


German Quantitative Geography

Papers presented at the 2nd European Conference on
"Theoretical and Quantitative Geography'
in Cambridge 1980

Gerhard Bahrenberg/Ulrich Streit ( Hrsg. )

FERDINAND SCHONINGH - PADERBORN - 1981



Alle Rechte, auch das der auszugsweisen photomechanischan Wiedergabe, vorbehalten.
@© 1081 by Ferdinand Schoningh, Paderborn, ISBN-Nr. 3 - 506- 73211 -0

Gesamtherstellung: Buchdruckerei Regensbarg, Daimlerweg 58, 4400 Miinster



PREFACE

This volume contains the contributions of
the German participants at the 2nd Eurogpean
conference on “Theoretical and Quantitative
Geography" in Cambridge, September 1380.

Although the papers by E. Giese and U.
Streit are published in the conference
proceedings, and the paper by G. Bahrenberg
is going to be published 1n a special issue
of ‘Environment and Planning A' we decided

to include them in this collection in order
to give an as complete as possible impression

of recent German work in quantitative and

theoretical geography, To aveid doublie public-

ation the papers are presented here in a
slightly different version,

The German working group decided to publish
all papers in English since this seems to
be the only way to make our ideas and work
be known within the international community
of geographers. We would like to thank our
colieaguaes very much for taking the burden
to produce lengthy papers in English. Only
those who ever tried to express themselves
by writing in a foreign language are able
to appreciate the tremendeous and trouble-
some work one has to invest. Although every
author is fully respensible for his contri-
bution in any respect we would like to
apologize to our foreign friends and
colleagues for occasional stylistic defi-
ciencies that may make reading sometimes
hard.

The papers in this volume are by no means
representative for West German quantitative
and theoretical geography but may give a
good impression of the range of research
work jn the field. E.
systematic outline of the development

Giese presents a

during the last 15 years in his introductio-
nary paper. The other papers deal with
problems of spatial stochastic analysis

and modelling, multivariate analysis,

policy and planning orjented research,

and computer aided cartegraphy thereby
indicating the fociof present research
interests in West Germany. It should be
noted in this context that German quantita-
tive geography received significant
stimulation by regional policy and planning.

The publication was possible only because
of much help we recefved from others. He
would like to thank the 'Deutsche For-
schungsgemeinschaft' for a substantial
financial support which allowed our partici-
pation at the Cambridge-meeting. Our
thanks are due to Bob Bennett and his
British colleagues who organized the
conference giving us an epportunity to
discuss our ideas. Thirdly we would like
to thank our secretaries Angelika Rentel,
Beate Rolfs (8remen), and Hildegard Schulz
(Munster) who had to struggle with quite
unusual manuscripts but succeeded, Finally
we thank the editors of 'Hiinstersche
Geographische Arbeiten' who agreed to
publish the collection in thefr series and
offered technical and financial support.

Hopefully the volume helps to strengthen
international relations in our discipline
and to overcome still existing Tanguage
barriers,

Gerhard Bahrenberg
Ulrich Streit

8remen/Hiins ter
April 1981
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ZUSAMMENFASSUNG

Die vorliegende Abhandlung stellt eine ge-
kiirzte Fassung eines Beitrages dar, der in
voller Linge und deutscher Fassung in der
“Geographischen Zeitschrift", 68. Jg.,
1980, Heft 4, erschienen ist. Nach einer
kurzen Darstellung der Entwicklung der
"(Guantitativen Geographie" im deutsch-
sprachigen Bereich werden die derzeitigen
Schwerpunkte der Forschung der deutsch-
sprachigen Arbeitsgruppe vorgestellt, wo-
bei insbesondere auf Fortschritte in der
Theorie- und Modellbildung eingegangen
wird. Auf vier Forschungsschwerpunkte der
Theorie- und Modellbildung wird niéher ein-
gegangen. Es handelt sich

1. um das Gebiet der rdumtichen Diffu-

sionsforschung und raum-zeit-varian-
ten-stochastischen ProzeBanalyse

2. um den Komplex der partiellen Stand-
orttheorien,

3, um den Bereich der rdumlichen Wachs-
tums- und Entwickiungstheorien und

4, um das Feld der planungsorientierten
Model1bildung,
Dariiber hinaus wird kurz tber Fortschritte
in der Methodik und geographischen Daten-
verarbeitung referiert, die neben der
Theorie- und Mpdellbildung wesentliche Be-
standteile der "Quantitativen Geographie"
darstellen. Abschliefend wird auf Probleme
und kritische Momente der jiingeren Ent-
wicklung der "Quantitativen Geographie"
hingewiesen.

I Methodological reorientation

When I. BURTON published his paper on the
'Quantitative Revolution' in geography

in 1963, there was no trace of such a
reyolution in any of the German-speaking
countries. The publication of a series of
methodological papers not till the mid
1960s saw the beginnings of the develop-
ment of ‘quantiative geography' in these
countries. Mathematical and statistical
techniques began to be applied in geo-
graphy and were used to try and solve some
of the traditional types of questions and
probiems, in particular those relating to
classification and regionalization. Typi-
cal of this phase of development are the

papers by D. STEINER {1965a.b) on the
apptication of factor analysis in geography,
by CHR. WERNER (1966) on the geometry of
traffic netwerks or that by F. AHNERT (1966)
in which he pointed to the importance of
computers and mathematical models for the
future of geomorphology. The first techni-
ques to be applied widely were regression
and correlation analysis., There was parti-
cular interest in factor analysis and
principal component analysis.

Factor analysis introduced many geographers
in the German-speaking countries to the
‘quantitative phase in their development'.
There was an unwritten rule in the geo-
graphical world that anyone who was anyone
must have completed at least one factor
analysis and by the end of the 1960s and
especially in the early 1970s the results
of these efforts were appearing one after
another (see A, KILCHENMANK 1968, 1970,
1971; J. 8AHR 1971a,b, 1974; G. BRAUN 1972,
1975; M. SAUBERER 1972, 1973 a,b, 1974;

G. STHBLEIN 1972, 1973, 1975; R. HERRHMANN
1973; etc.). During this period factor
analysis became the favourite mathematical
technique amongst ‘quantitative geographers'
in the German-speaking countries.

It was only realized later that they had
stumbied on a particularly difficult mathe-
matical-statistical technique, g{ving rise
to heated discussions subsequentiy (see E,
GIESE 1978¢, F.J. KEMPER and W.
SCHMIEDECKEN 1977); the difficulties

played no part in the first innovative
phase of 'quantitative geography'. The first
concern was to master and tame a new metho-
dological toy and it resuited in a period
of experimentation and in the relatively
uncritical and blind application of novel
mathematical-statistical techniques.

A survey of the application of factor ana-
lysis and the closely allied technique

of cluster analysis shows clearly how the
use of mathematical-statistical techniques
slowly spread throughout the German-spea-
king countries. In this regard the North-
American influence should not be overlooked:
the same process of adaptation occured as
in the United States, but with a time-Tag
of almost ten years. B.J.L. BERRY published
his first factor analysis in 1960; the
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first facter analyses in the German-
speaking countries date from the late
1960s (A. KILCHENMANN 1968}, apart from
the work of D. STEINER, whoe was then 1i-
ving in North America.

It would give a false picture of ‘quanti=
tative geography' in the German-speaking
countries to imply that factor analysis
was the only technique examined in the
initial phase of development. As well as
the techniques of factor and cluster ana-
lysis, geographers interested in quanti-
tative methods examined and applied a
number of other mathematical-statistical
techniques, such asdiscriminant analysis,
multiple regression analysis, test and
estimation techniques of various dif-
ferent kinds, methods for analysing time
series (Markov chains, Fourier analysis},
as well as graph theory and matrix tech-
niques. The applications were restricted
in the main to the field of intervall/
ratio data; techniques for coping with
nominal and ordinal data were onty taken
up later.

11 Reassessment of scientific theory

En the first instance there was no reyin
sion of the content of geography in the
German-speaking countries to accompany
the adoption of the mathematical-statis-
tical techmiques, even though such a
change should have been an intregral part
of any such development. A new methodi-
cal toy was embraced without any attempt
being made to change either the terms of
reference, the aims and objectives, or
even the fundamental scientific approach.
The first decisive step in this direction
was taken by D. BARTELS (1968b) with the
publication of his paper 'On the re-
assessment of the scientific underpinnings
of human geography', together with the
transiations he initiated of various
studies in English (see D. BARTELS 1970a)
and P. HAGGETT's texthook (1965/1973)
‘Locational anglysis in human geography'.
It marked the assumption of the new
research direction on a much broader base.

The writings of D. BARTELS are important
in two respects for the development of
'quantitative geography'.

1. Previously human geography had stuck
doggedly and somewhat one-sidedly to the
classical concept of landscape studies
and regional geography, but D. BARTELS
tried to provide it with a new or at
least an alternative theoretical frame-
work. He developed an approach to human

geogranhy derived from analytic and pragmatic

scientific theory and orientated towards
regional science. It is worth neting in
this context that even at this early stage
D. BARTELS' approach incorporated behavi-
oural variables,

2, D, BARTELS' writings stated clearly
that the goal of this approach to human
geography wltimately ought to be the
development of new theories and models,

as well as giving greater precision to
existing ones. It meant that the purpose
of 'quantitative geography' could not
simply be defining, describing and ana-
lysing ebservations more precisely through
the application of statistical techniques.
Neither could it be the development of
quantitative techniques for their own
sake, nor the uncritical translation and
application of mathematical-statistical
techniques to geographical date. Rather
the aim had to be to develop more reali-
stic spatial theories and models ,

much in the same way that regional science
had done, or at least to expand on exi-
sting theories. For example location
theories, 1ike those of J.H. von THONEN,
W. CHRISTALLER and A. LUSCH, were ori-
ginally derived to explain the primary,
secondary and tertiary sectors, but more
recently regional scientists, such as W.
ISARD, E, von BUVENTER and others, have
developed them more in the direction of
general economic theory.

This task was tackled enthusiastically by
the 'quantitative geographers' and at the
same time attempts were made to extend the
range of techniques available, and to test
their applicability. In the sequel various
different theories and models were adopted
and attempts made to make them more pre-
cise and to develop them further, as well
as to test them empirically.

There is a whole series of models dating
from the beginning of this phase, all



built with the help of regression analysis,
factor anmalysis or discriminant analysis,
but with varying specifications with regard
to content:

- In physical geography in the field of
hydrotogy, R. HERRMARN (1972,1973,1974,
1976) and U. STREIT (1973) produced models
for predicting runoffs as well as models
of water pollution in the FRG. In the
field of geomorphology F. AHNERT (1971,
1976) and H. ROHOENBURG (1976) produced
models of slope degradation.

= In human geography there wWere three
areas., First, models to analyse and
describe spatial diffusion processes ({the
spread of the idea to become guest worker
in Turkey with the help of a regression-
based gravity model - D. BARTELS (1968c
1970b); the spread of television in
Poland using the results of a multiple
regression -~ G, BAHRENBERG/J.LOBDDA {1973)}).
Second, models for analysing central place
systems (the analysis of the spatial di-
stribution of central places with the
help of quadrat and factor analysis -

J. DEITERS (1975a,b), predicting the spa-
tial pattern of consumer demand for goods
and services of medium frequency using

a beta distribution and multiple regres-
sion analysis - J. GOSSEFELDT (1975a,b)).
Third, factor analytic models for ana-
lysing inner city population movements

as well as the social segregation of the
urban population (the fields of factorial
ecology and social ecolegy - G. BRAUN
(1972,1975,1976)).

Another focus of research in the German-
speaking countries ‘Quantitative Working
Group' was in the field of time series
analysis. Primarily using Markov chains
various types of time series models were
built and used to analyse and predict a
number of processes, among them inter-
regional migration and regional popula-
tion growth in the FRG (H.P. GATZWEILER
1975a,b; H.P, GATZWEITLER and R. KOCH
(1976). They were also used to predict
the runoff patterns of rivers {U. STREIT
1975a). Time series models were also
used to generate synthetically more
complete data sets, when only short
series of observations of the processes
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in question were available {U. STREIT
19756, 1976). The application of time
series models to spatial variations was

a logical extension, but one which only
followed Tater.

Network analysis was a further area of
study that emerged fairly early in 'quanti-
tative geography' in the German-speaking
countries, but it received little sus-
tained attention.

Reference should nevertheless be made once
again to the work of CHR. WERNER (1966) on
the geometry of fraffic networks, which
examined the economic feasibility of
traffic networks using graph theory. F.
VETTER (1970) extended the work of CHR.
WERNER (1966) in his studies of the rail
network in Lower Saxony using graph theo-
ry. He developed a simulation model for
the construction of railway networks,
using similar techniques to those adopted
by K.J. KANSKY (1963) in his simulation
models. The araph theory and matrix studies
by 1. SCHICKHOFF (1974,1977) using as an
example the Dutch rail network, provide

a critical appraisal of the simulation
techniques used by K.J. KANSKY (1963) and
F. YETTER {1970}, although to some extent
ner models are constructed somewhat dif-
ferently,. An interesting study which
should stimulate some further work on net-
work theory and 1ts methodical base is
done by J. GOSSEFELDT (1978).

The study used graph theory as a means for
checking planning concepts, notably develop-
ment axes and growth poles, both of which
have been the subject of much recent dis-
cussion and which have already been used

in various different aspects of planning in
the FRG, The study takes as an example the
L.and Development Programme for Bavaria and
Baden-Wirttemberg,

111 Advances in the formulation of theo-
ry and model building

There are four areas of research in the
formulation of theory and model building,
oh which the main interest of the German

Working Group is focused:
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1. Spatial diffusion and spatio-temporal
stochastic processes

2. Partial location theories

3. Theories of spatial growth and develop-
ment

4. Model building for planning purposes

1. Spatial diffusion research and analysis

of spatio-temporal stochastic processes

The legical starting peint for any re-
search into the theory of spatial diffu-
sion is the work of T. HEGERSTRAND in the
early 1950s. In the German-speaking coun-
tries CH. 80RCHERDT (1958,1961) D. BARTELS
(1968c, 1970b), G. HARD {1972), G. BAHREN-
BERG/J. LOBODA (1973) and E. GIESE (1978a,
1979) have worked on problems of spatial
diffusion.

There are three significant features which

characterize the more recent development

of spatial diffusion research in German-
speaking countries:

a) the extension of research into spa-
tial diffusion into the more comprehen-
sive field of spatio-temporal stocha-
stic process research;

b} a growing interest in behavioural
aspects of the research;

c} the application of the results of
research into diffusion to regional
planning,

In the German-speaking countries Y. STREIT
(1978,1979) and J. NIPPER {1977,1978) have
been particularly interested in stochastic
processes and models that vary in both
space and time. U, STREIT became inter-
ested in them through his work on the run-
off characteristics of small rivers. His
first analysis was of the temporal vari-
ations in runoff data wsing Markov-chain
models, or more accurately various permu-
tations of the ARIMA models described by
G.E.P. BOX/G.M. JENKINS (1970) (U, STREIT
1975a,b). With the {incorporation of the
spatial dimension work began to be done

on the spatial persistence of processes,
as well as on the statistical modelling

of phenomena with spatial autecorrela-
tions. The aim was to extend the ARIMA
model, which to that point had been
entirely time dependent, so that it

could take account of both space and time

as the STARIMAR class of models does. It
was this problem that initiated the fruit-
ful cooperation, in methodical terms, be-
tween U, STREIT and J. NIPPER. The initial
interest of the latter was the spatial
distribution of points, in particular the
question of the connection between spatial
form and producing process. The works of
M.F., DACEY (1968) and D.W. HARVEY (1968)
gave an initial stimulus to his work and
led to a greater appreciation of the need
for a more strongly process orientated way
of looking at things.

The joint work of J. NIPPER and W. STREIT
(1977, 1978) 1is primarily concerned with
the formal, theoretical underpinnings of
this models. Their thinking was signifi-
cantly influenced by the studies of A.D.
CLIFF/J.K. ORD {1973) and A.D. CLIFF/P.
HAGGETT/J.K. ORD/K. BASSETT/R. DAVIS (1975)
on spatial avtocorrelation coefficients

and their possible applications in inferen-
tial statistics and in the modelling of
stochastic relationships in phenomena which
vary in space. Both these studies were true
innovations in the fileld. As well as these
studies by geographers, there was also

work on the Kriging technique (variogram
technique) (G. MATHERON 1971, R.A. DLEA
1975, M. DAVID 1977) which is better known
in geology {J. NIPPER 1981),

In addition to the development of diffusion
research into the more general analysis of
space~time processes progress can also be
observed in another direction with the
growing interest in the behavioural aspects
of the research. Concepts and ideas from
the behavioural sciences were adopted and
adapted in such a way that there was no
attempt to conceptualize the developing
diffusion process abstractly in terms of
different indicators and indices etc. The
aim was rather to concentrate on the po-
tential adopters and then to analyse their
reactions to the innovation (H.G. WINDHORST
1979).

Another important development is the fact
that the results of spatial diffusion
research are increasingly beinqg incorpora-
ted into applied research (E, A. BRUGGER
1980). The importance of spatial diffusion
research has been recognised particularly

in regional planning and regional economics.



Various different concepts based on the
theory of polarization have been used,

all derived from work on diffusion theo-
ry. An initial critical analysis and over-
view was undertaken by I. SCHILLIKG-
KALETSCH (1976).

2. Partial Location theories

From the beginnings the development or
rather refinement and implementation of
partial Tocation theories has been a ma-
jor theme in 'quantitative geography' in
the German-speaking countries. The touch-
stone for this was W. CHRISTALLER's
Centra) Place Theory, which in the 1960s
and 1970s stimulated a wealth of empiri-
cal and theoretical studies and became
one of the most important instruments

in regional planning in the FRG. J.
DEITERS (1975,1976,1978) and J. GUSSEFELDT
(1975,1976,180) have been particularly ac-
tive in refining and implementing
CHRISTALLER's theory. Spurred on by wri-
tings of B.J.L. BERRY, L. CURRY and M.F.
DACEY in the mid 1960s they have used
various different methods and theoretical
approaches to test and refine Central
Place Theory. Their aim was to produce

a more realistic version of the theory

on the basis of changes in the pattern of
consumer behaviour and use of spatial
characteristics., Both have adopted a
probabilistic approach to the theory and
trace a behaviouristic approach.

The refinement of partial location theo-
ries in the tertiary sector was by no means
restricted only to W. CHRISTALLER's Central
Place Theory. E. GIESE {1978h), for example,
used works by W. ALONSO (1960,1964) to
examine inner-city Tand use theory and to
study the locational requirements of inner-
city businesses and extended the original
work by incorporating further important
variables.

G. BAHRENBERG (1974, 1976, 1978,1979,1980)
has looked in great detail at the location-
allocation problems of centrally located
public services and, as an extension of
this work, at spatial optimization models.
Stimulated by the work of C.5. REVELLE,
R.W. SHAIN and C. TOREGAS in the early
1970s, interest in spatial optimization
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models has grown considerably, not least
because questions concerning the choice of
location and the catchment areas for cen-
tralized services, especlally centralized
public services {(hospitals,schools,old
peoples® homes, fire stations, emergency
centres etc.) are unresolved problems and
of great practical importance for planning.
G. BAHRENBERG has tried to develop a gene-
ral statistically discrete optimization
model for determining the choice of loca-
tion and the catchment.area boundaries of
centralized public services.

Unlike the tertiary sector, relatively
little attention has so far been paid by
geography to developing partial location
theories in the secondary sector. The
studies by W. GAEBE (1976,1978) and H.
WITTENBERG (1978) are empirical analyses
of the extraordinarily complex sets of
factors which determine the locational
decision of industrial Tirms. Both are
sti11 in the forefront of the attempts to
derive a general theory of location.

The trend towards behavioural research

and theory formulation in 'quantitative
geography' 1s particularly apparent in the
work of D. HULLHUBER (1975,1978), although
so far he has mainly been concerned with
the choice of residential location by house-
holds. To this end he has examined expla-
nations taken from perception and behaviour-
al research and he has then tried to
refine them, or rather reformulate them in
operational terms. Taking as his starting
point the various explanations of how peop-
le choose where they Tive, D! HOLLHUBER
developed the concept of marginal improve-
ment in place of residence, which takes in-
to account the social prestige associated
with such an improvement. Certainly this
ought to explain a significant part of the
decisions of householders about where they
1{ve, There would be great value in many
more empirical studies of how householders
go ahout choosing where they live, but as
yet the fundamental theoretical basis for
such explanations is still inadequate.

3. Theories of spatial growth and develop-
ment

Under the banner of 'engaged geography'
attention has turned increasingly in recent
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years towards trying to understand regio-
nal disparities and their underlying cau-
ses, as well as trying to contribute to
reduce the conflict over the aims and ob-
jectives of programmes for equalising
Tiving standards on a more rational basis
(D. BARTELS 1980, p. 53). As a result
there has been renewed interest in theo-
ries of spatial growth and development.

'"Quantitative geography' has not actually
done much to add to the wide variety of
theories of regional growth and develop-
ment already available, being more con-
cerned with putting inte practice and
testing empirically the very generalised
explanations and hypotheses. There has
been particular interest in the {deas
contained in polarization theory (L.
SCHATZL 1973, 1978; 1, SCHILLING-KALETSCH
1976; W. TAUBMANN 197%a,b; E.A. BRUGGER
19803},

4. Research orientated towards planning

Interest in developing models, which can
be used in regional and area planning and
not merely in pure academic research jis
limited to a relatively small group of
geographers working with quantitative
methods. In physical geography the work
has so far concentrated mainly on models
for predicting river runoff rates (R.
HERRMANN 1974,1976) and with models of
slope degradation {F. AHNERT 1976). In
human geography the focus has primarily
either been on models for forecasting
medium-term population growth and changes
in population distribution, especially
models for forecasting inter-regional
migration (H.P. GATZWEILER 1975b, H.P.
GATZWEILER and R. KOCH 1976, R. KGCH 1977,
1978), or urban development models (in
particular of the LOWRY type - M.M.
FISCHER 1976).

