dispersed " vpattern. The gxpccted mean hearest-neighbour distance‘- for a hypothetical random
arrangemem of places is 2.51 kilometers. Since the observed mean'n_eare_st-neighbour distaﬂce
is 3.27 kilqmétcrs, it‘is possible to infer that the arrangement of settlements’in the Cher area
is somewhat unif o@, The degree of uniformity will be identified using the concisc.mc_:asure of
the nearcst-neigilbour index. |

The nearest-neighbour index is the observed xpcén nearest-neighbour distance divided

by the expected mean nearest-neighbour distance for a random arrahgemcnt of places. It can
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have a value ranging from 0, indicéting a completely clustered pattefn,. to 2.15, indicating a
strictly uniform pattern. A random arrangement is indicated by a nearest-neighbour index of
1. In the present study, ihe nearest -neighbour index has a value of 1.31 that suggests a
tendency to regularity. Due to many vfact.oré, axﬁong tﬁem t‘he clusters of agglomerations in
the northern part of the area (see Figure 2.6), the battern of downs is ngvertheless far from

the perf éct regular arrangement of central places assumed in Central Place Theory.

In cbnclusion, the da\‘ta--bas_e anq the study area are ebndowed vp‘th favourable features
for a.c'cfnral place analysis in the Cher. The data-source has the advantage to offer most of
the dire;:t’ quantitative centrality indicators in oné tabulation. This tabulation provides
‘population data as well as functional da-fa for 48 services commonly met in a F;enlcﬁRral

environment.. Unf oftunatefy, the Inventaire Communal does not offer relational and economic
. P

criteria. Fo_r relational indicators, diffe;ém type of data must be sought. On the other hand,
the ¢conomic criteria usually used in central place analyses are difficult to get without
conducting a persohnal questionnaire‘ survey' in the study area. As a resilt, in the Cher the
central place analysis merely rests upon direct quarititativé and relational centrality indicators. -
The homogeneity of the Cher and the regular pattern of settlements make the study area a

satisf. actory central place laboratory and, apart from the lack of economic data, the material

is regarded as good for conducting a central place analysis in the Cher.
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. 3. THE CHRISTALLERIAN INDICATORS OF CENTRALITY IN THE CHER

.~

Although he was not the conceptual originator of Central Place Theory®, Christaller is

.

centrality. In this chapter special attention is focused on what is believed to be the main

regarded as the first geojner who provided a structural analysis of the concept of
criterion of cer;trality in Central Place Thec;ry, the range of goods. A closé investigaﬁon of
Christaller "s theoretical discussion [21] sho@;s that the rdnge of goods is in lact viewed as the
combination of two factors, namely, the population thresflold and the maximim distar;cé
travelled by consumers. Since these two factors represent the bases on \Yhich Central Place
Theory was built, it was decided to include them as centrality indicatbrs in the analysis of
central places in thé Cher. In the past, few geographers have attempted to include these :
parameters in ’their i:entrality measure. When it was done, divergence regérding the method of
measurement occurred. No solution was offered and identifying these two factors poses
problems It seemed therefore necessary t® dedicate the second part of this chapter of seeking

reliable methods to measure the populatlon thresholds and the maximum distances travelled by

" consumers for 48 functions in the Cher.

3.1 The conéept of the range of goods. .

In his"theory, Christaller régards the centrality of places in terms of the range of their
central activities. In the original text, Christaller uses the German term, "die ‘reichweite der
zentralen gueter” translated into English by Baskin’ [21] as, "fange,of goods”. Christaller by
"reichweité" or r&nge, refers to the trade area of each activity of fered‘in a central place. This
area corresponds to the spatial distribution of customers served by thev firm while this firm
maximizes pryfitability. Agcording to Christaller, the two major Fﬁtors that determines the
profitability of a firm are: o

1. The number of customers servcd

3See Cantlllon [78) and Reynaud [101]. For reports on their studies, see Fairbairn,
»Barr [84] and Robic [102].

*
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The separating distance between the customers and the firm.

The outer limit of the range of central activities is hence defined as the maximum distance

that the dispcrsed populatién is willing to travel to purchase a good offered-at a central place.

The inner limit of the range of central activities is defined as the minimum .amount of

populaiion necessary for the subsistence of each activity. Christaller <learly defined these two.

limits of the ra‘nge of activities in a section translated into Engh’sli by Baskin [21],

"When we examine this range in detail, we find, in looking at it spﬁ'tially, that there
is not a line, but rather a ring around the central place. It has an outer (upper) and
an inner (or Tower) limit. The upper limit of a partigular good is determined by thé

- farthest distance from the central place from whit® it can be obtained from this

central place; and indeed, beyond this limit, it will either not be obtained, or it will
be obtained from another central place (. . .). The lower limit of the range of the
central good is therefore determined by the minimum amount of consumption of this
central good needed to pay for the production or offering of the central good." [21,
p..54] S . ) S

.
Fs

Under the assumption that consumers patronize the nearest center and that firms ‘do

not. make any excess profits, Christaller bililds his theoretical central place system upon the

concept of the range of goods as shown in Figure; 3.1 as well as in the following abstract:

"We have already stated that each type of central good has its own typical range. If
its upper, as well as its lower, limit is high, the good will be offered at central places
of. a higher order and thus be $old within a larger region. Such a good will be called a
central good ‘of a higher order. 1f, however, the upper and the lower limits of the
range are low, then the central good must be offered at numerou$ and also smaller
places in order to supply the whole country. Therefore, this sort of good will be
called a central good of a.lower order. And if the upper limit is high and the lower

~ limit is low, the central good may be offered at many central places which, in regard

1o this good, will compete vigorously for the complementary region. These goods are
goods of a lower order because they may be offered at central places of a lower
order. If the lower limit is high and the upper limit is low, then the central good can
only be offered at central places of a higher order, and only when there is a highly
developed complementary region, because the critical ring which determines the gain
f rom the sale of the central goods will be very small." [21, pp. 56,57]

<

This abstract. brings to light three fundamental notions: a3

1.

The order of a good (or activity) can be evaluated from the meadure of its range.

2. The range of a central good (or activity) may be estimated By measuring its inner and

outer limits and'comparing the two values thus obtained. .

3: The importance of 4 place depends upon the range of its goods (or activities).

The order of a place can therefore be measured in terms of the finner and outer limits of the

range of its activities. The town that provides the most central activities, those with a larger
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range, thus becomes the central place of a higher &rder. Conversely, the town that provides
the least central activities, those v:xith a sma.ller range, '.’o}nes tﬁNentral place of a lower
order. “ ) |

In shott, Christaller clearly assign; Lhe them importance of places to athc range
of their activities. Although he specxfxes several m's that mfluence this range,c. g.' the
type, quarmty and price of the goods [21, p. 54], as well as the accessibility of the center [21,
. 52] the range of activities can simply be evaluated by comparing two measures:
1. The iix‘nef‘ limit of minimum population }equirud to support the aclivilies..

2. The outer limit or maximum distance travelled by consumers.

It could be seen 1+ Chapter 1 that the concepi of the range of activities as described

above was rarely utilized in past case studies. In one of them, Berry and Garrison [9] give an”
B e ,‘ Py
The upper limit of the range i$ the

,accurate definition of the range of goods by
maximum radius of sale. (. . .)The range also has er limit..{hat radius which encloses
the minimum number of tonsumers necessary to provide a sales volume adequate for the goud
. to be supplied profitably from the central place.” [9, p. 304). They however based their study
in Snohomish County upon the lower hmnt and dnsregarded the upper limit of the range of ,
activities. ;In their study, the lower hmlt of the range of 52 types of retail and service
autivities present in 33 small urban centers was assigned to the populatiOn thresholds of the
comn{unities in whiuh they occur. Only three studies' out of the 70 Surveyed* considered the
upper limit of the range of functions as an index of centrality. The work conducted by Sacy
| andqﬁieter ir; Flanders [56] is one of them although their results cannot be verified since they
do not specify the procedure utlhzed to calculate this upper range. In India, Mayf ield [44)]
determined the maxm’l)im distance travelled by consumers by means of quesuonnalrcs

Unfortunately, this distance was taken into account for only one good, milled white cotton

cloth. By basing his study upon one particular good, Mayfield did not'respcct Christaller's

* The complete list of these studies can-be found in the bibliography.

~
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¢ 'koll.%'gm may then be to consider hthterldngls rather than settlements' population. The exact
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concept of the range of goods where "every sing& type of good, even though they are only

small differences in quality, has its own typical range.” [21, p. 53]. Finally. Berry and

' . . ;
Barnum [10] evaluated the maximum distance travellid by consumers in Southwest lowa as,

»

"(...) the upper asymp:ote of the l'dgistic curve that describe the curﬁulativc distribution of
consumers with increasing distance fr01;1 a central place.” [10, p. 37]. Their results are not
included iﬂ the article and this measure is not utilized in the Principal éomponcn: Analysis 10
define the hierarchy of central placég.

Innseveral othérca'se studies, when the authors considered the lower range of activitics
as a measure of town's importance they neglected the upper range. Durand-Dastes [24],

Berry, Garrison [8], Prakasarao [51], Hzgggctt. dunawardena [89], and Bain [73] calculated

thresholds #f population, ‘but ignored the outer limit or maxifnu;n distance travelled by

“ customers. Furthermore, Bunge (77, p. 150] criticized most of these weorks on the gounds that

- they referred to thresholds in the population of the settlement ratherma;h in the population

of the hinterland. It is certainly true that for most of the centi i ig{es of a higher order,

the population thresholds may "extend beyond e limit of the city. In these cases, the right

)

definition of population thresholds remains elusive. Confronted with this problem, Haggett

and Gunawardena [89] attempted to find a relia{ble medsiire of population thresholds. With

-

the Reed-Muench-method, they calctlated a median/population—threshofd that corresponded to’

3 .
the mid-point between the centers’ populatién and the number of settiements where the

activity could be found. Finally, in Southern Ceylon, Gunawardena [28) showed that the
population thresholds of centers were significantly correlated wﬁh the population thresholds
of hinterlands. Both measures may thereforé have the same impact on the im%ortance of
settlements. - . | ' %
) ’ o | £
Q .
Clearly, the literature dealing with the two theoretical Christa]lerian Semrality_ indices

confronts us with unanswered issues. Why was the outer limit dbf the range of activities

neglected while its inner limit was considered? -Do the j)opulation thresholds of hinterlands

I

Y
S
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and centers have the same meamng as far as the centrahty of settlements is concemed"

In the Cher, it was decrded to mclude both inner and outer limits of the range of

o

" *raetlvmes as two mdependent mdtcators of the centrality of towns. Three measures )gll be

Lot

successively calculated for the 48 actrvrtres‘ presentm the 290 communes. The frrst operatton -

will evaluate “the outer hmrt or maximum drstance travelled by consumers ‘when the activity is

not found in the center Th1s operatron ‘will be based. upon the assumpttons that customers
patromze the nearest center and 5hat the dtstances travelled ¢ n be sum¥narized as strarght -line
drstances The second and thtrd operatrons wrll be. concerned w1th the ifiner limit of the range

of “activities. Both population thresholds of hmterlands and settleménts will be calculated and

compared for-the 48 actrvrttes Frnally. the best- frttmg measure of populatron threshold W111
3 W 4 . .

be selected in the Cher. , : ‘ - _ : <

. )

.3 2 The range-of-48 actmtres in the Cher. o ,

The objective of this secuon is to recogmze Chrrstaller s theoretrcal centraltty

indicators in the Cher. To this end, the Chev 15 assumed to be equivalent to Chrrstaller s ideal

Tk

. spage. The‘ Cher is firstly assumed to" be an homogeneous plain where distances between
. settlements are not drstorted by topographrcal 1rregular1t1es of any kind. Secondly, customers

are assumed ‘to behave in an optrmxzmg fashronzb‘)f patronmng the r!earest center when an

actrvrty can not be found ina locahty Finally, tﬁe economrc system is sup&i‘t: be static,

and activities of same order are. supposed to possess equal levels of attractio eir owners,'i

°

‘are\not supposed to make any extra,-profrts .o

-

¥
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3 2.1 Upper limit of the range

e

’l‘hts sub-section  is concerhed with the measurement of the upper range of the 48

" selected services and retarl trades in the Cher. The upper hmrt of the range of a good is

defmed as "the farthest drstance from the central place from whrch lt .can be obtarned from
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gfomers on their -travelling. habits was neglected. The principal of " "least
e‘ffort* was rather assumed Yalid in the Cher, and the outer limit of the range of the 48

activities was found by means of a simple algorithm. :

~
\

The method used to calculate the ﬁpper range of functions in thé C‘hcr,rclics
largely on computer facilities that allow’the computation of larger fiﬁclds of dgta. The "
-algorithm‘developed for ‘thié purposois indeed quite ”sirnplc, but calculating the farthest
distance travelled for 48 functions over ttre 290 settlements of the study area requires a
large computer’ s memory capacity ‘that was non:? exxstem thirty years ago when most
em_prrlcal studies took place ‘The flowchart dlspalyed in anure®3 .2 describes the
algorithm, and for the sake of clarity Figure 3.3 illustrates the six major stcps of -the
ajgorithm. | , Ny |

e

'Firs_t, three elements are extracted from ta-base:

1. Names of settlements.
2. Geographic coordinafes of settlements.’
3. Number of establishments. for the functions present in each settlement.
‘ .These three elements-are all that is required in -order to calculate the‘upper limit of the ~

v - . ) . 3‘*, ‘ B
" range of functions, and are transferred in a separate data-base and put into a readable

-
« .

form. .
The next step consists of differ'ent;iating the centrai plaoes that perf orrn the first
" of the 48 listed functions from the "dispersed plaéeS" that do not. In sh_on,‘ the :program
reads the number of 'establishments of this function for the 290 ééftlemerits. The
? 3 settfements with a value equal to zero are then dxssocrated from. those havmg a number

equal to or greater than. one. For the’ fxrst functron consrdered the program thus dmdes
. i ‘

ctntres and t.nbutary towns mto WVO d1f ferent groups
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_Calculating the Cartesian distances between these two groups of settlements is the
next task, Geographxcal coordinates are assigned to each settlement and a Cartesran ‘
coordinate system is then introduced. These coodmates are determmed from two \

>
perpendicular axes supenmposed on a large scale map -sheet of the region. These

coordinate lines mtersect .in the origin 0 and have the same unit of length. The study area
is thus compared to a coordinate plane where each settlement is assigned an ordered pair
of coordinates (x-coordinate and y-coordinate), and the distance between two

settlements, S1 and S2, is given by: - ,
. . ‘ ,‘ ,‘ p

d(Sl.SFZ)=t/(x2-x1)’+(y2-y1)2

or Cartesian distance formula. Chnstaller however consrdered the range of the goo::is'
from an economic standpoint and defined the "farthest diétance - of the upper range not
as the geographic distance, "The drstance in Kilometers is economrcally unimportant [21,
p.52], but rather as the economic drstance "By which we mean to say in money value
instead of numbers” [21, p.22]. He then identifred -the determmants of the economic
' distance "This economic distance is deteumned by the cost -of frerght msuran(ce and
storage; time and loss of weight or space”rn tr:bnsrt and as repards passenger travel, the
cost of transportation, the time required, and the disc0mfortf.pf travel.” [21, p.2_2].
Unfortunately, such infor_mation was \tirtually. impossible to collect in the study-area.
Instead, we "arbitra;ily .decided to base the caleulation of the upoer range of functions on
a strict geographic distanee, and the simplest distance measurement was chosen (Cartesian
distance). The straight-line or Cartesian distance between settlements, “althougn inertact, .
remains a satisfactory approach to evaluate the upper range of functions in the Cher,
since it 1s assumed that people patronized the nearest center and the region tends to have N
a plane topography as well as strarght main roads s, . Y

* Once the distances between centres and tributary towns are calcnlated, the next

——

step of the procedure consists of allocating centres to each of the tributary towns. To this

i
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- end, Christaller's underlying assumptions that consumers always travel to the nearest

. "Au%
centres .to make their purchases, and that all consumers of a given Jributary town
. & [T [

. o ' . . . . s s Y a3 . N ’
frequent the same allocated centre are satisfied. A centre is thus allgted o a tributary
, . <
;

town when the distince separating the centre from the town is smalléfthan ‘the ‘di'star:cls

separating the tributary town from the other centres. This shortest‘-disthi'cé calculatio 1s -

then Tepeated for all tributary towns of the area, and as indicated: in case number 4 of
Figure 3.3, sets of tributary towns are assigned to each centre forming different

complementary areas., .

Once the space is partitioned off into complementary areas, it is possible to

determine the largest distance separating centres and tributary towns within each area.

Figure 3.3 illustrates this procedure and case number 5 indicates the greatest, distance, -

"Mak ", betv;éen the"cenfres and the tributary towns within each cofnplementafy_arca.

Tﬁé final step of ‘the procedure i$ to select the largest of these distances by
considering alf corhpleipemary areas as a whole. This distaﬁce, as illustrated in case 6 of
Figure 3.3, is the upper limit of the range of the first function cé)risidergd. This value is
then printed\and the program is ready to af)i)ly the sam‘e‘ algorithm to the second function

listed arid so on, until it reaches the 48th and last function.

3.2.1.2 Results.~ SRR o : ~

Table 3.1 where the maximum radius of sale of the 43. services and retail trades

considered in the Cher is listed indicates a hierarchy of activities that ranges from smoke

shops, with an upper range of 5.57 kilorhete':s, to social security offices, with an upper -

range of 53.80 kilomet?;\'l‘his hierarchical sbatial orgahization of activities tends to
-confirm that the upp f limit of the range of functions is an adequate tobl for measuring

The classification of the activities according to their)ufaper range suggests that

the centrality of settlemends.

_those "of a lower order consist mainh} of basic food-retailers and s_élf :employed

g;j;':prvgfessi ol re¢ basic: food institutions-bakeries, butcher shops and corner
S S ot e * _ .

i - 1 N . X . P <. ) . o
' 6I,es-hg-‘ Bge varying between 7.47 and 8.34 kllom_gters. All self-employed

*



Table 3.1 Upper range of functions in the Cher. "

LIST OF FUNCTIONS

Smoke shop
Newspaperstand
Restaurant
Gas station
Bar
Carpenter
Bui lder
Bakery
Electrician
P lumber
Butcher shop
Corner store

Mechanic, agr1cu1ture

Painter

Post office
. Diesel station
. ) " Fire hall

Hairdresser

’ \\‘ Furnace man
mﬁ
Qi1 station

Church .
Market (monthly)
Minister ‘
Hardware shop
Tax office

Police station
Granary
Nctary
See shop
Stereo’store
Haberdashery
Shoe store
Clothing store'

. Ironmonger’ s store
8ank )

. Sports store*ﬂ'
Barber )
Stationery store

~Veterinarian

+ Savings branch

Cake shop

Furniture store_

Fish shop .

‘Wholesale market

. “Dairy ~ ‘ﬁ-

7Supermar t -

L

o ﬁSocaaL §ecur1ty off§ 

UPPER RANGE .IN KM

5.57
.57
.32
.69
.08
.14
. 42 it
.47
.65
.83
.83
.34 -
.71
71
LT
Tt
LT
.11
.03
.10
.92
.65
.45
.74
.74 :
.74
ARE
14,86 7
16.12
16.12
16.62
16.62
16.62
16.62
16.62
16.62
16.62 -
17.51
17.51°
17.76 -
19.16°

- Lot - . B .
P P T N )
bwww}\"—‘OOO_@D(D(D(D(D'O@\I\I\!\!\'!SJQG‘CD(I\
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professions (i.g. mechanics, plumbers, paimérs, carpenters, builders, etc.) ha\}e a‘rangc‘
smaller than 10.10 kilor;ieters. and the remaining activities of a' lower ordpr-smokc shops,
newspaperstands, restaurants, and gas statioﬁs-have a tange smaller than to scven
"kilometers. As a result, twenty of “the 48 selected activities in the Cher have an uppc'r‘
range less than 10.10 kilometers, and-tﬁe‘ region tends to be well supplied by numerous
) dispersed basic intitutions. The map presented inmﬁ‘gurelSA depicts the range of the most
ubiquit9us activities-smoke shops, newspaperstands, restaurants and gas stations. On this
map, the settlements that perform at least one of these a;tivities are indicated by a biack
shaded. circle whereas the settlements that perform none of them are repfcsented with a
blank circle. Respecting central place pheory. the range of these functigns is- then
identified on theoretical grounds as thé disténce between the tributary communes that do
_not perform the functions, and the nearest centre that perf orﬁé them. This range is thus
: determined on the basis of the least average distance consumers are reqdired_ to- travel ‘to
reach the centres.'A glance at the fnap shows that only'21 communes do not perform al
least one of these functions. Among them,.' fifteen do'n‘otv perform any of the 48 services
- and retail trades. Most of the 2i communesnare located in the southern part of ihe region
and a cluster of 13 of these cémmuncs is observable in the southwestern part whichis
eco.nomv_iéally oriented esséntially toward ‘an extensive farr;ling activity. In this area, the
population of these "di‘spersed" communes ig very low with an average of 76 inhabitants
'mosfly scattere;d, with a low popula.tion density of nine inhabitants per square ki'lomcter.
Urban popﬁlation is often non-éxis;ent and these communes are essentially corﬁposed of

| dispersed farms." | | "
‘{Xt the ofher end of the scale, the three most central fﬁnclipns-soé\ial security

o_ffices, supermarkets an'cL dairies-are foundv in only a few centres.‘Only sixtéer’n central
places» offer at least one of them and, as' depicted in Figure 3.5, they are located at the
centre of trade areas -of varying sizes. By contrast v;'ithfigure» 3.4, the "dispersed”
communes that do not perf ;rm these functions bf a higher grder are frequent, and their

separating distances to centres are sometimes important. Again, the southwestern part of



Figure 3.4 Upper range of f unctions of a lower ofder.