At the present time research is being
concentrated on discrete, deterministic
regional demographic models. Existing
models which were investigated and tried
out as possible starting points were at
the macro-scale, such as A. ROGERS' multi-
regional cohort survival model, or the
multi-regional accounting system model
devised by P.H. REES and A.G. WILSON

{see M.M. FISCRER and M. SAUBCRER ({1379)
for Austria)). However, some new macro-
scale models were also developed, like the
one by R. KOCH (1977,1978), which was used
a5 a basis for the population forecast in
the FRG for 1990. In comparison with the
complicated models of A. ROGERS and of

P.H. REES and A.G. WILSOM, the one devised
by R. KOCH was relatively simple, at least
for a forecast model dealing with the hard
facts of planning in the FRG. There is a
great interest in the German-speaking coun-
tries in producing models that can be
applied as easily and as widely as possible
for forecasting regional population growth
ard changes in population distribution.

In the field of urban planning the sqtva-
tion is rather different in that the main
focus of interest has been the building of
micro-scale regional demographic models. In
this context reference should be made to the
small-scale forecast models, or more precise-
ly forecast strategies produced by K.H.
DEHLER (1976,1978) and V. XKREIBICH ({1979,
1980). In the field of small-scale popula-
tion forecasting there is a growing convic-
tien that the most pressing need is not for
more accurate forecast about the future
course of events, but rather for technigues
which highTight possible alternative stra-
tegies. Any pretence that it is possible

to forecast the precise course of future
events is being abandoned in favour of pro-
Jections of population growth, that may be
used to make clear the effect of Tand use
development planning. As a direct result

of this approach now a series of different
criteria, used for making forecasts, are
much more impertant than those which are
stressed in methodical-statistical research.

As well as population forecasts ‘quantita-
tive geography' has examined various other
planning concepts {uniferm functional
areas, growth poles and development axes},
which today play an integral part in both
the formulation and implementation of
regional planning and policy. For example,
D. BARTELS (1975) undertook an empirical
verification of the concept of 'uniform
functional areas' as used in the regional
policy of the FRG. J. GOSSEFELDT {1978)
tried to find out whether the policy



of point-axial settlement developmant,
which forms the basis of the Land Develop-
ment Programme for Bavaria and Baden-
Wirttemberg, had reduced regional dispari-
ties in the level of development, or
whether it had made them even more severe,
K. GANSER (1972}, M. SAUBERER (1976) and
others have looked at the reorganisation
of local government boundaries and used
efficiency analysis to evaluate the via-
bility of local government units. The
simplicity and clarity of its mathema-
tics makes efficiency analysis a useful
and easily-applied decision-making model
in planning.

These summaries of the different studies
undertaken by the 'Quantitative HWorking
Group' show that there is a real interest
in developing models which can be used in
Tand use and regional planning and not
only in pure academic research. Neverthe-
Tess the bulk of the work is still dedi-
cated to formal theory building and to
pure systems theory. This division with-
in the working group has perceptibly
hardened in recent years. It even poses

a problem within the I1.G.U, Quantitative
Methods Working Group because contact be-
tween theoreticicans and practitioners
threatens to be broken off; the practi-
tioners retreating into the field of
applied research, while the theoreticians
hide in a destructive, self-imposed iso-
lation. Significantly, after the Inter-
national Geographical Congress in Moscow
in 1976, the T1.G.U. Horking Group changed
its name to Systems Analysis and Mathe-
matical Models. Too few people, at least
in the German-speaking world, have tried to
adapt the discoveries made in the course
of formal model building and theory formu-
lation, or in the course of applying new
aperational techniques to the needs of
either practical planning or education.
If the impact of 'gquantitative geography'
in the German-speaking countries {5 rela-
tively small, part of the reason is that
the Group itself has not bothered to ex-
plain clearly enough what it is doing

and has not sought to foster 'contacts
with ist roots'.
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Iy Advances in methodology and in the

analysis of geographical data

In addition to the developments in theory
and modeI building, there has also been
significant progress in the various diffe-
rent spheres of, quantitative methodology
and in the anaI&sis of geographical data.
Although in principle the formulation of
theory has nothing to do with methodology,
in 'quantitative geoéraﬁhy"it is hard to
pursue the former without some knowledge
of the latter, and without some expertise
in the various electronic means of hand-
1ing data. Hithout the accurate and criti-
cal application of the somewhat complica-
ted mathematical-statistical techniques,
it would be hard to produce sufficiently
precise research results in 'quantitative
geography'. 1t will therefore always be
necessary to try and develop new guanti-
tative techniques, or to 'discover' them
in allied disciplines and then to test
them for suitability, as has happened re-
cently with the mathematical 'catastrophe
theory'. The following are now all proven
and accepted working techniques in geo-
graphy: factor analysis using the varimax
rotation, step-wise multiple regression,
discriminant analysis, cluster analysis
using the WARD algorithm, quadrat analysis,
Markov chain and Fourier analysis. Three
areas in particular may be picked out, as
they have been developed considerably by
geographers in the German-speaking coun-
tries. The first relates to the extension
of multivariate technigques to non-continu-
ous data, especially nominal data (A.
KILCHENMARN 1973, F.J. KEWPER 1978a); the
second covers the various different permu-
tations on metric and ordinal path analy-
sis (F.J. KEMPER 1978b, H. LEITNER and H.
HWOHLSCHLAGL 1980); the third includes the
whole range of cluster analytic techniques
(M.M. FISCHER 1978, 19B0). The problems

of regional taxonomy appeared to be solved
in geography. M. M. FISCHER identifies the
weaknesses of the main techniques and tries
to develop alternatives which will be of
assistance in helping to choose the right
taxonomic technique for solying a given
classification or regionalization problem.
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The application of mathematical-statisti-
cal technigues always requires adherence

to certain constraints. In the early

stages of the development of 'quantitative
geography' mathematical-statistical tech-
niques were applied very uncritically.
Quantitative techniques Tike regression or
factor analysis were applied without
sufficient attention being paid to the
constraints. Without a sufficient chede of
the assumptions the results were interpreted
unscupulousTy. They are altways perceived as
‘right’ so long as they correspond with the
subjective expected cutcomes,

At the same time as the range of available
methods was being expanded, a highly cri-
tical discussion broke out about the
circumstances under which the statistical
techniques then in use ought to be applied.
More detailed discussions took place about
the problems of applying factor and prin-
ciple component analysis (assumptions

about the distributionm of the variables,
the transformation of the varjables, the
use of ordinal and nominal data, rotation
probtems - G. BAHRENBERG and E. GIESE 1975b,
F.Jd. KEMPER 1975 and W. SCHMIEDECKEN 1977,
E. GIESE 1978c). There was also discussion
of the problems involved in using
regression analysis {problems of ecolegical
falsification, problems of ‘outliers’ -

G. BAHRENBERG and E. GIESE 1975a, E£. GIESE
1978¢}).

HWith reference to geographical data pro-
cessing, I should like to point to three
activities in particular;

- the field of computerized cartography
in which A. KILCHENMAMN and his collea-
gues in Karlsruhe have been particular-
ly active, and also D. STEINER din Ziirich;

- the field of the quantitative analysis
of multi-dimensional remote sensing data
{the evaluation of Landsat satellite
data - D, STEIRER, ETH Ziirich); the
field of pictorial cover analysis
{D. STEINER and his colleagues E. BLUM,
B. FLURY, H. GILGEN and G. LENZ).

Y Trends in development and their asso-

ciated problems

Tﬁe recent development of 'guantitative
geography' in the German-speaking coun-
tries is well documented in the past
symposia and meetings of the Working Group,
the proceedings of which have all been

published. An initial review of developments
was undertaken at the symposium in Giessen
in 1874 (see E. GIESE 1975), There followed
in quick succession the meetings in Ins-
bruck in 1975 (see D. BARTELS and E. GIESE
1376}, in Bremen in 1977 (see G. BAHRENBERG
and ¥. TAUBMANN 1978), in Strassburg in 1977
(see A. KILCHENMANN 1978-79}, in Gottingen
in 1979 (G. BAHRENBERG and E, GIESE 1980)
and in Zirich in 1980 M. OSTHEIDER and

D. STEIRER 1981},

If one compares the papers presented at
the different symposia since 1974, the
following clear development trends stand
out:

1. If the symposium at Giessen revealed
an over-emphasis on methodology and techni-
cally orientated studies, the emphasis of
research has now shifted towards the formu-
lation of theory and formal wmodel building.
However this should not be taken as a sign
that the process of adapting and further
developing mathematical-statistical tech-
niques is at an end.

2. The interests of the Working Group
have branched out into many sub-areas.
Themes stemming from a great variety of
different questions and based on a wide
range of theoretical assumptions have been
discussed. There is, however, a lack of
any central unifying themes; there is also
no coherent research programme. The lack
of internal coherence within the Working
Group is a source of complaint.

3. Formal-theoretical research seems to
be soméwhat over-emphasised and this trend
has recently intensified with the growing
interest in systems theory (see the stu-
dies by D. STEINER 1978, 1979a}.

4., Now as in the past there s a
neglect of applied and practical research.
Although some attempts are being made to
develop simple useable models and algo-
rithms which can be applied in practical
planning, the schism between applied and
practically useful research and formal
theoretical research cannot be ignored.
Hithin the Working Group it poses a so far
unresolved problem. There is almost no
contact with teachers in schools.

b. Simple causal models have been over-
shadowed by complex systems theories with
dynamic processes and self-regulating
mechanisms. The hypothetical pictures of
reality being produced today are ever more
complicated. The models are built in the
hope that they will represent reality much
more accurately than simple causal models,
such as were produced when ‘quantitative
geography' first appeared on the scene.

It reveals a fundamental problem in 'quan-
titative geography' and one that so far
has been given little thought. There are
two distinct aspects to the problem:

The increase in the empirical explanatory
power of models declines as the models be-
come increasingly complex, much as predic-



ted by the law of declining growth of
yields (see Fig. 1). At the same time the
range (area) of application of the models
often become fewer as the models become
more complex, because of the limiting con-
straints governing their use. The closer
the models come to reality, the more com-
plex the models and the more complicated
the mathematical techniques required to
operate them. In many cases the mathema-
tical constraints of these techniques
are more restrictive. That leads to the
fact, that the areas in which these kind
of models and techniques may be applied
are more limited, for their assumptions

cannot be fulfilled in reality (see Fig.2}.

Foellly  ——

Comrpiusity —a=

Fig. 1: The interplay of model complexi-
ty and fidelity: a typical time
path moves from 'simple and dirty'
to complex. (After HAGGETT, 1978;
BENNETT, 1979)

Parge of sppicallon —=

e e e ko sophication ——

Fig. 2: The interplay of model complexi-
ty and restrictions in the assump-
tions for application respectively
and range of application

6. This problem is closely related to
another., 'Quantitative geography' cannot
quite escape the accusation, that because
of the difficulties surrounding the de-
velopment of models, only those problems
have been investigated, which can be easi-
1y expressed in formal terms and solved.
The decisive problems facing society are
still solved in other ways. In other words
the sights of 'quantitative geography' may
be firmly set on the construction of formal
models, but so far this has only led to a
very limited perception of reality,
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ZUSAMMENFASSUNG

Eine optimale Analyse und Modellierung
raumlicher Strukturen und raum-zeit-va-
rianter Prozesse kann nur in Form inte-
grierter Raum-Zeit-Modelle erfolgen,
Ein wesentlicher Bestandteil solcher
Modelle ist deren autoregressive {(auto-
korrelative) Komponente. Heben deren
Identifikation und Schatzung - hier
sind eine Reihe von Methoden bekannt -
ist deren inhaltliche Interpretation fir
die Erkldrung des Prozesses von aus-
schlaggebender Bedeutung.

Im Hinblick avf eine addquate Interpre-
tation sind zundchst zwei Dinge zu be-
achten:

1. Ahnlich wie der 8egriff "Distanz"
haben die statistischen Begriffe
"Autoregression™ bzw. "Autokorrela-
tion" a priori keine konkrete inhalt-
Tiche Bedeutung. Sie fungieren als
Stellvertreter fir (in der Regel}
komplexe Sachverhalte.

2. Autoregressions- bzw. Autokorrela-
tionsstrukturen sind das Ergebnis sol-
cher komplexen Faktoren. Bei der
Distanz hingegen verlduft die Wir-
kung der Faktoren nur parallel.

Eine ndhere Betrachtung der raumlichen
Autokorrelation fUhrt dabei zv folgen-
den Ergebnissen:

- Die durch den statischen Parameter
"riumliche Autokerrelation" gemessene
Ahnlichkeit rdumlich benachbarter
Strukturwerte bzw. ProzeBrealisatio-
nen kann primdr zwei Ursachen haben:

1. Allgemeine groBriumige EinflupBgris-
sen, die innerhalb des Gesamtgebie-
tes hiichstens gering variieren, fih-
ren zu ahnlichen Werten bei Nach-
barn.

2. Der rdaumliche Transfer von Masse,
Energie und/oder Information fiihrt
zu einer Angleichung der rdumlich
benachbharten Herte.

- Eine befriedigende kausale Interpreta-
tion rdumlicher Autokorrelation sozio-
dkonomischer Prozesse ist hdufig recht
schwierig, da die den Proze tragen-
den und steuernden Entscheidungseinhei-
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ten unterhalb der der Analyse zugrunde-
liegenden rdumliichen Aggregationsebene
liegen. Diese Entscheidungseinheiten
weisen bei ihrem Handeln hohe Frei-
heitsgrade auf. Die Wertebildung auf
der betrachteten raumlichen Aggrega-
tionsebene erfolgt durch Summierung
bzw. Mittelbildung der individuellen
Entscheidungen.

Ein besonderes Problem stellt die Inter-
pretation raumlicher Autokorrelation dar,
wenn raum-zeit-variante Prozesse nicht
durch ein integriertes Raum-Zeit-Modell
dargestellt werden bzw. werden kbnnen,
sondern rein rdumliche Modelle zu ver-
schiedenen Zeitpunkten erstellt werden.
Es zeigt sich, daB die Ursachen flr das
Auftreten rdumlicher Autokorrelation
dann (als Folge der Suboptimalitdt des
Yorgehens) vielfdltiger Art sein kann,
wobei die einzelnen Ursachenguellen
nicht eindeutig voneinander unterschie-
den werden kdnnen.

Am Beispiel der Ausbreitung der Gastar-
beiterbeschdaftigung in der Bundésrepu-
b1ik Deutschiand lassen sich so minde-
stens vier verschiedene”Ursachen angeben,
die an dem Entstehen rdumlicher Auto-
korrelation in rein rdumlichen zeitdis-
kreten Modellen beteiligt sind.

1. INTRODUCTION

In the analysis and modelling of spatio-
temporal processes, the concepts space,
time and process should not be separated.
On the contrary, they are internally re-
lated (BLAUT 1961, HAGERSTRAND 1973, SAYER
1977, ULLMANK 1974, BENNETT/CHORLEY 1978).
If we consider that spatial patterns can
really be understood as realizations of
spatio-temporal processes, then this ba-
sic interrelation should also be atten-
ded to the explanation of spatial struc-
ture, and - if possible - be discussed
explicitiy. An optimal analysis and mo-
delling of socio-economic structures and
processes can then surely only be comple-
ted in the form of integrated spatio-
temporal models. In a general form they
can be represented as:

Yt = SA Yt + SR Xt
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(SA’ SR = autoregressive or regressive
transformation respectively)

Individual specific models as well as

the procedure for identifying the mo-
dels and estimating are comprehensively
set out in BEKRNETT's book (1%79) "Spatial
time series™,

An essential part of these models is the
spatio-temporal autoregressive structure
SA or the spatio-temporal autocorrela-
tion function respectively. Apart from
the formal identification and estimation
of this phenomenon - a number of metheds
are known pertaining to this (see CLIFF/
ORD 1973, ORD 1975, MARTIN/OEPPEN 1975,
BENNETT 1979) - its dinterpretation with
regard to the contents is of decisive
importance for the explanation of the
process. Initially, two points seem to
be of significance concerning an ad-
equate interpretation.

I. Autoregression and autocorrelation
are concepts which have no concrete
a priori meaning. To a certain extent
they are closely connected to the con-
cept "distance". Distance can't be
interpreted causally as an explanato-
ry variable in most cases. Rather, it
functions as an indicator for circum-
stances which are (usually) highly
complex but coincide to a large ex-
tent with distance. Besides its good
descriptive qualities distance only
obtains a meaning for the process
through this coincidence.

2. Auvtoregression structures or autocor-
relation structures are the result
{effect) of the underlying factors
mentioned in point 1, whereby the re-
sult s reflected in the similarity
of the spatially and/or temporally
neighbouring values. In comparison to
the indicator "distance", a consider-
able difference can be observed here.
Distance is not the measureable re-
sult of the influencing factors. On
the contrary the effect of the fac-
tors runs only parallel to distance.

2. ON THE INTERPRETATION OF SPATIAL
AUTOCORRELATION IN SPATIO-TEMPORAL
PROCESSES

Temporal autoregression structures can
generally be established as the effect
of reaction time, consistency, experien-
ce, tradition, development, feedback,
memory (VRTES-REILINGH 1968, BARTELS
1970). 1t seems immediately evident that
a river, which now has a water-level of
10 meters, one hour later will have more
probably one of 9,5 meters than one of

5 meters. The relatively constant flow-
ing speed and its steady change can be
stated as reasons. The annual birth-rate
in a certain town will waver only slight-
1y from year to year. Traditional social
patterns of behaviour, religious norms,
which alter only slowly, can be put for-
ward as explanations., They don't make a
more random sequence of higher or lower
birth-rate feasible. This kind of tempo-
ral stability, which is defined as de-
pendency of present and future process
realizations on the past is recognized
without exception as a causal reason.

Spatial autocorrelation is shown by the
fact that spatially neighbouring values
or process realizations cannot be proved,
statistically speaking, as independent,
but rather the probability is very high,
that spatial neighbours have similar
values., The causes of such similarities
can be divided into two categories:

General large scale variables showing
at the most only slight variation in
the whole area, are involved in the
control of the process and Tead to si-
milar process realizations in neighbour-
ing area units {e,g.flat land causes
an even distribution of rainfall; tra-
ditional social norms result in simi-
lar birth-rates in neighbouring pari-
shes}., These quantities are actually
exogenous factors which remain more or
iess constant for individual spatial
units.

2. Spatial transfer of mass, energy and/

or information leads to an adjustment
of the spatially neighbouring values.
On the regarded spatial aggregation le-



vel, such exchange processes give rise
to a kind of seif-propelling of the
process. The influence of these en-
dogenous components are measured
statistically as spatial autocorrela-
tion.

The causal reason and explanation of the
occurrence of spatial autocorrelation
often seems to be less concrete in prac-
tice than for temporal autocorrelation.
It arises initially as a formal statisti-
cal parameter., A significant reason for
this can be found in the fact that time
contains a natural order relation {be-
forefafter) which compels a clear cause-
effect direction. In the case of space,
on the other hand, such a relation does
not exist. On the contrary, it can only
be defined through hypotheses concer-
ning cause-effect relations. Only then
can spatial autocorrelation be explained.

For physio-geographical processes two
facts can often be determined which sup-
port a satisfactory causal interpreta-
tion of spatial autocorrelation:

1. In physio-geographical processes,
large-scale variables determine to
a great extent the course of the pro-
cess and hereby the spatial variation
of the values. Local individualities
and influences can only give rise to
modification.

2. The physical-chemical exchange-pro-
cesses underneath or on the basic
aggregation level, which cause simi-
lar values in neighbouring spatial
units (e.g. measuring stations), can
very often be identified in a concre-
te way and are known quite exactly.

An example may back up these ideas. The
clear autocorrelation structure in the
map of rainfall distribution as drawn up
by NIPPER/STREIT (1977) can be well ex-
plained, according to SCHIRMER (1973),
by the west wind drift as a stimelus for
exchange processes and by a large scale
formation of hexogonal cell structures
to be found in the atmosphere.

In the explanation of spatial autocorre-
lation in socio-economic structures and

processes, we can take the following as

a starting point:

kRl

The explanation of socio-economic proces=
ses proceeds targely, in the sense of
systems theory through the identification
of the decision units which convey and
direct the process as well as their reac-
tion., We can conctude that such decision
units are necessarily established under-
neath the basic spatial aggregation le-
vel {e.g. city area, parish, county) {see
FEIBLEMAN 1954, CHAPMAN 1977 and STEINER
1972). People, companies and institutions
are examples of such units. The constitu-
tion of values on the examined spatial ag-
gregation level can be seen as a sort of
summing up or averaging the results of in-
dividual decisions. Often there is only

a relatively small amount of conclusive
knowledae available which concerns the me-
chanism of individual decision processes,
as well as that which concerns the inter-
relation between the individual ones. Of-
ten only hypotheses are to hand. We can
also proceed on the assumption that the
degree of freedom in the individual de-
cision units is generally higher than it
is in the case of physio-geographical pro-
cesses. S0 therefore general psychologic-
sociologic factors as, for example, fa-
shion, competition, religious norms are
less significant due to the higher degree
of freedom than the corresponding factors
in physio-geographical processes. These
circumstances however by no means indicate
that spatial autocorrelation in socio-eco-
nomic processes is only a formal statisti-
cal component and has absolutely no mea-
ning as regards the content. Rather, the
strong stochastic character of spatio-
temporal socio-economic processes can be
observed.

A1l in all, these statements show very
clearly that a satisfactory interpretation
of spatial autocorrelation in socio-eco-
nomic processes can only be worked out
with difficulty.

3, PROBLEMS FOR THE INTERPRETATION OF
SPATIAL AUTOCORRELATION IN PURELY
SPATIAL MODELS

In practice the situation is often seen
whereby the spatio-temporal process is not
represented by an integrated space-time
mode®, but only purely spatial models can
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be provided for different points in time.
The general theoretic-phitosophic pro-
btems of purely spatial models are not
insignificant as BENNETT (1979) and
BENNETT/CHORLEY (1578), have demonstra-
ted in detail. In the analysis of spatio-
temporal socio-economic processes, the si-
tuation in the data basis (length of

time too short, time lag toe great, mis-
sing temporal equidistance, changing of
the spatial basis through reforms in the
area) often makes the proceedings not
quite up to optimum.