Figure 3.5 Upper range of functions of a higher order..
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the county is typical of a rural area where one centre (St. .Amand-Momrond). serves 53
tributary communes up to 40 kilometers away. The range of these functions is also high
in the eastern part of the county where two cent'nG Sancerre and Sancoins, serve 81
communes. Probably due to their location riext to the administrative limit of the county,
they supply communes that are up to 30 kilometers away. But, in the extreme east and
southwest of the region, it is highly probable that the most distant tributary commune -
would, in fact, be considered as belonging to the trade areas of other centres, located in
adjacent counties. As suspected, the range of the most central functions is lower in the
central part of the county where a rgrger nurber of centres is '1ocaiéd. A peculiar
situation occurs however, when the main aggiomeration of the county, Bourges, does not
supply any surrounding villages. When Christaller's assumption ( "least-effort pfinciple")
is applied, satellite 'suburb towns such as St. Doulchard, La Chapélle St. Ursi;l and St.
Germain du Puy supﬁly the villages surrounding Bourges with central goods. Hence, we
'arc confronted with an unlikely situation where Bourgeé";’, the head-town of the county,
does not have a complementafy area for the three functions of a higher order. Bourges,
however, is considered a market centre, and thus the case depicted in Figure 3.5, draws
attention to some difficulties that can arise when one undertakes to épply Christaller's
concepts to spaces that are not "ideal", where the underlying assumptions of central place
theory are di;;brted. This fact would tend to support Kolb and Bruner's [96] point of
view, namelf , that hamlets tend to avoid larger centres rather dtha‘n cluster near them.

Despite spatial distortions due to sateli‘te towns, the two maps (Figure 3.4 and

3.5) provide a good illustration of the Tange of two spatially opposite sets of functions.

3.2.2 Lower limit of the range.
In substance, this sectxon introduces the concept of the ‘lower range of goods defined
by Chnstal]er as "the mxmmum amount of consumptxon of thxs central good needed to pay

for the. pro_ducuon or offering of the central good" [21, p. 54]. But the study of past case
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studies reveals some unanswered issues. Should the lower range of functions be calculated on

: \ .
the basis of local or hinterland population? Do these two measurements have the same |
significance? The investigau’on‘ of thg two types of thrg:holds in the Cher and their

comparison will provide us with a satisfactory answer. i
L

3.2.2.1 Local and hinterland population thresholds: methods.

. Deterr;lining the thresholds of lbcal population is straightfoward. The algorithm

VA

can be summarized in two phases. The first step, consists of diss_ociating centres from
tributary towns. For the first function considered, the communes that perform the
fuﬁction become centres, whereas those which do not perf orm‘ the function, and \‘«}herc
inhabitants need to travel to purchase the good, bécome tributar)} towns. To this end, the
" computer's program so created. reads the number of establishments for the first function

listed, and rejects the communes recorded with a zero. When the progrém reads a number
equal to or greater than one, it keeps in memory the population of the centre. -

The secbnd.step of the algorithm is to sélect the lowest population of the centres.
The lowest number of inhabitants then bé&%mes the threshold of the first funbtidn
considered. The process is repeated until the last function is reached and, as a result, the
lower limit of local consumers required before a giveﬁ type of function could come into
existence is assigned to each of the 48 functions. |

Detcrrﬁining the thresholds of hinterland _pop'ulatioh ;s/more complex, since the
proéess of identifying-hinterlands reciuires a more elaborate computation procedure. The
algoritlgn for 'thve calc.glétion of this second type pf threshold consists of a procgdure of
four phases. | _ |

The ‘firsi step consists of dissociating centres from tribhtary towns for the first
func‘tion ' considered. The process is identical to that pointed out in ‘the . preceeding

) -
sub-section. .

~ S o - . ©oe A .
Once centres and tributary settlements are differentiated, the next concern is to
allocate centres to each tributary town in order to obtain a set of complementary.areas or

" "hinterlands”. As described in the preceding section. for the estimation of the upper range -
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1. Calculating the Cartesian dlsta*hces betw%n centres ;ﬁﬁril;utary communes.
2. Allocating centres to the mbutary commu*\es that are the. cloSest (the prmc1ple of
"least-cffort” is arbitrarily assumed to be valid in the Cher).

‘Addingy the pc;?\ulatién of centres to that of tri’butary communes within each
hinterland is the next task. Thus, the hinterland pophlation corresponds to the centres’
populafion added to the population of their complemen&ary areas.

’ Finally, the last task is to select the least populated tradepareé. The population of o
this hinterland is then assigned to the lower range of the first function listed in the

data-base. The same process is repeated until the last function is reached, and 48

hinterland population thresholds are thus obtained.

3.2.2.2 Results. |

For both thresholds, the results listed in Table 3.2 show a structural o'rganizatioﬁ
of the activities rangihg from restaurants, with hinterland and local threshq}ds
respectively equal to 87 and 22, to social security offices,’67,710 and 12,451.. As seen in

the calculation of the upper range of functions in the Cher, basic food-retailers and

self -employed pfofessions are the most ubiquitous activities in the Cher, since their local

L am L]

- and hinterland _populati'on threshblds are low. The three basic food-stores, ie. cornérv

stores, bakeries, butcher shops, are supported by a hinterland threshold lower than 297

inhabitants and a local threshold lower than 178 inhabitants. All self-employed - -

professions (plumbers, builders, carpenters, mechanics 'et'c.) are supported by a
hinterland and local population lower than 381 and 180 inhabitants. The 'rvnos; central
activities vary according to the type' of threshold considered. As far as hinterland
population is concerned, the four most central functions and associated thresholds are:

1. Social security offices (67,710) | |
2. Suﬁermarkets (5,606) J

_3. Fish shops (3,341) | | >
4. Dairies (3,026)
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“Tabls 3.2 Hinterland and local thresholds of functions in the Cher.

» ~
>
HINTERLAND POPULATION “CENTRE POPULATION
THRESHOLDS " THRESHOLDS "
Restaurant . a7 Restaurant 22 T
Bar « 88 Smoke shop » 22
Builder 124 » Gas station 22
Church 149 Bar 52
SmoKe shop 175 Mechanic agriculture 92
Newspaperstand 175 % Mechanic = 92
Corner store 175 Newspaperstand : 106
Bakety 175 Corner store 106
Mechanic agriculture 209 Church 106
Market (monthly) 216 Minister 106
Granary 257 Carpenter 108
P lumber 270 . _ Builder % 123
Gas staticn 271 Furnace man 124
Carpenter 279 P lumber 124
Furnace man 279 Bakery 127
0il station 289 ( Painter Y142
Electrician © 290 Market (monthly) 153
Butcher’'s snop 297 Granary 176
Painter ' - 331 Post office 178
Post office ‘ 363 Butcher’s shop 178
, Diesel station 375 Electrician 180
2' Mechanic i 381 Fire hal) . 180
; Stereo“store 437 Stereo store ¢ 180
Hairdresser 437 Diesel station 182
Barber 455 Hairdresser - 182
Fire hall - 559 Barber 1 | 182
Furniture store 571 Cake shdp » , 216
Veterinarian 579 0il station <232
Minister 803 - Haberdashery 247
Clothing store 868 Dairy 253
Seed shop . 888 Fish shop ) 285
Haberdashery 891 Wholesale market 295
Ironmonger’'s shop 924 Shoe store 317
,Bank 924 . Clothing store 331
"Hardwzre shop- 1138 Ironmonger’' s shop 348
Wholesale market 1143 Hardwalte shop . 381
Shoe store 1143 _Furniture store 2 394
Sports store . 1203 Stationery store 405
Notary - 1782 - - Tax office 476
Tax -office 1849 Police station m 473
Stationery store 23186 Veterinarian @ 476
Saving branch =~ 2361 Saving branch - 504
Police station . 2401 Notary ~ 551
Cake shop 2600 Bank S66
Dairy . 3026 - "Seed shop & 584
Fish shop 3341 Sports store &7 584
Supermarket 5606 Supermarket 2129

Social security off. 67710 Social. security off. 12451

- °



Sports stores a seed shops bOththave lower thresholds of 1203 and 888 mhabrtants
These two last activities howevex“‘are classified among the four most central actrvrtnes in,

*the Cher when local populatron in considered. In this case, the four most central actrvrttes

';are:\ LT o L "'

- 4. *Seed shops (584)

¢
ot

| B

e

1. Soctal securtty off ices (12 451) . , . .

2. Supermarkets (2,139) .

3. Sportszst??es '(584)

e d

Surprrsmg.ly. dames and fish- shops have relatrvely low thresholo; of 253 and 216

mhabr_tan_ts. S - cL

*

32‘23Companson L " e

The observatron of these two types of thresholds leads to some mterestmg results

&

It is now possrble to affrrm that both thresholds do not have the same meamng in the

study ‘area. However a precrse analysis. of . therr Ielattonshrp is necessary, since' it

represents the essence of the problems ‘found in experrmental works. Scholars in their -

atthpt to evaluate the centralrty of places largely drsregarded the notion of hrnterland
population thresholds asa measurement of the lower range of functrons Tﬁe&re their .

work has been based on the underlyrng assumption of a perfect linear relattonshrp

-

between the two types of thresholds where rf reported on a-graph, all observatrons
3

' should lie on the same straight lme as~1llustated m Frgure 3 6 Gunawardena [28] Justrfred

.x" .

th-s decrsrony showmg a satrsfacto&rf correlatton between local: and hmterland thresholds :

in’ southern Ceylon (Srr Lanka) H ever ,umlar research could not be found and the

: fact that scholars arbrtrarrly selected one type of threshold wrthout JustrfyrngoM chmce

~may have led. to mconclusrve results o .

,‘Qz

Attentron is now drrected tof md 2 descnptrve devrce 10 1llustrate the forrn of the

relauonshrp hetween the two 'ypes of thresholds in the Cher Our ftrst attempt 1s to ""

measxtre the degree of‘ assocmtron between hrnterland and local p0pulatron thresholds for -

the 48 acttvmes by usmg the statrstrcal correlatxon., |
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To this end, the startmg point xs the data listed in 'I'able 3.2. These data classify
the 48 activities according to thelr local and hmterland populatlon thresholds Smce the .
data are mterval 1t is convenient to use a correlatlon coef ficient Wthh ts\based on actual
| values The Pearson correlation coefficient was selected This coefflcaent would range in
- value from‘ +1,‘1f there was a perfect positive correlation, to -1, 1f there was a perfect
negative correlation. “If there was no relation between thg two 'types of threshold in the
“-Cher, the coeffrcxent would drop off close to the value 0 The result obtamed is only
partially satrsfactory ‘since the coefflcrent is equal to +0.89. It indicates a high posmve
correlauon between the two types of threshold in the Cher but it nonetheless w1pes out-;__.‘
. the perfect c01nc1dence assumed between hmterland and local populatlon thresholds This
coeffi 1c1ent indicates certam dmrepanctes between the classrfxcatrons of actrvttles obtamed

- from the two thresholds. It 1s now possrble to to clanfy these dlscrepancres by using the

a
»

' tnethodgof simple regression analysis.‘

- v »

Instead of simpl measuring the degree of relationship, simple regression analysis

consists of prodﬂﬁng linear m§themat1cal models that specrfy the relatronshrp In short,

'R

thesprocedure rests ‘upon fmdmg the: best frttmg line to descnbe a scatter of data. The

-~1

 insertion of a line which summarizes the relatlonshlp between two vanables is obtatned by

,'means of least squares cntena The ldea is to ensure that the sum of the squares of- the

N -

differences of the 1nd1v1dually observed values from the line is at an absolute, mtmmum
In the present study, thc values are the hmterland thresholds (dependent vanable) anﬁ‘\

the local thresholds (mdependent vanable) The mdmd S are the 48 acuvmes
. %
(observat)ons) The extent to whrch the observauo $ devwﬁe from the regressnon hne are

. 4

kndnvn as resxduals br vertlcal. dxstance between ch observation and the regressron line

on the graph Xheir analnys wrll answer the questions of whether or not the dlscrepancxesb
between the results obtamed wrth l{)cal and hmterla,nd populatlon thresholds are s

* significant enough /o/g,arrant the madequacy of.- logal_populatton thresholds utilized in

» 'empmcal studres B R '
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Figure ' $8 shows the lower range of activities il the Chiér when local and

.‘b . : E ooy ) . .
hinterland thiresholds are .associated. As previously suggested with the correlation

a -

coefficient, this graph -indicates a Log-linear relationship between the two types of

thresholds, since the differences between the dafi points and the regression linc are

minimized. However, the situation is somewhat different from that of perfect, linear

o

population'is considered For %xample

{
relationship showed in""F‘igure 3.6. At first glance,- activities such as-gas stations, smoke

offices he well above the regression line. On the other hand, otRstattons furniture slores

o

shops mechanics, dairies, fish shops,.cake shops, stationery stores and social sezrity

- veterinarian clinics, séed shops and supermarkets are posrttoned well below the regresston

line. In summary two groups of activities indicate discrepancies between the two types of
.thresholds »The range of ”'"the frrst group of actrvrty is underestrmated when local
populatron is consrdered whereas the range of ! the second group is underesttmated when
hmterland populatron is consrdered ‘ \ N
Theexammatron of resrduals, or differences between data points andd the -
regression li.ne.displayed in Figure 3.7, highlights the dlsharmony between the two t)rpes
of lower range in the Cher. The four functions, social secunty of fices, cake shops '

dairies, aad fish shops, are classxfred w1th excessrvely low thresholds when local

the list of the 48: functrons ordered by. local'

populatron thresholds cake shbps dre cl

actrvrtres are ordered by hmterland populagon. ln the fi 1rst case, a }ow threshold of 216
J

lfled in 26th position, 'and 44th when the -

‘ mhabrtants is assrgned to thrs actrvrty whegkas in the second case, cake shops become a

more central function wrth a hrgh minimum- hmterland populat.ron of 2600 mhabrtants
Several illustrations of these rrregularrtres can be observed in the Cher A typrcal example

is the gas station whrch is .the umque actrvrty of St Ceol a small hamlet of 22
LA

mhabrtants. When local populatron thresholds are consrdered gas statrons are tallied as
]

the most ubrqurtous functrons in the Cher with a threshold equal to 22 ghhabntants (the

“ .
populatron of St Ceol) St Ceol however is an- exceptron and rf the commune was

iprobable that it i

e

not "exceptionally” located along a major transport axrs, it is

s !
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would not perform thts service, since its own population is so low. The esttmatron of -
hmterland populatron gives more consrstent&sults Srnce it takes into account both: the.
centre's and the trade area's populatton it regulates these "exceptional " srtuatrons and,
for’ example gas stations become more central wath a hinterland threshold of 271

~ inhabitants. Thrs problem of exccptronal occurrence of functrons assocratcd wrth
exceptronally" low population levels cert{ar dtstorted the resul"fs obtamed qtn most .
e based their measurements of range on the mtmmum ceritre

1x activities v»l'urniture stores, -veterinarian clin“ics seed sho.ps .

when hmterland populatron is considered. Vetermarrans for instance, are. supported by a

”

; mr/nrmum local populatron of 476 tnhabrtants and a minimum Rinterland populatron =
hardl‘y htgher (579 mhabrtants) Once more, thrs example 1llustrates the inadequacy of
local populatron thresholds for measurrng the lower range of functrons Veterinarians,
banks sport stores and seed shops are functlons that are’ typtcal of medtum sized

: vrllages They therefore have relatrvely high® local thresholds varying from: 476 to 584
Al

" s -in nts. - With these levels of ‘minimum local populatron thesiuncttons are of a
Lo
lll’gmr order  in the Cher Therr spatral drstrtbutron shOws that Yhése™ functions are

i" spattally very flexible, and most of the medlum -sized villages of the region support ‘them.
' Ao

Their complerlntary area@f}are therefore rather small These functions, although

classrfred as central wrth local thresholds are, in ~~fact, qune ubrquttous More\;

«

\*  significantly, they .are classified of a lower norder when hinterland populatrqn is

consrdered SR
". 0
In conclusron the relatronshtp between thresholds based on local and hrnterland ’

populatron revealed a’ good correlatton between both measurements but outlmed

]- P P B
resﬁlts due toa certarn number of anomahes These anomahes ref erred\prmmp y*to the

i

occurrence  of - central servrces in settlements w1th excepttonally low thresholds of ,

devratrons It appeared that thresholds establrshed wrth centre populat;,on led to ;?oneous

L > o B4



. B : _4/"
e, " § F

populauon As a result thhterland populatron was recogmzed as a more sattsfactory tool .

since it regulates such 1rreguIarmes Furtkermore, smce the hmterland populatron“"

lb- “,
‘threshold is defmed on the basis of the whole complementary area populatron (center and

’ trade area) it fully respects the Chrrsta#erran prmcrple of a servrce centr'kervmg a

tributary area". It can therefore’ be cOncfuded tpat }he lower lrmxt of @ range of

functions in the Cher 1s to. be defrned as the mrmmu% hmterland populatmn that.‘,

. S
' supports the occurrence of a function. ] S

oyt
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4.1 The problem. =~ T 2

The term 'jcentrality " does not have a universally agreed upon definition. In chapter 1
several case studies attempting to measure the centrality ol” towns were presented. However, it
could *be concluded that not one unique definition of centrality was »glven Certa'iiv B

S geographe‘rs among tthem Beé@y Qll] Jphnson [35). Davies [23] mScott [57] and’ Bmc@y [13]“’

conetdered cen?ralrty in terms of. populatlon and the number of services offered. Others, hkc
b Preston [53] Olsson and Persson [47] or Illens [33] mcluded ¢économic factors in their
. centrality models such as the sal_es.of durables or, the average famlly mcome of each to,wn:
These studies attempted to measure" the aggregate importance- of places. Se\;eral' other studies

estimated the relatzve importance of centers. They used other centrality crttena such as the

accessrbrlrty of towns [55] or the magmtude of flows between centers [26,68]. There is clearly.

a wide range f centrality measures found in the htera}nre This can result in confusion when

¥
of finding an aﬂequate measure to classif y the towns, of3 an area is encountered.

’

What type) of centrality indicator should one seféct" The solution might be to return to the
etymolog' al sdurce-*of thc te'r'm‘ "centrality and apply the original concepts found in
Christaller's Central Place Theory Once. more, ho satlsfactory soluuon caft be found smce’
Christaller's definition of 'centrahty‘dlf_fers ‘dependmg on whether one examines his theoretical
up'rinciples or ‘his empirical study in Southern Germany'. In the former case, Christalle.r.j
" presented a centrality index based on the relationéhip between two indicators,, namely, the
" inner limit‘ (threshold of hinterland poptrlatidn) and the outer limit (maximum djstance
consumers-are willing’z’to'trarel) of the range of? towns. In the latter, he simply measured: the
centrality of cettlernents in Southern Germany by combining their population and number of

'

telephone connections.
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As a result, most geographers regard the centrality of towns as an aggregate of
dlf ferent elemental components The concept of centrahty is largely understood, but actually
‘it is reflectwc of the opinions and expectattons of individual resear? For mstance in their

a'ttempt to find an adequate centrality index, some geographers ided to choose a single

=3

’ mdtcator whereas others *preferr@o combine up to five indices in one measure.® When this

study was mtttated there ‘was no preconcerved notion that one ingisator of centrahty -was

ether varrous mdlcators

LR

better than another. Rather the question raised pertained to

produce similar or different results Subswﬂlently, it 'should be

there is any ratronal basis for combmmg the mdtcators into a single meagurement of the
?1

centrality of settlements. In other words, can a number of centrality mea@‘es be condensed

into one or more independent l-‘a,ctors? ‘v

Berry [10} suggested that the number of functions witiin a tgy/n is a,good summary

of its centrahty This is accdrdmg to the premise that thrs mdtcator is well- correlated with

several other 1nd1cators namely, the number of éstablishments and the populatron of towns,

*
"We have shown number of central functions to be an accurate mdex of the

v -

centrahty of a place [10 P- ’8]
- "The populanon of a central place is dependent upon the total number of kinds of
retail and service business 'offered. This number in tugn, ‘in part depends upon and

“

in part determmes the centrality and economic reach of the. center " [75, p 37]

Should the centrahty" of a center be measured from one single mdrcator or from the

combination of several mdrces" In the Cher, would other centrahty measures be more

* ’

adequate than the total number of functions of each center" Can the two .Chnstallenan

-t

indices, the outer and mnir hmrt of the range of towns, be regarded as'a good summary of

the hlerarchy of towns in the Cher" Is it possrble to combrne cntena regardmg both the

T |

~* In his study in the Phrltppmes Ullman's [70] 1ndrcator of centrality is the trafflc
flows between towns. :
‘$Preston’s [53] centrality model combmes 5 indicators which are the total sales of
retail establishmerits, theﬁotal sales in selected service establishments, the average
percentage of median family income spent on retail items and selected servrces, the
median. family income .of a central place, and the tota?l number of families in a
central place

A

ermtned \%ether ‘Or not.

-~
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relative and aggregate importance of towns?
| To solve these issues, 15 centrality indices have been identified in the Cher. The
method suggested is Principal Component Analysis whnch starts w:th a mamx of correlauon‘
coefficients measuring the degree of correlation between the 15 mdtcators By means of
extracting underlymg factors ylnch are responsible for the covariation among the variables, it
is conceivable that oan’one-_significant factor accounts for the intercorrelations of the

&
variables. In this case the concept of ce'ntrality may be logically shown in one dimension. If,

however, more than one factor is sngmf icant in the Chen.. then there is a strong argument 10

support the concept that centrality is mult:dtmensmnal Each of the dxmegsxons are then

&

mdependent of one dnother. In order to find an adequate solutl‘bn in the Che%g we w:ll

examine three steps successively, ' L ) , 4 w

et

1. Selectton of a set of centralnty indicators.

-

, ( o
2. Method chosen to condense these centrahty mdlcators

3. Analy51s and discussion of the results obtamed thh the Prlnc1pal C@gtponent Analysis, ;.

o A it
< LS @

4.2 Selection of the centralltyﬂ‘élntlylcetoréyin the Che;.
Central places are defined as serv' ters ‘which act as centers for the exchange of
goods. The problem of the deveIOp nt of. central place is thus one of minimizing the )
distance travelfed by é'onsnmers' while maxirmzm§ the profitability of the activities. Since
central plabe activities are essentially distrlbutional and customers are spatially diffuse, the

. o . v '
ceptrality of places is therefore directly proportional to:

;
1. The distance between the aCti'vities and the villagers. ' T i
-2, *Th.e spatial eff iciency or level of grouping of the activities.
3. ‘The"population served (sales reqnire more custom*. v : ) ! ‘
In summary, it seems,that the centrality of a settlement can be measnrec’l'in terms of,
l. Accessibility indices.
2. Functional indices,

3. . Population indices.
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lnﬁdditfon to these three types of indicators of centrality, the importance of a central

.' place also depends upon the_' volume of sales and the revenues from customers. Profits of

suppliers increase as long as the revenues from customers exceed the costs of serving them.

However, the source of information chosen for this study does not provide economic data

" such as the total sales of retail establishments, the total personal annual income of the

)
population, or the medlan family income spent on retall items. Rather, the Inventaire

Communal offers detailed mformanon concerﬂrg populanon and functional indicators of
centrality. The accessx'brlxtyx of settlements can then be easily established from a detailed road
map of the region.
4.2.1 Population indices. ‘

| The total p i the ' nucleated population, and the population density of :

communes were dlI'CC ed from the data sourCe The total population eml)races both

b ‘

urban‘%ﬁnd rural popul:mon of éach ‘of the 290 coflzmunes of the Cher. By definition, a
commune mcludes an urban settlement (e % tgwn V&Jage gr hamlet) and\a variable number
of farms scattered in the surroundmg lands. fl’ne populatron living in these farms is recogmzed
as the "rural¥ population of- . the commune. In contrast, the "nucleated” or urban

population of a commune is that living in the urban settlement. In France; thls populatiorl' is

statistically determined according to precise criteria;- All people surveyed as living in buildings

or houselolds located around the settlement s church are consrdered as nucleated population.

" Each building should not be separated by a distance exceedmg 200 meters These two concepts

of rural and nucleated populatlon are very ‘1mportant in central place studies. Johnston [36]

.

and burand Dastes [24] suggested that the degree of nucleation of zthe population within a
‘commulne 1s a good mdex of centrality. The populatron densrty 8 also a good indicator of .
centrality- because it takes into account the size of the commune. v ?

| Fmally, since the inner limit of the range of . towns or threshold of hmterland
~populatnon is a maJdr eomponent og“Chnstaller 'S centrality model, tlns last driterion was
required\ as a centrality indicator of the towns in the Cher. In chapter 3, we ?scribed' the -

/



is an exceptlonal case and the majority of settlements in the Cher have un?fon% dxstnbuuons

\
method of measuring. the thresholds of the 48 central activities selected in the Cher. These
activities were then ranked-according to the minimum‘hinterland population served by each br

them. As a result, Table 3.2 lists the 48 classified actm%s where restauxants arc the lowest

level activity with a threshgld of hin pulation eQua1 to 87. At the other cnd of the )
scale, social security offices require a mini hinterland population of 67,710 inhabitams o
. Ao .

occur in the Cher.

‘,In order to evaluate the inner limit of the r:{ngde‘of the c290'towns of the Cher, it :was
arbitfarily decided to assign it to the threshold of hinterland population of the highest level
activity found in each town. For instance, the highest level ac’tivfi-y found in éourges is the » \
social sécurity office. Table 3.2 shows that in the Cher the threshold of hinterland pqpulation . |
of this activity is 67,710 inhabitants. Hence, the-inner limit of the range of Bourges was sel.tog ,

’

67,710 inhabitants. Brecy is a smaller town located 15 Km on the eés;-side of Bourges.
1

Brecy's highest level act1v1ty is the dairy which requires an hlmerland populatlon threshbld &1

3,026 mhabltants (see Table 3.2). The inner limit of the range of Brecy was tﬂe.ref ore set o

© 3,02 inhabitants. - . S

* The least satisfactory aspect of this method is that it rests on a single observation for

-

each commune, the most central or "marginal” activity. Considering only the most central

‘. / , .-~ ‘ . '
activity of #ach town May be disapproved of when the conditions are too remote from

Christaller's ideal economic space. In actual situations, settléments do not always possess the,

"ideal" arrangement of services where larger centers offer the services not provided in smaller -

places as well as all services found in smaller places. Brecy, for dnstance, is a village of, 503

inhabitants that offers a dairy, the 4hird most central tivity in the Cher (see\ Tabte 3. 2)‘

Brecy s mlmrnum range of 3 026 mhabltants makes it gne. of the most cengral pTaoes of the .~
4 . . . [ -

,"> .

A .

‘ spemallues The centrality of. certam towhs rnay théxefore be over esumawd\lflpwever Brecy ) g

) ,,l"

b}
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4.2.2 Functional indices. : - R

) B Y
For the purpose of defining functional

data available has been summarized in terms ol ons and gstablishments for each center.
An establishment is the unit in which an : is perf.ormed whereas functions group éll
establishments by types. Brecy, for instance, eupports three bars. Brecy is then reeor_ded with
three establishments and one function within the rubrique "bers " Let us assume that there is

a town that provides only three functions, bars, restaurants, and . post office. One

establishment is associated with the post office, and two establishments are associated with the

Ty
bar and the restaurant respectively. In- this case, the town would be recorded with three

Jfunctions and five establishments. As shown in ChaMer 2, 48 functions were extracted from

the data source. The maximum number of functions that a town may provide is therefore 48,
L8 . ; , , . .

although it i§ possible for more than one establishment to be associated with a particular

function.

o

indicators in the Cher, the mass of

V4

Three summary values were derived Trom the data source and considered as good ~

indicators of centrality, -
1. Total number of establishments. . .
2. Total number of functions.

3. Average number of establishments per function (number of establishments / number of

i

)

functi . '
otrbns) _ ) S ] .
_— /
- ‘ . | .
4 2.3 Accembrhty indices. : i S e ’

r._.,{

.Most ot‘ the mélhods to measare‘ the qccessrbrlrty of towns start with the srmplrfmauon K

ef the road network as a graph and the elaboration of a connectxvrty matnx The ‘r0ad

network of any area may be represented as a matrix where the horizontal.rows are fdentified

as a sct of origin towns or "nodes” and the vertxcal colimps as a set of destimation nodes. The

I3

number of rows and columns in the atrix corresponds to the total number of nodes'in"the

-
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net&f. Each cell entry in the matrix is then used to record the direct connection or

-

"linkage" between a patr of nodes If the two nodes aré connccled.,e "1" is entcred in the .

il

* L )
appropriate cey If the two nodes are not connected then the cell is T xlled with a "0",
From a detailed road map of the Cher, the foad*network was first abstracted a; a

graph where any .connection between nodes was represented as a Straight line ‘defined as a

"link". A total of 613 links were found in the Cher and were appropriately coded in a ;

connectivity matrix of 290 rows and columns. In this binary connectivity matrix, the cell
entries simply recorded the presence ‘or absence of a linkage between a pair of }&Qdeslin the
network. The hierarchy of roads, distances, travel time, and the amount of .a commodity
bemg shipped from a node to another were voluntardy ignored. '

Several ‘measures of accessibility were derived from this connectnvnty matrix. The first
one was obtained by the summation of the individual rows of the matrix. The results measure
the total nnmber of direct linkaées from a given center to the set of all other eenters in- the
network. With this method, the higher the value of .a center, the greater its acgessibility. This
measure of accessibility was however neglected sinee‘ it involves only the direct ;connections

between nodal pairs and ignores indirect connections. »

A more elaborate accessibility measure developed by Shimbel [104] and Katz [94] and

snccessf ully tested by Garrison [86] was applied in the Cher. This measure take:s account of.

both direct and indirect connections between, nodal ‘pairs and is determined by matrix

multiplication The original connectivity matrix was powered once to give the number of two ~

’

linkages connections between pairs of nodes twice for the number of rhr-:,e linkages

connectxons and SO on. Smce 15 is the minimal number of links between the two most distant

e

nodes in the network, t_he. connectwrty matrix ys powered 15 times. The n’ext step conststed
in 4sur'nming the oriéinal eonnectivity matrix C with all the ‘mwered\ matrices in order to get a
matrix specrfymg all dtrect and indirect connectlons between the nodes of the network
Garrisoti [86) apphed this method in Southeastern Lk S. and decxded to decrease the relatlvc
1mportance of indirect connecttons between nodes by usmg a scalar of .3 in the mulnphcatlon

o
process. Similarily it was decrded to multiply the connectxvrty matnces by the scalar .3 m the

= ) N “ -

A
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% : Cher Asa result the rrptnx T whrch reprdsents the accessrbrlrty surf ace of the netwoﬂvrms

obtamed by summmg the connectrvrty matr:ces as follows e )
. ] .

~e

Where: L

é: is the connecﬁvrty matrix.

The last step was to rank th nod\s in terms

iz matrix T Unfortunately powermg
. L 3

o ST T=3C+ B+ ij e £ 3CE T

<y L . AN

N . - o

B I - ,- i ".

\of their accessrbllrty by usmg the row sum- of the

15 &nes the 290‘290 «m}atnx requnred too much ‘computer

memory and we were not able to achleve the complete multrplrcatxon process K

An alternatrye solutlon to

-

derwe the multrconnectlons connectrvnty matrix T was -’

adapted from Shlmbel 's work [104] by Garrison [%twrth the applrcauon of . the f ollowing

f ormula

Where s

- Lis the'Identity matrix. |
I s-is the scalar (.3). -

» C is the connectmty matrix.

Confronted w1th these suc

»

Although tested by Cjamson %6] over 45 settlements, this method (hd not provnde adequate ‘

'results m the Cher ‘It seemed that thrs formula was not applrcable to large matrices.

cessive farlures it ‘was dec1ded to use. the shortest path

method to calculate the accessrblhty of the 290 towns of the Che‘r Based on the idea ihat

"The 1mportance of a connectron

between two nodes is mversely related to the number of

lmkages involved in the.connectmg ‘path”, the shortest ,path method consists of finding the,‘

length of the shortest path_ between:

a pair of nodes. Accessibility.is then computed in terms of

: th‘e' minifnum ,qnumber of linkages between two places. Two .measures of shortest path

A

I3
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Figure 4.1 Sample road network
&
3
“ ~
1

~

‘Figure 4.2 Sample road netwgrk simplified .as

~

a graph
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- «accessrbrlrty were undertakeq in the Cher. " o | o - :
K . ‘ From the connectivity matrix, the first method evaluates the length of the longest

shortest path between paizs of nodes As illustrated in Frgure 4 2 and Tables 4.1 to 4 3, this .
7 7
. method can be summarized in four mam steps For better understandmg let us assume that

7

we are dealmg wrth a srmple road network linking four’ nodes as shown ‘in ‘I*‘lgure 4.1 The ¥

road network is then represented as a graph (Frgure 4, 2) nd -tl;e connectiVities between pairs

of nodes are coded in the connectrvrty matrrx (Table 1) The short‘est path matnx (Table

<&

4, 2) is then derived from the connectrvrty matedX, and the largeSt nunfber of each row 1s

reported as the\longest of the shortest path between a partrcular node and the rernammg three.

(Table 4 3). The smaller the numerrcal valu¢ of a node the greater the accessrbrlrty of thrs

v node to the network In the Cher the length\of the longest shortest paths‘y,arres fro

(Bourges) to 15 (Sarnt Prrest Ja Marche) These results show that a maximum of '15.

connectrons is necessary to reach the least accessrble town m the. Cher (Samt Priest la

Marche) and a maxrmum of 8 connections is necess%ry to reach the most accessrble town

’ 3

(Bourges)
Another way of fmdrng the shortest path accessrbrlrty of the 290 towns of the ‘Cher is

to. add the lengths of the shortest pa}hs connectrng each town- to the remammg 289 For the -

srmple network 1llustrated in Figure 4.1, the accessrbrlrty of the four nodes is lrsted in Table

4.4.-In this case, the lowest value still corresponds to the most accessrble ‘node of the network

’

In the Cher “the 290 measures of accessrbrlrty range §rom 1105 for the most accessible town

-
.-

(Bourges) to 2935 for the least accessrble (Sarnt Priest la Marche)

~ These two-measures of accessrbrlrt vrded satrsfactory results in the Cher The most :
central towns were found to be more accessible than the margmal ones whrch were generally

poorly nnected to the remamlng/towns For better clar,rty the frrst accessrble index or
longest shortest path wrll be further referred as the ACCESSIBILITY INDEX 1. The sum of
all shortest paths will be referred as the ACCESSIBILITY INDEX 2. x '

One weakness of these’ two rneasures of - accessibility is that they ignore the

connections between the marginal towns and those located in adjacent counties. For instance,

.
AN
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Table 4.1 Connectiyity matrix of the sample road hetwqu

‘ N 1 i 3_4
t |1t 0 0
20
. - 3 0{ o 1
. a0 1t 1

h2Y)
'.l : ‘{

. Y : .
"Table 4.2 Shortest path matrix of the sample: road network

S
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Table 43 Longest shortest paths of the sample road network."

1 2

* 2 !
X m y .
4 2.

Tabic 4',4 Sum of the shortest paths of the sample toad network

e
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Sancegre is an 1mportant town located in the far east part of the Cher almost on the border
between the Cher and the Nievre Sancerre. mostly 'connected with towns located in the next
_county, the Nrevre is ranked. wrth a high accessrbrhty index of 1. Since all connections \

.- between Sancerre ard these towns are rgnored Sancerre is thus considered: not very accessible.
One way of - resolving this -inadequacy was to weight the accessrbrhty indices wrth the

: t populatron of towns. The accessxbrlrty of the nodes bec0mes thus directly prbportional to the
number of people and inversely to the f irst power off sthnce More precisely, the accessrbrlrty

of Sancerre- becomes a functron of the sum of the populatronaof the remaining 289, towns

- divided by their respective IOngest shortest path. The accessrbrhty $0 obtamed is referred to as

”Populatron Potential” and* the populatron T tQtal number of people wrthrn a grven area i

opposed to a space drmensron that expresses §istancé ,or nearnes® This method has been

wrdely used in prevrous studles In particuldr, Harris [90] evaluated market potential maps of

the Unrted States whrch provrded one type of accessrbrhty measure The populatron potentral

P

, V at the ith location is defined as, | ' R |
Vi =l§:"(_pj/r)ij,) o !
( ~
Where: LT
P_] is the population of placej.

w

" Dij is the distance between the parr of nodes i and j-

Thts measure of accessrbrlrty was.computed for each of the 290 towns of the Cher usrng the -
. total population of communes and the longest. shortest path between pairs of nodes. The
-~ result plotted in three drmensrons in Figure 4 3 shows local peaks of potential around the two
major towns,. Bourges and Saint Amand- Montro,nd "Sancerre is ranked as ‘the 98th ‘most
’ ac\cessrble' town when this method is applied whereas\\\rt ‘was ranked’ only in 148th' position

when the Accessibility Index 1 was calculated. Théreforé- this method gives fmore accurate
2 N e

accessibility indices for the important towns located u{ marginal zones.
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The second centralrty factor meluded in Ch’rlstaller s theoretical centrality model was the
‘ o

upper lrmlt of the range of centers. This centralrty mdex correSponds to the maximum

.

dtstance travelled by customers to purchase in a center and is based on the assumption. that

> B
customers purchase in the nearest center when ervrces are mlssmﬁ: therr own town In the
‘Cher these distances were evaluated for the selected 48 activmes and ltsted in Table 3.1, Thrs

dtstan,ce rangesf om S.shkm for smoke shops.to 53. 80 Km for socral secunty offices The

"most central place of the area with a maxrmum range of 53, 80 Km. In contrast, Chaumont

< .

does not of fer #hy activity and was accordmgly ranked as the place of the lowest order.

+ " ! N [

4.2.4 Centrality ratios, . o o -

. Four centrality ratros combme population and functronal indices in the Cher. The

A

ratio Total peopulation /. Number of establzshments refers ta the average local populatron _

served per establishment. The ratio Total population / Number of functionsy refers to the
: ’ - »

- average local population served per function. The next two ratios combines thresholds of

hinterland-population and functional indices'and therefore take into account both local and

trade area population, The Tatio Threshold of hinteriand population / Number of
establlyrments indicates the mrmmum hrnterland populatron served per establrshment Fmally,
the ratio Threshold of hinterland populatzon 7/ Number of ﬁtnctlons refers. to the mrnrmum
hint_erland populatiop served per function in the Cher. . oo .

| In conclusion, 15 centrality indicators_ have been selected in the Cher .as listed below .

1. Total population of communes. :
v

2. Nucleated population of communes. . . ' ' N\
3. Population density of communes. | * d
" 4. Threshold of hinterland population | | C s

™

5. Total number of es bhshments pet commune

6. Total r(t/xmber of f unctions per commune

N .



:7. Avetage' nurr'xber of | establishments per l‘unction in each commune | (Nunlber of
estqblishmeMs / Number of ﬁmctlon‘s).

8. »Accessibillty index 1 (lohgcst shortest bat‘h).., .

9., Accessieility index 2 (Sum of all shortest paths).

10. Population potential of each commune. -

11. Maximum distance tfavelled by consuniers.

12, Populauon / Number of gstablishments.

N3 Populatlon / Number of fugctions. ; E . C

14. Thres‘l'rxf)ld of hinterland population / Number of establishments.

-15. Threshold'of hinterland population / Number of functions.

4.3 ‘Stl'uc.tl.lral de;criptien of '_centr,allty ifi the Cher. I
| Central Place Theory is a $tructural theory in the way that it regards, the centrality of

\places as an aggregate of elemental components interrelated in a lawful wa; . One of the most

difficult problems of lormulating a structural theory involves: discovering the rules which

govern the composition of the aggrcgates of components. For ins‘tance‘. in lingulstics; the
Istxuctural descnpuon of lang::ge analyzes speech into phonems or morphemes. In a similar

_ manner, geographers descnbed the centrallty of towns in terms of population, number of
.functlons access:blhty, dlstance travelled etc.. We' propose to find a rehable statistical
method which wm allow us to analyze the concept of centralxty in the Cher. To this end, we
.propose to determme the relatxonshlps among the 15 selected centralxty mdlcators The work
w1ll.be'ca§ned forth under ‘the preglse that these 'centrallty indices provide a satlsf actory
image of the centrality of towns in the Cher. How’ever, no argument is presenped that these
centrality indicators are the best that could be dgvised, but they were selected as most ’

v appfopfiaté from a large number regreser;ting the-spread of available data.

«



I

4.3. l Thefmethod -

Principal Oompom;m Analysns stems from the work “of Pearson (1901) [98) and
Ho’ielling (1933) [91). Tt is a relatively stmightforward method of dcterminmg a minimum
number of common factors. that would sausf‘aclorily produce thre cerrelations among the
ob§crved variables Most of the proneer work in multivariate analysis has been carried- out by
- psychologxsm,to cleﬂ’5 with problems similar to'the one considered here; io condensc a number
or measures one of more mdependem factors. *

Principal Compo’nem Analysis assymes .tha‘t‘ the observed variables \are linear
combinalior?s of some un erlying"source variables or factors, and indicates which, and to what
deérec. variables re.lirﬁt/o1 an underlyin'g and undef ined factor., This statistical technique starts
with a m'atrix of correlatiorr coefficipqts measuring the -degree of correlation between the
> indi.c'ators. Operatiqno upon the basic -matrix then extract the first factor which accounts

. 8

for the greatest proportion of the intercorrelations, leaving those not accounted in a residual

-t \

matrix. These operations are ref;eated upon successive residual matrices ‘and further
, independem factors are extracted. The magnitude of descending values of eigenvalues indictes
the relative importance of each fzrctor and the co’mhunality o}ten designated as H? determines
~ the ﬁtagc of the variance of the varrable explamed by the components Finally the factor
. loadings are equivalent to correlations between factors and variables and wrll provide measures’
of ,association befween the centrality indices and the principal components in the Cher: In
short, Principal'Comgonent Analysis is a reliable method for our purpose since, "It represents
a simple, straightforward problem of description in several dimenoions of a definite group
functioning in definite manners". [Kelley, 95, p. 120]

In,the Cher, Prfncipal Component Analysis was applied to 4 matrix quantifying the 15
centrality indices for gach of the 290 communes In this matrix, the communes are 1dent1f ied

‘

m the rows and the centrality mdrces m the columns. Each cell represents the.correSpondmg

-

centrality measure. - Principal Component Analysis of [hlS centralrty matrix" yields the 15
succedmg components. If there is an organization of the centrality indices in the Cher a

limited number ‘of these components will identify the appropnate pattems of centrahty This

. . Y I _ .
5 B ) : o _
A ‘P ; ' ]



\number of components may be derived from the Scree-Test. Advocated Aby Catell [79] in 1965,

the Scree Test directs one to examine the graph of eigenvalucs and to stop factoring at the
" point where the eigenvalues begin to level off f ormmg a stagght line V;llh an almost homonlal
slope. Flgure 4.4 depicts the graph of eigenvalues obtained from the "centrality matrix”", and
indicates' clearly a sharp bend at the fourth cigenvalue. Three large positive .cigenvalucs,
account together for 85 5% of the common variance. Thus the first three components provndc
'~ an adequate summary of the centrality indicators. The three first components should theref ore

be sufficient to satisfactorily explain the correlatlons between the 15 centrality mdtecs in the

™
Cher. - . o

4.3.2 The results. A .
Thefirst component observed accounts/l‘ or a'ﬁloporuon of 52% of the total variance

-

of the variates, which is considerablg. Table 4.5 shows the loadings of the 15 centrahty

, md'lcators on the first Acomponent and suggests that all variables in the set ShW something in {
common. This ‘component correlates most hnghly with the first t.ep vanablc?'s\ wuh‘
loading - values greater than 0.62. The three vanables with the highest loadmgs are thc"
population mdxces_; the threshold of hinterland population, the total population, and the
nucleated populati’qn with high loading-values greeter than 0.87. However,'the population Ny
density is underestimated by the first component with :a low loading value of 0.68. Among the
ten first Jariables are also found the two Christallerian i )dices of centralit'y the outer limit of
the range of settlements (maxxmum dtstance travelled to pmchase in a centre), and the inner
limit of the range of settlements (thresholds of hmterland populatnon) with respective
loading-valpes of 0.72 and 0.90. Finally, the variates related to the functional organization of
towns are also highly aceounted for by the first component with.loading-values as high as
~0 81 for~ the t‘\umb'er of 'estahlishments a‘ncl 0.76 for <he ratio ‘number of
establishments/ number o f ﬁmctlons

On the other hand the five'lag) variates namely populauon/ number of establlshmenls

thréshold of population/ number of establishments, and ‘the three accessibility indices are
. ;.
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VAR1ABLES Lda0 (n8s
.. , Factor !
. o
: ¢
Thresholds of ~ ' 0.90
pooulation r'y
Total 0.88
gopulation
Nucleated 0.97
population
The Id N 0.85
r of functions
Popylation 0.84
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Nurter of ’ 0.81
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'underestimatr‘d by the ftrst component Thrs is essenually true for the 1ndrces of accessrbrltty )
of each town poorly correlated wrth loadmg values lower than 0.29. An mterestmg pornt to

‘note is the opposrtron of the accessrbrhty index 1 and 2 negatlvely loaded ( -0. 27 -0. 30) with

the. populauon potenual posrtrvelv loaded (. 29)
' Smce the fi irst com.ponent loads hrgh with most of t,l;e populatron variables, it mrght

. be descrrbed as the "size” ofthe settlements in the Cher | ’
| The second com;Zent accounts for an addrttonal 18% of the vanance of the
) vartables and for rt the scale weights are reported in Table 4 5, This component loads high
'essertrally ot the accessrbrhty measures of the towns Again it contrastsh' the populatron ’
potentral (- O 78) wrth the remarmng two accessrbrlrty indices. (0. 75 and 0. 78) This cor‘rfhct'
-can, however be aasrly explamed by the fact that the most accessrbl tgwns of the Cher have
' 'htgh populatron pR:;tral whereas the same towns are reported with low accessrbrlrty mdtces
. Apart from these accessrbrhty mdrces the remammg 12 centralrty mdtcato are:
o underestrmated wrth a low maxrmum loadmg -value of 0.36. On ‘these varrables the\i‘s\bmiv-J
_,component is bi- polar as it mdrcates a classrﬁcatlon of the variates mto two subgroups it
loads posmvely on. some vanables and negatrvely on others Seven vanables namely, threshold
0 f poI)ulatton/ number of establlshments threshold of populatton/ number of ﬁtncttons, N
populatlon/ number of establtshments, populatton/ number of _ﬁmcuons threshold of hinterland |
o i populatton,‘ total populatmn nucleated populatzon (0 36 0 31, 0 23 0. 23 0. 21 0.20, 0.20) lie ' ‘
. | in ore subgroup and the remamuer in the other In the latter the number o f ﬁtnctzons gets the :
highest ; jloadmg value wrth a correlatron of ' 0 30. The other varrates have a correlatton' :
{var/fmg from -0 18 for the populatron densrty to -0 09 for the outer hmtt of the range of
. towns. The drfferent factor loadmg ,srgns mean that the variables are related to the second
’factor in oppostte dtrecttons Henc"é" the fsecond component ‘ distinguishes between the'
demographtc measurements (populauon thresholds of p’opulauon) on’ one hand and
‘functronal measurements\(number of funcnons number of establrshments) on the other. The ,

. L
populatron densrty is once more assocrated with the functional indices. Among the two

‘ subgroups we can find the two Chnstallenan mdrces of. centrahty, the outer ‘and inner hmrts

R . Vv . .
ERN . N . : v . ’ f
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of the range of towns, whxch are thus opposed
The second ' factor loads hrgh exclusively with the three accessnbnhty/mdtces and’ can
 thus'be referred as the "accessibility* of towns. a

¢ The thrrd component- accounts for 15 6% of .the variance am( does” not really add .