In such case the following possibilities
can be principally indentified with refe-
rence to the interpretation of the spa-
tial autoregressive structure:

A} Spatial autocorrelation is a purely
formal model component:

- which is statistically necessary to
ebtain an optimal model building.

- Which is used as explanatory varia-
bles are not available and also be-
cause no ideas or hypotheses can be
produced which could identify the
variables.

The aim of the model is therefore so-

lely an optimal formal description of

the process, really for the aim of
simulation or forecasting neot concer-
ned with the identification of vari-
ables and their effects (explanation).

The model is purely a black box model.

B) Spatial autocorrelation is established
with regard to its content. Apart from
the two categories already mentioned,
two further possibilities are already
conceivable,

The four possibilities can be briefly
characterized as follows:

a) An endogenous spatial dynamic exists
on the grounds of spatial interac-
tions, 1,e. a transfer from mass,
energy and/or information (e.g. dif-
fusion or migration processes). This
spatial exchange has the result that
the process realizationsof neighboup-
ing, regions are similar, i.e. the
spatial structure is spatially auto-
correlated. This spatial dynamic
operates horizontally. The available
spatial avtocorrelation is the result
of a primarily spatial component.

b) Large scale variables which vary only
sTightly or the considered aggrega-
tion level within the examined area,
are involved in the process and have
the result that the realizations of
the process of neighbouring regions
are similar. The spatial autocorrela-
tion which has thus arisen can also
be regarded as the result of a predo-
minantly spatial component.

c) Spatial autocorrelation measures the
temporally persistent result of a spa-
tially autocorrelative pattern estab-
lished some time before. There are
not so much spatial components which
caused the spatial autocorrelation as
the temporal tendency towards mainte-
nance which conserves a past spatial
structure showing spatial autocorre-
lation. Spatial autocerrelation is in
this case primarily the result of a
process with temporal autocorrelation,
i.e. the result of a primarily temporal
component.

d} Spatial autocorrelation is regarded as
an indicater for variables which are
known but not quantified/quantifiable.
Therefore it explains something of the
residual component. Different from Bb)
the values of these variables in the
examined area are not necessarily re-
lTatively constant. Spatial autocorre-
lation is used here, as in possibili-
ty A) as a formal model component.
However, it is not a pure black box
model, as the explanatory variables
are known.

for the modelling of concrete socio-eco-
nomic structures or processes, a combina-
tion of interpretation pessibilities men-
tioned above is likely to be the case. For
the clarity of the interpretation, though,
we arrive at the following result: Even

in the case when the combination of sour-
ces for spatial autocorrelation can be
exactly identified, a quantitative divi-
sion of the autecorrelative model compo-
nent into its single origins is not possi-
ble. This implies however that a more
exact determination of the extent of the
influence is not feasible for the indivi-
dual causes. In particular it is not pos-
sible to filter out the contribution of



spatial autocorrelation which is brought
about by temporal autocorrelation (Bc}.
This very point would be desirable as
only the imperfect amalysis of spatio-
temporal processes through time-discret
purely spatial models give rise to this
phenomenon.

4, SOURCES OF SPATIAL AUTOCORRELATION
IN THE SPREADING OF THE EMPLOYMENT
OF FOREIGH WORKERS IN THE FEDERAL
REPUBLIC OF GERMANY

The yariety of factors simultaneously
contributing te the formation of spatial
autocorrelation in the case of analysing
spatio-temporal processes by purely spa-
tial models { — cross sectional analy-
sis) can be demonstrated by the example
of the spreading of the employment of
foreign workers in the Federal Republic
of Germany on the spatial aggregation

level of the 141 labour exchange districts

(LED).

1. Precondition for the spread of employ-

ment of foreign workers is the number
of jobs available at the beginning of

the 1960s which could not be filled by

Germans. This demand is first evident
in regions of Baden-Wiirttemberg. 5o,
a predefined pattern is available on
which the expansion starts. This pat-
tern is spatially autocorrelated as
the autocorrelation coefficient R{1)
= 0,82 of the rate of unemployment
for 1960 shows - at this time an
accurate indicator for the demand for
labour.

2. The need for labour is strongly de-
pendent on the ecenomic¢ structure in
the individual LED, as well as on its
development. On the one hand the eco-

nomic structure changes relatively siow-

1y within a small number of years. On
the other hand the economic develop-

ment in the regions is closely connec-

ted to the general economic develop-

ment in the Federal Republic of Germa-

ny. Both have as a consequence that

the spatial demand structure for la-
bour as shown in 1960 does not alter
abruptly.
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On the basis of the pattern shown in
point one, the employment of foreign
workers increases and spreads out. In
1960 a spatial autocorrelation coeffi-
cient of R(1) = 0,74 for the foreign
worker ratio can be calculated. The
further increase of employment of
foreign workers in each single LED is
influenced, as shown in point 2 by a
spatial demand structure which is rela-
tively constant over a period of time.
Altogether an autoregressive spatial
structure can be expected, also in

the following years, for the spatial
distribution of foreign workers. Ac-
cording to this, the cause is the tem-
poral consistency in the spatial de-
mand structure (— Bc).

The steady general economic growth in
almost all branches of the West German
economy teads to the increased demand
for labour in more and more regions, as
is demonstrated in points 1 and 2, es~-
pecially in such areas which border on
LEDs already employing a large number
of foreign workers. Information passed
from one firm te another concerning
taking on foreign workers leads to
their increased employment in "new re-
gions”. This means: the exchange of
information {diffusion of the idea of
employing foreigners) leads to the for-
mation of an autocorrelative structure
of foreign employment or this struc-
ture remains or develops {—> Ba).

. As mentioned above the economic deve-

lopment of each LED is closely connec-
ted with the general economic develop-
ment of the Federal Republic. That
means, 2 general large scale variable
can be identified, which governs to
some extent the spreading process of
foreign worker employment (—> Bb).

Apart from the data for the development
of unemployment and for the development
of available jobs (since 1975) there is
no data on the spatial aggregation le-
vel of the LEDs. So the economic situ-
ation and development of the LEDs,
which explains the spreading process

to a great extent, could not fully be
quantified. Therefore, probably some
amount of the measured autocorrelation
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structure will have been generated
by these missing variables (—» Bd).

REFERENCES

BARTELS,D. (ed.): Wirtschafts- und Sozial-
geographie. Kéin/Berlin 1970

BENNETT,.R.J. and R.J.CHQRLEY: Environ-
mental systems. Philesophy, ana-
lysis and control. London 1978

BENNETT,R.J.: Spatial time series. Analy-
sis, forecasting, control. London
1979

BLAUT,J.H.: Space and process. The Pro-
fessional Geographer, vol. 13, No.
4, 1961, pp.1l-7

CHAPMAN,G.P,: Human and environmental
systems. A Geographer's appraisal.
London/New York/San Francisco 1977

CLIFF,A.D. and J.K.QRD: Spatial autocor-
relation. London 1973

FEIBLEMAN,J.K.: The theory of integrative
levels. British Journal for the
Philosophy of Sciemce, vol. 5, 1954,
pp. 59-66

HAGERSTRAND,T.: The domain of human geo-
graphy. In: CHORLEY,R.J. (ed.):
Birections in geography. London
1973, pp.67-87

MARTIN,R.L. and J.E.QEPPEN: The identifi-
cation of regional forecasting mo-
dels using space-time correlation
functions., Inst. of Brit. Geogra-
phers, Transactions, No. 66, 1975,
pp. 95-118

NIPPER,J. and U.STREIT: Zum Problem der
rdumlichen Erhaltungsneigung in
raumlichen Strukturen und raumva-
rianten Prozessen. Geographische
Zeitschrift, Jg. 65, 1977, pp. 241-
263

ORD,J.K.: Estimation methods for models
of spatial interaction. Jeurnal of
the American Statistical Association,
vol. 70, 1975, pp. 120-126

SAYER,R.A.: Gravity models and spatial
autocorrelation, or atrophy in ur-
ban and regional medelling. Area,
vol. 9, 1977, pp. 183-189

SCHIRMER,.M.: Die rdumiiche Verteilung der
Binders truktur des Hiederschlags in
Siid- und Siidwestdeutschland. For-
schungen 2ur Deutschen Landeskunde,
Bd. 205, Bonn-Bad Godesberg 1973

STETNER,D.: Systemtheory/Systemanalyse und

Geographie. Geographische Zeit-
schrift, Jg. 67, 1979, pp. 1B5-210

ULLMAN,E.D.: Space and/or time: opportuni-
ty for substitution and prediction.
Inst. of Brit. Geographers, Trans-
actions, No. 63, 13974, pp. 125-139

VRIES-REILINGH.H.D.de: Gedanken iiber die
Konsistenz in der Sozialgeoaraphie.
In: RUPPERT,K. (ed.): Zum Standort
der Sozialgeographie. Miinchener
Studien zur Sozial- und Wirtschafts«
geographie, Bd. 4, Kallmiinz/Regens-
bura 1968, pp. 109-117



35

ULRICH STRETIT

ANALYSING SPATIAL DATA BY STOCHASTIC METHODS: SOME EXAMPLES FROM PHYSICAL GEOGRAPHY

From:

BAHRENBERG, GERHARD und STREIT, ULRICH (Eds.}:

German Quantitative Geography. Papers presented at the 2nd European Conference on ‘Theore-
tical and Quantitative Geography' in CAMBRIDGE 1980. Minstersche Geographische Arbeiten 11,
Sch¥ningh, Paderborn 1981, p. 35 - 44



36

Author:

Prof. Dr. Ulrich Streit

Institut fir Geographie
Universitdt Minster

Robert-Koch-StraBe 26-28
D-4400 Minster



ZUSAMMENFASSUNG

Ebenso wie Zeitreihen zeigen auch rdum-
lich lokalisierte Daten hdufig Persistenz-
effekte, also regelhafte Ahnlichkeiten in
den Vartablenwerten benachbarter Raumein-
heiten. Sie kdnnen als endogene Steuerungs-
mechanismen im zugrunde liegenden rdum-
lichen stochastischen ProzeB (Zufallsfeld)
angesehen und auf Speicherungs- und Trans-
fervorginge von Massen und Energien zu-
riickgefithrt werden. Zur Analyse derarti-
ger distanz- und richtungsabhdingiger Per-
sistenzeffekte eignen sich rdumliche Auto-
korrelogramme und Yariogramme, die fiir
verschiedene Bejspiele (Niederschldge,
Grundwasserstdnde,Schwermetallgenalte,
geobotanische Daten) geschdtzt{ und inter-
pretiert werden, Die auf der Vario-
grammanalyse aufbauende Kriging-Methode
zur Interpolation r3umlicher Daten wird

an einem Beispiel verdeutlicht.

1. INTRODUCTION

Methods of analysing and modelling sto-
chastic processes are gaining increasing
interest in certain areas of physical geo-
graphy, in particular in hydrology and
climatology, partly to supplement and alse
to replace deterministic techniques. An
excellentsurvey covering a remarkable
number of relevant papers published in
English is given by UNWIN {1977},

Hhile classical statistics rely on sto-
chastically independent variables, fre--
quently those processes showing in-
trinsic interdependences are of particu-
lar interest in physical geography. Such
more or less strong persistences may be
regarded as a consequence of temporal and/
or spatial transfer and storage processes
of mass and energy. Well-known examples

"are the slow temporal variations of sea

levels with their buffering capacity
against stochastically independent precipi-
tations of the relatively smooth surfaces
in the isobaric relief of spatial atmosphe-~
ric pressure distributions.

This article presents some examples from
physical geography applying spatial sto-
chastic techniques to the analysis of
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spatial data for persistences and anisotro-
pic effects and -in the last part- to spa-
tial forecasts, i.e. the spatial interpo-
Tation and extrapolation of missing data.

2. SPATIAL AUTOCORRELOGRAMMS

The concept of spatial autocorretation based
largely on the work of CLIFF and ORD (1973}
reties on the assumption of a weak stationa-
ry process where the mean values and vari-
ances are equal in all units of space and
where the covariance, although being depen-
dent on the distance and direction of two
units of space, is not dependent on their
absalute position.

The fundamental probtem in constructing
spatial autocorrelation coefficients for
units of space of deliberate shape and
arrangement is the necessity of defining
neighbourhood relations over various spa-
tial lags. Formally, it can be solved by
defining weights

»>0,if the units of space i and j
are neighbours with respect

wgg) to the spatial lag k;
=0 otherwise (i,j=1,...,n;
=1,2,....

for each pair of spatial sites (i.j). The
freedom of choice in defining these spatial
neighbourhood relations is, at least theo-
retically, a significant advantage of this
concept of spatial autocorrelation: Theo-
ries or hypotheses prevailing in a speci-
fic discipline and concerning endogenous
control mechanisms of spatial processes
can and should be taken into consideration
in the weight definition (NIPPER and STRETT,
1977).

A spatial autocorrelation coefficient. of
order k for metric data can be estimated
as a hormalized covariance:

n noo,
I{k}= =& zizi(k) /B Z; (2)
i=1 RSS!

With: zi:yi-}, y= mean of the measured

values {gi[‘1=1,...,h} 3

n n

zi(k)* N wgk)-z., being E w(k)= 1
J j=1 '

for all i and k.
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Its significance has to be checked approxi-
mately using a normal distribution accor-
ding to CLIFF and ORD (1973). Here, a
slightly modified coefficient

R(k)= I(k){(Var(zi)/var(zi(k)))l/z (3)

is used being always within the interval
[-1,+1J (HAGGETTY ,CLIFF and FREY,1977,375).

In the first example, the 'Miinsterland’
(MW-Germany) precipitation regime is to
be analysed for spatial effects of persi-
stence and their variabitities with time.
For this purpose, the monthly precipita-
tion amounts (mm) as measured at 65 test
points have been analysed for each year
of a series covering 17 years. A defini-
tion of binary neighbourhood weights wgg)
is based on the Thiessen polygon method
frequently used in hydrology and climato-
Togy and assigning to each test point

a surrounding as a reference area (Fig.1).
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. * 2 . »
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51°30'N . . 3
TE 8°30°E

Fig. 1: Thiessen polygons for 65 points
with precipitation measurements
in the 'Mimsterland': Neigh-
bours of order 1 and 2 for P.

Two points i and j shall be first order
neighbours, if they share a common poly-
gon segment; they are to be neighbours
of the spatial lag k {>1), if i has a
neighbour of (k-1)-th order being at the
same time first order neighbour of j.
This recursive definition according to
the criterion of contingency is based on
the experience in climatelogy that, at

least in the plains and with means ob-
tained over a longer period of time, the
amount of precipitation measured at one
point can be regarded as being representa-
tive for a larger surrounding area.

Table 1: Spatial autocorrelation coeffi-
cients R(k)} of precipitation data,
basing on 65 meteorological sta-
tions in the 'Miinsterland'

(+ =significant at 0.05 -level)
Menth,year [ R{1) R(2) R{3) R(4) R(5)

Jan,1970 .867 .85t a7t .23 .08
Jan.1971 | -.01 -.10 -.05 -.05 -.05
Jan.1959 | .64 45" .24* -.09 -.45%

Jul.1959 40t 30t - l2at L 31t - s3t

On the basis of this special structure,
spatial autocorrelation coefficients up to
a lag of k=5 have been calculated. Table 1
shows that extreme changes in the spatial
persistence may occur Trom one year to
another: While in January 1970 a strong
spatial clustering of similar values of
precipitation may be supposed with a neigh-
bourhood radius of 3 spatial lags (~22 km),
precipitations in the following year show
no intrinsic interdependence pattern what-
soever ('white noise'). General rules for
the temporal variations of the spatial
correlograms, e.g. depending on wet and dry
years, could not be detected. A comparison
of different months of the same year (1959
being a characteristic example) gives an
indication of a tendency towards higher
persistences during the winter months; this
obviously reflects a smaller percentage of
convective precipitation.

The second example discussed here demon-
strates a different kind of defining neigh-
bourhood weights between points in space.
SYMADER (1979) has analysed at 208 samp-
ling points Tocated in the Northern Eifel
(between Aachen and Bonn) the heavy metal
content in the soil surface layer. For
manganese (Mn), he found conéentrations be-
tween 10 and more than 900 ppm and a mean
value of approximately 200 ppm. To examine
whether in the covariation of these data
there exist-also directional differences be-
sides differences in distances, sector spe-
cific correlograms were calculated. The
value of 1 is assigned to the neighbourhood
weight wgg)of two peints i and j, if j with



respect to 1 is located in the sector obh-
served, as well as being in the distance
ring k. In HE-direction, the exponential
decay shows a good approximation to the
theoretical autocorrelation function

+ b RO
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Fig. 2: Spatial avtocorrelation coeffi-

cients R{k) of Mn-concentration

in the Horthern Eifel
of the lst order AR (autoregressive)
model (Fig.2)}. In NS-direction, however,
there is a rapid change from positive
autocorrelation in the first three spa-
tial lags to negative values;this points
to a sort of 'plateau effect' in the spa-
tial distribution of the Mn-contents. An
anisotropy of this kind renders the con-
struction of a suitable stochastic model
more difficult.

The third example is taken from a mapping
of the blackberry flora (rubus)} performed
by WITTIG and WEBER (1978) in the 'Min-
sterlander Bucht' on a regular grid basis
{(grid size 2.8 km). Numerical analysis
was based on a portion comprising 22% of
these grid areas. Neighbourhood weights
are determined according te the criterion
of common edges and, for higher spatial
lags, according to the principle of shor-
test paths. This example differs from the
two proceeding ones; here, the spatial
autocorrelation of a binary variable is
subjected to analysis,i.e. existerice or
non-existence of the respective species.
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To estimate spatial autocorrelation in
binary variables, CLIFF and ORD (1373} re-
commend the 'black-white' statistic.
Figure 3 shows these normalized statistics
for two of the mast abundant rubus Spe-
c¢ies in the 'Minsterland': Rubus adspersus
and rubus gratus, both occur preferential-
1y in areas occupied by the Quercion robo-
ris-petraeae (0ak forests on acidic soils).
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Fig. 3: Spatial autocorretation of rubus

gratus and rubus adspersus in the
‘Miinsterlinder Bucht' (z-scores
of the black-white statistic)

In the first spatial step, both show a
high positive autocorrelation; however,
while rubus gratus preserves this spatial
perststence even over large spatial lags,
it rapidly disappears in the case of rubus
adspersus. This strongly indicates that
physiological or ecological factors acting
in a differeatiating way might be involved.
More careful geobotanical analyses have
shown that rubus gratus may in fact even
grow on very poor quartz sandy soils ar on
pseudogleys while rubus adspersus rarely
spreads to different habitats.

3. SPATIAL VARIOGRAMS

An alternative approach towards the concept
of autocorrelation is the stochastic theo-
ry of ‘'regionalized variables' and its
application in 'Kriging' developed by the
French geostatistician MATHERON (1963).

lLet us consider a Euclidean space where n
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sample points are represented by vectors

xl""‘in' Instead of the stringent re-
quirement of stationarity, we make the
somewhat weaker assumption that the spa-
tial process Y(x} is 'intrimsic'; for each
directional distance E the following

applies {DAVID,1977):
E(Y{X) - Y(X+h)) = 0, (4

i.e, the process is on the same
level at all points;

Var(Y(x) - Y(X+f)) = 2 (k) (5)

i.e. the varijance of the first dif-
ferences depends on the increment
h, however not on the absolute posi-
tion.
The function Y(H) is called a (semi-)
variogram; for stationary processes,
it equals the difference of variance
and autocovariance function.
To obtain an estimate for this two-
dimensional function from the localised
sampling valuves, the infinite planar
directions are divided into regular
sectors s, and distances are grouped
into intervals k of equal length. The
empirical variogram value 2 {(s.k} can be
calculated according to
EH Dty G ()

g sk) g

with: p,= number of sample points (§i+ﬁ.),
Jocated with respect to J
x. in sector s and in the di-
stance jnterval k;

n=total number of
sample points.

n
N= L p.

3
i=1

SW-NE

2
0 — T 77—

20 40 60 80 100 km distance
Fig. 4: Directional variograms of daily

precipitation on July 16, 1979,

measured at 150 stations in the 'Miin-

sterland' and 'Rheinisches-Schiefer-
gebirge'.

Figure 4 shows sector specific empiric
variograms of daily precipitations (mm),
measured on 16th July 1979 at 150 meteorolo-
gical stations located in the 'Minsterland'
and the adjacent ‘Rheinisches Schieferge-
birge'. Small variogram values point ot a
positive persistence, while above the va-
riance negative autocorrelation occurs.

In the SE-NW direction the similarity of
the precipitations decreases more rapidly
than in the SW-NE sector. Hence, one may
conceive the neighbourhood relations for
each point to be shaped elliptically. The
ellipses are tilted by approximately 450
against the horizontal line and compressed
along the SE-NW axis by a factor of ap-
proximately 2.0.This points to a street

of showers moving in the SW-~NE direction.

A characteristic feature of quite a number
of vartograms 15 their noticeable discon-
tinuity at zero: For small distances [h]
they show a tendency towards values >0.
This so-called 'nugget effect' can be re-
garded as the variance of a purely random
component superimposed on the otherwise
continuously varying process,
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Fig. 5: Effect of an incorrect value on the

variogram (Daily precipitation on
July 16,1979; 'Minsterland').

~—— variogram for 47 stations, jn-
cluding an incorrect value
of 0.0 (spatial mean=5.1mm)

¥-—-t variogram for 46 stations, ex-
cluding the incorrect value,



As demonstrated in Fig, 5, the nugget
effect might also be due to single
erroneogus data.

Estimating the variogram function as well
as Kriging itself becomes increasingly
problematic, if the intrinsic hypothesis
is violated, for example if there is a
trend, Figure 6 shows an example of this
kind,

Yﬁﬁ
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Fig. 6: Directional empiric variograms
of groundwater levels (Dec.1970),
measured at 80 wells in the
'Hessisches Ried'.

The groundwater levels as measured at B0
observation wells in the 'Hessisches

Ried' {between Frankfurt and Darmstadt)
show coinciding with the relief a steep
gradient in WSW direction towards the
River Rhine. Accordingly, the empiric
variogram of this sector shows a parabolic
increase. However, the variogram for the
direction perpendicular to that (1.e.
SSE-HNW) is for all distances close to
zero because of the close similarity of
neighbouring values, In this.case, spatial
increments of a sufficlent high order may
be used; the respective theory will not

be discussed in this context (e.g. DELFI-
NER, 1976; GAMBOLATI and YOLPI,1979)
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4. KRIGING

The examples employing spatial correlo-
grams and variograms given so far strong-
1y emphasize the explorative character of
stochastic methods. In the last part of
this paper an example demonstrating the
applicability of spatial stochastic models
is presented.

The possibility of interpolating and extra-
polating spatial data is of practical im-
portance to a number of problems in the
geosciences and regional planning. To give
but one example: Stimulated by the Canadian
Geographical Information System CGIS and the
American GRID and IMGRID systems, computer-
ajded 'Landschaftsinformationssysteme’
{1andscape information systems) are under
examination also in German speaking coun-
tries, and they are increasingly used in
regional planning, above all in ecology-
oriented landscape planning. Filling up
spatial information gaps and smoothing in-
formation obtained from irregularly distri-
buted sampling points presents a special
problem. Conventional procedures such as
ordinary weighted spatial means and polyno-
mial trend surfaces may be applied, but they
lead to more or less serious disadvantages
{(e.g. no exact interpolation:; no reliable
information concerning the errors of esti-
mation).

®riging, based on variograﬁ ana1ys{s. offers
an interesting alternative. This paper is
restricted to giving just a brief outline

of 'point Kriging', whereas the publica-
tions by OLEA {1975) and DAVID (1977} deal
comprehensfively with that topic. Formally,
Kriging is & refined method of obtaining

spatial means over next neighbour points:
m(
-+ - _ s - . Py
y{x )~ y(x,) = 12 Adx,) vixg) {7)

X; € U(xo) surrounding of X .
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Fig. 7: Isotropic variogram of daily pre-
cipitation on June 5,1979 ({150
stations in the 'Minsterland' and
'Rheinisches Schiefergebirge')

seve eMpiric —— theoretic

(C,=80, €=119, a=55)

The R -weights for the m neighbour points
f} are to be determined such that the esti-
mate of the unknown value y(i;) is the best
linear unbiased one. This postulate leads
to a system of linear equations which can
be used te calculate the 2A-values pro-
vided the theoretical variogram is known.
The procedure has to be repeated, general-

ly. for each point to be estimated.

To obtain the theoretical variogram, a sui-
table analytical function is fitted to the
empirical values; 1in practice, one takes
into consideration only a few standard
types, such as the spherical variogram

in figure ¥ or linear variograms. For an-
isotropic processes, more complicated func-
tions are needed. In performing the fitting,
one can restrict oneself to the first 4 to
10 spatial lags, since with increasing
distances persistence may rapidly decrease
and since for estimating the unknown value
¥(¥X,), usually only the nearest neighbours
are used.

The question as to how many neighbouring
points are to be included in the estimation
can, in most cases, only be answered in a
pragmatic way.

52°18N

8°40E
516N 0
20 km
Fig, 8 Measured values of daily precipi-

tation on July 7,1979 {(mm).

* 150 stations in the 'Miinster-
land' and 'Rheinisches Schiefer-
gebirge'; MS = Mlinster.

With spherical variograms converging against
the variance, a range can be determined

{in Fig.7? for instance a range of approx.
55 km) allowing that all neighbouring
points within that range are taken into
consideration. With Tinear or otherwise
infinitely increasing variograms, however,
it is to be recommended to present a maxi-
mum number. This number can, because of the
'screen effect', be preset the lower, the
smaller the nugget effect is. This screen
effect causes a strong reduction of the
A-weights for all those points being
shadowed by closely located neighbours.

As an example demonsfrating the applica-
tion of Kriging, an attempt to obtain a
spatial interpolation of daily amounts of
precipitation for 7th July 197% is presen-
ted (F19.8). The area investigated by means
of 150 sample points is once again the
'"Miinsterland' and the adjacent 'Rheinisches
Schiefergebirge'. On this particular day

a cold front spread to Central Europe,
leading to rain showers amounting on



average to approx. 8 mm, A field of maxi-
mum precipitation reaches from WNW to ESE
seperating the two spatial minima being

~ 130 kms apart. Correspondingly, the empi-
ric variogram {Fig. %) shows a significant
anisotropy with a more rapid decrease of
persistence in $SSH~NNE directien and a re-
approach to smaller variogram values at a
distance of ~ 130 kms.

o e, BSW-NNE
~———n

20 do & 80 100 V20 k' tistance

Fig. 9: Linear anisotropic variogram of
daily precipitation on July 7,
1979.

----- empiric -—— theoretic

In this case, a cone function has been
chosen as a theoretical variogram, in ho-
rizontal sections represented by ellipses
{see Fig. 4) and in vertical sections by
Tinear variograms of directional specifi-
ty (DAVID,1977,137).

Interpolation on a square grid with a grid
tength of 10 km{Fig. 10} agrees fairly

well with the isoline-map of the measured
data. Singular extreme values have been
sTightly smoothed as being estimated as
weighted means of neighbouring values.
Attention should also be given to the map
showing the errors of estimation (Fig.11).
Mimimum values of }.0mm and less always
occur where the information density is par-
ticularly high; the smaller number of samp-
le points in the western part of the 'Min-
sterland’, however, gives rise to standard
errors larger than 2.5 mm. Therefore an
installation of additional meteorological
stations may start at these maxima of the
standard error surface.
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Fig. 10: Kriging: Estimated values of dai-
) ly precipitation on July 7, 1979
{mm) for a quadratic grid of 10
km. (see Fig.8)

Kriging: Standard error of esti-
mation {(mm) for the quadratic grid
of Fig. 10.
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ZUSAMMENFASSUNG

Eine der wichtigsten Entwicklungen der
multivariaten Statistik in den siebziger
Jahren war die Ausarbeitung von Modellen
zur Analyse kategorialer, insbesondere
nominaler Daten. Da nominale Variable,
filr die weder Ordnungsrelationen noch
metrische Eigenschaften gelten, in der
Geographie sehr hdufig vorkommen, sind
diese Verfahren von grofer Bedeutung fir
dije quantitative Analyse geographischer
Fragestellungen. In diesem Beitrag wird
keine systematische Darstellung der ver-
schiedenen Yerfahren angestrebt, sondern
es geht um eine vergleichende Bewertung
wichtiger Ansdtze hinsichtlich der sta-
tistischen VYoraussetzungen und der Inter-
pretationsmoglichkeiten der Ergebnisse.
Ein solcher Vergleich ist besonders im
Hinblick auf die addquate Verkniipfung
von inhaltlichen Problemstellungen mit
geeigneten Methoden erforderlich.

Zundchst werden symmetrische Ansdtze be-
handelt, bei denen nicht zwischen expli-
kativen und abhdngigen Yariablen unter-
schieden wird, Im VYordergrund steht das
loglineare Modell. Besondere Aufmerksam-
keit gilt den Fragen der Nullbesetzungen
in Kontingenztafeln, der Beschrdnkung auf
hierarchische Modelle und der Stichpro-
bengroBe. Von den asymmetrischen Ansdtzen
werden die Tineare logit Analyse und das
allgemeine lineare Medell von GRIZZLE,
STARMER und KOCH dargestellt. Diskutiert
werden die Wahl des Schatzverfahrens, die
Metrisierung der abhdngigen Yariablen und
die Moglichkeiten kausalanalytischer Be-
handlung nominaler Daten mit Hilfe der
neueren VYerfahren, Die Anwendungsbeispie-
e sollen zeigen, daB nicht nur Befragun-
gen, sondern auch andere in der Geogra-
phie verbreitete Daten sinnvoll mit den
geschilderten Yerfahren ausgewertet wer-
den kdnnen.

1. INTRODUCTION

Nominal and other variables with categori-
cal values frequently occur in geography.
Typical examples are spatial categories
such as aggliomeration or rural space, the
ethnical residential quarters of an Afri-
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can town, each type of quarter marked by

a particular symbol, the distribution of
valley forms or of different types of po-
tential natural vegetation. Very often

the research problem requires the measure-
ment of associations between such variab-
les. To analyse the relationships, it was
usual to proceed from crosstables set uy
for two variables, and to compute bivaria-
te measures of the strength of association.
A multivariate perspective in which the
effects and interactions of several varia-
bles are considered simultaneously has

now been made possible by a set of related
procedures, about which WRIGLEY (1979) has
given anexcellent review. In this paper

it is not intended to give a systematic
description of the various methods, but
rather to present some remarks on the spe-
cific possibilities and problems of seve-
ral important techniques and the interpre-
tability of the results.

2. SYMMETRICAL APPROACHES
2.1, THE LOGLINEAR MOOEL

It is usual to distinguish symmetrical

and asymmetrical approaches. In asymmetri-
cal approaches the variables are divided
into dependent (response) and independent
{explanatory) variables, whereas in symme-
trical models there is no such distinction.
In the latter case the analysis starts

with a contingency table, each cell in this
table containing a frequency, i.e. the num-
ber of observations for a particular com-
bination of variable Tevels. The most wide-
1y used procedure for analysing such a
multidimensional contingency table is the
Toglinear model (cf. BISHOP et al. 1975,
FIENBERG 1977, GOODMAN 1978). In this ap-
proach the natural logarithm of the fre-
guency of a combination is represented as

a linear function of effect parameters of
particular variables and variable groups,
The choice of parameters follows from the
hypotheses underlying the selected model.
This can be demonstrated by an example of
13x be
given for all combinations ijk, which are

three variables. Let frequencies x

characterized by the level i of the first
yariable, level j of the second, and le-
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vel k of the third variable. Each combi-
nation defines a subpopulation in the set
of all individual cases. If we assume the
independence of all variables, the folle-
vwing model results:

log mijg = U+ ul(i) + ue(j) + "3(k) (1)
Here mijk represents the expected fre-
quency of combination ijk assuming the
validity of the presupposition, and the
u's are effect parameters. u is the mean
of all log frequencies and the u, are
functions, which describe the deviations
from the grand mean u for the value le-
vels of variable n. There are two pro-
blems to be solved: first the estimation
of the expected fregquencies and second
the computation of the parameters up,- The
first problem, which in most cases is sol-
ved with the aid of the maximum likeli-
hood estimation technique, appears to be
most crucial. In order to apply this
method one must assume that the data are
the outcome of a particular sampling
scheme {Poisson, multinomial, or product-
multinomial, see FIENBERG 1977). To check
whether the empirical frequencies xijk
are significantly different from the
estimated expected frequencies mijk, the
well-known chi-square-test can be used.
50 it can be shown that under the assump-
tion of the null hypothesis - no diffe-
rence - the value

Rx2 =2 Y Xijk 100 g (2)

i3,k
which is called "Likelihood ratio chi-
square", is distributed like achi-square-
distribution with a number of degrees of
freedom corresponding to the number of
all combinations minus the number of
estimated parameters.

If model (1) is not appropriate one has
to assume that there are associations or
interactions between some variables. The
most general model containing all possi-
ble interactions, is the following satu-
rated model:

lTog m‘ijk =u+ l.!](1) + Uz(j? + u3(k)
+ u12(1,3) + Uy gfisk)
+ U23(Jsk) + u123(1)j:k) (3)

This model fits the data exactly, indeed

it presents a particular arrangement of
the data. It is usual to consider hier-
archical models only, because the maxi-
mum likelihood estimation for other mo-
dels may be very difficult. In hierar-
chical models a higher order interaction
Gay be included only if all Jower order
effects, which are generated by splitting,
are also included, If e.g. a model com-
prehends the term Uygs it must include

uy and U, as well. The model is represen-
ted by those effects through which all
other effects can be derived by splitting.
Therefore [1zii denotes the saturated
model.

2.2. A LOGLIKEAR EXAMPLE

A first example is taken from LEWIS {1977).
It demonstrates that results from mappings,
something very common in geography, can

be analysed by means of the new techni-
gques. Hithin a sector of northeast London,
1407 buildings were mapped and cTassified
by three variables: age, degree of decay,
and vse of building. The variables "age

of building" and "decay" were measured by
5 categories each, and the use by a three-
fold subdivision into residential, manu-
facturing and warehousing, and offices.

The most switable model, which fitted the
data of the 5x5x3 contingency table, was
the model [12] [13] (23] with all second-
order interactions. On the basis of sub-
stantial hypotheses these relationships
covld be expected. But beyond this, a geo-

. graphical interpretation should consider

what kind of relationships appear. For
that purpose it is necessary to compute
the effects u. Unfortunately, LEWLS did
not carry out this part of analysis.

The missing results could be computed

with the data of the contingency table
published by LEWIS. As an example Table 1
shows the effects of the interaction use/
degree of decay. It should be noticed

that in the table the intervening influence

of "the third variable,i.e. age of building,is

excluded, If one regards, as widely usecal,
enly the crosstable use/decay from the
original data (Tahle ?), one could infer
that residential buildings tend to be ¥n
good condition. Especially the category



"no decay" appears to be represented
above average. But if we look at the va-
Tues of the interaction effect, we

use:
residen- manufac- offices

decay tial turing

no decay -0.276 -1,382 1.658

s1ight decay 0.177 -0.269 0.092

nuch decay D.196 0.297 -0.493

substantial d. -0.207 1.112 -0.9%05
severe decay 0.110 0.242 -0.352

Table 1: Loglinear parameters: interac-
tion use/degree of decay

use: i
decay ; resid. manuf. offices
no decay 25.3 16.3 58.2 656
slight d. 16.7 30.0 53,4 365
much decay 17.6 64.3 18.1 182
subst. decay 4.9 90.2 4.9 163
severe decay 9.8 73.2 17.1 41
total 19.3 36.3 44 4 1407

Table 2: Crosstable of original data:
row percentages

shall recognize that the category just
mentioned is represented below average
concerning the residential use. This
discrepancy results from the influence
of the third variable, i.e. age of buil-
ding. In the study area the buildings
with exclusively residential use are re-
latively new, and, not very surprising-

1y, new buildings do not show much decay.

Therefore it can be expected that resi-
dential use in this case is connected
with a good condition of the building.
But the results of loglinear analysis
demonstrate that this condition is not
50 good as couwld be expected from the
age of the buildings. Beyond it nine-
teenth century buildings with offices
were more often renovated than residen-
tial buildings of the same period.

a9

2.3. ZERGS IN CONTINGENCY TABLES

The problem of the selection of a Tog-
tinear mode! will not be treated here.
For that purpose several strategies have
been developed to find an "“optimal" model.
Important criteria for the selection are
statistical fit, parsimony, and substan-
tial interpretability. 1t is an advanta-
ge of the loglinear model that relation-
ships between categories of variables

can adequately be analysed in detail.

But if the number of variables and/or of
categories 1ncreases the number of effects
grows and the interpretation may be diffi-
cult, especially concerning higher order
interaction effects. A further advantage
of the loglinear approach is the possibi-
1ity to handle a certain amount of zeros
in the contingency table. Two types of
zeros should be distinguished. Fixed or
structural zeros occur if the appropriate
cell of the table can a priori not con-
tain an observation. For example, in a
crosstabulation of European cities accor-
ding to their function it is impossible
to find a Swiss seaport. Such contingen-
cy tables are called incomplete. For a
detailed discussion see BISHOP et al.
(1975) (cf. also ARMINGER 1979). Frequent-
1y, zeros occur because of a relatively
small size of the sample in comparison

to the number of cells. The above mentio-
ned contingency table of the buildings

in London did not contain buildings from
the age period 1939 or later, which had
much, substantial, or severe decay, al-
though such a combination is imaginable.
Such 5amp11ng‘zeros put no problems as
Tong as the expected frequencies are not
zero either. This property is an impor-
tant reason for using the expected fre-
quencies instead of the empirical fre-
quencies in the model. But even if some
expected frequencies, or more precisely,
estimated expected values are zero, it

is possible to carry out a Ioglineér ana-
lysis, in which the degrees of freedom

of the chi-square-test must be changed
(cf. FIENBERG 1977). Difficuities only
arise if certain marginal distributions
of the fitted values contain zeros. Gene-
rally in loglinear analysis it is not
necessary to collapse categories with
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few observations or to add a small con-
stant to all cells as often proposed.

2.4, SOME PROBLEMS OF LOGLINEAR ANALYSIS
AND POSSIBLE SOLUTIONS

To end this section, we shall discuss
two further problems of loglinear analy-
sis which are important in the case of
many applications. The first probtem con-
cerns the limitation to hierarchical mo-
dels. In practice this class of models
usually offers sufficient possibilities
for the selection of a suitable modetl,
but sometimes it would be preferable to
choose a nonhierarchical model for the
sake of parsimoniocus modelling. The wide-
ly used computer programs like ECTA or
BMDP can only handle hierarchical approa-
ches. It can be demonstrated however that
by modifying the data a nonhierarchical
probiem can be changed inte a hierarchi-
cal one, and hence can be solved with
standard techniques. For that purpose
"indicator variables" are introduced

and new combinations of variables are for-
med, where zero values occur. For de-
tails see MAGIDSON (1976) or LANGEHEINE
{1979).

A second problem becomes relevant when
many frequencies are small. The fit of

a loglinear model is tested by the chi-
square-statistic. As is well known, there
are certain assumptions of the test con-
cerning the size of the cell values, e.g.
the values m. These assumptions must be
checked for every fitted model {KOCHLER
1979, 251, cf. FIENBERG 1977, 37). If
they are not fulfilled the reliability

of the tabulated significance limits is
doubtful. This situation often occurs,
for example if there are many zero cells.
Accordingly the above mentioned possibi-
Tity of the loglinear approach to pro-
cess zeros has some clear limitations.
For small samples it may be recommendable,
instead of the loglinear model to use the
related approach of the "configuration
frequency analysis" {Konfigurationsfre-
quenzanalyse = KFA}, which was developed
by the German statisticians KRAUTH and
LIENERT (1973). This approach avoids the
chi-square-test and uses the binomial

distribution for the comparison between
empirical and expected frequencies of
each combination of value Tevels. The re-
sults are combinations, or configurations
in the terminology of KRAUTH and LIENERT,
which occur significantly more or less
often than expected. If it is required to
obtain, instead of these "individual®
statements, more generalizing results
about the influence of one variable or of
one variable interaction, the tests of
significance become much more difficult,
and therefore the KFA is not so flexible
as the more elegant and more consistent
loglinear approach. Nevertheless, for par-
ticular problems and for small samples
KFA can be a useful alternative to the
toglinear model.

3. ASYMMETRICAL APPROACHES

Asymmetrical approaches which involve a
distinction between response and explana-
tory variables are especially important,
because they can directly be related to
substantial problems and theoretical ar-
guments. By these approaches explicitly
formulated hypotheses basing on causal
interpretations are operationalized and
tested. Using the symmetric loglinear
procedure it can be dangerous to look for
the statistically "best" model and, at
the same time, to neglect such hypotheses
about relationships. For the sake of a
closer connexion between quantitative and
theoretical geography it seems desirable
for applications of loglinear models to
concentrate on explanatory rather than on
exploratory analysis.

3.1. THE LINEAR LOGIT MODEL

It is not very difficult to transforma
loglinear model into an asymmetrical mo-
del. The transformation is particularly
simple if the dependent variable is di-
chotomous. Suppose e.g. that a saturated
Toglinear model with three dichotomous
variables is given and that variable 3 is
defined as response variable. The equa-
tion of the leglinear model camn be re-
written for the two levels of the depen-
dent variable:



log mij1= Ut ug (i) + uz(j) + uy(l)

+ ulz(i.j) + u13(i’1)

+ u23(j,1) + ulza(i.j,l) (4)
Tog myy g = u + uy(i) + up(d) + ug(-1)

+ ulz(i,j) + u13(i,—1)

+ouyg{ds-1) + Ujog(iadi-1) (5}
Subtract (&) from {4) and notice that
u-values from the same function add to
zero because they are deviations from the

grand mean, thus u3(1) + u3(—1) =0 etc.
It follows:

m. .

ijl _ 3 )
]Og -I—n-—'— = 2u3(1) + 2[]13(1,1) + 2u23(\]!1)

L Bu a5 (6)

Defining a = 2u3(1). ay = 2u13(1,1),
a, = 2u23(1,1), ay = 2u123(1,1,1) and
Pijk = mijk/(mijl + mij—l) yields:
1og 1L
ijl
xl,xz,x3 are dichotomous variables with
the values 1 and -1 and Pis1 is the con-
ditional probability that the response
variable takes the value 1 assuming that
the categories i and j appear. The term
log (p/(1-p)) is cailed log-odds or logit
of p, and (7) represents a linear logit
model. The variables Xl,Xz reflect the
influence of the two explanatory variab-
les onto the respond variable and XS the
interaction effect of these two variab-

= +
20 2y

X+ aZXZ +agXy (7)

Tes.

As an example we choose the building
classification data. An asymmetrical
model can be generated by defining the
state of decay as response variable and
age and use as explanatory variables. To
dichotomize the variables, we collapsed
variable 3 "state of decay" inte the
two categories "no decay" (1) and other
(-1}, variable 1 {age) into “"new",
built after 1914, (1) and other (-1},
variabie 2 (use) into "manufacturing”
{1) and other (-1}. A saturated log-
linear model, which was the sole model
fitting the data, yielded the following
results: a = 1.954, ay, = -1.304,

ay = 0.464,
Therefore the most important effect in-
fluencing the state of decay is produced
by the age of the building (al), but
function also provides an important

i.e.
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effect in so far as with manufacturing
land-use there is much decay. The inter-
action function/age can not be neglec-
ted. So the effect of use on state of de-
cay depends on age, because the combina-
tion "01d" and "manufacturing" is connec-
ted with more decay than expected, where-
as the combination "new" and "manufactu-
ring" shows Tess decay.