[

substantral 1nformatron This, component is bi- polar and clearly /contrasts the population
indrces loaded negatrvely, with the functional indices loaded posrt/Wely The populatron densnty

with a posmve loadmg sign. contrasts with the remammg pﬁ{)ulauon variables which load -

\

_ negatively. The hrghest loadmg -values are related to the furrcuonal centrahty mdrcators whrch

/
range from 0.41 for the .nurﬁber of establrshments/ number of functions to 0.66 f or the number
3t ,r Py

of functrons This component also opposes the outer limrt (O 39) and the mner limit (-0. 05)

. : / ' L
of the range of towns. BRI iy

' Since the third component loads: high on the functional variables, it may be described
.as the "functional centrality" gf the\places 1n the Cher. | )

~
The analysis of the frrst three components and varrables' loadmgs clearly outlines

three centralrt-y dimensions in the Cher; the size, the accessrbrllty and the funcuonal,

L 3 .
. organization of towns. / _ T
y \ o

An alternatlve way of mtérpretmg the mformauon given- by the. first two components
AN

is seen 1f the varrates are plot d using orthogonal axes. The plot of the 15 centrality mdrces

using for therr coordmates /the logd‘mgs of the varlables on the two. first: unrotated f'actors :
/

reveals rcmarkably clearly these three clusters of variates in the data. The resultmg plot grven

.

©in Frgure 4.5 brings to lrght a CIUSte’r of points in the upper left-hand quadrant (or{ter Jimit ol" .

i the/ range number of establrshments number. of funcuons number of establishments/number

X

of functions, populatron dénsrty) and a cluster of pomts in the upper rrght -hand quadf&nt :
(total and nucleated population, threshold of populauon populatlon/number of f unctrons)

The two ra\los populauon/ number of establtshments and threshold of populauon/ numbe:ri of
establzshments appear to bé poor measures of these two drmensrons A" glance at the plot of
the yanables on factor 1 an 3 on one hand (Figure 4 6) and factor 2 and 3-on the other

hand(Frgure 4.7) indicates similar clusters of variables_where’the three centrahty dlmensmns ,
i : . - : S .

./‘
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are brought to light. o . ‘ | o ‘ ,
Althotrgh these three factors do not seem difficult to interpret, rt* was nevertheless
decided to rotate them to explore the possibility of an even simpler pattern_.'Wr%h\the method
of Varimax rotation followed by the Promax method [81] the two first f actors -were rotated‘ in
a clockwise direction through about 110°. Passing near three clusters of trariables. the two

rotated factors showed in Figure 4.8 confirm the three dimensions of the centrality indices in

~ the Cher./ Rotated factor;,l appears most exclusively associated with the population variables
P . . L]

and the inner limit of the range of towns (threshold of hinterland population). On the o;her .

hand, rotated factor 2 -appears most closely associated with -the variables dealing with the

functional orgamzatron of towns and the outer hmrt of the range of towns (maxrmum

distance travelled) The three accessrbrhty indices are poorly correlated wrth erther of these

)

two rotated factors. L E

The tWo plots of the rotated factors 1 and 3 (Figure 4.9) and the rotated factors 2
and 3 (Figure 4.16) reveal the same thrge dimensional structure of .the centrality indicators in
the Cher Factor 3 appears in both cases closely associated with the three accessibili-t;‘ indices.
On the other hand, factor 1,is clearly assocrated with the populatron varrables whereas factor

2 is assocrated{wrth the functional rndrces as well as the outer limit of the range of towns

(maxrmum distance trgvelled). Fmally, the populatron density has an ambtguous posrtron

srnce it contrasts with the remarnrng population vanables and de*arts slightty from the. qluster '

of functional indices. | With the- lowest communahty of variance accounted by ﬂthe common-

factors (0.70), the p pulatron densrty does not seem to frt the three drmensrons suggested by

- the Prjncipal Compo ent Analysis. ' - = ' .

2

In conclusr

=

15 centrality indicgs in the Cher. The first drmensron revolves around a series. g[ >population

indices where both the ,totalt population of cdmmunes and the first Christallerian index, the
threshold of hi terland populatron arise. The_ second dimensron is - centered around the
functional in ces of centrality’ and hrghlrghts both the number. of establrshments and

functions of each commune as best centrahty ‘measures. This dimension also mcludes the

, Principal Component Analysrs has isolated three drmensrons among the
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second Christallerian index, the outer limit of the range of towns (maximum .distance °
. 1] J v y

travelled). Finally, the thix}' dimen.“zion ‘clearly refers to the accessibility indices of towns in

the Cher. The populatiqn ‘dénsity does not seem to represent a good index of centrality in the

Cher. .

3

p‘e\'wide spectrum of informati'bn sampled by the 15 centrality

Tt thus appears t
"' . .
A ?' d under three labels. The stmc}al relationships of centrality

‘  Christaller's concepts of ceptrality. Both inner and o.uter
i :;kct dimensions. It also partly suppoms the idea of assigning
the ¢ mrali’ty ' towns to t;irvf»“;?ze" or level of population. However, by revealing three
a)Zg;te components of centrality in conflict in the Cher, the best measure of centres’

hierarchy will result from their respective positions upon these three centrality scales.



) 5. CENTRAL-PLACE SYSTEM IN THE CHER

This chapter is first concerned with ‘ihe identification\e(é hierarchy of towns in the
Cher. Its second obj;cu've is to analyze the arrangement of central places at each level ot; the
hierarchy. In ar; attempt to combine criteria measuring both relative and aggregate imp(;rtance :
of centers, 15 éentral_'iity' indicators were selected and subjected to principal component
) ‘analysi‘s. The analysis provided satisfactory results from the standpoint that it condensed the
15 indicators’ into th_reg_‘factors or "d\iTensions" independent of each ‘6fher:
1. The Size of towns essentially characterized by,po;ulation indices.
2. The functional status of towns. ”
3. The accessibility of places.__ ; . ) L
The first dimension cl;arly reveals the aggregate importance ol; towns whereas the third
3dimension indicates their relative importance. The second dimension ass&iata both 't'ypes of
dominance. It includes direct quantitative variables such as the number of functions as well as

» . . . .
relational indices such as the outer range or maximum distance travelled to reach centers, one

~

of Christaller's major components of ceptrality.
These underlying dimensions of variance in the simcturwf the absolute importance
of towns can then be uséd to discriminate beth;en places ahd determine hierarchical levels of
~central places. To this end, centers were classified’ inté"ﬁomogenebus g;opps'by means of a
cluster analysis. Special attention was focused on ranking tgese groubs. In ‘particular, the role
of the accessibility indices in the hierarchy of central pla;es was closely exa{nined. Fiqally,

each level of central piaces was plotted by means of different syrribols and trade areas were

identified for each canter of higher order. ‘
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5.1 Hierarchy of central places
Classical éentral Place Theory [21] advocated the existence of a finite di'scretc

"4

-~ hierarchy of central places considered by Berry as . the generic base and single ﬁosl
. important statement of Cerfyral Place Theory" [10, p. 146]. Since ‘Cnristntlcr’s discovcry of
seven levels ‘of central places in Southern Germany a number of geographers disproved the
conce;t of a step hierarchy. Among them, Vtmng [107] and Davies [83] suggested thm the
distribution of towns is moge accuratcly a continuum. Others, however, provided evidence
that a hierarchy of central places dczgs exist [10]. Generally speaking, most scholars neglected

'this problem'ivinen they conducted central olace studies. Vining is certainly the one who o
;xpressed }nost clearly the idea that hierarchies identified by Central Place Theory may not
exist ". . . the terms hamlet, village and town are convegignt modes of exp'restsion; but they
do not refer to'str,uctumlly distinct natural entities” [107, p. 169]. Today. it seems that the
question still prevails: are central places differentiated along a continuum or in a
class- system” No saaisf’ actory answers have yet been found. *

. - ThlS section will not def mmvely resolve the issue. On the other hand, it is a stated

intention of this study to classify places into distinct classes. To this end, one of the

assumpttons )‘ this study is that there exists a hxerarchtcal class-system of towns. This study
voluntarlly Tejects the 1dea of a continuum of central places, and rather than an exact
method, the following scheme wxll be referred to as.an approximate method for the derivation

of hierarchies. It is recognized thnt the discrimina\Zlg method proposed in this study is to a

certain extent hypothetical and may represent a too rigid approach towards breaking down the

continuum of central placeé into broad classes. \ | .

5.1.1 Grouping of'towns

The grouping of settlements in the Cher may be discussed on the basis.of the three
principal components previously‘identified To differentiate classes of central places, the

towns' scores on thes? three components (Appendix) were examxned and associated by means
¥ 4

of a cluster analysis. The purpose of this techmque is to compare a series of score prof iles f or
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every town. These score profilgs are supposed to represent a thofough cenL@ image of each
town belonging to the stﬁdy area. U;ing the factoy scores as coordinates, a distance grouping
w'as carried out with a cluster .analysis in order \to classify centcrs.ghis clustering ﬁcthod
- permitted usggo measure. similarities between the 290 ccntralit‘y profiles amt to partition the

[N

correspondms places into homoger;eous and compact classes (statistjcal groups).
The’ hierarchic'al clasgification was chosen over partitnonmg or clumpmg methods
because it provides a concise summary of the inter-relations bctween the vgrlables and shows
the organizational structure of the data. Cluster analysis fs zi te‘chniqué‘ often used in biology,
medxc';w and psychology to measure sxmllarmes and proxxmmcs among objects, and to
classify them into opumally homogeneous groups. It represents a hierarchical classification of
| the data under the form of trees or "dendrograms” which enable us to visyalize the iriherent
structure of the entities. This method rests on distance measurements between oi'j‘ects. In the
present ca;e, since the scale between variables i; identical (scores on the factors), it was

2

~ decided to use the euclidian d{stance between pairs of observations. The first cluster contains
variables §eparated by the smallest dis:aﬁce. El'he dbjccts contained in this cluster are then
replaced by a summary mea'sur_e suc‘h as their average, weighted average, centroid, or median.
The progedure is then repeated and this sequence of events can be represented graphically by
linking together the elements in a dendrogram. However, t.he choice of an appropriate
summary measure may be a \problem. It is not tfxe objective of this sub-section to desctibe

-—and cvaluate each one of them, but rather to focus on explammg the measure that was
chosen - « -

A systematic study was executed on.a large-scale basis by Milligan [97] using a Mo;te\

Carlo approach. Milligan t’ested‘ all measurements czf similarity by si_mulatioh and. determined
that the group average 1‘:nethod' is 0.998 error free and is the most reliable. Sneath'[lOS].
compared the_three most popular methods of \éimilaﬁty. Among the sngle,.'complete and
* group avéraanages, he gives preferén;:e to ‘the group average method, For his testing, 20
poims‘A to T were marked in a square grid with sides of 100 units, This matrix was then

»

clustered by the three methods, and the results showed that the cluster_with group average
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~ elements when calculating the distance between two clusters.
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. H
gives the best tepresentation-of the original distance between a pair of objects to be cluster

Following this discussion, the method selected was directed toward the group average meth
4

observation. The baéic feature of 4the group average method is that it gives equal{ weight to the

i t %

The principal weakness of hierarchical methods is that it is difficult {o dp€ide which
clusters are significant. The identification of homogeneous groups of objects remains subject
to the user's own appreciation. ©ne of the possible way to isqlate clusters is 1o state that all

links higher than a certain distance should,be cut. Figure 5.1 indicates the links betwcen the

290 iowns of the Cher based on the analysis of 15 centrality indicators. The limit is sct at

eight, and five clusters can be observed. These five groups of towns were numbered from Pne
to five according to th¢ number of towns embraced by each of them, Gfoup one includes a
small number of centers whereas 174 settlements are included in the fifth group. It is

’

important to note that these five groups of towns cannot be ordered from the simple analysis
of the déndrogram shown in Figure 5.1. In fact, the cluster analysis reveals five hbmdgcncous
groups of towns in the Cher, but does not indicate the hierarchy of centers. However, as a
general rule, the link levels of higher order centers will tend to occur at lower levels of

homog{eneity and the distance separatiqg/djé.if, linkages shollld be higher. The first group

¢ . . . )
"Bourges and “Viérzen. These towns are thesimost populat€d

includés only two tows
settlements-of\thg (;hé with populalidns of 76,432 and 34,209 trespectively. In the hierarchical
tree shown in Figure 5.1, the distance level separating this éroup from the remaining f 6umts
exceptionally high. The high resc:aled distance (24) outlines an important gap between the two
centers and the ;emaining towns. As.far as centrality is cencerned, it is obvious that the first
group of towns represents the highest order class of centers in the Cher. Classifying the
remaining groups remains a difficult task since the dendrogram does not indjcate important
heterogeneit; between their linkages. Attention is now focused on the classification of these

[ ]
four groups of centers.
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' sirnply ra'nlted the centrality indices extracted for each town from their 'number 0 tele‘pho‘ne
onnectrons %{ld%}herr population. In contrast, his grouping method is unexplicit and res
‘ 'pure mental estimation, - The relevance of the class- order of centers thus obtamed is .,

<,

rnonetheless conftrmed wrth criteria such as population, number of telephone connectronsn«
number of places &s well as average range and area of trade areas. For the seven levels of
centers found, Christaller noticed a regular decrease of these vkalues from the hrgher order to
the-lower qrder levels of centers. . |

'In the-Cher, Table 51 chows a remarkabl? distribution of centers‘ close to the K=3 -
‘Christallerian sequence Howew: the mean populatron for each- level of centers llsted in
'Table 5.2 contradicts the igsa of 4 [ive step hrerarchy Both group 2 and 3 have sxmrlar mean |
.populatrons of 3,402 and 3,447 respectively. The same srtuatron occurs wrth group 4 and 5. .
Both groups have a,\}'nean-population of 484'and‘ 480. A clear population ‘drop'-of_f may be’
observed betWeen group three ‘(3,447) and group four (484). Obviously populgtion alone does
not suggest the—expected pyramldal lrierarchy of centers. lnstead three main population levels
can be observed and the examination of mean population does not confirm the partmon of |
towns into five groups but rather mto three N

An alternatrve method to rank the groups. of townsqs to’ analyze their centrallty
profiles. Centrahty profiles account for the mean values of selected centralrty indices by -

*

plotting them in a graph. In this case, eight centrahty indices were retamed.

1. Number of establishments. " S0 | - .
2. Nurirber of functions. o | _ o o \
3. _' Average number of establrshments per function. |
-4, Populatlon . ' ' B - »
5 Nucleated population. |
6. Population density. |

1 Hinterland population theshold. " . .
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Table 5.1 Regonal system of centers in the Cher.

‘.

. Groupings of Theoretical number Theoretical number ‘\\Ac\.'tuahj

places . of places when Kz3' of pldces when K=4  number
5 162 . 768 T 174
4 54 S 192 - e0
3 18 | a8 | 15
2 s . 9

t 2 | 3 "2



4 . L —

Table 5.2 Theoreti

.

3

VL

Groupings of Frequency Theoretical mean Fregency Actua{ mean

110

places in X populatjon in X population
5 2. 2,000 .87 480"
L . ¥ % .
4 A 4,000 . .88 484
3 ™~ 10. 10,000 6.207 * 3,447
. . . ¢
2 30. 30,000 §.10 . 3,402-
1 voa. - -7+ 100,000 . 100.00 55, 320
. - >
3

-
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8. Maximum distance travelled to purchase in a center,

Both centrality ratios and accessibility indices were. excluded from the analysis of centrality

profiles. Accessibility indices are séaled differently ‘and"th_e'ir inclusion would have adversely
‘affected the clarity of the outcome. The eight average values of the first group of centers

(Bourges and Vierzon) were calculated and kept asa base reference. These eight values were

arbitrarily set at 100%. The dtfferences between these reference values and the eight values'

-

found for each successive -group were then{ evaluated and recorded as percentages These _

devrattons are reported in Frgure 5. 2 by using different’ symbols for each group of lawns.
Straight lines joining .these symbols dtsplay ftve curves showing the centrahty promes of

centers i the Cher. The- profrle of the first group of centers 1s represented by a straight line

‘'since aIl v\alues found were set at 100% The four next curves reveal thmentralrty drsparmes

‘t

between the two head-towns, Bourges and Vterzon and the remammg four groups of centers.
) "In. the Cher, the centralrty profrles clearly drsapprove the partition of towns mto five

distinct groups However they do confrrm the three- -step. luerarchy suggested by the

kopulatron group averages The profrles of groups two and three -are similar. The only

devratror/ betweerythe two curves occurs when hmterland population thresholds are constdered

The second group of towns has an average threshold -ol‘ 10,969 whereas this threshold drops to-

3,665 f or the third group Although their mean populatron. and average f unctronal lmportance
ate identical, the second group of centers offers functions of‘a higher order that serve a larger

P
population. Functtons such as notanes veterrnanans clothing stores and shoe stores are

-

mainly found in group two and rarely supported by the third group of towns. However the

prgsence of suth functions is not the main reason for the high average threshold found in
group two. In fact, by lookmg at the orjginal data mafnx 1t was easy to venfy that this
average was drstorted by an outer value associated thh social secumy of fi 1ces In Chapter
three socral security offices -were classified as the highest order function in the Cher wnth an
“exceptronally hlgh hmterland populatron threshold of 67,710. The impact ol” this service lS

very important in France which still relies on a socral system .created in 1936 by a socialist

govemment (Front Popularre) Important services such as health care, governement welfare o

a



and unemployement security are all centralized in soc_ial security offices and the French social
system heavily relies on these institutions. In. the C'her,. three social security ol’fices span th
. whole county's population. One of .them is located in Saint Amand-Montrond one of the

nine towns belongmg to the second group Since the threshold of centers was Qetermmed by
“the threshold of their hlghest -order function, Saint Amand-Montrond was tallred with a ;
threshold of 67,710. This high value drstorted the average found for the second group .of
towns, When Saint Amand Montrond is retrieved from group two, the average threshold

drops to -3,876 which is very close to'the average obtainecjl for group three (3,665). Basrially,

.-

as far as hinterland populatoion thresholds are considered, Saint Amand-Montrond is an
.'ex.ceptional case ‘and; when removed, l)oth group two ‘and threc have .similar centralit&- .
prof 1les.

Frgure 5.2 also reveals rdenucal centralntg profrles for groups four and five. Moreover, -
1Mndrcates 1mportant gaps separatmg the first and the second as Well as the third and fourth

groups These centrahty profiles do not expose five distinct classes of centers as suggested by

Vthe cluster analysis. lnstead they yreld a definite three- step hrerarchy of centers in the Cher.