3.2. POSSIBILITEES AND LIMITS OF CAUSAL
MODELLING

To facilttate a causal interpretation
path analysis or structural equation ana-
1ysis were developed for metric data.
These extensions of the usual regression
analysis are especially advantageous if
there are many relationships, some variab-
les are dependent as well as independent,
and so direct and indirect effects are
present in the model. IT only effects
without feedbacks occur, the model is
called recursive, otherwise non-recursive.
GOODMAN and others have proposed to build
up a nonmetric equivalent to path analy-
sis by suitable transformations of log-
linear models in Togit equations. The
following example, which is taken from
KOCHLER (1979}, can demonstrate this pro-
cedure. The problem was the explanation
of the voting behaviour of the German po-
pulation. Although this is a problem of
political science or of sociology, and
not directly one of geography, there are
clear connexions to the geography of
elections, and similar analyses can be
performed with data from surveys in the
scope of more explicit geographicai in-
quiries. The data originate from about
1200 interviews which were taken after
the election to the parliament {Bundestag)
of Hest Germany in 1976. The following
variables were used:

Xl = party voted for in 1976 (-1= Chris~-
tian Democrats, +1 = other parties)

x2 = membership in the trade unions
(-1 = no, + 1 = yes)

Xy = church attendance {-1 = non-regular ,
{+1 = regular)

Xy = religion (+1 = catholic, -1 = other)
X5 = class (+1 = working class, -l=other)

It was postulated that the support of the
conservative Christian Democrates would
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depend on the variables X2 to Xg, second-
ly that the membership in trade unions
would depend on class, and thirdly that
catholics and the middle class would

more -frequently attend church than the
other groups. For these expected rela-
tienships three structural equations were
formulated as startingpoint for a recur-
sive path model:

1og(py/a7) = ajg + a1pX, + ay3%5 + ayyX,
+ a;p¥; (8)
109(pa/ag) = apy + aycXg (9}
Iog(p3/q3) = a3t aggX, + a35%s (10)
Here Py is the conditional probability
Pijkin that Xl takes the value +1 assu-
ming that the other variables take the

constant values j,k,1,n and 9 is de-
fined as l-p1 etc.

Figure 1 MNonmetric path-model: voting
behaviour

By obvious transformations the three
structural equations can be rewritten as
a loglinear model. The hierarchical mo-
del which is characterized by the inter-
actions [12] [13] [14 [15]  [25)

B4l [3s]  [as]
Using the techniaue described in

3.1, the coefficients a could be deri-
ved from the values for the u-terms.
Figure 1 shows these coefficients which

could be accepted.

confirm the suppositions about the re-
Tationships. The variable most strongly

influencing party preferences was church
attendance, whereas the socio-economic
variables Xz and XS were of minor impor=-
tance. A diagrammatic representation like
that of Figure 1 is certainly quite im-
pressive, but one should notice several
differences to the metric analysis which
severely reduce the usefulness of path
analysis in the case of categorical! varia-
bles:

(i) The coefficients a yield information
about the direction and size of re-
lationships, but beyond that cannot
be compared to metric path coeffi-

cients. So it is impossible to compute

indirect effects by multiplication
of coefficients. Therefore FIENBERG
{1977,91) regards the assignment of
numerical values to the arrows in
the path diagram as problematic.

(i) The representation of three-factor
or higher-~order interaction terms in
the path diagrams is complicated and
difficult to interpret.

(i11) For varfables with more than two
categories a split into dichotomous
variables seems to be necessary,
otherwise a relationship would have
to be described by a multidimensional
matrix rather than by a numerical
value,

(iv) There are no residual or error terms.

(v) There is no possibility of testing
the model by computing expected
coefficients for missing arrows.

3.3. ESTIMATION METHODS: ML and WLS

The parameters in a 1inear logit model,
which is a transformation of a loglinear
appreach, are computed by maximum likeli-
hood (ML)} estimation. However, there is
another frequently used estimation proce-
dure, the method of weighted teast squares
(HLS). Consider for example the model of
equation (7)., Here a metrix response vari-
able is represented as a linear combina-
tion of dichotomous variables. The units
of analysis are the subpopulations, which
are defined by the combinations of the
categories of independent variables. One



can suggest to compute the parameters

by multiple regression analysis. If this
is done by ordinary regression (ordinary
least squares = 0OLS), unbiased estima-
tors result, but generally it is not
possible to compute standard errors of
the regression coefficients. To compute
standard errors by OLS we must assume
that the residuals have homogenous va-
riances, i.e. that there is homoscedasti-
city. It is not difficult to see that
this assumption does not hold with the
type of response variable in question
(cf. KOCHLER 1979)}. Hence the preferable
estimation method will be WLS. By a
technique of suitable weights standard
errors can be computed for data charac-
terized by heteroscedasticity {cf. THEIL
1971}. This procedure was used by THEIL
(1970) as an estimation method for a
linear logit model. Now, what are the
adyantages and disadvantages of the two
estimation techniques? WRIGLEY remarks:
"As the WLS procedure does not involve
the numerical optimization necessary in
the ML procedure, it is less costly in
terms of computation and thus has become
the generally adopted method" (WRIGLEY
1979, 334). Besides the kind of compu-
tation there are some further differen-
ces between the two procedures, which
are relevant for applications of linear
logit models. On the one hand, both mo-
dels are large sample approaches, but
the WLS procedure 1s more susceptible of
sma1l samples. As KOCHLER {1979, 169)
suggests, each subpopulation should con-
tain at least 20-30 observations with the
exception of a small number of cells,
With ML estimation however, one can treat
smaller cell values. On the other hand,
the usual application of the loglinear
approach and hence of the linear logit
approach with ML estimation is Timited
to hierarchical models. Although, as we
have seen, it is possible with ML esti-
mation to handle non-hierarchical models,
the WLS procedure can be done in the
hierarchical as well as in the non-hier-
archical case and it is very easy to

fit a wide variety of models. Therefore
estimation by WLS has some advantages,
althouvgh with small samples one would
prefer the ML method.
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3.4. THE LINEAR MODEL OF GRIZZLE, STAR-
MER AND ROCH

The linear Togit model with WLS estima-
tion can be extended by allowing trans-
formations of the response variable dif-
ferent from the log-odds. A general
1inear model which contains such an en-
largement was presented by GRIZILE,
STARMER and KOCH in an influential artic-
le (1969). We shall not describe this
procedure, which is called GSK-approach,
in its whole generality, but only compa-
re two possibilities of metrification of
the response variable by taking the To-
gits or the untransformed percentages.
The metrification of a categorical vari-
able is based upon the computation of a
percentage in each subpopulation with

the same combination of explanatory va-
riable levels. We shall only regard the
most simple case, i.e. that all variab-
les are dichotomous. Then it is possible
to compute for each subpopulation i the
percentage p; of all units in the sub-
population that fulfill a particular,
arbitrarily selected category of the
response variable. Another metrification
follows from taking the Togits log
(pi/(l'pi))' The advantages of the more
complicated logits are based on statisti-
cal arguments. At first a regression with
a percentage value as dependent variable
y can yield predicted values y outside
the range of 0 to 1. This is especially
problematic if the percentages are in-
terpreted as probabilities, Secondly,

the statistical techniques of WLS assume
that the range of values of the depen-
dent variable is unlimited. By the lo-
gits the interval {0,1) is mapped into
(-eo0, +oa), so that no statistical pro-
blems arise. On the other hand, there

are also arguments in favour of the un-
transformed percentages (see KOCHLER
1978), especially because of the better
interpretability of the results. The
metrification by percentages together
with a suitable coding of the categories
allows the results to be appreciated by
‘wide audiences without any background in
statistical methods. As far as a model

is not used for prognosis the range of
the predicted values seems to be of minor
importance. For many problems of applica-
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tion the interpretation is based upon
the regression coefficients, not upon
the predicted values. It should also be
noticed that a model with togits will
give more weight to the subpopulations
with very high or very low percentages
P; than a model with untransformed me-
tric values, whereas in the interval
(0.3, 0.7) the weights are rather equal.

Hence, although the overwhelming majori-
ty of applications is carried out with

the logits, the metrification by percen-
tages can also be useful. An example shall
demonstrate the transparent manner of in-
terpretation. The data come from a sur-
vey concerning the leisure mobility of
the peopulation of Bonn, Germany {cf.
KEMPER 1977}. One of the objectives was
the explanation of the participation in
vacation journeys. It was assumed that
the following dichotomous variables could
be determinants:

X; social class (-1 = lower class/

+1 = middle class)
X, household income (-1 = low/
+1 = high)
X3 size of household (-1 = 3 or more
persons / +1 = 1 or 2 persons)
Xy availability of a car (-1 = no/
+1 = yes)
The response variable was obtained by

computing the percentage of all persons
in a8 subpopulation, which had not under-
taken a journey in the year before the
interview. By the selection of the sub-
populations as units of analysis, the re-
lationships of the correlated indepen-
dent variables are orthogonalized. Each

variable was coded by the values +1 and
-1. Table 2 shows the so-called design
matrix of the saturated model, which con-
tains the values of the main effects and
of all interaction effects, together with
a column of l-values, which represents
the constant term of the regression.

From the design matrix it is easy to see
that all independent variables including
the interaction variables are not corre-
lated, i.e.
all 24 =

orthogonal, on the basis of
16 subpopulations.

With the selected coding, the results of
the saturated model (Table 3) can easily
be interpreted. The constant term a,
presents the overall mean of the response
variable. On the average 33 % of a sub-
population did not undertake a vacation
journey. The main effects, namely a1s8y,

re-

34+, are differences of means, i.e. the
differences of the means in those subpa-
pulations containing a particular catego-
ry of the explanatory variable and of the
mean a_. So the value a; = -8.36 shows
that in the middle class {(Xy = 1) the

OLS estimation HLS estimation

effects effects standard errors
a, 32.89 31.89 1.79
a; -8.36 -10.41 1.75
a, -5.78 - 6.35 1.85
CI -7.84 - 5.42 1.42
ay -9.63 - 8.95 1.86
aq4 4.70 4.84 1.71

Table 3: Effects of the saturated model
{in part, OLS)} and of the model with in-
teraction 14 and all main effects (HLS)

LI F 1 Xl XZ Xa Xq xlxz X1X3 Xl)(4 X2X3 X2X4 szq X1X2X3 X1X2X4 X1X3X4 X2X3X4 X1X2X3X4
1 7.5 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
2 19.0 1 1 1 1-1 1 1 -1 1 -1 -1 1 -1 1 -1 -1
314.6 1 1 1-1 1 1 -1 1 -1 1 -1 -1 1 1 1 -1
4 27.8 1 1 1-1-1 1 -1 -1 -1 -1 1 -1 -1 1 1 1
5 20.6 1 1-1 1 1 -1 1 1 -1 -1 i =1 -1 1 -1 -1
6 17.9 1 1-1 1-1 -1 1 -1 -1 1 -1 -1 1 -1 1 1
735.7 1 1-1-1 1 -1 -1 1 1 -1 -1 1 -1 -1 1 1
8 53.1 1 1-1-1-1 -1 -1 -1 1 1 1 1 1 1 -1 -1
914.3 1 -1 1 1t 1 -1 -1 -1 i 1 1 -1 -1 -1 1 -1
10 44.4 1 -1 1 1 -1 -1 -1 1 1 -1 -1 -1 1 1 -1 1
11 37.1 1 -1 1-1 1 -1 1 -1 -1 1 -1 1 -1 1 -1 1
12 52.4 1 -1 1-1-1 -1 1 1 -1 -1 1 1 1 -1 1 -1
i316.7 1 -1-1 1 1 1 -1 -1 -1 -1 1 1 1 -1 -1 1
14 60.0 1 -1 -1 1 -1 1 -1 1 -1 1 -1 1 -1 1 1 -1
15 392.6 1 -1-1-1 1 1 1 -1 1 -1 -1 -1 1 1 1 -1
16 65.5 1 -1 -1 -1 -1 1 1 1 1 1 1 -1 -1 -1 -1 1
Table 2 : Design-matrix saturated model: vacation Jjourneys



percentage of non-vacationists declines
to an average of 32.89 - 8,36 = 24.53,
whereas in the lower class (XI = -1} it
rises to 32.89 + 8.36 = 41.25. The dif-
ference between the two classes is there-
fore 2 % 8.36 = 16.71 ¥. The most impor-
tant effects are the main effects of the
four independent variables, the first
position being hold by the availability
of a car. A1l socio-economic variables
surpass the demographic variable “size
of household". As for the interaction
effects, the terms X1X4 and x1x3x4 are
the only worth mentioning., The more im-
portant term X1X4 shows that the simul-
taneous coincidence of middle class and
car availability, resp. of lower class
and no car, results in raising the per-
centage of non-vacationists by 4.7 %
above the value expected from the main
effects. In a saturated model OLS and
WLS estimations are the same, and the
sum of squares of the coefficients for
the main effects and the interaction
effects is equal to the variance of the
response variable y. From that one can
compute straighiforwardly the share of
each effect in the variance of y, which
in a saturated model is explained by
100 %. The 4 main effects already explain
82.7 4. Looking for a model with few
interaction terms, the following equation
could be acceptable:
P; = 2, + alxl + azx2 + 33x3 + a4x4
+ apa%%, (11)
The estimation of the effect parameters

by WLS yields the values noted in Table 3.

In principle, these values are similar
to be interpreted as the coefficients of
the saturated model, the difference be-
ing substitution of “average" by "weigh-
ted average". If a model fits the data
well the sum of squares of the residuals
ijs distributed like a chi=square-distri-
bution with n-m degrees of freedom. Here
n is the number of subpopulations and m
the rank of the design matrix. With model
{11) a valuve of 8.26 results, which is
not significant for 16-6 = 10 degrees of
freedom at the 0.05 level. Therefore this
model is acceptable. On the whole, the
substantial interpretation does not de-
part from the effect interpretation of
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the saterated model, but there are some
changes in the order of the independent
variables.

3.5. THE EXPLANATORY POWER OF A MODEL

Finally we refer to a problem that may
demonstrate the differences between mul-
tivariate methods for categorical and for
metric data. As is well known, the coef-
ficient of determination in a metric re-
gression analysis indicates, how much va-
riance of the response variable is sta-
tistically explained by the regression.
In contrast to that, in the non-metric
approach we have described, a model is
selected with no significant deviations
from the data. But in such models the
statistical power of explanation can be
very different depending on the sample
size, although mostly it will be high.
With the asymmetrical analysis of catego-
rical data a strange phenomenon may ap-
pear, namely that by adding new explana-
tory variables the power of explanation
declines if only the main effects are con-
sidered. The example of vacation travel
can be used to show this effect. Because
in a WLS approach the usual coefficient
of determination is not computed, we use
the OLS estimation for the following mo-
dels, This is possible, for we are only
interested in the statistical power of
explanation, not in the significance of
the terms. On the basis of the main ef-
fects, the degrees of explained variance
of the response variable p is as follow-
ing, when different independent variab-
les are used:

% 100.0 %
XIXZ 98.2 %
K1X2X3 91.3 %
X1X2X3X4 87.7 %

These results are surprising only at first
sight. They become understandable by con-
sidering the differing number of wunits. If
the number of independent variables in-

creases, the number of combinations of
variable levels will rise and consequent-
ly the number of subpopulations too.
Furthermore, with the growing number of
variables the number of possible interac-
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tion effects will increase in a Righer
proportion and therefore the percentage
of the main effects will decline. The
uvnderlying cause of this situation seems
to be that the GSK approach, as well as
the loglinear approach, is not based on
individuals, but on data aggregated to
homogeneous subpopuiations.

Since in the GSK approach only the fit

of data is tested, it is advisable addi-
tionally to measure the explanatory

power of the model. This will be particu-
tarly helpful, when many potential va-
riables are at disposal, but not all]

of them can be integrated into a modeT,
because the size of the subpopulations
would become too small then. Suppose for
instance that enly three variables were
possible with the exampie of vacationists.
As KOCHLER (1979) suggests, before testing
a G5K model one should, with the aid of
an association coefficient, select the
combination of variables which shows the
largest coefficient on the basis of a
contingency table, in which the columns
represent the levels of the response va-
riable and the rows the levels of the
combination. Concerning our example, we
have computed the contingency coeffi-
cient C as well as GOODMAN's amd KRUS-
KAL's A, that has been developed star-
ting from a conception of proportionatl
reduction in error. The following values
are the result for different sets of
variables:

Variables C Ay

X1X2X3 0. 306 0.0387
X1X2X4 0.317 0.0885
X1X3X4 0.314 0.0000
x2x3x4 0.307 0.0436

Both coefficients favour the combination
of the three socio-economic variables
xl,xz,x4. Hence for this combination an
appropriate G5X model should be selected.
On the other hand, the differences of

the C and 2,-vaTues are relatively smaTl
50 that other combinations could be ta-
ken into consideration too, if theoreti-
cal arguments support them. Another pro-
posal for measuring the explanatory power
of the determining factors was suggested
by THEIL {1970), who has used an informa-
tion-theoretic entropy measure.

4. CONCLUSION

The aim of this paper was to show that
ameng the various techniques of catego-
rical data apalysis there is no optimal
procedure in general, but that a suitable
procedure should be used depending on

the problem of inquiry and the possibili-
ties as well as the restrictions of the
data used. The same arguments concern the
selection of the kiand of coding and of
metrification, which can be different ac-
cording to the purpose of the anaiysis,
the importance of prognosis and the expec-
ted groups of readers or users of the re-
sults. In the years to come geagraphers
will increasingly use the new methods for
multivariate analysis of categorical data.
But certainly it would not be desirable
if a single procedure would dominate as
an unreflected standard, as in the case
of factor analysis the technique of PCA
with orthogonal varimax rotation {cf.
KEMPER 1975). The potential fields of
application for the new procedures are
extensive, and besides surveys, which
have represented the most often used
source of categorical data so far, geogra-
phers should also pay attention to the
evaluation of other sources such as map-
ping or census results, the quantitati-
ve analysis of which has hitherto been
restricted mostly to bivariate associa-
tions.
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ZUSAMMENFASSUNG

Die Naturrdumliche Gliederung Deutsch-
lands (MEYNEN, 1953-1962) versuchte Regio-
nen einheitliichen Gefiigemusters physi-
scher Merkmale auszugliedern. Da das Prao-
gramm dieser Unternehmung keine exakt
nachvollziehbare Anweisung enthdlt, kommt
dem Ergebnis selbst die Bedeutung eines
empirischen Forschungsgegenstandes zu. Es
ist dabei zu fragen, mit welchem Gewicht
die einzelnen im Programm dieses Unter-
fangens vorgesehenen Merkmale in das Glie-
derungsergebnis eingehen. DarlUber hinaus
soll der Anspruch Uberprift werden, die
naturrdumlichen Einhetten 3. Ordnungsstu-
fe stellten GroBregionen dar, in denen
‘Landesnatur und die ihr entsprechende
kulturraumliche Ausstattung zur rdumli-
chen Deckung' kommen (MOLLER-MINY, 1962,
S. 259 f}.

Um diese Frage zu kldren, werden elf the-
matische Karten physischen Inhalts iiber
Baden-Wirttemberg ausgewdhlit, deren the-
matisches Spektrum {vgl. Tab. 1) in etwa
dem Programm der Naturrdumlichen Gliede-
rung entspricht. Zuv Vergleichszwecken wird
zusdtzlich die Karte der Naturrdumlichen
Einheiten 3. Ordnungsstufe in die Unter-
suchung einbezogen. Mit Hilfe eines areal-
invartanten Distanzkoeffizienten wird
eine Distanzmatrix dieser Merkmale er-
stellt und die Verwandtschaftsbeziehungen
der Merkmale untereinander mit nicht-hier-
archischer Clusteranalyse ermittelt.

Das Ergebnis identifiziert zwei deutlich
getrennte Merkmalscluster, derenm erstes
die Merkmale 'Geologie', 'Lithologie',
'Hydrogeologie', 'Bodentypen', 'Relief-
energie’ zusammen mit den 'Naturrdumlichen
Einheiten 3. Ordnungsstufe' enthdalt. Die-
ses Cluster beschreibt Merkmale, die eine
enge Beziehung zum oberfldchennahen Unter-
grund zeigen, Die Zugehdrigkeit der Na-
turrdumlichen Einheiten zu diesem Cluster
bestdtigt, daB das Hauptinteresse der
Naturrdumlichen Gliederung diesen weit-
gehend aus geologischen und topographischen
Karten ableitbaren Merkmalen galt.

Das zweite Cluster enthdlt die Merkmale
'Reliefbasis', 'Reliefhiille’, 'Huchskiima',
‘Potentielle Natiirliche VYegetation',
'Leistungsfihigkeit des Waldes' und 'Boden-
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giite'. &s faPBt Merkmale zusammen, welche
die Wachstumsbedingungen der Vegetation
in enger Anlehnung an die Héhenlage zum
Ausdruck bringen. Da gerade diese Merkma-
le in naher Yerbindung zur kultevrrdumli-
chen Ausstattung stehen, wird deutlich,
daB die Naturrdumlichen £inheiten 3. Ord-
nungsstufe nicht dem oben genannten An-
spruch einer auch nur ndherungsweisen Hie-
dergabe kulturrdumlicher Grundmuster ge-
recht werden.

Diese Tatsachen werden zurickgefithrt auf
das GTiederungsprinzip 'von unten nach
obem', das einem hierarchischen Weg folgt,
in dessen Yerlauf einmal aufgrund von
kleinrdumlich variierenden Merkmalen ge-
troffene Abgrenzungen in hoheren hierar-
chischen Fusionsstufen nicht mehr mit Blick
auf die Gesamtstruktur revidiert werden.
Um diesen entscheidenden Nachteil zu ver-
meiden, sollte bei derartigen Gliederungs-
versuchen ein nicht-hierarchisches Denken
Anwendung finden. Selbstverstdndlich ist
dies nur in Yerbindung mit entsprechenden
exakt nachvollziehbaren Methoden sinnvoll.

1. OBJECTS OF STUDY

The BRD Physiographical Regionalisation
(MEYNEN, 1953-1962) tried to delimit uni-
formiy patterned regions based on natural
constituents: rocks, relief, climate, wa-
ter budget, soils, natural vegetation.
Combining mainly topographical and geolo-
gical maps without rigorously defining this
process the authors ended with a regicna-
lisation that can be considered an object
of empirical study itself.

Demonstrating the value of mathematical
thinking and techniques can best be success-
ful when dealing with problems that are
common to traditional geographers. One such
question might be to ask for the weight of
all programmed constituents and the degree
to which climate, s0i1 types and natural
vegetation are implicitly invoelved in the
presented Physiographical Regionalisation.
Another desideratum represents the state-
ment brought forward by one main author of
this programme (MOLLER-MINY, 1962, p. 259f)
the features of the 379
graphical regions
ral features. On the basis of this state-

order physio-
correspond with cultu-
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ment it was demanded, successfully for a
time, to refer statistical surveys on po-
pulation and agriculture te the proposed
physiographical units. Both problems will
be revisited by means of rigorous analy-
tical methods.

2. DATA BASIS

According to the programme eleven djffe-
rent physical maps on Baden-Wirttemberg
were chosen, mostly from DEUTSCHER PLA-
NUNGSATLAS BADEN-WORTTEMBERG (1969). Re-
lief information was supplied by the to-
50 000 using computa-
tional aid to recombine rectangles over-
lapping the sheet margins. For the pur-
pose of comparison the physiographical

pographical map 1

regions of 3"d order were added as 2
twelfth such map. The contents of these
maps are taken as nominal variables at-
tached to the cells of a regqular grid
pattern overiay, quantitative data being
transformed into nominal data by means of
one dimensional non-hierarchical cluste-
ring.

3. DISTANCE OF VARIABLES
3.1. COHCEPTS AND INVARIANCE PROPERTIES

For any two of these nominal variables
their mutual similarity can be expressed
by a distance coefficient, the selection
of which will be discussed here. Basis
for its derivation constitutes the contin-
gency table which contains the distribu-
tion with regard to the product catego-
ries. At least three different concepts
are availabte in this context, the PHI1
concept originating in inference stati-
stics (HAYS, 1963), the elementary TAU
concept (GOODMAR and XRUSKAL, 1954) and
the entropy concept derived from informa-
tion theory. A critical examination of
these concepts can be based on the folilo-~
wing invariance properties:

(1) size invariance, i.e. invariance with
regard to size effects of the whole
sample area {total number of grid
data)

{2) class invariance, i.e. independence
of the number of categories within

each variable

{3} area invariance, i.e. invariance with
respect to categorical distribution
wWwithin each varfable (marginal distri-
bution of the comtingency table).

Size invariance is met by all these con-
cepts, whereas no one suvpplies class in-
variance.

3.2. AREA INVARIANCE BY CHANNEL CAPACITY

Critical property is area invariance, which
is not met by any of the hitherto applied
coeeficients. Buf it can be attained by
using the entropy concept. Such coeffi-
cients, as they are usually employed, con-
tain the quotient of synentropy and total
entropy. This quotient can be interpreted
as information content common to both com-
pared variables in relation to the infor-
mation that contain both variables to-
gether in combination. But the resulting
coefficients are dependent on the single
distribution of each participating nominal
variable, i.e. on the accidential cut of
the sample region. In order to get rid of
this dependence, synentropy is replaced by
channel capacity, which is the maximum
synentropy for all possible marginal distri-
butions.We do not choose channel capacity
because of its maximizing property but as
it is dependent only on the noise matrix.

Unfavourable for the intended usage as a
metrical distance coefficient is the loss
of symmetry. Exchange of source and sink
variables produces different amounts of
channel capacity. In order to make up for
this deficiency the greater of the two
channel capacities is taken as characte-
ristic of the relation. This means marking
out the direction in which the single va-
riable distributions can be fitted to the
relation so that their common information
content can be expressed best.

To evaluate channel capacity is much more
expending than to calculate synentropy. An
elegant algorithm was published by BLAHUT
(1972). Tt avoids the uncomfortable necess-
ity of excluding negative probabilities
that complicate the method based on LAGRAN-
GE~-multipliers ,offered in some textbooks
on information theory (e.g. KAMMERER, 1971



or SPATARU, 1973). The approximation al-
gorithm {see SCHWARZ, 1977, p. B) leads

to a solution that depends on the applied
accuracy 1imit. This has to be small
enough to secure the metrics of the re-
sulting distance measure which can be pro-
.ved by simple enumerative computation and
test of all possible triangular inequali-
ties within the distance matrix, distance
D {A,B) of two variables A and B being
expressed by D (A,B)=1-S(A,B)., where
S(A,B) is the quotient of channel capac-
ity and total entropy.

3.3. CORRECTION OM THE STRENGTH OF CLASS
INVARIANCE

Unfortunately there seems to be no con-
cept available to attain class invariance.
The distance coefficients will always be
dependent on the number of categories with-
in each nominal variable. We can only try
to improve coefficients with regard to

some specified influences. In this respect
it is assumed that distance coefficients
depend on the number of elements in the
contingency table and on its side pro-
portions. Be (A) the number of catego-
ries of variable A, then we can try to
predict the distance d of two variables

A and B by a linear regression model
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d=a+bx X toc * %,
with the independent variables

x; =(A)%(B) and x, = max [(m7(BY, (8)/(A)]
The product moment correlation coefficient
r(d,xl) = -.264 indicates a tendency to
greater distance coefficients for smaller
contingency tables, whereas r{d,x,) = .097
shows a petty inclination to smaller dis-
tance coefficients for more quadratic con-
tingency tables. In order to correct the
distance coefficients with respect to

these specified ¥nfluences we computed re-
siduals relative to the estimated hyper-
plane

d =.5211 + .0030 x, -.1327 x,,

and added them to the arithmetic mean of
all distance coefficients. It might be that
the procedure produces corrected coeffi-
cients a Tittle greater than 1 or less than
0. In this case we would have to transform
all values so that they shrink into the in-
terval {(0,1). Here this final correction
was not necessary. The resulting distance
coefficients are presented in Tab. 1.

Tab. 1: Area invariant distance matrix after correction on the strength of class invariance
No. Number Variable 1 2 3 4 5 6 7 8 9 10 11 12
of Ca-
tego-
ries
1 6 Hydrogeology 0 .655 .623 .512 .484 .476 .476 .336 .653 .511 .688 .348
2 7 Soil Quality .655 0 .629 .569 .540 .576 .647 .607 ,600 .570 .513 .541
3 9 Growth Climate .623 .629 0 .509 .523 .504 .847 ,709 .668 .601 .556 .635
4 7 Relief Envelope .512 .569 .509 0 .142 .111 .647 .548 .613 .507 .501 .3941
5 7 Relief Basis .484 .540 .523 .142 D .219 .665 .590 .570 .520 .496 .413
6 7 Relative Relief .476 .576 .504 .111 .219 0 .625 .559 .584 .539% .472 ,383
7 14 Geology 476 .647 .847 .647 .B65 .625 0 .264 _387 .640 .543 .393
8 7 Lithology .336 .607 .709 .548 .590 .559 .264 . O .463 .616 .768 .313
9 6 Soiltypes .653 ,600 .668 .613 .570 .584 .387 .463 0 .727 .795 .452
10 7 Pot. Nat. Yegetation.511 .570 .601 .507 .520 .539 .640 .616 .727 0 .545 .465
11 5 Forestry Efficiency -688 .513 .556 .501 .496 .472 .543 .768 .795 .545 0 .421
12 10 Physiograph.Region. .348 .541 .635 .391 ,413 .383 .393 .313 .452 .465 .421 0
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4. NON-HIERARCHICAL CLUSTERING

To clarify the relationships between the
different variables R-mode application

of cluster analysis provides a suitable
tool. There are two fundamental ways of
hierarchical and non-hierarchical c¢luste-
ring. QOur desire for well separated homo-
genous clusters of variables cannot be
met by hierarchical cluster algorithms

at all because they only optimize the
linking of two clusters at a time. A
linkage once finished cannot be revised
by considering the whole cluster struc-
ture. Even subsequent revision by discri-
minant analysis in order to provide well
separated convex clusters, as some au-
thors propose {e.g. KING, 1969), is not
satisfactory because there exist many
arbitrary solutions of convex clusters,
which can easily be constructed by set-
ting separating hyperplanes at will.
Those that are fixed by the result of
hierarchical analysis are by no means
optimal in the sense of maximal internal
homogenity,

Non-hierarchical cluster analysis on the
contrary is abie to provide clusters that
are both, well separated and homogenous.
HARTIGAN {1975) proves that a cluster
structure with minimal ‘internal variance
is automatically convex. We therefore
apply the kMEANS principle to minimize
variance internal.lndeed, this principle
does pnot spontaneously Tead to an over-
all optimaTl cluster structure, but the
solution only provides local optimality
that depends on the partition to begin
with. The better the starting partition
the better the result with respect to
minimal internal variance.In order to find
out plausible clusters of variables to
start with, the similarity matrix

S =1-0Dis subjected to principal com-
ponent analysis, D being the distance
matrix (see Tab. 1). Extraction of two
principal components and subsequent VARI-
MAX rotation hints at a reasonable heuri-
stic starting partition. Application of
the k-MEANS algorithm {program CLUSYMA pu-
blished by SPATH, 1975) on the distance
matrix D leads to the final solution.

5. RESULTS

The result identifies two clearly separa-
ted clusters of variables. The first con-
tains variables describing the subsoil
features 'Geolegy', 'Lithology', 'Hydro-
geology', 'Soiltypes’', 'Relative Relief',
together with the .3rd Order Physiogra-
phical Regions'. The second cluster of
greater 'within'- variance consists of the
variables 'Altitude' (i.e. 'Relief Basis'®
and 'Relief Envelope'), 'Growth Climate',
'Potential Natural Vegetation', 'Forestry
Efficiency’, 'Soil Quality'. Obviously
this second cTuster which fs not conside-
red by the Physiographical Regionalisa-
tion summarizes growth conditions of ve-
getation that are closely tied to alti-
tude. Especially the variables of this
second cluster, which does not include
the 3rd Order Physiographical Regions, are
more related to cultural features of agri-
culture, forestry or population distribu-
tion than the variables of the First
clusters are. Therefore the statement of
the Srd Order Physiographical Regions to
correspond with cultural features can no
longer be maintained.

This result shows the subsoil features to
have been of main interest in the German
Physiographical Regionalisation. Neglect-
ing climatic variation and subsequently
growth conditions of vegetation can be
explained with the 'bottom to top' prin-
ciple of hierarchically joining areas that
could be considered similar to each other,
starting with the smallest sites percei-
ved as being homogenous intermally. In this
regard the traditional concept resembles
hierarchical clustering with linkages once
executed never to be changed in fusions
of higher hierarchical order. In this pro-
cess distinctive criterias for small areas
being always based upon subsoil features
are perpetuated. Patterns with extended
spatial variation, such as climatic fea-
tures, never get a chance to be involved.
In order to overcome this shortage physi-
cal regionalisation should proceed to non-
hierarchical thinking and, of course, to
fully communicable corresponding methods.
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The German Physiographical Regionalisa-
tign tried to delimit regions with uniform
regions based on natural constituents:
rocks, relief, climate, water budget,
soils, vegetation. As the authors mainty
combined topographical and geological maps
withouth defining the process, it is
interesting to questien the weight for all
the programmed constitutents and the de-
gree to which climate, soils and vegetation
are implicitly involved,

Grid based nominal data were derived from
various physical maps on Baden-Wirttemberg.
By non-hierarchical cluster analysis

based on a channel capacity correlation
coefficifent, which is supposed to be
invariant to marginal values of the
contingency table, two clusters of variab-
les could be identified. The first con-
tains variables describing the subsoil
features 'Geology', 'Litholoay', 'Hydro-
geology', 'Soiltypes', 'Relative Relief',
together with '3"% Order Physiographical
Regions'. The second cluster of greater
'‘within'-variance consists of the variab-
les 'Altitude', 'Growth Ciimate',
‘pPotential Natural Vegetation', 'Forestry
Efficiency', *Soil Quality'. Obviously this
cluster, which is not considered by the
Physiographical Regionalisation, summarizes
growth conditions of vegetatjon that are
closely tied to altitude,

Especially the varfables of this second
cluster, which does not include the Phy=-
siographical Regionalisation, are more
related to the cultural features of agri-
culture, forestry or population distri-
bution than the variables of the first
cluster are. Therefore the statement
brought forward by one main author of the
Physiographical Regionalisation (MULLER-
MINY, 1962, p. 259f), the features of

the 3" Order Physiographical Regjons
correspond with cultural features, can

no longer be maintained.

This result is due to the ‘bottom to top'
principle of hierarchically joining areas
that are similar to each other with respect
to small scale varying features. In this
process of hierarchical clustering patterns
wWwith extended spatial variation, such as
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climate or altitude, never get a chance
to be involved. Only rigorous non-hiearchi-
cal methods could remove this deficiency.
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ZUSAMMENF ASSUNG

Hegen des groBen MeBaufwandes kinnern die
wesentlichen Prozesse in einem Ukosystem
immer nur exemplarisch erfaBt werden. Die
Planung braucht aber Entscheidungshilfen
fiir weitaus gréfere Rdume, so daB die Er-
gebnisse von Punktmessungen auf diese
Riume iUbertragen werden missen. Das ist
nur méglich, wenn bekannt ist, welchen
EinfluB die herrschenden Umweltbedingun-
gen auf diese Prozesse haben. Mit ihrem
Ansatz, die Abhdngigkeit zwischen zwel
variablensitzen zu erfassen {ProzeBab-
lauf und Umweltbedingungen), scheint

die kanonische Kerrelationsanalyse

einen Losungsansatz zu diesem Problem

zu bieten.

Trotzdem wird sie kaum angewandt; da

sie weder wie die ihr verwandte multiple
Regression zu Yorhersagen eingesetzt
werden kann, noch bel einer konventio-
nelten Anwendung wesentliche Informatio-
nen zur Datenstruktur liefert,

Bei einem Verzicht auf die Aussagen des
kanonischen Korrelationskoeffizienten und
der Gewichte zur Berechnung der kanoni-
schen Yariablen kdnnen die Korrelaticonen
zwischen Ursprungs- und kanonischen Va-
riablen wie die Ladungen einer Hauptkom-
ponentenmatrix interpretiert werden.

Auch in diesem Fall hilft eine Yarimax-
rotation, die Datenstruktur zu verdeut-
Tichen,

Leider stellte sich heraus, daB bei ei-
ner zu hohen Zahl von Interkorrelationen
die ersten kanonischen Korrelationen den
gleichen Betrag aufweisen kSnnen, wo-
durch sich keine eindeutige mathematische
Lésung ergibt. In der Praxis antwortet
der Rechner mit Programmabbruch, aber es
kxonnen durch Rundungsfehler auch mathe-
matische Artefakte auftreten, die nicht
ohne weiteres als solche erkannt werden
konnen. Yon dem Gebrauch der kanonischen
Korrelationsanalyse wird daher abgeraten.

62

INTRODUCTION

By dealing with two sets of variables ca-
nonical correlation analysis shows a very
interesting approach to solve the most
vrgent problem of geoecology. Measurements
of time dependent processes of energy,
water, or solids are only possible at
great expense. Therefore they are mostly
restricted to small areas, However problems
planning do not stop at those areas but
cover large regions. If geoecology consi-
ders its results as useful for practical
purposes, it must be able to extend them
after certain modifications to a large
area or even to transfer them to other
regions where no measurements have been
made.

As it was shown by W. SYMADER {1980a, B3~
B6) transfer of measurements is possible
if the influence of the environment on

the process is known. Both processes and
environment are described by a set of wva-
riables so that canonical correlation ana-
lysis seems to be the appropriate sta-
tistical procedure.

But as it is difficult to estimate its
efficiency, canonical correlation analy-
si5 is not very often used in physical
geography. An example of a conventional
application exhibites some of these rea-
$0NS.

From May 1976 until May 1977 water sam-
ples were taken biweekly in 31 catchments
of the Northern Eifel mountains and the
adjacent Lower Rhine area {(W. SYMADER &
W.THOMAS 197B; W.SYMADER & R.HERRMANHN
1979; W.SYMADER 1980b) and analysed for
dissolved and suspended heavy metals and
nutrients. Besides, data of heavy metal
content in fluvial sediments were availab-
le (W.THOMAS 1977). The characteristics
of the catchments were described by a set
of variables Tisted in Table 1.

As canonical correlation analysis can be
regarded as the general form of multiple
regression, it must fulfill the same pre-
mises such as normal distribution and,
what is more important, independency of
the predictor variables. If the variables
of a set are intercorrelated among each
other, canonical coefficients are not

of
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TABLE 1: Spatial variables of the characteristics of the catchments

Cade

FR drainage area

FLDI density of rivers (km/km2)

FWALD area of a catchment covered by forests,

FGRUEN by grassland,

FACK by farmland,

FSIED by settlement,

FOED and by non usable Tand (kmz}.

PCHALD percentage of a catchment covered by forests,

PCGRN grassland,

PCACK farmland,

PCSITED and settlement.

GEF mean slope of the river basin

FORM L2/FN, L=axial lTength of the catchment.

FSAND area of a catchment with sandstone,

FKALK calcareous rocks,

FGRD shales and greywackes,

FQRT gquaternary rocks.

PCSAND percentage of a catchment with sandstone,

PCKALX calcareous rocks,

PCGRD shales and greywackes,

PCQRT quaternary rocks.

EGKW indicator of waste water pollution.
It gives the amount of waste water compared to the waste water
production of an average person,

BETR number of industrial plants

BESCH number of employees within a catchment

FEIND number of plants working up iron

NFEIND number of plants working up metals except for ironm.

STAHL number of steel mills,

CHEM chemical industries,

TEXT textile industries,

BEKL clothing industries,

LEBHMI food industries,

GALY galvanic industries.

EINW number of inhabitants of a catchment

SIGEW area of settlements, weighted according to their distance

to the sample point.

steady and the significance of the canoni-
cal coefficient is overestimated. To get
variables independent of each other a
principal component analysis is used

first (Tables 2 and 3)

The matrix in table 2 shows that only a
few variables are intercorrelated e.g.

the nutrients Na, K and PO4 coming from
domestic sewage or Ca and Mg as indicators
of water hardness.

Zn is a heavy metal which can be found
in nearly every type of waste water.

Thus it shows good correlations with many
other elements leading to medium Toadings
in several components. As a set of inde-
pendent variables Mn, Cu, Pb, Cd, Ni, Cr,
Co, Mg and K are selected. Mote that such
interesting elements as Zn, Na and PD4

are not taken into consideration any more.

A great deal of the intercorrelations in
Table 3 is dve to the heterogenity of the
whole sample. The catchments of the Nor-
thern Eifel mountains with high percenta-
ges of shales, greywackes and quartzites
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Table 2:

Yarimaxrotated principal component matrix of

dissolved heavy metals and nutrients

spatial means of

1 2 3 4 5 6 7 8 9
Variation % 22,7 12,5 11,1 10,3 9,8 8,8 8,4 6,4 6,3 sum=96.3%
In 48 66 -41
Fe -47
Mn -95
Cu B3
Pb -79
cd 97
Ni 79
Cr -82
Co 48 ~-87
Mg 96
Ca 72
Na 87
K 87
PO4 87

A1l variables are log transformed. A1l Toadings

Loadings less than

VYariation

1
$# 26.9

1401

2
15.1

are omitted.

3
11,

2

4

10.

2

Table 3: VYarimaxrotated principal component matrix of spatial
the catchments

are muitiplied by 100.

8 9 10
3.5 3.4 2.7

11
2.6

characteristics of

sum=89 %

e

FN
FLDI
FWALD
FGRUEN
FACK
FSIED
FOED
PCHALD
PCGRN
PCACK
PCSIED
GEF
FORM
FSAND
FKALK
FGRD
FQRT
PCSAND
PCKALK
PCGRD
PCQRT
EGH
BETR
BESCH
FEIND
NFEIND
STAHL
CHEM
LEDER
TEXT
BEKL
LESHI
GALY
EINW
STGEW

94

59

97
87
89
57

70
72
96
95
84

91
45

86
44

-57

86

-80
45

60

-61

81
-79

89
63
47

41
96

44

92

82
76
52

71

70

81

%1

-91
42

-56
-88

-95

81
93

42

83

indicates that this variable is chosen for canonical
are multiplied by 100. Loadings less than

ings

correlation analysis. A1l load-

1401 are omitted.



covered by forests and grassland differ
significantly from the Lower Rhine area
with its arable loess-soils. Note the
different signs of PCGRD and PCQRT or
PCHALD and PCACK in the second component.
The first and the third components discri-
minate between two different aspects of
industrialization. As many catchments of
the densely populated Lower Rhine area
show a high density of industry, variab-
les of settlement (FSTED,EINW) and in-
dustry occur together in the first compo-
nent. On the other hand the third compo-
nent reflects branches which developed
from the special conditions in the an-
cient mining districts. This industry is
mainly situated near the mountains or in
the broad valleys.

The fourth component is a dimension of
size.

As it is the purpose of this principal
component analysis to create a set of in-
dependent variables this short interpre-
tation must do. A detailed description

of the area under investigation is given
by H.KRUTZ (1979, 22-26 and appendix).

A comparison between the two sets of va-
riables by canonical correlation analysis
shows that only the first pair of caneni-
cal variables is significant on the 0.1%
Tevel, the second one only on the 6% Tle-
vel. In Table 4 the matrix of canonical
loadings is given in order to understand
the structure of the relation between the
dissolved elements and the spatial charac-
teristics of the catchments.

Although only the first two dimensions are
statistically significant, four dimensions
can be usefully interpreted., R.E.BLACKITH
& R,AREYMENT (1971, 90-91) point out that
a clear distinction is to be drawn between
the statistical and the biological impor-
tance of an axis of variation. A lack of
significance does not mean that a pair of
canonical variables is not important. If
only a few variables are measured or a
small sample js taken, the last canonical
correlations will hardly be significant.
But they still can be used in understan-
ding the information of the data.