However one show doubt the ﬁ,ve -step structure outlingd by the cluster

all centrality. indice$ were not included in the centrality profrle analysrs. partitular, for the

hey represent a separate

o

centralrty dxmensron in the Cher. On the other hand, the cluster analysis dealt wrth the 15

o

centrahty indices. Therefore, it can be predicted with confidence that the drscrrmmant factors

sake of clarity, the accessrbrhty indices were neglected althoug

L

between groups two and three as wyas between groups four and frve are the accessibility

- indices. ) -

. Rl
) . < . .
- - °

5.2 Accessmlhty and hierarchy of central places.

When selec or this study, accessrbrlrty mdrces were assumed to represent an
adequ;eme/asu; of the relative importance of towns as defined in Chapter. 1. In the literature.
d rfg with central place analyses, several other criteria l}a‘ve:heen used to measure the degree

Sf -interactions between centers and respecti\re tributary areas. Commonly fo’ind, in past

[ 4
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. “them when attempting to define.the felativeimportance of towns. The present study aims to .

b SR . 115
‘ | | .
empirical studies are the number of telephone connections, bus lines or air passenger linl;ages. ’
Most studies used flows of commodities between centers and rural settlements surrounding
; 5 ,

find a simpler way of 1dentifymg the relative importance of .towns by using data readily

' available. Under the assumption that the connecting transport routes are related to the flows
of* commodities shipped from one place to \another one way to approach the problem was to ‘
analyze the road network of the Cher. With several shortest- path measures, the nodal
acceSSibility was calculated for the 290 places present m the Cher. tcessrbihty mdices were .
\assumed to be sausfactory indicators of the relative importance of |towns and thus to reflect
the structure of towns in the Cher. .»T his assumpti_on was supporte ‘by different studies. One

" of thein conducted by Kansky [93] showed satisfactory _correlations between the structure of
transportation networks and the economic charactenstics at a state and county level in the
United States. However, accessibility indices were not popular in central place studies and few
gcographers attempted to include them in their centrality models. The objective of this section

is to-test the validity of aecessibility indices for measuring‘ the relative importance of towns in‘

the Cher.

" 5.2.1 Role of the accessibility indices in the_grouping procédure. ‘
* In order to verif y the ef’ fects of the accessibility indices in the grouping process, it was
decrded to exammz?hese measures f or the groups of towns that were not discriminated by the
cen,trality profiles The two main accessxblhty measures’ were: correjated for groups two and
three as well as l‘or groups four and five. The results plotied: in Figure 5.4 and 5.5 show a
strong orgamzauon of the data points into two distinct groups Figure 5.4 1nd1cates disparities
between .groupl two and_ three in ferms of accessibility. The towns belonging to the third group 4

aie clustered with low- accessibility values as opposed to those belonging to group /two',\

clustered with higher accessibility values. As a result, the towns belonging to group three are

"Accessibility index 1 is the length, of the longest shortest path between 4 town "A"
and the remaining towns of the network. Accessibility index 2 is the sum of all the
shortest paths linking a town: "A" to the remaining towns of the network.

I
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clearly njore accessible than those belofging to group two. A similar accessibi‘l‘ity divergenee
may be observed between groups four and fﬂte. Figure 5.5 outlines towns belonging to group
five clustered with low accessibility values whereas ;those belonging to éroup four have higher
values. Towns belongin'g to group five are therefore more accessible to the network than those
belongmg to group four. ‘

Accessxbnhty mdlces oppose groups two and four (poorly connected to the network),
lo groups three and five (more accessible). From the standpomt of these two graphs (Figures
5.4 and 5.5), it is clear that groups two and three ag well as groups four and f‘xve were
discriminated by clurler analysis mierely in terms of their nodal accessnbxhtg. From now on,
the partitien of the 290 towns present in the Cher into five classes makes sense. qu relevant
are these'. groupings of cénters in the context of a central-place analysis? Tp an'swef this '~
question, it is necessary to test tvhe a§/sumption that accessibility indices ;r‘e a function of the
relative importance of centers Ql thg.Cher. In shert, the problem“is to l!novy whether the nodal
accessibility of towns may be considered as a hierarchy factor.

, A
5.2.2 Problems related to the use of accessibility indjces

lﬁ the Cher, thé analysis of ’centrality profiles (Figure 5.2) and accessibility indices
(Figures 5.4 and 5.5) showed no relationships between the economic status of f‘O.WIlS and their
aecessibilitx. In contrast, the ogroups of towns with opposed accessibility indices belong to the
same hierarchical group and vice versa. This result tdtally contradicts the idea of nodal
accessibi{it‘;’ standing as a factor of hierarchy; where tpwns of e higher order should also be
more accessible. In theory, the concept of a positive relationship between ‘the accessibility and
‘the ;mportance of “towns should prevail. In the Cher, empirjcal research showed that, in fact,
the 'two phenomena are independent. It is now our- intention to seek the reasons for such
deficiencies. ~ . 5‘%*

The mapping of the five groups of towns provides a precise idea of the actual role of
the accessibility indices as centrality components in the_Cher. Flgures 5.6 to 5.9 show a strong

'orgamzauon of the pamcular groups of towns in different concentric Z0Res, surrounding
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4 Central places of 2nd. group
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Figure 5.6 Circular pz/;,ttcm of the second group of ceatess in the Cher.
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o Central places of 4th. group

Figure 5.8 Circular pattern of the fourth group of centers in the Cher.
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Figure 5.9 Circular pattern of the fifth group of centers in the Cher.
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Bourges The centers belongrng to the second an& fourth groups are mainly located in remote
zones. For rnstance more than 75% of the centers belonging to the second group are located
in a circtilar zone comprised of a radrus.varyrng between 35 and 45 krlometers‘from Bourges.
Similarly, most of the centers that belong to group four are located in ha circular‘zone 30
krlometers away from Bourges On the other hand, groups three and five are less remote
Figure 5.7 shows that most of the towns included in the thtrd group are located in a circular
| zone Wwith a radius varying between lO and 25 kilometers f _romnBourges. Figure 5.8 also reveals
that most of the towns belonging to group five" ai ;cluded in a circle whose circumf erence is
| 40 kilometers distant from Bourges In short, the least accessible towns (group three and f 1ve)
are located in remote areas. The most accessible towns (group two and four) surround
" Bourges in a more central zome. - 4 -
Accessibility indice’s seem to reflect remoteness rather than the relative"importance of
centers This idea is confrrmed when correlation coefficients are, calculated between the towns' ,
accessrbrlrty and the distance separating them from Bourges. The correlation coeffrcrents
obtarned vary between 0. 66‘ and 0. 76 showing a srgmfrcant positive relatronship between the
nodal accessibility of towns and therr remoteness. Important towns located in the margms of
.the county may be consrdered as.not very accessrble Small hamlets located m the center of the
county may then be consrdered as very accessible. In the Cher accessrbrlrty rndrces prrmartly. -
stress the centralness of the towns to the entire network. Accessibility indices do not seem
-to telate to the structure of central places but rather to their position to the network.
In fact, if the study was lrmrted to the central pa!t -of the county, it seems that these ‘

accessrbrltty 1ndrces would mdeed relate to the structure of towns. However, problems tend to

" arise wrth towns- located of the margrns of the study area. Smce they are mainly . connected:i

with towns belonging to adJacent countres “these towns are recorded as not very accessible "

although they may be unportanp Nodal accessrbrlrt

easures are therefore subject to a
‘boundary problem and do not represent a perfect measure of thé relattve rmportance of
marginal towns. In theoretical cases such as those Chrrstaller (21] ‘or Losch {40, mf inite

~ planes were assumed and the boundary problem 'wa_ thus avoided. However, in empirical
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research boundanes and thelr effects cannot be avoided. In the Cher, Frgure 5.3 shows
several 1mportant towns located on its margm (i.e. Sancerre St Satur La Guerche sur °

Aubois, Sancoins, Chateaumeillant). Their '-major connections are with towns located across -
‘ B - .

the boundary outsid'e the area of interest. By COnsidering only towns within the boundary,

results are biased. If, on the other hand tow'ns across thc boundary aré considered, the

' .,

defmltlon of central place system becomes suspect because towns that do not belong to the
Cher. system of central places are incorporated. One solutlon may be 10 mclude towns located
in a limited zone around the boundary But problems artse when the size of thrs zone must be.
determined. The lack of  alternative’ solutrons_ may srmply imply that network theory is not

suited to small bounded areas like the Cher. The problem b’ecomes one of knowing whether or

v

-not one should reject accessrbrlrty indices as adequate measurements -of centralrty

Nonetheless the 1dea of accessibility’ measures seems to ‘be vahd rf the region under

investigation is an isolated system. Obviously, the fact that admtmstra\ttve boundarigs exist
‘ . -« ‘/‘ ' ; L . . .
does not mean that the Cher is an isolated system. The dense road connections separating

marginal towns such as Sancoins or Sancerre with towns across the boundary' indicate that in
R4

f act, these. towns may b\ewve;y accessrble wrthm an area “that largely overlaps the next county.

) Smce they neglected connectrons with. external towns the accessibility indices d1d only measure

partral accessrbtlrtres The Cher was arbrtrarrlv assumed to be a closed system whereas l%ct,
the Cher is an open system whrch has defmrte admmlstranve boundarres accross-which sets of
towns are related through network connectrons

The valrdrty of measurtng the towns relative’ 1mportance -by means of their nodal

accessrbrlrty lres in the assumptron that. the Cher system of roads is an 1solated network The

' ‘above ﬁtscussron revealed that boundaries rnterfere with dommance arrangements Rather than

confi rrmmg the underlymg hrerarchrcal structure of places, the accessibility ‘indices drsclose

rearranged dommance patterns Based on graph theory, these topologrcal measures evaluate

“the centrallty or remoteness of any places and ranksthem accordmg to their accgss. to pther

places. With an ~imposed admnnstratrve boundary that truncates ,the road network, these

]

measures redefined the centérmost places.in the regional system. The difflculty of measurin‘g
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the relative accessibility of marginal towns raises acute problems of zonality in the outcome.

In the Cher, the second and third as well ‘ﬂihe fourth and fifth group of towns were

-disassociated merely on the basis of their centrality or remoteness to the Cher network..’Their“'_

patterns in definite.circular zones is then sirnply an artifact opposing central to - marginal
places In this case, the 1mposed° admmrstratrve boundary distorts the outcome so that

accessrbrlrty indices do not rg&ct the underlymg hlerarchy of centers but rather therr

s

remoteness. -
-Although majot deficiencies, were found with nodal accessibility indices applied toa . '

x of therr relatrve

importance. Néw measurements more %ited 1o bounded areas that , gstimate the d'ﬁdal

accessrbrlrty of places wrthm market - areas rather than to the entir network should be

explored That is not ‘the goal of this study and in the Cher, top)ttgical measures based on

» graph theory appeared to be poor measures of the structure of central places Mis defi 1c1ency

h enabled us to reumfy group two and three .as well as group four and five in two distinct

}

E ﬁg‘ zWe::age populatron of 55,320, the first level includes two unit:

* 5.3 Market areas in the Cher.

37

class-order o

In the er the central places were classrfred into\ hrge lgvels ‘of hrerarchy Wrth an

ourges and Vierzon, and was

renarhed "Regional Towns". The second level of central places embraces a varrety of smaller

towns wrth a .population vaying between 856 and 12, 45} Thrs order of centers contams 24
places and was renamed "Country Towns The remaining 264 places form the thtrd level of
§

central places in the Cher. Desprte its large ‘number of towns, this class-order is\

K

“ homogeneous.. The populatron of towns slightly varies around the mean population of 482.

Level three was renamed "Rural Settlements”.

Up to this point, the‘mai‘n emphasis of the investigation has centered on the‘
establishment of a hierarchy of . centralplaces in the \Cher. According to central place analysis,

service, areas should be hierarchically arranged in a paralle! fashion so that hinterlands of .

’
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lower order eenters are included as combonents of higher order hinterlands. It is the objective
of this section to test the market system in' the Cher. Finding local market areas within the
reglonal system’ of the Cher mtroduces the problem of 1dent1fymg hmterlands ‘In research
literature, ‘several deductive methods were comnfonly used, among them, one simple method -
was,selected.and applied to the Cher: . R "

1. Proximal method: Thiessen Polygons. |

- Apart from several hypothettcal methods, past empirical stud1es were not very successful 1n
finding approprnate quantrtatrve techmques to identify market areas. As a result the best’
method avarlable today is to conduct a- questlonnaue survey aimg questions on thg”spatial

behaviour of consumers In the second part of thxs section, an attemm is made % find a

meaningful statis_tical device in order to determine market areas for the three class-order of -
) —t

PR

centers in the Cher.”
5.3.1 Proximal'modnel. o @

A simple method of Nidentifying "complem"entary areas makes use of a wholly
geometrrgal procedure. in delimiting their boundanes ThlS n}ethod referred to as Thiessen
Polygons is simple and f ully Tespects the pnncrple of .least” effort assumed in classical Central
‘Place Theory Consxdermg the pattern of towns of second order, the question 1s "how can we .
apportron- the drea of this map into regrons about each center so that every locatron in a
region is nearer to that region's center than to any other center"” ‘

The constructron of Thiessen. polygons is s1mple although time' consuming. Each
center is joined to its neighboring centers these hnes are then brsected vertxcally, the blsectors .
meet m threes oI terminate at the, border of the area and hence, deﬁne a set of hmterlands o
Under the assumptxon that a town dominates all of the area that ligs geometncally nearest to’
it, the application of this method to the Cher area yields the pattern of complementary
" regions shown in Frgure 5.10. . : T L.

It is interesting to notice that the Thlessen Polygons found in the Cher vary from ‘

’Christaller s hexagons. Their shapes are not geometrically significant and do not reveal a

¢
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Figure 5.10 Thiessen Polygons for second -order ’cemer‘s in the Cher.

~



areas tend to be smaller in the center of the county and'become larger in remote areas. Figure

5.10 'clearly demonstrates the increase in size of complementary regions with distance-from the

N

. larger cnty (Bourges) Thrs fmdmg Supports Isard s [92] contention that market areas increase

',

in size wrth drstance from a c1ty in any direction. For instance, the complementary areas of

St. Martin d'Auxjgny, St. Doulchard or les‘Aax d'Angillon are small compared to those of

" Mehun sur Yevre or St. Amand Montrond that extend to the administrative boundary of the

county.

f ® .
However the market areas of marginal towns may be\)cessxvely large due to a
boundary problem wh/lt may therefore represent a practical’ limitation on Thtessen Polygons
Moreover, defi ining nearness solely in terms of strarght distance may lead to real. drstortrons'

Thressen Polygons only consider the ;ffect of drstance on the locatron of a-trade boundary

between competitors but do not account for the rrnportance of centers. The results obtalned in

the Cher show a system -of perfect competrtron between centers which implies a perfectly
., :

‘inelastic demand and the tran_sportation costs are assumed 1o be equiylalent for any directions.

It is therefore difficult to use this method to estimate the spatial efficiency of ®ach settlement

as a source of service.

5.3.2 Empirical model - '

In the past,‘apart-from questionn'aire‘ Surveys or studles 'of. commodity flows between
places, few attempts were made t@o find an appropriate quantitative methozl for identitying
urban hi‘nterlands. Rather _.than deductive methods tlta_t hypothesize thd level of interactions
between centers, this sub-section offers anlalternative way to determine hinterlands. The

o

method proposed mainly relies upon the outer rangé of functions as defined in Chapter 3. The

'outer range of a function "F1" corresponds to the maxlmum distance travelled to patromze it.

" This distance was estimated under the r‘rgrd assumption that consumers always patromze the

closest center_ when the service desired is not perform,ed in their own town. This outer range

*

was first calculated for each of the 48 functions chosen for this study (seg Talll_E 3.1). In the
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Cher, the range" of a town was then assigned to the outer range of lts highest-ordet function.

f

This range was an 1deal summary measure of the: relatlve 1mportance of towns that could :
! easrly be comprled with other centrallty indices, through prlncnpal component analysis, to yield

a ‘hierarchy of central p;aces.'Howeve_r. it is not meaningful to use the longest dlstance )
travEll_ed by any One-¢ustomers ‘as. pxrr‘émt\s of complement‘ary areas, in a small rural area

like the Cher. The result wouid then consist of an unclear pattern of overlapp_in'g arcs so that

it would?be impossible to-recognize distinct market ateas. Instead it seems n,ec'e‘:ss"ary to seck a

r . . .

more intermediate measure. ) ’

‘Whereas a questionnaire automatically ‘Teveals which places the local population
regards as centers, this is not the case with outer ranée measures. In fact; a center can not
theoretically be characterized by one smgle complementary area, but rather by a number of .
complementary areas correspondmg to the dlfferent types of servrces offered. Every smgle ;
function has a territory of x{ts own and these territories do not comcnde. Market ar_eas can bc

- vizualized as a series of concentrrc demand zones surrounding the central town, each
correspondmg to a partlcular commodrty or service. Lower crder services possess a linfited

°
* ¥
demand zone since they are ublquttous and the distance travelled for them is generally short

Their complementary areas may be referred to as "low order complementary areas and their
l_)ou'ndaries should.not extend far beyond the limits of the city. These limits may even be
comprised within thg ¢ity's-own limits for,services of very'low order. Howeve‘r, intra --urban
marketlng structures were neglected by most central place studi®®. At the other end of the
scale, higher order servlces have larger complementary areas that expand outward from the
center. lrIighuer4 order complementary areas overlap similar areas of other centers. For any
market analysis, the problem becomes one of knowing' what type of complementary area to
c0nsider and whether or not it is possihle to describe generalized, composite trade areas for
.drfferent grades of centers. As mentroned above the selection of high order complementary
areas would hamper the clanty of the outcome On the other hand, low order complementary
areas may be of little mterest espec1ally “for high order centers. I “t:'t* possrble to find an/

average hmterland well surted to the three class-order of centers present in the Cher"
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One solution to this probiem starts with the 'd'ef inition of functions that best represent
the three class- order.of centers in the Cher. The hmtcrland measure is then based on the outer
range of these particular f unctions. One of the tenets of: Central Place Thebry is that centers
of each hrgher order perform all the functions of lower orders as well as carrying on a set of
central funetions that differentiates them from the lowest order centers. Following this idea,
in the Cher it sfrr)uld be possible to ‘outline specific functionai orders that reflect the ferilers
hierarchical order. To this end, it was decided to rank the 48 functions by plotting their outer
range against their inper range.’ The resulting plot shown in Figure 5.14 clearly reveals three
orders of functions in the C;her. The first-order functions, namely, social security offices,

supermarkets, dairies, fish shbps and wholesale markets are merely performed by first-order

centers and are not offered in most of the remaining places. The average radius of their
)

‘hinterland is 36 kilometers and they serve an average threshold of 16,500 inhabitants. The

second-order functions include a ﬂhj greater variety of services such as veterinarians,

‘ bar?;?r\;\Qanks and police stations. This group also embraces urban retail trades such as

clothing stores, furniture stores, sports stores, stationery stores and cake shops. The average

range of these activities i 17 kilometers a‘r"ld* they serve an average threshold of 1,193 potenk_ial

# custbmers. These facilities are mainly characteristic of the intermediate group of towns, the

country-towns. Finally, the third-order functions are mainly rudimentary retail trades (bars,

-

‘gas stations, bakeries,’ grocery stores) and tradesmen professions ‘(builders, plumbers,

carpenters, electricians). In the Cher, these functions are ubiquitous since they serve an
average threshold of 260 inhabitants and their average range is only nine kilometers. These -
functions are best represented in rural settlements,

- ‘Once specific orders of functions have been found, it is possible to describe
’ 8}

generalized trade areas for each grade of cepters in the Cher. The average market areas of the

( _ two regional towns may then be identified by the average catchment area of the f irst-order

functions. Whenever one of the first-order furictions is performed by the center, the

'The outer range is the maximum drsr.ancc travelled by consumers when the ‘service
is not offered in their own town. The inner range is the minimum hinterland
population requrred to support a -particular service (threshold of hrmerland

- population).
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function's outer %ange is added up. This operation is carried on for the five functions
belonging to this group. The sum’ thus obtained is divided by the total number of first-order
functions (5) and the average dlstance thus obtamed represents the radius of the catchment‘
area of the center under mvesugauon Similar operations are éamed forth for the ;wo next
grades of centers and their corresponding functional groups. By assuming the market areas to
be of circﬁlar shape, their radii R, are the¢ mean values in the fréqucr{cy distribumtion' of the
maximum distance travelled by customers for partncular functions orders which correspond
best to the supply structure of centers \ ‘ ,

This method of determin’ing the approximate boundaries of urban spheres of influence
rests cn the idea to assign a center's trade area to the average catchment area of its
donﬁnating functional group. This procedurc has the advantage of taking into account the
diffetent orders of activities and their respective range. It thus provides ‘individual functional
| hin.terland measurements for each class-order of centers in the Cher. An attempt was made to
compile composite maps showing the cocnple'memary areas thus found n the Cher. These

- »

v /
maps shown in Figure 5.15 to 5.17 reveal much different patterns than those obtained from”

<

| proimal and deductive n@hods.

N

. Although Bourges is not located at the geographic center of t~h> county, Figure \5.15
shows that it serves the major part of the coﬁnty for many specializecl central services and
stands as the regional ccmer for a large imraediate hirﬂrland. Particularly, it serves as the
center for most of the eastern and southern regions. As far as the north-westerﬁ part of the
county 1s concerned, Bourges competes with Vierzon and the ﬂo trade areas meet In fact

most of“ the area covered by Vierzon's sphere of mfluence t{c ﬂlc\flher is also covered by that
of Bourges. Vnerzon seems therefore dependent on. Bourges wﬁfch’ stands as a large county scat
and retail center, provxdmg a wide range of economic, polmcal and socxal semces“Vxerzon is
equally 1mp9rtant as a general supply source but its catchment area extends more to the
adjacent county. Since most of Vierzon's trading area covering the Cher is,iincluded in - -
Boﬁrges's sphcre of infl;ae'nce, one qﬁestion arises immediately: what center do the people .

living in the ir_xtersection_ zone travel to? The problem is not easy to solve without carrying a
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Figure 5.13 Emygrical market areas of country towns in the Cher.

5
(
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Figure 5.14 Empiri'cal market areas of rural settlements in the Cher.

\ o
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personal survey in the field. It can nonetheless be predicted that this intersection zone is

approximatively divided in two by an imaginary line. People living in the northern half

q
certainly travel to Vierzon whereas those living in the southern half are more inclined to travel

to Bourges. Both Bourges and Vierzon have large trade areas with radii of 31 and 37

i

kilometers respectively. Bourges draws people from most of the towns and villages of the. fzt

study area. Only the marginal to.v)os are not under its influence. This is especially true for thej .3‘;,?
. d e

N

southern and eastern remote regions of the Cher. For the provision of central goods. these ™

regions probably depend on other major centers located in adjacent cpunties. Otherwise, the
role df the country towns Jocated in these "independent regions” may be considerable.
Contrasting with the results obtained from the application of” dcductivle models, Figure ,
5.16 illustrates strong.competition among country towns in the Cher, Phese interferences are
important for seven towns, namely, Mehun sur Yevre, St, Dofxlcﬁard. St. Germain du Puy,
St. Martin d'Auxigny, Menetou Salon, Henrich‘emont and Les Aix d'Angillon. Located in t“hc
central portion of the Cher, these towns have interlocked market areas whiiindicate vigorous

competition. The zone covered by these interlocked market areas represents approximatively

»

one fifth of the total Cher area. It is a complex area in which a considerable lack of coherence

[y

emerges. The market areas qf ‘St. Martin d'Auxigny and Menetou Salon are the smallest with

radii‘c‘i‘% to five kilometers. They are almost entirely covered by trading areas of neighboring

centers. This strong competition results from the small distances separating four country

towns, namely, St. Martin d"Auxigny. Menetou salon, Henrichemont and Les Aix d'Angillon. -

However, although competitive, the country towns belonging to this system are higﬁly

specialized and each of them respond to particular needs. Poorly populated, these four

' country towns provide a functional complexity comparable to larger towns. Menetou Salon is

a typical exgmple of French country towns. With a Jow population of 1,447, it is a religious
center and a market place wheré farmers gather every sunday fg)r mass as well as during
d}arket days. The dominant feature.of Henrichemont is its complete range of alimentary
retailers. Les Aix d'Angillon does not offer such a complete range of reuiile.rs but in

<

counterpart, this} town is well suppiied with tradesmen (i.e. builders, carpenters, plumbers,

1)
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furnace men electrrcrans) Frnally, St Martin d’'Auxigny stands as. the admrmstrattve and
f mancral center” within this group of country towns. It provrdes servrces that are rarely met
in the three other settlements such as, banks savulg branches. notanes ‘tax offrces and one.
police: station. These country towns have drfferent functronal structures although they belong
to the same otder of central places. Their mteﬂrlockedmarket ar,eas ate in fact different types
of functronal hmterlands k e h o |

, In the remamrng part of the county, country towns compete less vrrorously In the.
}éastern part, Sancerre and St Satur -are two "twinned towns" and one hrnterland can

L 4

vsummarrze therr economic influence. Another example of competrtrve centers is found in the
"northern part of the county; Argent sur Sa‘uldre and’ Aubrgny sur Nere have trading areas that -
largely overlap Aubigny sur Nere has more than twice as many mhabrtants (5.600) than
Argent sur 'Sauldre (2,687). However the functional status of both places rssrmrlar. The only

functrons lacking m Argent sur. Sauldre are specralrzed rural facrlrtres such as granarres

' ‘ veterinarians and mechanics- for agnculture machmes Both towns supply all the rudrmentary .

retail flades and services. Srnce they are so close and have comparable economrc- staty 'they :

represent a good example of competrtrve centers Such an abnormal" srtuatron may have a‘

logtcal explanatron It wguld be mterestrng to study their growth by means of rme tables It

Py

: 2
would certainly mdrcate one of these’ towns to be growmg as opposod to the other *whrch’.

'would be declmmg It 1s highly probable that these, two towns wrll not belong to the saine

(.'« !

hterarchrcal group in the future

Apart from the ce)?tral part of the county, trade area wfor the cfolg'rntry towns are of
_the same order of size. Their average radu,}rfs is 14.5 krlometers and they cov !
the county The Cher is therefore well supphed by country towns whtch playan unportam
- economrc role in its rural envrronment
Figure 5 17 mdrcates a m&ch more complex arrangernent of tr dmg areas for the rural
| settlements What is mwrately clear is the size drfference of the trade 4reas Some rural

"
settlements have no trading areas since they do not perform any f‘uncttons Mamly ‘located in

’ ’7‘ ¢

. the southern part of the county, these settlements are composed of several farm houses and
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farmers shop in nerghbonng rural settlements or country towns. At the other end of the scale,
a glance at the map reveals several larger trade areas wrth radu close to nine krlometers Such
is the case Jor Gracay at the extremé west. of the county, whrch serves an area that is not
supplxed by any country towns. Despr”te this size drfference rural settlements do not serve the
entire Cher regron and several empty zones" occlrr These zones are mainly located in the
northwestern part of the Cher where rural settlements are seldom and sparsely located. On the.'
other hand, there is a strong compet iQn between numerous closely spaced rural settiements in
the eastern part of the county. o

-

In summary, these thrée maps are interesting to look at from. the standpoint that they

denote the lack of a rrgrd marketmg structure in the Cher. The marketmg systems dutlined by

" these maps conftrm the three-step hterarchy of central places found in the Cher. The size of

the market areas decrease with the order of the centers. However, at each level of the

} hierarchy, these maps reveal strong competrtrons between centers Bourges and Vierzon stand

on their own as centers of frrst order contammg functions wlnch are pe@ormed nowhere else

)

in the county. The two centers co’rnpete"“t?rgorously and vthe influence of Vrerzon-rs‘lrmrted to
the northwestern part of the county. Alt the other end of .the scale are_twhat, are described as
"ru'ral settlements" which prOvlde rudimentary,f acilltie54as well a’s some more specif ic rural
facrltttes such as diesel and oil statrons grananes and mechanics for agricultural machines.
The size of their trade areas is irregular though lrmrted in space. Their excessive: overlappmg '
indicates strong competition in the eastern part of the Cher Between the two *extremcs
country towns can be recognrzed They are small towns with mmrmum urban functions. The
fact that their hrnterlands overlap in the central part of the county reveals strong competition
between the country towns surroundmg Bourges. These centers are a dommant f eature of the
rural economic system of the Cher and supply the regxpn remarkably well Empmcal e\vrdence -
largely departs from the perfect competttron system outltned in Central Place Theory. In the
Cher, trade areis overlap frequenfly’ and lower order, gn}ers are not locé@d at the edge of .

2

hrgher order trad&areas The Cher district is clearly oversupphed" and rts rural marketing
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6. CONCLUSION

This study has been concerned with the empirical identification of central place

fl

\s;ystems in the Cher, France. An attempt has been made to unde_rstand more fully the corcept

of urban hierarchy developed in Christaller's classical statement [21]. The comparison of

: Chrrstaller s original statement and resulung central place analyses yrelded four tnterlockmg

contentions: v ’

1. The flrst is that Christaller expressed the concept of urban hieratchy in two dimensions,
the aggregate and relattve 1mportance of places

2. Second]y‘, -most-research carrled out by_ geogrqpl_)lgs concerned with central place systems“ i
has concentrated upon either the relative 'or g{thel aggregate importance of towns. Rare aré

¢ s

_the works that have combined both drmen !

K" their centrality models

3. Thirdly, most methods used for measuring the relative 1mportance of centers rely on data \
- diff icult to collect (i.e. bus lines passenger linkages, telephne calls). A o

4. Finally, ,most traditional methods of grading centers do not consider the two maJor
.-Chnstallenan mdlcators the outer and inner range oj towns, as two distinct hrerarchy
' factors. |

Inan sttempt o solve these issues, 'this study revolved around a set of investigational stages:

1. Definition of theoretical variables. '

" 2. Definition of empirical indicators.

3. Epismetic correlation.

. | Testing .the r‘eliat)hility and validity of the indicators. y

Cug
-

6.1 Definition of theoretical vanableu ' o * .
The leading t‘r'coretrcat variable of this study may be referred to as urban hrcrarchy.‘
in the Cher". However followmg Chr.staller s concepts, it lvas possrble to derive two

| secondary theoretrcal varrables from it, the aggreg.zte and relative tmportance of places. The

138
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aggregate- tmportance or nodality of places has been defmed as an mdex of their " srze where

~centets are consrdered as closed systems On the other -hand the relative rmportance of places

or centrality regards towns as service centers which provide commodrtres to 2 surrounding

v

regron Many writers have f arled to appreciate thrs spatral aspect m their centrality models and
most of them confrned their studres to the aggregate rmportance of towns. Thrs study has
tried to present a complete stfuctural analysis of the concept of urban 'hr,erarchy,‘.by identif’ ymg ;
empirical indlcators measuring ‘both, the agg‘regate and relotive importance' of ‘places in a-

te

French rural area. , -

6. 2 Definition of emprncal variables }

| At th;’ stage of defmmg emprrrcal‘ variables, two problems remamed unresolved m
most centrat place analyses: \ X ‘
1. To f md a reliable methodology ‘to measure both inner and Outer range of places
2. Tof md a srmple method to measure the relauve importance of towns.

In the present study, the umt of analysis is the commune. Two hundred and nrnety
communes belgngmg toa smAll French rural county’ were examined. The Cher, located in the
center of Fra;ce was regarded asa sa@factory central place laboratory It is characterized by
a homogeneous topography, a seftlement pattern that tends to be regular, and by a significant

f arming activity. Functional and popnlation data were readily available for the 290 communes

of the Cher. A recent French census book (1980), the Ihventaire"Communal, lists the number -

¥ N \
" of establishments for 48 functions present in the communes. Moreover this census book

_ provides populatron data such as total and nucleated populatrons of the commune.

The frrst problem dealt with was the estimation of the outer and inner range of
towns These two variables were . recognized as the two major centralrty vanables ,,,,
‘Christaller's Central Place Theory. The outer range was empirically defined as the maxrmumi:
distance travelled by consumers when a partmular service is not performed in their own towns

In a fev_v'central_ place studies, this distance was esnmated mainly from questionnaire surveys

% The term "county" was used as a translation of the French term- "département”.

<
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‘asking where people travel to when they need a service lacking in their own town. In the Cher,
it was assumeo that the principle of "least effort” held, so that ‘the outer range of the 48
functions could easily be established. The outer range of towns was then recorded on the basls
of the outer range ‘of their highest-order function, Measurmg the inner range, defmed as the
\mrmmum number of consumer units necessary to support a firm, brought to light some
'methodologrcal problems Followmg Bunge's [77] ooncepts‘° the problem "consrsted of
knowxng whether local or hmterland populatron thresholds should be consndered To solve this
issue, both’types of thresholds were estimated for the 48 functions and compared through a
bivari-ate regression analysis and an analysis of residuals. Although well- correlated (r=.49),
hifterland population thresholds provided better restllts since these measures appeared to be
less distorted 'by‘ outliers. The inner range of towns was then "asslgned to the hinterland
population thresholds of their highest-order function. s

In addition to the two Christallerian indicators; this study sought sim’ple means for
measuring the relative importance of‘. towns. The underlying principle of relative 'importance- is
that the hierarchy of towns is bound up with the level of mteractlons between themselves and
atherr hmterlangis Followmg thrs concept the measﬁrement method was estabhshed undél the
‘assumptron that the importance of linkages between places was proportional to théir degree of
mteractron Road hnkages were exammed from a large scale road map of the region and
subsequently sr,mplrfred as a graph Shortest path measurements provnded an estimation of the
nodal accessibility of the 290 towns present in the Cher. .

An easier task was to .find empirical indicators reflecting the aggretgate lmportance ol:

towns, since most central place studies already dealt with this problem_: These indicators .were .

all extracted from the census book, the Inventaire Communal, and consisted of population

and functional data. . oo

In order to mvestrgate ‘real central place ‘networks in the Cher, a total ‘of fifteen

Q
" empirical indicators have been selected to translatevtheoretrcal variables mto operational terms.

Three accessibility indices and the outer range of towns were moré specifically vdeslgned to

5

"Bunge criticized central place studies on the ground that they calculated the inmer
range of centers in terms of local rather than hinterland population. : :
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reflect the relative importance of centers. On the other hand, population data.and functional
0. _ )

- indices were related to their aggregate importance.

6.3 Epismetic Correlation

Onceeﬂe empirical indicators were established an attempt was made to define how
closely related. theoretical and empmcal variables were. In other words the second part of the
study ‘estimated the 1éc\onnection between concepts and empmcal evxdence To this end, a factor
analysis of the empirical variables and ‘a distance grouping of the factor scoTes were

3

"The structnral analysis of the empirical' variables was carried out using principal

subsequently performed.

component analysis. This analysxs producedfﬁh‘ee staustically independent dimensions of

urban hierarchy in the Cher'“

l. . size hierarchy f actor made up of population data.

2. A functional mdex factor.

3. An accessibility f actor.

The results of the principal component :snalysis clearly demonstrated that in the Cher,

the major indicators of hierarchy are demographic. Ar'nong them, the inner range of towns is -
| the'dominant factor. However, considering the hiererchy of centers und‘e’r an "operationist"
.perpective, that would claim e direct correpondence between -the hierarchy concept and the
inner range of towns, is not valid for obvious Teasons. Principal component arialysis revealed
;éhat urban hierarchy tnay be viewed in three dimensions. Although population variables best
summarize the importance of towns, other dimensions partly explain the original theoretical

variables. Accessigility indices, for instance, elere shown to reptesent a unique dimension in
‘ne Cher. The indicators related to this dimension are clearly opposed to the reirlaining set of

empincal indicators. An interesting point stressed in this study was the lack of (association
between the outer range and the accessibility of towns. In the Cher, the outer range of towns
was found to be associated with functional indices, and to a lesser extent. with population .

_data.
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In summary, the structural analysis of the empirical variables did not show a direct

v

telationship between the relatlve 1mportance and both the outer range and ‘the accessibility of

'towns 'On the other hand, these two mdxcators have differént meamngs m the Cher The

aggregate 1mportance of towns was clearly associated with the population and inner range of

6.4 Testing the rehabllity and validity of the indicators
Ihe f act that in the Cher the accessnbxlxty indices are strongly dlsassocxated from any
other empmcai vanables is an important fmdmg which contradicts the idea to relate the
accessibility of places to their "size” as well as to their functional status. Further ihvestigation

supported this point and in the last part of the study, it was shown how nodal accessibility

"t

indices represent a poor measure of the relative importance of centers.

First, it was establishéd that in the Chér, the gccess_ibility measures played an
important role in the grouping procedure. A clustering analysis performed on the factor scores

yielded five groups of towns. The study of centrality profiles for these five groups revealed

" three hierarchy lévels, and it appeared that two pairs of groups were discriminated on the

single basis of their accessibility.

P

Secondly, it was decided to test the rBliability of nodal accessibility measures as an

index of the relative importance of towns. Each successive group of central places were

. plottéd on different maps and the major feature of the output was a circular zonal

arrangement of the towns. This zonality suggested that nodal accessibility fndices simply

indicated the "centralness” of the towns to the entire road network r#thcr than their

importance. . | _ . : '
Thirdly, this series of observations led to t;le point whére nodal aczessibility' indices

. : ' ¥ .
seemed to be inQant indicators of urban hierarchy when applied to a small adiministrative

area. In the Cher, accessibility measures were subject to a boundary problem which distorted

the results. » . . )
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As a result, accessibility indices were considered to be invalid indicators of the relative
, .

importance of towns in the Farea under investigation. Their éffect on the grouping procedure
was therefore ignored and a three step ﬁierarchy was confirm;d. Two towns of higher-order
were classified as regional towns. At-the ‘other end of the scale, 216 rural seitlements were
identified and, between the twc? extremes, 24 country towns represehted another class-order. of

”

central places.

A différem approach was taken in order to analyze the trade areas of the centers at
each level of the hierarchy. Traditional methods of hinterland‘delimitation failed to identify
meaningful. systems by being too deductive. Instead of ‘consumer's behaviour or commo;lity
flows, the average outer range 6f incr'emental class-order of functions was examined for each
‘tow.;v'n at each hierarchical level. Approximate composite trade areas could thus be i<;e\mtified
for every Settlemenis. The size of these trade areas confirmed the three step hicrarchy’ found
in the Cher. Each lower-order of centers are charécterized by smaller hinterlands. The analysis
~of market areas emphasized the rolé of competition between central places. Each hierarchical
orde‘r of . places does not occupy the ;fnterstices in the pattern formed by centers of higher: ‘
rank. Similarly, trade areas of lower-order are ndt systematically embraced Ey higher-order
trade areas. Instead, the marketing system of the Cher is marked by a Yigorous competition
among ccnteré at each level of the. hierarchy. Sometimes, the overlap is considerable and it is
difficult to distinguish a rigid spatial organization of market areas. The empirical arrangement
of fnarket aréas contrasts with the ones observed whpn deductive methods were applied to the
.Cher. Outer ‘ré'nge measurements repr'esenf a more reiiable {ndicator than straight distancés
separating centers or population data.

'6.5 Prospect of th‘e_ study and suggestions for further reseafch

The original goal of this study has been achieved in part. This study has succeded in

undertaking a structural analysis bof centrélity in the Cher and has pfovided an -original

method of delineating market areas for each center. However, it failed to find a valid measure

of the relative importance of -central piaces. This is an significant impe?fection, but in the
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context of the present reséarch. it may be scen as informative (nd several conclusions may

therefore be drawn.

1. The role of a town is to administer internal flows in the grea' of which it is the main
center. It'is determined by the interconnections bctweer; a center and its hinterland, The

" fact ;hat a large number of central plage studies neglected to consider the spatial inf l.uence
of centers in their centrality model is misleading. In one way or another, the spatial
interactions between a center and its surrounding' region\ should ;)e fully explored and
evaluated by means of .pertinent emﬁirical indicators, These vindic?tors should be i.ncludcd.
in aﬁy structural analyées of urban hierarchy. N C E ]

2 Urban hierarchy is not a simple equauon The complexlty of this concept has been
confirmed by the structural analys1s of centrahty in the Cher. This analysis dnsclosed
three hierarchy dxmensxons and emphasized the fact that-qrban hierarchy should not be .
examinéd from one single persp.ectivé (i.e. total number of functions or bfunctional
occurrence). Instead, géographers sho’uld recognizé' its pluralism and study the con'cept of
urban hierarchy under different facBts. . ,

3. Finding meaningful empirical indicators to quantify the concept of centrality poses
probiems. '1_’he unpredicted_invalidity of accessibility i_ndices as indiéato;s of centrality
shows how complex the process of finding reliable indicators r'nay‘ be.)ln particular, the -

. L .
task of measuring the relative importance of towns without resorting to direct

questiohnaire surveys is difficult. Measuring theoretical variables has :;lways been a task
tha{t requires numerous precautions. One way to resolve the problerﬁ may -consist of
sample testing the predicted indicators before inclhding them in the -general model.

-4, In the Cher, both Christallerian indicators represent reliable measures of urban hierarc_hy.
The inner range was esti_mated to be a very good indicator of tﬁe aggregate im-portaﬁcc of
cemiral yplaces. Although the 1:ole of the outér range measuQis less relevant in terms of
grading centers, itis a meanmgful tool for empirically determmmg mrrket systems.

There appear to be three mam dimensions for further expansion and refmemenl of

this study. First, since the methodology developed in this study relies upon the questionable
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principle of "least effort”, there is a need to build a .mére realistic framework. Throuéh’out
this study, repeated comparisons between "classical” Central Place Theory have been made.
Further investigations should depart from the unrealistic assumptions tiéd with éentral Place-
Theory ‘by incorporating a more behavioral philosophy. Secondly, the inabi}ity encountered to
characterize the relative impoi‘tance of towns with accessibilify indices must be. overcome.
More ref ined‘ nodal accesslibility indices sﬁohld be explored. They should measure the’ F"locali
accessibility of centers rather that their accessibility to the entire n\étwork. finally, other
contextual factors should &4considered to reinfow the pluralism that features urban
hierarchy. More particularl&, to ignoré the inﬂuence of economic criteria suéh as median
family income .or the price of goods is to block out possible effects that may ha\;e an
imp&rtant impact. In future reséarch, there is a great necd .10 introduce economic faciors into
centrality models. ‘

The principle of combining both the aggregate and relative importance of towns
through a cc;mpletc structural analysis of centrality may therefore be expanded. The séope of
such attempts will be related highly to the choice of empirical indicato;s.’ This study proposed
a pertinent methodology for such prc:jects. and by raising the issue of. the 'valid;it_y of

centrality indicators! may be of great help for future works. |
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" MECHANIC

APPENDIX

FUNCTIONS *

POST OFFICE '
FIRE HALL Co
SOCIAL SECURITY OFFICE

TAX BUREAU

POLICE STATION

BANK

SAVING BRANCH

NOTARY.

VETERINARIAN

CHURCH -
MINISTER

BUILDER

PAINTER

CARPENTER

PLUMBER

FURNACE MAN : &
ELECTRICIAN :

" NUMBE :
NUMBF :
POP . :
DENS:

- DIST:

CONOAUEWN -

SHORT :
POT :-
NEONF :

MECHANIC FOR AGRICULTURAL MACH!NES ‘.
SUPERMARKET L
GROCERY : : s
BAKERY . .
CAKE SHOP

BUTCHER'S SHOP ’ ) ’
DAIRY __— : .
FISH SHOP

RESTAURANT

--BAR

BARBER
HATRDRESSER

. CLOTHING STORE  *

HABERDASHERY

SHOE STORE
.APPLIANCES-STEREQ STORE: -
FURNITURE STORE

HARDWARE SHOP,

IRONMONGER'S SHOP

SPORTS SHOP :

SEED SHOP

STATIONERY STORE

‘TOBACCO SHOP.

NEWSPAPER STAND

GAS STATION

OIESEL STATION

GARAGE FOR OIL PURCHASE -
GRANARY

MARKET (MONTHLY)

WHOLESALE MARKET (ANNUALLY)

NUCPOP:
THRESH:

1+ ACCESS:

POPONE :
POPONF :
THRONF :
THRONF :

A A o R o ok ol o o ol o o o R e R e ok Rk

* LIST AND CODES OF THE
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15 CENTRALITY INDICATORS *

[N

TOTAL NUMBER OF ESTABLISHMENTS.
TOTAL NUMBER OF FUNCTIONS.
TOTAL POPULATION.
NUCLEATED POPULATION.
POPULATION DENSITY.
HINTERLAND POPULATION THRESHOLD
OUTER RANGE. - .
ACCESSIBILITY INDEX 1.° ’ .
ACCESSIBILITY INDEX 2. -
POPULATION POTENTIAL. :
NUMBE / NUMBF.

POP ,/ NUMBE

POP / 'NUMBF .

THRESH / NUMBF .
THRESH /NUMBE .