The first dimension shows a strong rela-
tionship between dissolved Ni and the
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galvanic industry. The second dimension
displays a more general fact. Rivers high-
1y polluted by waste water (EGW) carry
high concentrations of nearly all measured
elements. On the other hand the degree

of settlement is very low in those parts
of the mountains which tie far away from
the broad valleys. In these areas the ri-
ver density is high, because all the Titt-
le tributaries have not yet become connec-
ted to important rivers. That is why FLDI
shows an opposite sign to EGH. The tittle
rivers of the Eifel are hardly polluted

by waste water. That means that the se-
cond dimension describes the contrast be-
tween the highlands of the Eifel and the
high concentrations of dissolved solids

in polluted water. This relationship is
not so clear for Cu and Cd compared to

the other elements, because these heavy
metals can also be found in unpolluted
waters of the western part of the Eifel
caused by extended ore deposits.

From this example it follows that a con-
ventional application of canonical corre-
Tation analysis takes a lot of effort,
because it must be carried out in two
steps. A principal component analysis or
at least a correlation analysis must be
calculated, before a comparison of two
sets of varfables is possible. If you

use yariables which are independent of
each other then only few dimensions are
significant and the percentage of common
variance is small. Therefore the percen-
tage of explained variance in the indivi-
dual dimensions is also small. The first
dimension e,g. explains only 7.8% of the
total variance of the first set of va-
riables and 12,8% of the second set. This
result is not only confined to the examp-
le presented above, but can also be pro-
ved by other investigations {R.HERRMANN
et al, 1979, 655-659).

The interpretation of the matrix of ca-
nonical loadings gives interesting results
about some aspects of intercorrelation.
But a principal component analysis with
all variables {not published in this
paper) does nearly the same and can be
interpreted in a more convenient way, be-
cause of a high number of high loadings.
As a conclusion from this there seems to
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Table 4: Matrix of camonical loadings for dis- Table 5: Matrix of canonical loadings of
solved solids and catchment character- — heavy metals in flowing water
istics and sediment

1 2 3 4 1 2 3 4 5

Variation % 7.8 31.0 16.6 8.7 sum = 64 ¥ Variation £ 15.9 12.1 16,7 6.6 11.9

Mn 18 51 42 54 Zn -51 68 =20 -12 29
Cu 33 38 58 -1 Fe -51 32 30 27 23
Pb -11 50 62 -2 Mn -30 45 -24 7 25
Cd 21 34 37 27 <« Cu -49 30 11 11 53
Ni 60 51 34 -4 2 pb - & 33 42 1 63
Cr -6 79 34 -25 = Cd -21 66 -1z -22 2
Co -1 67 311 = N -48 25 -22 - 4 27
Mg -37 10 43 -56 2 Cr -39 20 55 18 50
v Co -51 36 -3 -50 36
o _ o Mg 38 16 28 -57 22
Yariation £ 12.8 18.0 13.3 5.7 sum 50 % = Ca s 1 55 -3l 52
Fit 16 7 56 -1 Na -55 12 64 -7 1
. K -39 3 62 -24 13
FLDI 26 73 8 19 PO 37 13 &7 7 13
FOED 13 -10 8 7 4 - -
PCGRN 5 -16 14 43
GEF -9 -64 21 -21 Yariation & 5.7 6.6 12.4 4.7 4.2
FORM 12 48 10 -57
FSAND -50 =21 a4 -1 7n -11 53 -25 =22 1
PCSAND -51 -28 35 -12 Fe 7 - 6 -51 33 -35
PCKALK ~32 -40 57 -30 Mn 46 -6 -60 21 -20
EGH -12 73 40 -11 Cu -16 15 -31 a 20
NFEIND 53 13 55 16 Pb 38 27 -26 20 30
GALY 71 20 29 -11 v ocd 0 45 -41 - 6 -15
SIGEW 36 53 33 -~18 a Nij 4 35 -50 13 -2
E ¢r -19 17 -9 38 8
r 0.98 0.95 0.92 0.74 3 Lo -8 36 .59 -16 -6
p 0.00 0.03 0.44 0.94 = Mg a4 -12 -1z -29 4
) ) ' ) Ca 28 - 8 12 =27 31
Na 10 -9 9 18 -38
K 24 -11 -12 -12 -9
be no need for a canmonical correlation P04 14 11 24 -18 -16
analysis for this problem. r®  1.00 0.98 0.93 0.90 0.89
p 0.000 0,000 0.000 0.001 0.009

Using variables with a medium degree of

intercorrelation the results differ con-

stderably from those gained by a conven- elements are compared to the concentra-

tional application. tions in fluvial sediments. A11 variables

P.VINCENT & V.CLARKE (1980) compare two were taken into consideration.

sets of variables describing morphological Five dimensions are statistically signifi-

properties of terracettes and soil pro- cant on the 1 % level but this signifi-

perties. They show a close relationship cance is partly due to the sampling error
betWween both sets and interpret this re- whose effect increases excessively with
lationship by means of canonical weights. the number of variables. As no principal

Using intercorrelated variables the sta- component analysis was calculated in be-

tistical significance between two sets forehand, information about the intercor-

will be overestimated just as in the relations is only given by the canonical
case of multiple regression when inter- loadings.

correlated predictor variables are used
(H.GAENSSLEN & W.SCHUBY, 1973, 125). In ad-
dition to that the canonical weights are

The first dimension of Table 5 displays

that the Tow concentrations of many dis-
solved heavy metals coincide with high

not steady. They may vary widely between concentrations of Mn and Mg in the sedi-
different samples and even insignificant
variables may show high weights. But this
Tast difficulty can be avoided, if cano-

nical loadings instead of weights are

ments, This coincidence is a combined
effect of a Tow degree of pellution and
a high capacity of self purification in
many flowing waters of the Morthern Effel
used for interpretation. mountains.

The second example of this paper shows The second dimension shows high concentra-

tions of Zn and Cd both in flowing water
and sediment which are due to ore deposits

typical resuits of this approach. In Table
5 the average concentrations of dissolved



and industrial pollution. The high load-
ings of dissolved nutrients in the
third dimension coincide with low con-
centrations of Fe, Ma, Ni and Co in the
sediment. The explanation of these high
loadings is similar to the first dimen-
sion. The Lower Rhine loess area has a
smaller background Tevel for heavy me-
tals than the sediments of the Eifel
mountains. Besides that, the high con-
centrations of dissolved nutrients in-
dicate that the rivers are polluted by
domestic sewage rich in organic carbon
and poor in oxygen. Under these circum-
stances the sediments often consist of
black mud with a foul odour and low re-
dox- and pH-values. Therefore remobili-
zation dominates and immobilization is
blocked, Thus many sediments contain
amounts of heavy metals even smaller
than their low background Tevel, It is
worth noticing that the highest loadings
in the sediment set are given by Fe and
Mn, both very sensitive to changes in
redox-potential and Ni and Co which can-
not easily be immobilized.

Results of additional multivariate proce-
dures c¢larify that this interpretation

is the only meaningful possibility. The
results of the canoenical correlation ana-
lysis are not very convincing. The inter-
pretation is based on loadings from Q.4
to 0.6. The most important variabies have
20 % to 30 ¥ of common variance with the
canonical dimensions, which is the reason
for a difficult interpretation. The fourth
and fifth dimension cannot be interpre-
ted at all.

Therefore the matrix of canonical load-
ings was rotated according to the vari=-
max procedure. By doing so, the loadings
increased, but nearly all of the origi-
nal structure was tost. The result of
this experiment was similar to the re-
sult which was achieved with the prin-
cipal component analysis (Table 2).

Using variables with medium intercorre-
lations, a canonical correlation analy-
sis followed by a varimaxrotation of the
canonical loadings offers a good alterna-
tive to principal component analysis and
gives more information about the rela-
tionship between two sets of variables,
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But some experience im interpreting ma-
trices of loadings is needed because of
many medium Toadings.

In a third example a calculation of cano-
nical correlation analysis using highly
intercorrelated variables was attempted.
This attempt failed completely because the
program repeatedly stopped with an “inde-
finite condition™. This happens, when two
or more eigenvectors are equal, so that
the canonical weigths cannot be computed.

But what is worse, errors by rounding off
may produce- slight differences between

the eigenvectors which will lead to math-
matical artefacts. These fictional results
cannot be checked without further calcu-
lations. A useful test is the sum of squa-
res of the l1padings for each variable
which cannot exceed the value 1.00.

As it is not always possible to decide if
variables show high or medium intercorre-
lation, before you start analysing the
data, a principal component analysis is
recommended as a first step in analysing
a butk of data. But in that case a canon-
ical correlation analysis would not give
much additional information, so that this
procedure canmnot be regarded as a power-
ful tool in physical geography.
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ZUSAMMENFASSUNG

Die Analyse interregionaler Disparitdten
erfordert in den meisten Fdllen eine Be-
reinigung um Einflisse, die auf unter-
schiedliche strukturelle Zusammensetzungen
der Regionen zuriickgehen, Beispiele dafir
sind der EinfluB regional unterschiedli-
cher Siedlungsstrukturen (d.h. ungleicher
Mix verschiedener Siedlungstypen in den
Regionen) oder unterschiediiche Branchen-
struktur avf die Einkommens- oder Beschdf-
tigungsunglieichheiten zwischen Regionen.
Ein duales Problem tritt beim Strukturver-
gleich von Regionen auf, wobei von struk-
turunabhdngigen Regionsunterschieden, die
im obigen Beispiel errechnet wurden, abge-
sehen werden muB.

Es 1d4Bt sich also eine Symmetrie zwischen
strukturellen und regionalen Einflupfakto-
ren erkennen, die auf eine im ersten Teil
des Beitrags entwickelte varianzanalyti-
sche Ldsung des Problems hinfiihrt,

AnschlieBend wird diese L&sung mit der
Shift-Share-Analyse verglichen. Daraus er-
gibt sich ein alternativer Shift-Share-An-
satz, der im Gegensatz zur traditionellien
Formulierung Regions- und Struktureffekte
dquivalent behandelt. Erst weitere Unter-
suchungen werden zeigen, ob der hier for-
mulierte Ansatz die LOsung fir ein sehr
allgemeines Problem r&umlicher Analysen
darstellt,
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t. INTRODUCTION

This article does not deal with a highly
sophisticated new method, but rather it
introduces a very simple and common sense
way of analysis that is useful in studies
of urbanization effects and of related spa-
tial disparities. The justification for its
simplicity is based on the belief that we
suffer today more from a lack of simple
communicable and easily understandable
methods than from a lack of highly developed
quantitative techniques,

Disparities within a country are in most
cases reduced either to disparities among
specific types of settlements {e.g. urban-
ized or rural settlements) or disparities
among major pregions. This usually pertains,
for exampte, to investigations of population
growth, per capita incomes and especially
for the consideration of urbanization pro-
cesses, The aim of the paper is to unify
these two approaches into a single frame-
work of analysis. The common schemes of
analysis, the ANOYA and the shift-share
approach are compared with respect to this

_problem.

The selection of the regions {e.g. their
delineation and size) is of crucial import-
ance, not only for the investigation of
disparities, The choice of regions is
guided by the research interest, by the
scale of operation of the processes and by
the theoretical framework which is in the
researcher's mind. Among others, there are
two main paradigms applied in the choice

of regions:

1) Subdivision of a country into severat
major nodal regions, where each of the

regions is comprised of many different
settlements. These regions often have
"an obvious geographical integrity re-
lated also to cultural and quasi-na-
tional factors™ (HUGHES 1979, p. 174).
They are more or less auvutonomous ad-
ministrative units (federal states,
provinces, economic planning regions)
and their number ranges in most cases
between five and fifty. “The flow of
statistics that followed upon the ac-

ceptance of the Standard Regions in-
creased their use as the obvious units
for spatial analysis“ (HUGHES 1979,

p. 174},

2. Subdivision at a local level into re-
gions, which are comprised of mainly a
single settlement {e.g. communities).
The number of such small regions is
usually very high in a country (mostly
several hundreds of regions), Their
great number calls for grouping prior
to analysis and this is often performed
according to functional characteristics
such as economic and social structure,
size or relative location via major
centers. This grouping results in a set
of contingent regions, later reffered
to as structural regions, Studies of

urban hierarchies are often performed
in this way.

Much analysis is also based on regions which
are in the range between the two extremes
mentioned ‘above,

The relevance of both major nodal regions
and structural regioans stems from the fact
that they have a special political and the-
oretical relevance:

1) Theoretical reasons:
The theoretical importance of “major
nodal" or "standard" regions results
from their use as a base for regional,
economic or development models,
On the one hand, this results simply
from the availability of data, as well
as from the structure of the current
econometric models, Spatial explanatory
models (e.g., city hierarchy models), on
the other hand, often use structuratl
classifications of towns,

2) Policy reasons:
Regqional economic policies are often
based on comparison between the major
nodal regions, whereas important land-
use decisions are carried out by the
local authorities,

It can be concluded that both major regional
and structural regional considerations com-



plement each other, both covering important
but distinct political, theoretical and
practical topics. Further, there is a gap
between the two levels, and this missing
1ink is not brought about by investigation
at an intermediate regional scale: "Emerg-
ing economic probiems of urban areas has
become a more dominmant source of spatial
imbatance and inequality; but it has tended
to fall into a policy 'gap' caused by the
separation of 'industrial! {economic)} and
physical planning policies" (HUGHES 1979,
p. 173). This article provides an analyti-
cal framework for bridging the gap. The
theoretical implications, as well as the
empirical applications, will be published
later.

2. THE AHALYTICAL PROBLEMS

The starting peint for the present consider-
ation is a subdivision of the whole inves-
tigated surface into very small areas
("settlements). These settlements can be
classified, on the one hand, according to
their gross location in space and to other
things which they have in common with

their neighbours, This would result in
subdivision of the whole surface in a few
"major" regions" (index j). Alternatively,
the settlements can be classified according
to their relative location, according to
the type or structure of the settlement
(index i), i.e. urban, rural, commuting
etc, Each settlement is labelled by the
region and by settlement-type it belongs
to: the "region" carries the gross spatial
and the “type" the structural characteris-

tic of each settlement. This way of index-
ing will be referred to by the term "struc-
tural-regional-taxonomic system”.

The settiements in the same region i and of
the same type j are numbered by a third
index k.,

When investigating a deliberately chosen
variable {e.g. per capita income) there are
four different questions of interest which
are to be answered:

1) To which degree can the value of an
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indijvidual settlement Vijk be explained
or expressed by the fact that it be-
longs to a certain region i and to a
certain settlement type j; what are

the individual contributions of the

two factors and how do they interact?
The contribution of the region j to

the value v,y will be abbreviated

by Bj’ the settlement type contribution

by (aB)ij.

?) What are the differences among the
major regions standardized for their
different settlement patterns {i.e,
distribution of the types of settlements
within the region)? An example will
stress the problem. The north of the
Netherlands is a rural peripheral area.
To what extent can the Tower per capita
income in the north be explained by the
fact that it possesses a different
settlement structure? If it is assumed
that the north has the same settlement
pattern as the other parts of the coun-
try, then would it still have a lower
income, and if so, how great would the
difference be?

3) What are the differences among different
setttement types, considering the fact
that they are unevenly distributed over
regions and that they provide distinct
socio-economic environments?

4) What will be the influence of the dif-
ferent settlement sizes in terms of
population, families, housing etc.,
based on the results of the three pre-
vious questions? The settlement sizes
will be measured by a variable gijk‘
1f the different settlement sizes are
neglected, then every settlement would
enter into the computation with the
same weight. In this case, the result
would bhe biased towards small settle-
ments, whereas in comparison to them,
the major cities would be almost ig-

nored.

An approach to the solution of these ques-
tions will be given in the next section by
means of an analysis of the variance-ap-

proach. Subsequently, the relationship to
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the shift-share-analysis will be discussed.

3. THE ANOYA-SOLUTION

The analysis of variance (ANOVA) is an ap-
propriate solution to the problems raised
in the last section if a linear relation-
ship between the variable vijkls values and
the effects of the two explaining indepen-
dent categorical variables ey and Bj and
their interaction (uﬂ)ij is assumed:

(1)

¥ = H + a.

ik i Byt (aB)yg +oegygy
£k is a normally independent distributed
error with zero mean and known variance.
The squared sum of errors will be minimized
in the process of parameter estimation,
Conventionally, the formula {1} is written
with

ifkui.ﬂijk = j{kaj-gijk =0 (2)
If the weighted sum of effects does not add
up to zero, then the actual value of the
sum can be subtracted from the effects and
added to y. This will not change the fit
of the model, but the formula thus modified

Wwill fulfil the requirements of (2).

The standard ANOVA-approach will compute
results for the following three kinds of
questions:

1. Significance testing by computing stat-
istics for the sum of squares;

2. Computation of p and the effects of ay
and Bj;

3. Testing the adequacy of the model (1)
as compared to the alternative models,
in which one or more terms of the full
model (1) are dropped.

It turns out that significance-testing is
not necessary in the present case, because
the full population (i.e. all settlements)
are used in the computation and it is not
intended to infer to any unknown other
cases. The procedure mainly serves as a tool
for statistical description and analysis of
the situation. It follows therefore, that as
a Tirst step of computation, all settiements

with the same indices ij can be aggregated
into one case with an appropriate veight.

In empirical investigations it should be
made clear, however, that the variances

Tost in this step are of a smaller order of
magnitude than the differences that are to
be explained in the analysis after the first
step.

The adequacy-of-model-questions will be
raised next. It is assumed first of all that
the model is as simple as the theoretical
consideration will permit. If a model of
this most simple kind fits the data well,
then the model will be justified. Many

other multivariate procedures confirm their

assumptions in this way.

What are the essential terms in equation
(1}? Whereas the two effects w; and ﬂj are
central to the problem, an interaction be-
tween the effects cannot be expected a
priori. A good fit without interaction would
be an important result, and would mean that
both effects operate independently from each
other. Therefore an interaction-free-medel
of the type

Yig TH oy By ey, (ta)

is tested first.

The meaning of equation (1a) and the struc-
ture of the problem can be easily visualized
by means of a contingency-table., In the fol-
Towing exampte, only two regions, R1 and R2,
are thought to exist and there are only two
types of settlements Kt and K2.

In the major double frame of Figure 1, the
mean values of all settlements of a type
and region are shown as well as the value
of the residuals & {(in % of the original
value) and the relative weights of each cell
(in %). The single frames above and beside
the double frame contain the means, the af-
fects and the sum of y and its effects, This
kind of arrangement, as well as the methods
of the effects combutation, can be found in
TUKEY (1977).
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Weighted mean of region R2

A

=0.9-1+0.1.10=1.9

Effect of R2 = B

Common + Effect "=y + B

Regions
Ri R2
National t

average P 5.5 9.1 1.94
Comuon = 4y—» 5,5 0 | 0 <
b.b ) 5.5 4
1. 1. ; 1. <]
K1 -4.5 0. v 0. e
Types of _1 —%—A—E%ﬁ

settlement 10. 0. | 10.

K2 +4.5 0. { 0.

10. 45% | 5%

Yalue Vio

Residual = vy, - § - a;y - B
12 1 2
™ Percentage weight of Vo

Figure 1:

Estimation of region and settlementtype effects in a

nonorthogonal case and demoastration of the influence

of weights,

Problems in the computation of the effects
arise because of the unequal cell fre-
quencies and respective weights encountered
tn {1a). It follows that the values of aj
cannot be computed independently of the
values of aj. In our example, the low aver-
age of region two can either be interpreted
as an effect of the region or as a conse-
quence of the high share of low-valued type-
In the latter

case, the "region-two-effect" would be minor

one-settlements in region two.

because of the major effects of settlement
types. This is moere probable because of the
small variance between the settlement-one-
type values.

More generally, a nonorthogonal ANOVA-prob-
lem is posed here, This problem is by no
means statistically simple and there is
ongoing research on this question {APPEL-
BAUM 1974}
analyzing nonorthogonal designs generally,

"Due to the complexities in

the best solution to the problem is not to
have unequal Nij's (TIMM 1975, p. 526),
or to avoid such designs at all costs {AP-
PELBAUM 1974, p. 335).

For the reasons mentioned above, statistical
testing will not be considered here, and
therefore the problem reduces to the compu-
tation of the main effects. The main effects
can be fairly easily computed by subtracting
iteratively the weighted means of the rows
and the columns in the table (TUKEY 1977).
The procedure converges rapidly after the
first few steps. In an empirical study, the
fit of the model {1a) was found to be so

good {average error around 3%}, that there

was no need for testing the interaction
hypothesis (1)}. This result will shortly be
discussed in section 7.

4, COMPARISON WITH THE SHIFT-SHARE

APPROACH

There is5 a strong similarity between the
shift-share-technique and the above pre-
sented approach. Broadly speaking, the
shift-share-analysis computes to which
extent changes in employment, income, outgo-
ings etc. in a region can be attributed to i
the industrial composition of the region
(structurat effect), and what part of its
change is due to the fact that the indus-
tries in these regions grow faster or slower
than their national counterparts (different-
jal shift). The latter contribution is often
interpreted as a measure of the locational
advantages or disadvantages of the region
(RICHARDSON 1978, p.
have even traced growth and decline of spe-

i8). Some investigations

cific regions back to specific sectors, For
most problems appertaining to the shift-
share-approach, it is irrelevant whether
any growth rates or other variables are
If,

composition, the settlement structure of the

considered. instead of the industrial
region is assumed to have major influence,
then the goals of the shift-share-approach
will equal the problems that have been
raised in the previous sections.

The most common formulation of the shift-
share-approach reads.
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1 o o D
ig = By = By ora, By (g,

m
3
m
n

The super scripts 1 and 0 refer to the ter-
minal period apd the beginning period, re-

spectively. E is the employment in indus-

ij
try i and region j whereas
1 o
r = E++ " E++
++ -
a
E++
E ! 3 )
Py = i+ i+ {4)
[=]
Ei+
f a
_ E.. - E
rij = ij ij
Eij

and

t i Eij E. = 1 E.. {5}
is used for the initial as well as for the
terminal period (HERZOG 1977, p. 442).