, 5"‘-‘
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* TABULATION OF THE NUMBER OF ESTABLISHMENTS FOR 48 FUNCTIONS .
- IN THE CHER

c.ct.tt.t.‘..‘-.tc“‘q"to-.t..tt--o...-o.cc‘...t"-.“.o-‘ot-o

ACHERE . 00000000000Q0 1 100000 100000 1000000000000 | 000000
AINAY VIEL 10000000000 100100010 110100t 1 110000000000 11101100
ALX ANGILLON 11011201121443%8323212215005542211201102111312241
ALLOGNY 0000000002 100000 12 10 100 10030 100000000000 1 1 1 10000

ALLOUIS -, 000000000002000000 100000000 100800000000000 1 10000
ANNOI X' 000000000 100000000000000000 1 0000000A0C000000000
APREMONT ALL IEROOOO000Q0 1 1000000000 100000 t 1000000000000 | 1000000

" ARCAY 000000000 103 10000000000000 1 1000000000000 100000 10
ARCOMPS ’ 100000000 10 100 100220 10000004000000000000 1 1 100000
ARDENAILS 00000000000 10 10000 10000000 10000000000000 10000000

ARGENT S SAULDR110112110515545432015415015332311312211121212040
ARGENVIERES 000000000000000000 102 10 100 14000000000000 1 202000
ARPHEUILLES 00000000000 10000000020000002000000000000 12000000
_.ASSIGNY 0000000000000 1 t 1000000000 1 1000000000000 10000000

AUBIGNY S NERE 11011511.15155555451 1553501555553342@%3234552‘40
AUBINGES 00000000Q 1 1001000

AUGY S AUBOIS  10000000000200 1 100001001001 100000000000014 1111100

AVORD 1100110002112 11014 10210200142 10301000001 12300040
YA o 10000000020 101222 1302 10 100 1300000 100000022 100100
BANNAY 100000000 101 1 1100000 1 10000 120 100000000001 1111000
BANNE GON 11000000000 10 1000000 110 1002 1000 100000000 1 1 100000
BARLIEU - 11000000000 10100 1 1002 10 1002 10000000000 101 1100000
BAUGY 110111112414225122104302003321221222211121311242
BEDDES 000000000000C0VR0000C00000 106000000000000000000
BEFFES 100000000 $0000 1 101101 10 1003200000001 100011211040

BELLEVILLE S L 0000000000000 12330002 1000030000000000000 1 1100000
~ BENGY 'S CRAON 1000000001 111100011011010011 1111100110001 1100000
BERRY-BOUY » 00000000000 10000000000000020000Q00000000 t 1000000
BESSALIS L FROM. 10000000000200 1001 1011000022000000000001 11110000

BLANCAFORT 1100000005 1224 101200410100 12 1200010010 102 1200000
BLET . 1100000001 11011 1110031020025 1102110000001 1330040
BOULLERET * 1000000002 15223 13020 11030033 1 {0002000000 112 12 100
BOURGES 11111555555555555525555555555555555555555555525+1
BOUZAIS 0gPO00C00000000000000000000 1000000000000 1 1000000
BRECY ’ 110000000 10001 1010001 10 1 10030000000000001 1100100
BRINAY 1000000000000 1

0000000000000 1 000000000000000000000
BRINON S SAULDR 1100020008 18543332002202002422101101210111321010
BRUERE - AL L [ CHAM 10000000000 100 100 1002202004 1 110 1000000001 1200100

BUE 100000000 1 1001000 1000101 101 1000000000000 1 1 1 10000
BUSSY . 000000000 1 10000000000 10000 10000000000000 | 1 100000
LA CELETTE . 00000000001 10000000000000 10000000
LA CELLE 000000000 102 1100 1000 1 100000 1000000000000 1 1000000
LA CELLE-CONDE 0Q0000000000000000000000000 1000000000000.1 1000000
CERBOIS : 000000000002001 1 10 10000000000000000C000000000C00
CHAL IVOY-MILON ~ 100000100001 1111 10102 10000 1 2000000000000 1 1 100040
CHAMBON 000000000000000000000000000 10000000000000 1000000

LA CHAPELLE ANG110111010110112113103101002423000200000112332040
LA CHAPELLE HUG 100000000 1020000000021 0000 1 2000000000000 1 1000000
LA CHAPELLE MONOOOO00000000 18000000 1000005 5000000000000 10000 100
LA CHAP.ST URS 110001%0“001101102520110000000013201000
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LA CHAPELOTTE 110000000000000 1 1 1101 100002000000 1000000 1 1 100000
CHARENTON SCHER 11014000011 11132 130054020043 t 100010010012 1320140
CHARENTONNAY, 0000000000000 1001000000000 10000000000000 1 100 100
CHARLY 0000000000000 1100020 100000 1 1000000000000 1 ¥
CHAROST . 110101110103212113104 1141025112101011001 1232 1340
CHASSY 1 1000000000000 1 10000GC000000 1 1000000
CHATEAUME ILL ANT 1101131132755544444044250 155324 1142130222143 1140
CHATEAUNEUFCHER 1 1011201 113310223310531501342121111121113121 1140
LE CHATELET 11014 1011111332113105303003211010101 10212142024
CHAUMONT C

CHAUMOUX -MARC 1L 0O000000000QO0000 1 10000000 1 1000000000000 10000000
LE CHAUTAY 000000000 100 10000000 100 100 | 10000000000000 1000000

CHAVANNE S 000000000000000000000000000 1 000000000000 10000000
CHERY 000000000000 t 1000000 1000000 1000000000000 1 1000 100
CHEZAL-BENOIT 11000100010t 101001102201001 1 1 10000000000 1 1100040
CIVRAY © 11000000010 1160001102 10000 14000000000000 1222 1000
CLEMONT 1 10000000 10201 1 1 1 1002 102001300000 1 1000101 1210000 -

COGNY ~
COLOMBIERS 000000000000 0000000000000 1000000000000 1 1000000

CONCRESSAULT  1100000002000000 1010 101 100 12000000000000 1 £ 100000 -

CONTRES

CORNUSSE Q000000A000 100 100000 100 10022000000000000 12000000

CORQuUQY - ° 00000000000 100000000 10000022000000000Q00 10000000

COUARGUES 00000000000000000000 1000000I0C0A00A000000 1 1000000

COURS LESBARRESCO000000000 10011 12002 10100330 102000000001 111 1000

cousT * 0000000000020221 11101 1010011000000000000 1 10 1000
. Couy 100000000 10300000000 1 10000 12000000000000 1 2000000

CREZANCY EN SAN 10000000000 110320200 10100 1000000000000 t 1 100000
CROISY ) 000000000000C000000000000 1 H0000000000000C0O0000

CROSSES 000000000 101 101 110000 10 1000 1000000000000 1 1000000
CUFFY 100000000 102000:10 100020000$ 10 10000000000 12 1 10000
~CULAN 110103111114231124304414004320111111220012131214
DAMP I ERREENCROTO '10000000000000002000000000Q00 1,1 100000
DAMP § ERRE ENGRACOO0000000000000000 10100000 1 1000000000000 1 1 100000
DREVANT 000000000 100000Q0 100 100000 1 100000000000G 1111 1000
DUN-SUR=-AURON 110112111115453244315424024044221322311231333241
ENNORDRES 1000000002000 1 100120 1 101002400 1000000000 12 100000
EPINEUIL FLEURI 1 10000010101011020 10110100 3000000000000 1.1 100000
ETRECHY 1000000005120121 11102 101000120001 10010101 1100000

3

FARGES ALLICHAMOOOOOOOOOOOOOOOOOOOOHOOOO!ZOOOQOOOOOOOO12000OOO
FARGES EN SEPT. { 10000100200001 1000011010033 1 11000000010 1 1100000

FAVERDINES 00000000000000000C000AC0000 § )
FEUX 100000000 1021 11001 10120 100120 1 1000000000 1 1 100000
FLAVIGNY 00000000000 100000000 1000000 1000000000000 10 100000
FOECY 1100021005 14341111004202003521010110 #0011 1110040
FUSSY . 1000000005 1 120000 1 10100 100300 1 1000000000 t 1100000
GARDEFORT 0

GARIGNY 0000000000000 1 120 1 102 1000023000000000000Q 1 1 100000
GENQUILLY 11 4011011102 10200301 10100010000 1 1 100000
GERMIGNY EXENPT1000000Q0004 100000002 101000 1 100000000000 1 1001000
GIVARDON . . * 00QOOOO00Q 11002111101 1010003000000000000 1 1200000
GRACAY =« | ~1101121121134622221043150045322212_12121132422142
GROISES | 0,0.0.070.0,0.0.0.0.0.00.0.0.0.00.0.06.660.6.3 0000006000000 0608000.0000]
GRON " - G00GO0000 1000000 10000QARO00 100000030000DOC000000
GROS SQUVRE IOOOOOOOOOO!OOOOOOOOQ!D‘OOO!OO'OOOOOOOOO! 100 1000
LA GRQUTTE

LA GUERCHE AUBO1101 £21121135222351054 !500554231221123! 12155 1 140
HENR I CHEMONT 1101120125132144221054150Q4521441211322122512140

HERRY . ||OOOO1|05|30543H202 10200121'00!0000000”101100'.




HUMBL I GNY 00000000000 1000000000 1000004000000000000 1 1000000

10S ST ROCH 100000000 10 1000000000 10d000 1000000000000 1 1000000
1GNOL - 00000000000000000000 1 10000 100000000000000 t 000000
INEUTL . 000000000000000000 100000000 1000000000000 12 111000
IVOY LE PRE 110000000201 111 101003 10100040000000000 1012 100 100
JALOGNES 10000000000 100 100020 100000 131 10000000000 1 110100 1
JARS 1000000008 130101 11102 10 100 12000000000000 1 1200 100

JOUET S AUBOIS 110010010114312243004203005322320202211121211040
~ JUSSY CHAMP AGNE 000000000Q0 1 10000000 100060 12000 100000000 1 1
JUSSY CHAUDRI ER 10000000000520000 1002 1011023000000000000 1 1.1 10000

LANTAN 000000000 10 1000000000C00000 1000000000000 1 1000000
LAPAN 000000000000000000000000002 20000000000000 1000000
LAVERDINES 0000000000000000CC00000000 100000000000000C000000
LAZENAY 00000000000000000 100 1000000 1000000000000 1 1000200
LERE 1101 12010512021 121304 102002201 11030100001 1210 ¢

LEVET 110011010120523221204102111221 1110022011 11301 14
LIGNIERES "11011212221843852342083 150035322422122102
L IMEUX . 00000000000 1000000000000000 1000000000000 1
LISSAY-LOCHY 000000000 100 1 10000000000002 2000000000000000D0000
LOYE S ARNON 1000000001 1 102 1 1 1000000000 1 1000000000000 1 100000

LUGNY -BOURBONNA POO0C000000000000000000000000000000000
LUGNY - CHAMP AGNEOOOOOQ000% 1 102 100 120 110 100020000000000001 1101 100
1"

LUNERY 102 110002 10320 1000400000000000123 1 10050
LURY S ARNON 1001 11010103121 1 10002 10200220 100000 10000 1 1 100000
MATSONNALS 000000000002002 120 10 1000Q00 1000000000000 1 1 100000 -
MARCAIS 100000000101 1 1 1000000 10 100 12000000000000 1 1200000
MAREUIL S ARNON 100000000101 111122103101001%110000000000112114 140
MARMAGNE 1000000001 12201 101001102009 1 120 1000000001 § 10014 1
MARSEILLE AUBIG 100000000100 101 101002 10 10003000000000000 1 1 100040
MASSAY 100000000 10322332 100320200331 1 111001002022330240
MEHUN S YEVRE 11011511111555552501558350255535543121422388823141
MEILLANT . 1000000001 1 101100000 1 10100 12 1 10000000000 12§ 00000

MENETOU-COUTURE 10000000000 100000000 1000000 1000000000000 1 100000
MENETOU-RATEL 1000000003 1 102 1001002 10 1002000 1 100000000 1 1 100000
MENETOU-SALON 116000000% 12 134 133204203004 1 12000400101011221241

MENETREOL S$S SA100000000001Q11 102 10220101042 100000000001 1100000 -

MENETREOL S SAUOOQOO000000 100000 100 100 1002 1000000000000 1 1 100000
MEREAU 000000000101321 1 1120120 ¥0022000000000000 1200 1000
MERY-E£S-BOIS 110000000002 132211 10210100121 1000000 10001 1101100
MERY-SUR-CHER 00000000000 1000001 101100002 10 10000000000 1 1220000

MONT IGNY 1 10000000 100 12000 1 102 10 100 1 2000000000000 12200 100
MONTLOUIS 0000000000000 1 10000000000 1 1000000000C00000000C00
MORLAC 100000000 t 1002000 1 10100 100 1 1000000000000 1 000000

MORNAY -BERRY 100000000 10 1000000 10000 10002000000000000 t 1 000000
MORNAY S ALLIER 1000000000020 12001100 101003 1000000 100000 1 1220000
MOROGUE S : 11000000030 1 1 1.100000 1 10000 t 10000 10000000 1 1000000
MORTHOMIERS 000000000000000000000000000 1000000000000 1000000
MOULINS' S YEVRE 10000000000Q 1 1 1 110 102 10000350 1000000000022200 100
NANCAY 10000000020022 1 102 102 101004 t 1 10100000000 1 1200000

NERONDES 110112122124312212105213003421122102331131211142,

NEULLY EN DUN 000000000001t 111 11110110000 1000000000000012 111000
NEULLY EN SANC - 1000000004 120 1Q0 10 10 10000020000000000000 1 1 100000
NEUVY DEUX CLO. 10000000000 1000000 10 100000 100000000000000 1000000
NEUVY LE BARROI0000000000000 10000000000000 1000000000000 10000000
NEUVY S BARANG. 110111000114132113102112003322111901100111411100
NOHANT EN GOUT 000000000000000000000000002 1000000000000 10000000
NOHANT EN GRACA@OOOO000O000 100 100110 1,100002 1000000000000 1 1 1 10000
LE NOYER 00000000000 1 104 1 10 10000000 120 10000000000 | 1000000
. NOGZIERES 000600000 1000000000000000000000000000000000A0000

OIZON - + 110000000% 13311101102 10 10032000000000000 t 1100000 -
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ORCENALS . M%WOOOOOOOOOOOOQOOOOOOOOOOOOOOOOOOOO
ORVAL 10000 111422312001 10100822 1000000002124 110140

OSMERY 000000000 1000 1000 1 10 1 1000002000000000000 1 1 1 1 1000
osMovY

OURGUER L .BOUR. 100000000 10132200 1002203002 13300001 1000011221140
PARASSY 000000000 1 10000000 10200000 12000000000000 1 1000000
PARNAY

LA PERCHE . 10 1000000000000000 100000GO000 100 10 1 1000
PIGNY mtmnnouoiooooonoooooooomoonoooooo
PLAINPIED-GIV. 1100000001 1120000 1001 1010002 1000000000001 1111000
PLOY 0 100000000 100000000000000022000000000000 1 1000000
POISIEUX 000000000 100000000000 10000 1 1000000000000 1 1000000
LE PONDY © 00000000000000000000 1 1000020000000000000 1 1000000
PRECY 00000000000 100 1 100 10 100 100 1 3000000000000 1 1000 100
PRESLY 10000000000000000000200000220000000000Q0 1 1 100000
PREUILLY 100000000 1011 1 111000 1 10060 1000000000000 12000000
PREVERANGES 110001002 104242232102 1020021 11001310010011211141
PRIMELLES 0000000000000 10000 10200000 1 3000000000000 12000010
QUANTILLY .- - -~000000000 10001 1000 10 100000 1 10000 10000000 t 1 101000
QUINCY 1 10000000 1020 1300 100 1 101002 10 10000000000 12 100000
‘RAYMOND 000000000000000000 10000000 t 0000000000000 1 100 100
REIGNY E 00000000000 100 1000002000000 1000000000000 1 1000000
REZAY 00000000000000000 100000000 14000000000000 10 100000
RIANS 1 10000000 10120 1001102101 101 1000000000000 1 1 1 1 1000
SAGONNE . LO00000000 10000000 10000 1000 1000000000000 1 1000000

ST AIGNAN D MVOOQOOOOOOOOOOOOOOOOOOOOOOOHOOOOQOOOOOOOHOQOOOO
ST AMANO MONTR. 1111151433395543553455381255555355323224535854052

ST AMBROIX 100000000 11 1 1 1 10 1000200 10002000000000000 1 1000 100

. ST BAUDEL" 100000000 1000 10000 10 1 100000 1000000000000 1 ¢ 100000
ST BOUIZE 100000000 1 120122 1000 t 101003000000 1010000 1 1 100000
ST CAPRAIS . 000000000001 10 11 1000000000220000 100000000 1 100000
ST CEOLS 00000000000000000000000000 1000000000000 10 100000

© ST CHRISTO. L.COO00000000Q 10 1000000000000 10000000000000 1 1000000
~ ST DENIS DEAPA.00000000000 100 1 10000000000 10000000000000 10000 100
ST DOULCH. 100002 1005 15424555325408511543122221 112133552040
ST ELOY DE GY 10000000021 1122113103202005300000000000022 100000
ST FLORENT S CH11011511013%445435235424015553533412343335%28240
STE GEMME SANC.0000000000000000 1010 1 100000000000000 1000 1 1000000
ST GEORGES POI.00000000000 110 1000000000000 1000000000CO000V00000
ST GEORGES/PREEOOCO00000000 10 1000000 1 100000 1000000000000 1 1 100000
ST GEORGES/MOUL Q0000000000320 110 1000000003 10000000000000 1 110200
ST GERMAIN 8015100000000102010000002i000(”20000000000001 1100000

ST GERMAIN PUY 100Q001100%10525122112 15142110442111122530040 .
12000G00000000 11 100000

ST HILAIRE COU.0000000000000010001
ST HILAIRE GON.0O000000000 1001 .
ST HILAIRE L1G. 100000000 1020 100000000000 1 2000000 100000 1 1000000
ST JEANVRIN
ST JUST © 100000000 1 1420122 1202 1000023000000000000 1 100000
ST LAURENT 000000000 1000 10000 100000 10000000000000000 1000020
ST LEGER PETIT 110000000000 1000 1000003000 1 10 10000000000 1 1000000
ST LOUP .CHAUME SO0000000000 10 1000000000000020000000000000 1 100000
STE LUNAISE . C ( )
ST MARTIN AUXI. I10}120112!22321433053160025321!1201100012200040
ST MARTIN CHAMPOROOO IOOIE!OOOOOOOOOO‘OOOOOOOOOOOOH!OHOO

ST MAUR RO00002020'10C0000000002000000000000 1 1 100000 -

ST MICHEL VOLA 100'000000010000001000000000000”100000
STE MONTAINE 0000 1000 1 10000000 2000000000000 1 1 10 1000
ST OQUTRILLE 0000000 100020000 10 1000000000000 1 1000 100
ST PALAILS 80 100 10000000 1 10000 | 1000000000000 12 110000

ST PIERRE BOIS 1OIQOOOOHOIOOOOO'OOOOOOOOOOOOOOOOOOOOO

@ /
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ST PIERRE ETIEUOOO0000O00002 122000000000000000000000000000000000
ST PRIEST MARCHOOOC000000000C00000020000002000000000000 1 1000 140
ST SATUR 100102000% 14432233 104403018321112101101 133812240
ST SATURNIN 1 10000000 1030000 1 1002 10 10020 1 10000000000 1 1 100000
STE SOLANGE 1!00000001100”1”602'0!0002"100100
ST SYMPHORIEN
STE THORETTE 00000000000 100000 100 10000030000000000000 1 1 100000
ST VITTE > 4 00000D000000000000000000000 1000000000000 1 1000100
SALIGNY LE VIF 000000000000 100000 10 1000001 1000000000000 10000000

SANCERGUES 1101121 111112100230033030032221002001 11111110240
SANCERRE 1101121215315254%531183240155333921021222%92322021
SANCOINS 110113123115531215215825115532431332223235851243
SANTRANGES 1 100000002 12 132220002 1000022 11000000000 1 12 10000
SAUGY 0

SAULZAIS POTIER110110001111111110002102002 110000000101012212040

SAVIGNY SANCERR1100000011031132221102201001301000100100014 1100108

SAVIGNY SEPTAI . 100000000 1020 1000 100 100 100330 10000000000 1 1 1 10000

SENNECAY 0000000000000 1000000000000 1 1000000000000 1 1000000

SENS-BEAUJEU 1100000004034 1 112020 1 100002000000000 1000 1 1000140
" SERRUELLES 000000000000000000000000000 ¢

SEVRY .

SIDIAILLES 00000000000‘0"1100000000002000000000000“000000
SOULANGIS 010000000 10000000000 1000000 1000000000000 1 1000000
SOYE SEPTAINE 000000000 10100 1000002 1000022000000000000 1 1200000
LE SUBDRAY 000000000000000 100000C0000 1 10000000000000 1000000
SUBL IGNY 000000000 1 12001 1 +100 1 10 1000 1000000000000 1 1 100000

SURY-PRES-LERE 000000000003 10 100 1000 10000,10000000000000 1 1000000 -

SURY EN VAUX 1000000002020 11010 101 10 1000 100000 1000000 t 1000000
SURY-ES-BOIS . 1000000000000200 ¢t 130020100 t 1000000000000 1 1101000
TENDRON

THAUMIERS 100000000 1010 10 100 102 10000 1 1000000000000 1 1000000
THAUVENAY " 00000000000 1000000000000000 1000000000000 1 1000000
THENIOQUX 10000000000 1 1 1 100 100 1 100003 1000000010 1 101 1 100000
THOU 000000000000 1 1000000 1000000 1000000000000 1 1 100000
TORTERON 1000000001022 1200 71032010038 111 11000111021 101040
TOUCHAY 000000000 10000 1000 1Q 100000 10000000000000 1 t 110000
TROUY " 100000000 101843 1321031010029 1 0000000000143 10100

*UZAY LE VENON  100000000.10000000000 10000002000000000000 1 1000000
VAILLY S SAULDR110111013101329%523303202004522411311111112221141

VALLENAY: 10000 1000 1 100 11 10000420 1003400000000100012 100140
VASSELAY 000000000 110 1 1111102000000 1000000000000 1 1000000 .
VEAUGUES © 1100000002023211010031010011110001001000112:11240
VENESME 000000000 1000260 10001 10000 1 1000000000000 1 1100000
VERDIGNY 000000000 100 1 1000000 1000000000000000000 10 100000
VEREAUX - 00000000000000000 100 10000000000000000000 1 1000000
VERNALS 000000000000202'1000101000000100000000000'()‘00000
VERNEUIL

VESDUN | 1000000001010121‘12031010021100000000000“|00140
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‘.'l.lll...‘.“.‘..“‘tiO...‘Q.-..“.i't..&.....tl.‘..
* SCORES OF THE 290. TOWNS ON THE THREE FIRST FACTORS *
B - OF PRINCIPAL COMPONENT ANALYSIS .

--ot-.a-ooo‘.‘o.‘oo- _..-ctnoucl-p-o.o.o-t--oopc.oac
S . .

’

FACTOR 2 FACTOR 3

ﬂq’c_ron 1
"' T vl . 4

" 1 ACHERE . -0.1409000 -0.6653400 -1.0451002 T .

2 AINAY VIEL -0.1858000 '-0."1349400 = 0.5459000 . .
.3 AIX ANGILLON 0.0851000° | 2.2205000 -2.0228996

4 ALLOGNY -0:1330000 ;- 0.0518600 -1.9857998 . . .

S ALLOULS -0,04%8000 ;. »0.5518000 -0.9111000 .

6 ANNOIX » -0.02000Q00" 01 0.2058000 ‘

7 APREMONT ALLIER -0.1786000. 0..9968000
. 8 ARCAY™ " -0.1394000 " * " <1.0708004 L .

.9 ARCOMPS © -0, 1422000 0.8364000 ’ . -

10 ARDEMAIS . . ~ -0.1363000 -0.7366000 O. 1158000 . ' .
11 ARGENT S SAULDR  0.2082000 2.3471899 0.7367000 ° S *

12 ARGENVIERES = * -0.1399000 -0.1997900 1.6791000 ‘

13 ARPHEUILLES -0. 1445000 -0.4886200 . 0O.0059000

~14. ASSIGNY -0.1626000 -0.6421500 1.23533998

15 AUBIGNY\S NERE 0.6290000 3.2565899  0.0116000

16 AUBINGES - -0.1256000 ~0.7358%00 . -0.9122000

17 AUGY - S AUBOIS @-0.1379000 -0.2038400 0O.7384000

VORD L 0.2261000 0.9113000  -1.0987997
b 47 o -0.1567000 0.3416300 -0.5018000

. 20 BANNAY ~0.0457000  -0.1568300. 0.8716000

21 BANNEGON . - : -0..1501000 . ~0.2079300 -0.6568000

22, BARLIEU ~ = -0:1426000  =-0.1004800  1.2489996

23 BAUGY .., -0.0619000 . '1.8486898 ' -0.5185000 o .
24 BEDDES ° 'Y -0.0715000 -0.9307200 1.3671999 o ks
2% BEFFES -0.0818000 ".0.1966000  1.7755003 i
26 BELLEVILLE'S L -0.1285000 . 20.1305000 "12.0481008

27 BENGY S CRAON -0.1075000 ©. 184 -0.3797000

28 BERRY-BOUY .. -0.019800Q -0.5417000 -1.8299999

29 BESSAIS L FROM.  -0.0911000 -0.0792000  0.5309000 .
.30 BLANCAFORT -Q.0BBO0O00 - - 0.6848000. 0.7013000

31 BLET - -0. 1401000 0. 6895000 -'.0‘115995

32 BOULLERET © -0.0257000  0.8479000 2
33 BOURGES 14.7625999  4.0065002 -

34 BOUZAILS . -0.1181000 -0.B8050000 .

38 BRECY - : ~0. 1116000 0. 1697000, &

36 BRINAY ° 0.0450000 -0.8244000 -

37 BRINON S SAULDR -0.0255000 . 1.3528996 . >
38 BRUERE~ALLICHAM -~0%1249000 0. 1159000 -).3979998 :

39 BUE - ~0. 1424000 €. 1324000 . .

40 BUSSY . -0.08QS000 70.6252000 ° -

41 LA CELETTE " -0. 1050000 0.5708000

42 A CELLE -0’ 1435000 -0.6169000 :

43 LA -CELLE-GONDE = -0.1066000 .’ " 0. 1140000, . .

A CERBOIS -0.1373000 =0. 1125000 ‘ “

‘st CHALIVOYSMILON  -0.0800000 -0.2858000 '

6 CHAMBON <0. 1229000 -0. 4908000

47 LA CHAPELLE ANG -0.10%1000 1.0228004 -0.6095000
48 LA CHAPELLE HUG -0. 1442000 -0:3796000 ' 0.8613000
49 LA CHAPELLE MON: -0.1379000 - 0.0263000 ~1.1836004



Y

v

.

{

SO LA CHAP ST URS
S1 LA CHAPELOTTE
52 CHARENTON SCHER
53 CHARENTONNAY

54 CHARLY

55 CHAROST

56 CHASSY

57 CHATEAUMEILLANT
58 CHATEAUE%UFCHER
59 LE CHATELET

60 CHAUMONT

61 CHAUMOUX-MARCIL
62 LE CHAUTAY
63 CHAVANNES
64 CHERY x

"65 CHEZAL-BENQI %

€6 CIVRAY

67 CLEMONT

68 -COGNY .

69 COLOMBIERS

70 CONCRESSAULT

71 CONTRES "

72 CORNUSSE °

73 CORQUOY

74 COUARGUES

75 COURS LESBARRES

76 COUST

77 Couy

78 CREZANCAY SCHER

79 CREZANCY EN SAN
. 80 CROISY

‘81 CROSSES

82 CUFFY

83 CULAN

4 84 DAMPIERREENCROT.

8% DAMP]ERREENGRA
86 DREVANT :
87 DUN-SUR-AURON -
88 ENNORDRES
89 EPINEUIL FLEURI
90 ETRECHY
91 FARGES ALL ICHAM
892 FARGES EN.SEPT..
93 FAVERDINES
94 FEUX
95 FLAVIGNY
96 FOECY
97 FUSSY.
98 GARDEFORT
99 GARIGNY
100 GENOUILLY"
101 GERMIGNY EXEMPT
102 GIVARDON.
103 GRACAY
104 GROISES
105 GRON
106 GROSSOUVRE
107 LA GROUTTE .
108’ Lp GUERCHE AuBO
109 HENRICHEMONT

,@,
0.1424000  1.1198997
~0.1985%000 -0.2120000
0.0119000 1.0806001
-0.1399900 -0.3%478000
-0.1404700 ' -0.%81 14000
-0.0660700 1.5922003
-0.149370Q -0.6372000
090678300 2.5883999
0.0338400  1.8086896
-0.0241700° 1.3922997"
'-0.2332600 -1 3667002
-0.1794300 -0.6833000
-0.1273100 -0.6Q58000
" -0.1212%00 -0.8928000
+. =0.1606100 * -©.5559000
0.0272300  0.2383000
-0.063%200 0.0239000
_=0.1430300 :_ 0.3%93000
-0.2244700 *-1.3821003
-0.1082500 , -0.7392000
-0.1394400 ~-0.0813000
-0.2287100 -1,390%001
-0.1224800 -0.4153000
-0.1517100 -0.57 13000
.-0.1502400 -0. 5508000
-0.0573400 0.0998000
-0.1263200 -0.0948000
-0.1466500 -0.3329000
-0.2172300 -1.3302998
-0.1231%00 -0.0769000
-0.1210100 -0.8806000
-Q{1481400 --0.4%27Q00
-0.§565300 -0.0508000
-0.0635700  1.6773996
-0.1445900 - -0.6348000-
-0.1742700 = -0.6396000
-0. 11048 -0 4125000
0.47645 2.5664997
-0.1212400¥ 0.1075000
-0.08Q7500 % 0.0249000
-0.1824500 .36 15000
-0.1531300" 5863000 °
-0.0870400 1804000
-0.0506700, . 9269000
-0.146 1900 0694000
-0.1366700 . 7368000
" 0.1143%500 .2627001
0.QR15900 0.2173000
-0.#210400 -1.3674002
-0.1690400 -0. 1999000
-0.1064300 0.2335000
-0.1457100 -0.1627000
-0.13407300  -0.06 13000
0.0349800  2.0829000
0.0127600,° -0.896B8000
-0.0684200  -0.7950000
-0.1328300 -0.3406000
-0.2227400  -1.3733997 .
0.2916700  2.2624998
0.0168200  2.1925001

-2

-

-

+
Q -

$66060-00-002600-000-02000-060000

I

)

]

. 0440998
-0.
+0.

4797000

0738000
. 1273000

-0
-1

2530000

.2049999
. 26099%Y;
. 7642 .
-1,
. 0686000
-0,
. 1227000
.3641996
-0.
.5981998
0.
-1.
.6839000
-0.
-0;
. 7070000
-0.
1880000
.-0.

2992004

2808000

6328000

02'57000
1014996

4893000
0224000

5998000

4652000

.8300000
2208004 -
. 1331000
. 6018000
. 1578000
. 1298000
. 3809000

6895000

.83%4000
3176003
6676000

9536000
1184000

.366 1003,

1095000

2370996
1271000

93000,

523000,

1654997 ' -

1230000
2857000
5203000
8659000
6174000

5680000" |

6356001
2877000

3779000
6583004

0584000
2301000
3203000

.05%2000

7430000
6068000
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' 150
Y51

<

119

13
102

*.195
T 1@ MARCAILS

146

-162

110 HERRY
11t HUMBL IGNY

112 10S. ST ROCH
113y 1GNOL- ‘
114 INEUIL L
115 IVOY LE PRE

116 JALOGNES

117 JARS :

118 JOUET S AuUBOLS
JUSSY CHAMPAGME
JUSSY CHAUDRIER
LANTAN ~ °

LAPAN
LAVERDINES
LAZENAY

LERE

LEVET
LIGNIERES

L IMEUX
LISSAY-LOCHY
LOYE S ARNON
LUGNY ~BOURBONNA.
LUGNY -CHAMP AGNE
LUNERY

LURY S ARNON
MAISONNAJS

120
121
122
123
124
125
126
127
128
129
13

133
134

MAREUIL S N
MARMAGNE
MARSEILLE AUB!G
MASSAY .

MEHUN § YEVRE
ME ILLANT .
MENE TOU-COUTURE
MENETOU-RATEL
MENE TOU-SALON
MENETREOL SS SA

137
138
139
140
141
142,
143
144
148

147
148
149

MEREAU

MERY -ES-B0Q1S
‘MERY -SUR-CHER
MONT I GNY
MONTLOUIS '~
MORLAC

MORNAY ~-BERRY
MORNAY S ALLIER
MOROGUE S
MORTHOMI ERS
MOUL INS S vsvnz
NANCAY :
NERONOES -

NEULLY EN DUN
NEULLY EN SANC
NEUVY DEUX CLO. .
NEUVY LE BARROI
NEUVY S BARANG.
NOHANT -EN GOUT
NOHANT EN GRACA
LE NOYER
NOZ1ERES

182
183
154
185
186
187
158
188
160
161t

163
164
168
166
167
168
169

MENETREOL S SAU*

-0y0312800

-0_
.
-0.
-0-
-O_
-0.
-0.
0.
-0.
-0.
-0.
-0.
-0.
-0.
-0.

.Q 300

PuE
-0. 1791500 -
-O'-
-0.
-0.
-0.
0.
-0.
-9'.
-0.
=0.
0.
~0.
-0.
0.
-0.
~0.
=0.
. =0
-0.
ELK

-0
0

1441800
1099800
1417500
1397200
0591100
1866500
1269700
0111200,
1428700
1018400
1545700
1401400
1484700
1317000
0558300

153288
1357900
2315800
1723100
1355700
0828660
1394300
13174
11739
2400
0524600
04886
87743
0882700
1089500

1313800 .

0692100
0967600
1719200

0.Q479900

-0.
=0.
-0.
-0.
~0.
-0.
-O_
-0.
0.
0.
. 1268400
-0.
-0.
-0.
-0.
-0.
-0.
-0.
<0.
-0
-0.

1394800
1267500
1594800
1587300
1349500

1696600 - -
1710700 -

1479100
0357700
2170100

0164300
1402100
1666700
1142400
1284400
0273600
0946400
1545000
1644500
0488000

7863000

8346000

-

L

. ’ kel

AN

. 7139000

o
b

0. ‘o
-0.7337000 0.0664000
~0.6181000 0.6936000
~0.8104000 0.9823000 -
-0.5623000 ©0.1712000
0.20980Q@ -0.5926000
0.0518 0.6349000
0.2165000 0.0789000
1.4928999 1.1175003
-0.4303 0. 7175000
0.3448 1.0185003
~0.7610000 0. 1619000
-0.5959000 -0.3377000
-0.9116000  0.7970000
~0.5615000 ° -0. 1644000
+.0200005  1.4587002
t.sa;sssv -2.2348003
. 2994998  -0.6353000
-0.7729000 -0.7134000 -
-0.5642000 -0.3968000 °
-0.2482000 O.6868000
~1.3788004 -0.2743000
0.0376000 " .0.7338000
0.%715000 " 1. 1985002
' 0.3094000 -0.2614000 | *
~0.3760000 -0.7778000 \{s i
-0.2575000 -0.5766086™~\
0. 305000 -0.463 000 N
ggégooo -0.8 g ~a§
-o 0424000 .oe :
1.048800 .sazaooo
3.2893 +-2. 1114998
£=0.0636000 -0.8190000
~Q, 6382000  1,.7472000
.0576000 ' 035360000
*1,51449897 -1 0713997
0.2%38000" 2 0.8741000
* -0.4682000 -0 _
0.2915000 °-0- 000
0.3922000 -1.1d%9996
-0.1972000 - 0. 1592000
0.0246000 ' -0.5662000
-0.7481000 ©0.2266000
~0.2940000 0. 108 1000
-0.5152000  0.6739000
0.1208000  0.4153000
~0.1290000 -1.0805998
-0.9095000  -0. 73317000
0.2114000 ~1.7142
0.3152000 -0.5942000
1.8320989 0.2203000
-9. 1659000 -0.0213000
.1389000 ©  0.0835000
-0T6331000 0.0645000 .
-0.8077000  0.4254000 .
. 1.1946001 -1.20882996
-0.6683000 ;0.8786000
-0.3351000  1.5843000 ,
-0.2383000 0.0475000 *
0. ~0.51170Q0

-

ve?

oo

167




- ’ ’ ot v L )
170 0120N ~0.0962500 .0.°9184000 ©. 1598000 S o
171 ORCENAIS ~ -0.1327400 -0.4451000°  0.2611000 4

0.1427700  1.0198002  -0.3%80000

-=0.1357500 -0.3519000.' -0. 1001000 .
-0.2517300 -1.3226004 ~4.6920996 .

-0. 1369400 0.7671000 -0.3339000 ' - e .
-0.1375500 -0.3820000 ~-1.0369987 . Wi :

-0.21998Q0 -1.4019003 .2639000 . vy o .
0.1471100 -0.4963000 .1.145700% . < .
-0.0862700 -0.3032000 -0.8807000 : ' '

-0.0556100 0.0%66000 -1.7477999 . . :

-0.090%700 -0.4553000 -0.4003000 ) oo

-0. 1578100 -0.7186000 .-0.38%6000 . ‘

~Q. 1694100 -0.6533000 ' -0.0743000

-0.1741800 -0.280%000  1.3129002 -

185" PRESLY -0.1632800 '-0.4304000 -0.4279000 ‘ o
‘ 186 PREVILLY" : 4. 1498300 -0.29%9000 -1.2087002 . “n
187 PREVERANGES ' -0.1376800 1.2314997 1.9776001 4 -
188 PRIMELLES ~0. 1517500 -0.3462000 -0.3040000
189 QUANTILLY -0. 1455800 -0.2541000 -0.3736000 «
R 190 QUINCY. -0.0900200 - 0.0463000 -1.0132999 B :
. ‘w 194 RAYMOND -0.1672800 -0.6033000 -0..3018000 : :
. "+ 1924 REIGNY ~0.1143200 -0.6026000, 0.7834000 '
193 REZAY . ~0. 1300800 -0.4517000 0.7990000
194 RIANS -0.0546400 0.336%000 -1.0799999
195 SAGONNE . -0. 1456700 -0.6852000 0.9230000 . )

' * 196 ST AIGNAN D ‘NOY -0.1637300 ~0.8073000 0.0726000
- 197 ST AMAND MONTR. ~ 3.3221197 3.°2623997 -0.4004000 o C

198 ST AMBROIX -0.1193800 -0.2049000 -0.2862000. .
199 ST BAUDEL : ~0.1304200 © +0.4933000 -0.5498000 :
: : 200 ST BOUIZE ' -0. 1658500 0.0740000 0.7018000 .
; - 201 ST CAPRAIS ' -0.1491600 -0.2597000 -1.1957998 ‘ \
L 202 ST CEOLS .~ -0.2085200 -0.7838000 -0.9987000 ) »
¢ WS- - 203 ST CHRISTO. L.C  -0.1650300 -0.7388000- - 1.2974997 ‘i -
: R 204 ST DENIS DE PA. -0.1373400 -0.590500Q -0.7054000 ST S
T 205 ST DOULCHARD *1.0080099  2{7426996 " -2.035%000 R ’ .
’ 206 ST ELOY DE GY -0.0641500 = 0.5346000.  -0.7295000 :
N 207 ST FLORENT S CH ~ 0.9288200 = 73.2207003 -2.3460999
; s . 208 STE GEMME SANC. -0.1176800 -0.4713000 -  0.2087000

209 ST GEORGES POI. . -0.0975600 -0O.7308000  1.1697998
210 ST GEORGES/PREE  -O.1230800 -0.5916000  0.9856000. =\«
21:&7 GEORGES/MOUL -0.1313300 -0.1467000 -0.8614000 -
) 2127 ST GERMAIN BOIS -0.1026800 -0.2306000 -t.2227001 .
" 213 ST GERMAIN PUY  0.5837400  2.1730003 -1785989997 - . . \‘
214 ST HILAIRE COU. -0.0613900 -0.5144000 . 01018000 "
218 ST HILAIRE GON. -0.1168700 -0.8420000 t.1308002

.
216 ST MILAIRE LIG. :0.1149300 -0.1917000 0.0170000 - e
\ 217 ST JEANVRIN '-0.20978Q9 -1.3832998 2.0347004 . ’ .-
218 ST JUST . -0.1671500  0.2668000 -1.9335003 : «
. 219 ST LAURENT - -0.1241200 -0.0842000 -0.4017000 , : '
. 220 ST LEGER PETIT  -O.1380600 -0O.4842000 1.6650000 : ;
k o 221 ST LOUP CHAUMES -O.1092300 -0.6506000 -Q. 1802000 . :
: 222 STE LUNAISE, . -0 2271300 -1.3902998 -0.4790000 A . .
. - 223 ST MARTIN AUXI. ,0.0154800 . 1.6145000 -1.0452003 . ' ’ '
< | ' 224 ST.MARTIN CHAMP -0.154§300 '-0.358700Q  1.6539001 |
17 777225 ST MAUR © -0-s1430700 -0.4278000  1.9924002) ‘ ’ =
" 226.ST MICHEL VOLA, -0.1836400 °-0.5688000 -1.7424002 , -
‘ ' 227 STE MONTAINE -0, 1695300 -0.4660000 0. 1905000 .
228° ST OUTRILLE - -0.0762700 -0.2295000 -2.2874002,
229 ST PALAIS -0.0774000 -0.4204000 -0.2440000 .
> : . . - .

(23

e s - *
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Ny
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+

¥

230 ST PLERRE -BOIS
231 ST PIERRE ETIEU

‘232 ST PRIEST MARCH

233 ST SATUR

234 ST SATURNIN .
235 STE SOLANGE
236"ST SYMPHORIEN
237 STE THORETTE
238 ST VITTE -
239 SALIGNY LE VIF
240 SANCERGUES

241 SANCERRE

242 SANCOINS - °
243 SANTRANGES

244 SAUGY
‘245 SAULZAIS POTIER

246 SAVIGNY SANCERR
247 SAVIGNY *SEPTAIL.

A 248 SENNECAY

267 TROYY . a0 -
' 268 UZAY LE VAPA
269 vaiiiy s Shuor

249 SEN3S-BEAUJEU
250 SERRUELLE

281 SEVRY

252 SIDIAILLES

2%3 SOUL Is

254 SOYE SEPTAINE
255 LE S Y,
256 sust| .
25T SURY-~ LERE,
24§ SURY ENWAUX
2%9 SURY-£S-B01S
260 TENDRON

261 THAUMIERS

262 THAUVENAY

263 THENIOUX

264 THOU.

265 TORTERON

266 TOUCHAY

.

270 VALLENAY
271 VASSELAY
272 VEAUGUES

. 273 VENESME

‘-

274 VERDIGNY

275 VEREAUX

276 VERNAILS

277 VERNEUIL

278 VESDUN

279 VIERZON . -
280 VIGNOUX:SS ATX
281 VIGNOUX S BARAN

4,282 VILLABON

283. VILLECELIN g3
284 VILLEGENON.

285 VILLENEUVE S CH
286 .VILLEQUIERS =
287 . VINON . .
288 VORLY ,
289 VORNAY

290 VOUZERON .

6‘9800 -0, 6476&

_5‘
-0.0671400 _ ~0. 2973?23
-0. 1697200  <0.28% 4
0.0677700 1.9 Q!
-0. 1148600 #£0.0031
0.0096300° -0.048%000
-0.0887500 _-0.8359000
-0. 1701400 ' =0.4219000
-0.1623100 +~0.6848000
-0.1656300 -0.6527000
-0.0754000 1. 1595001
0.0782700 2.6744003
0.3304100  2.9422998
- -0.1792700. - 0.23656000
-0.2199300 -1.39%56003
-0.1019000 0.5378000
-0.09%4600 = 0.6348000
-0. 1510400 ' -0.0496000 -
«0. 1220200 -0.7344000
~0.1%21900 0.386B000
-0. 1468400 -0.9131000
-0.2247900 ~-1.3774996
-0.1082Q90 = -0.5044000
-0.1041000 -0.6040000
-0. 1226000 -0.3057000
-0.0458700 -0.7559000
© -0.1464100 -0O. 1829000
-0.4661500 . -0.3816000
. -0. 1586600 -0. 1460000
-0. 1463000 -0. 1841000
~-0.2212900 -1.377%997
-0.1222300 -0.3458000
-0. 1092600 -0.7796000
--0. 1008600 -0.046 1000
-0. 1947900 ~0.5948000
-0. 1073700 - 0.7341000
-0. 1308500 -0.8311Q00
0.1507700  1.0%83000
-0.0954000 -0.5920000
-0. 1199100 1.7926998
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