Equation (3) decomposes the increase in
employment in industry i and region j into
a component that would equal Eig - Ei} if
the industry i in region j would grow at
as all industries in alt

++
regions grow on average (national component).

the same rate r

The second term in (3} expresses the conse-
quences of the fact that industry i might
grow nationally at a different rate than
the average of all iadustries and respects,
at the same time, the different regional
shares of that jndustry (strectural compo-
nent).

The first and second terms express the ex-
pected regional employment change in indus-
try i, and take into account the share of
that industry in the region. It is also
assumed that the regional growth rate equals
the national growth rate, The third term
accounts for the fact that the regional
growth rate of an industry might differ

from its national counterparts {differential
or competitive component).

The third residual term claims to be free

+ By (e = rs) (3)

of influences from the regional industrial
structure and therefore expresses, in our
former terminology, the "effect™ of the
region. ESTABAN-MARQUILLAS argues that the
differential component Eij (rij ri+) will
sti11 be biased by the industrial struc-
ture, because the differences Tij " Tis
are weighted by the industrial employment
structure Eij' He therefore splits the term
into a standardized 'homothetic'-term and

a remaining 'allocation-effect' (ESTABAN-

MARQUILLAS 1972, p. 249; HERZOG 1977).

To compare (3) with our previous approach,
the equation will be modified into a form
where it does not matter whether we ana-
lyze growth rates or other variables:

T o
E.. - E..
ij ETJ =V T Tas t (r,i+ T Tes)
o
Eij + (r].:l - ri+) (6)

Equations (1c) and {6) are formally equival-
ent, if the last term in (6} is interpreted
as a residual. A weakness of this comparison
is that the statistical properties of a
residual are not necessarily met by the dif-
ferential component in (6).
In (6) we can interchange i3 by any other
regional indicator that depends on industry
1 and region j. Equation (4) is changed
into

Tay = ﬁ. ij

1 (7)
r = L T .
1+ . 1

§ h|

Equation (7) is written without weights,
However, if necessary the weights can be
reintroduced,

In equation (&)} a major weakness of the
shift-share approach becomes obvyious: In-
dustrial and regional structure are treated
in an asymmetrical manner, e.g. the regional
influence is not explicitly considered at
all. A regional shift is only explained by



the industrial structure of the region as
compared to the pational industrial struc-
ture. The remainder is treated as residual,
However, the performance of the region as

a whole also influences the growth rate,
and this effect should be treated separate-
1y from the residual,

The example shown in Figure 1 can be used
in a slightly modified way to illustrate
this point:
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cal applications have been attempted.

Regions
Weighted mean of region R2
R1 R2 -
National i ,,{ =0.9.140.1:10 = 1.9
average J ——35.5 1 1 0%
Common = y—=35.5 -4.5 |+ 4.56|¢— Effect of R2 = By
1 i 10 ¢—— Comuon + Effect = p + By
9.1 1. I 10.4— value vy,
Ki 0 0. ! 0. ¢q——1 i = T -
5.5 o : 254 | Residual Vip — W = aj By
Industries 1.9.- —1_— -r _151_\Percentage weight of v,,
K2 0 0. | 0.
5.5 45% l 5%
Figure 2: Estimation of regional and sectoral effects in a nonorthogonal case
The arowth in region 1 will be expressed by (6) as:
Region 1 Sector 1 + = 5,5 + (9.4 -5.,5) + (t - 9.1}
= 5.5 + 3.6 - 8.1
national structural differential
Region 1 Sector 2 1 = 5,5 + (1.9 - 5.5} + (1 - 1.9)
= b5.,b -3.6 -0.9
national structural differential
From the structure of the data it is much 5. AR EXTENSION OF THE SHIFT-SHARE- :

more probable that region 1, as an economic
system, tends to let all industries grow by
just 1. This is a common feature of the in-
1. Equation {6) does not
account for this kind of reasoning, whereas

dustries in region

equation (1a) treats the influence of indus-
trial and regional structure in a symmetrical
way.

either the
shift-share formula could be adapted to (1a)

As soon as this becomes clear,

or the settlement structure could be treated

in a similar way, as are the industries in
the shift-share-approach, Both possibilities
will be discussed shortly in the next two
sections. However, a decision between these
possibilities can only be made after more

extensive theoretical discussions and empiri-

CONCEPT

There are two main arguments that call for
an extension of formula (6):

The unequal formal treatment of the ef-
fects of the industries as a whole on

the national level, on the one hand; and
the region as a whole, comprised of all
industries, on the other hand., Why should
a specific industry in a specific region
depend more on that indusiry at the na-
tional level, than on other industries

in the same region?

The residual in {6) (rij - r1+) explains
how much a region's growth differs from
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that industry's national average growth.
However, it does not explain how much of
this difference may reasonably be at-
tributed to the growth of the region as
a whole.

A straightforward expansion of (6) would
read
S SR S FUL U B {r+j_r++)

£ Urgyor) - or,,)) (7)

+] 4+

are symmetrically employ-
181},

where L and r,
ed (HOPPEN 1978, p.

The first two terms on the right-hand side
are jdentical to (6). The third term ex-
presses the effect of the region, and the
fourth residual term is similar to (6).
The fourth term equals the difference be-
tween the actual growth of industry i in
region j and the national average of that
industry minus the regional effect. Equa-
tion (7) equals precisely the solution of
an analysis-of-variance approach in the
orthogonal case,

The discussion of nonorthogonal analysis
of variance problems does show, however,
that equation (7} is not an appropriate
formulation. The regional and industrial
effects are interrelated because of unequal
'cell’'-frequencies. The nonoptimality of
(7) becomes more clear if (7) is interpre-
ted in terms of the general linear model,
where the last term equals the residual
and the first three terms are parameters
to be estimated. The example shown in Fig-
ure 2 illustrates this points:

((rij - r1+) + (r++ - r+j)) by €5 Equation (8)
should be compTeted by expecting
Lo, =¥8. =0 (9)
it

Equation (8) can be estimated as in equation
{1a) above,

The extended shift-share (7) and the ANOVA-
approach (8) differ 1in the extend of vari-
ance that is attributed to the independent
variables. In {8} only the differences with
respect to the mean values of regions and
industries are considered, whereas the in-
fluence of industrial structure on the mean
of regions j.e. the interaction of regions
and industrfies is neglected. This may lead
to distorted results, as the example proves.
The ANOYA-approach accounts for that inter-
action and explains thereby as much variance
as possible. There is a difference in both
philosophies, but the shift-share approach
in its extended traditional version (7) is
unable to combine structural and regional
aspects in a sensible way. Empirically this
has been proved by HOPPEN (1978, p. 179),

6. SETTLEMENT VERSUS REGIONAL FFFECTS
BY A SHIFT-SHARE-APPROACH

The shift-share-approach is now used to cor-
rect the value of a specific type of settle-
ment in a specific region, from the influ-
ences of the settiement-structure of the
region as a whole. It is a reasonable assump-
tion to identify types of settlements with
industrial sectors:

rix = 5.5+(9.1 - 5.8) - (1 - 5.8) + ((1 - 9.1} - (5.5 - 1)}

= 5.5+ 3.6 -

The optimal use of the data would result in
a zero industrial structure effect and a
-4.5 regional effect.

Equation (7) should therefore be generalized
as

ryj =Mt oo+ Bj + €y (8)
where r.. has been replaced by p, Tir = Ths

by ays r+j - r., by Ej and the residual

4.5 - 8.1 + 4.5

) (8)

Ty T Py ¥ (ri+ Tyt (rij ML

Equation (6) in this context has the follow-
ing interpretation: The value of settlement
type i in region j can be decomposed into
three terms, one of which can be deduced

from the overall national mean and one that
15 caused by the regional settlement struc-
ture itself, e.g. because settlements of

type 1 differ even at the national level from



the national average of all settlement
types, The last term gives the difference
between the value of settlement type i in

region j from the national average of settle-

ments of this type, The argument of using
(6) in this context is the same as in the
former case; whereas the structural compo-
nent can be interpreted and computed very
straightforwardly. The price one has to pay
for this is that regional influences cannot
be dealt with using this approach. In a
regional policy context, equation {la)
should be preferred because of its broader
expltanatory power,

7. EMPIRICAL RESULTS

In an empirical study of the urbanization
of the Netherlands, many different socio-
economic variables have been investigated
by means of the structural-regional-taxon-
omic system and a subsequent analysis of
variance has been made applying model {1a),.
The study identified six settlement types
(A = rural communities, B12 = urbanized

rural communities, B3 = commuter communities,

€12 = small towns, (34 = medium-sized towns,
C5 = big towns) in four regions of the coun-
try (north, east, west, south}. For most
variables investigated, model (1a) gave a
good fit with a retative mean percentage
error of around 3%. As an example, Figure 3
shows the 6riginal values in the large
double-frame, and below the relative devi-
ation of the fit in percent, whereas the
rest of the table is structured like Figure
l.

In Figure 4, a graphical representation of
the values are given by means of a three-
dimensional plot, where the ground-plan re-
presents the independent variables and the
height shows the respective values of the
variable. As an example, the income per head
of population in 1971 is shown in relation
to the national average,
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8. GENERALIZATION OF THE STRUCTURAL/
REGIONAL-APPROACH AND OTHER APPLICATIONS

The previously discussed problems show the
following common features: The units of
obseryvation (i.e. regions) consist of sub-
units, which can be classified into groups
that have different properties. In the
settlement-case, the subunits have been
the individual communities, whereas in the
shift-share-case they have been the indi-
vidual firms. Many other scientific fields
are concerned with the very same problem:

the geologist with different tectonic
structures,

the bioclogist with different cvrops,

the epidemologist with different diseases,
the sales-manager with different house~-
hold-characteristics,

the labour-market researcher with different
sex-and-age structures.

Almost no field of research can be imagined,
where in the process of regional disaggrega-
tion, a problem of this type does not arise
and challenge the intellect of the re-

searcher.

Several distinct situations can be distin-
guished:

1) A1l values Vijk are known. The ques-
tions are then: How great is the influ-
ence {effect) of the region as compared
to the influence of the structure, and
what model describes the relationship
between region and structure in an

appropriate way? (Compare with page 8).

2) A1l values vij are known. The question
is the same as in 1) above, but the
model adequacy can hardly be tested,.

3) Only the marginals Vis and v, are
known. Given the relative weights %4
what is the best estimation of Vij?
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4} Only the regional averages v+j and the
weights gij are known, and structural

influences are suspected or expected,

Can the structural effect be confirmed
and its size be estimated?

5) Same as 4), only structure averages
v, are known and regional effects are
suspected, 1Is there a regional effect

and what is its size?

if no structure properties are considered
(GRIFFITH 1978; GREER-WOTTEN 1372).

Obvious extensions of the basic question
arise, if the basic subunits are classified
by two interfering structural properties.
Another extension could refine the spatial
dimension by introducing a multi-level-
spatial hierarchy. MOLLE compared the EC-
regional values with their national average,

Average percentage error = 2.17%

North East West South

Region Region Region Region
National Average 1.00 0.872 0.903 1.120 0.876 Mean values of

the regions

U 1.00 0,076 -0.067 0.085 -0.097 Bj

0.923 0.932 i.086 0.902 U+ Bj
Mean 0.86 0.808 0.808 0,975 0.804 A-type-settlements
ay -0, f1 -0.200 -0.323 0,352 1.882
Bt ooy 0.886
Mean 0.844 0.825 0.814 0.955 0.810 812-type-settiements
ay -0.108 1.180 -1.247 -2.354 1.967
o+ oo, 0.891
Mean 1,185 1.135 1.046 1.203 0.951 B3-type-settiements
ag 0.111 8.813 0.164 0.445 -6.585
W+ ag 1.111
Mean 0.927 0.888 0.918 0.978 0.868 C12-type-settiements
ay -0.056 2.363 4,595 -5.154 2.536
P+ ooy 0.943
Mean 0.996 0.901 0.969 1.062 0.923 C34-type-settlements
ap -0.003 ]| [-2.070 4,148 -1.939 2.615
U+ ag 0.99%
Mean 1.121 0.970 0.991 1.188 0.950 Ch-type-settlements
ag 0.091] [-4.646 ~3.297 i.694 -4.664
u+ (16 1.092

Figure 3: Per Capita Income of groups of Dutch communities in 1971,
the logical structure compares to figure 1.

Although much has been said on this prob-
Tem in individual cases, regional science
or geography has not yet picked up the gen-
eral problems. The current spatial ANOVA-
applications are mainly addressed to the
question of the appropriate scale of analy-
sis {in quadrat-analysis the GREIG-SMITH
Scheme: THOMAS 1980, p. 253: for hierarchi-
cally nested regions: MOELLERING and TOBLER
1972}, or to spatial sources of variation,

as well as with the communities mean (MOLLE
1980, p. 260).

The general solutien is certainly beyond
the scope of this paper. However it is felt
that a lot of questions still remain to be
answered.
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ZUSAMMENFASSUNG

Wenn das Ergebnis einer Regionalisierung
oder einer Clusteranalyse von Raumein-
heiten mit bestimmten Merkmalen als ge-
neralisierte Beschreibung der Raumstruk-
tur aufzufassen ist, dann existieren fiir
verschiedene Merkmale oder Merkmalsgrup-
pen unterschiedliche Raumstrukturen. Un-
ter der Annahme, daB die Existenz kon-
grventer Raumstrukturen, abgeleitet aus
verschiedenen Merkmalsgruppen,den SchluB
auf "kausale" oder "funktionale" Zusam-
menhdnge zulassen, kann ihre Analyse das
riumliche Beziehungsgefiige der verwende-
ten Merkmalsgruppen aufzeigen. Die ein-
zelnen Raumstrukturen Tassen sich quan-
titativ durch Distanz-/Khnlichkeitsma-
trizen beschreiben, wie sie aus den un-
terschiedlichen Merkmalsausprigungen

der Raumeinheiten zu berechnen sind. Der
Grad der Kongruenz zweier Raumstrukturen
kann unter Verwendung aller Distanzen
mittels des "cophenetic correlation
coefficient™ pach SOKAL und ROHLF (1962,
33-40) bestimmt werden, der von ihnen zum
Yergleich allgemeiner Clusterstrukturen
verwendet wurde. Dieser Korrelationskoef-
fizient fir Distanzen oder Ahnlichkeiten
entspricht dem Produktmoment-Korrela-
tionskoeffizienten nach Pearson und er-
laubt es daher, alle auf diesem aufbauen-
den statistischen Verfahren ebenso anzu-
wenden.

Die so verstandene Raumstrukturanalyse
wird im ersten Teil des Beitrages heran-
gezogen, um das Beziehungsgefiige verschie-
dener Variablengruppen aus schwedischen
Agrarerhebungen und Volkszdhlungen sowie
solchen iiber die naturrdumliche Ausstat-
tung zweier Untersuchungsgebiete in Mit-
tel- und Sildschweden in Form von Pfadmo-
dellen zu guantifizieren.

Am Beispiel der Pfadmodelle fiir die Erhe-
bungsjahre 1960/61 und 1975/76 des sld-
schwedischen Untersuchungsraumes werden
verschiedene Entwicklungstendenzen und
Strukturverinderungen aufgezeigt. An-
schlieBend erfolgt ein gquantitativer in-
tra- und interregionaler Vergleich der
fiir jeweils 4 Erhebungszeitpunkte in
Mittel- und Siidschweden berechneten Pfad-
modelle.
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Im zweiten Teil des Beitrages werden ein-
zelne Aspekte der weiteren Anwendung der
Raumstrukturanalyse anhand kurzer 8eispie-
le erliutert. So erlaubt die gleichzei-
tige Verwendung von Distanzmatrizen (Un-
terschiede zwischen den Raumeinheiten)
und kilometrischen Distanzmatrizen oder
Nachbarschaftsmatrizen - alle drei sind
in ihrem Aufbau identisch - reichweiten-
orientierte und gerichtete Raumanalysen
durchzufiihren, Dabei werden Fragen nach
den unterschiedlichen Reichweiten rdumli-
cher Erhaltensneigung von Variablengrup-
pen, nach dem Auftreten rdumlicher Kreuz-
korrelationen zwischen ihnen und nach ge-
richteten und ungerichteten Reichweiten
von Einflissen und Zusammenh@ngen tan-
giert, um einen Einblick in die weiteren
Einsatzfelder des als Raumstrukturanalyse
bezeichneten Prinzips der Yerwendung von
Distanzen zu geben,

1. INTRODUCTION

1f we characterize the result of a regio-
nalization or cluster-analysis of choristi-
cally defined criteria as a generalized
description of the spatial structure,

there is a number of spatial structures

of different significance corresponding

to the various theoretical concepts which
are operationalized by groups of variables.
Distance-matrices used for a lot of clas-
sification strategies, that take into
account the differences between spatial
units, can be regarded as gquantitative
descriptions of these spatial structures.

Similar to BERRY's field theory {1969,
419-430) in which the relationship be-
tween such spatial structure and an in-
teraction structure, operationalized by

a distance-matrix and an interaction-ma-
trix, is tested, we are able to measure
the relationship between two different
spatial structures by computing the “cophe-
netic-correlation-coefficient” v, (SOKAL
and ROHLF, 1962, 33-40) and making use of
distance-matrices {LUFFLER, 1981).1 When
measuring the degree of spatial congruen-
ce of two spatial structures in this way
we may ascertain whether a correlation
exists between them or not. As the "cophe-
netic-correlation-coefficient" can be
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handled in the same way as the product-
moment-correlation-coefficient we are
allowed to use it for the same statisti-
cal techniques. The application use of
differences or distances between objects
or spatial units is not new. Besides
BERRY who - as far as T know - made use
of it in Geography for the first time
this strategy is normally used in the
social sciences in order to compute cor-
relation-regression- and pathcoefficients
(HOLM, 1977/ LEITNER and WOHLSCHLXGL,
1980, B81-106), with regard to non-metric
data. In geography the application of
differences between variables of spatial
units means that we do not onty compare
the variability of two phenomena in all
units arranged 1ike the pearls on a chain,
but we also compare both spatial struc-
tures of the phenomena as they are des-
cribed in the distance matrices.

z. THE ANALYSIS OF SPATIAL STRUCTURE
2.1 DATAS AND SAMPLE AREAS

The objective of the study described here
is an analysis of the influence of urban
aggltomerations on the agrarian structure
of their "umland". On the basis of the
official statistics, an attempt was made
to explain the influence of urban deve-
lopment on agrarian structure, The data
used for this purpose were those availab-
le at the communal level for the years
1950/51, 1960/61, 1965/66, 1970/71 and
1975/76 for two regions of Sweden, the
MiTar region with Stockholm and Southern
Sweden with the agglomeration Malmt/Lund.

The first step was to make all available
variables comparable over time and space,
with regard to both their definitions and
to the frequently changing administrative
boundaries, Then the variables were tested
as to their applicability to the opera-
tionalization of the theoretical concepts
agrarian structure and urban aggiomera-
tion to data with the same definition for
all of the years, the number of variab-
les was still 68, Therefore, in a fur-
ther step they were combined into groups
with the same or complementary substance.
In addition to the groups of variables
that describe the natural environment,

such as climate, quaternary deposits and
soil associations, which were included

in the analysis, in order to quantify
these influences, which can he regarded
as constant in their spatial variation
between 1950 and 1976 there are nine
groups of varfables. Since the definition
and quantitative description of agrarian
structure and urban agglomeration are not
objectively clear, no attempt was made to
operationalize these two concepts. In-
stead, subconstructs were chosen on the
basis of the definitions used in the offi-
cial statistics. Fig. 1 shows the hierar-
chy of theoretical concepts and the ope-
rationalization at the third level.

Before the actual analysis could begin,
the data had to be standardized, because
in the chosen spatial reference system
(administrative divisions as of 1.1.76})
the individual communes vary in size and
form. After standardization 12 comparable
sels of data were available for the fur-
ther analysis, multiplied by the number
of census years.

2.2 THE METHOD

In the search for an appropriate method

of statistical analysis, which will even-
tually lead to insights into the influen-
ces of urban agglomerations on the agrarian
structure, all known multivariate approa-
ches had to be rejected,because they tur-
ned out to bhe of little value for this
complex problem. Multiple regression and
the computation of path models would have
been suitable for solving the problems.
However, they could not be used, because
the dependent variables are defined mul-
tivariately, and the Targe number of in-
dividual variables (all are metric) would
have led to an overproduction of informa-
tion, which cannot easily be analyzed. The
familiar procedures for variable reduction
{cf. JOHNSTON, 19B80), such as principal
component analysis, factor analysis or
canonical correlation analysis, were pur-
posely not used, because we did not want
to replace the groups of variables, which
were derived on the basis of theoretical
considerations, with mathematically de-
rived factor scores, which are often diffi-
cult to interpret.
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As described in the introduction, the ob-
Jective was to demonstrate the spatial
structure of the groups of variables

and then to reason on the basis of their
spatial congruence. The first step in
this direction was to classify the com-
munes multivariately with respect to

each group of variables.

In order to make the changes in the spa-
tial structure of the individual groups
of variables "over time" visible, the
cluster analysis 2 was computed not on-
ly for one year, but for all years. This
procedure Ted to different spatial struc-
tures for each year. The substance of
each spatial class {region), however, re-
mained comparable. This can be seen in

Fig. 2 for the spatial distribution of
tivestock, using 1961 and 1976 as examples.
Fig. 2 clearly shows the differences in

the distribution of the spatial classes
(regions) formed on the basis of the type
of Tivestock. In all three figures the
numbers of the classes are identical. HWe
used the z-scores, which show the posi-
tive and negative deviations form the nume-
ric means, to describe the content of

each class.

The spatial structure of the groups of
variables is derived from the distance ma-
trix D and is generalized by the classi-
fication procedure. Thus, the use of this
distance matrix D for the quantitative
description of the original spatial struc-

Fig. 2 : The use of Cluster Analysis over space and time
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ture suggests itself, whereas the genera-
lized spatial structure can be described
by a generalized distance matrix. The
generalization of the distance matrix is
carried out by means of the "expanded
ultrametric transformation“ as it is de-
signated by the author {cf. LUFFLER,
197971981} 3. The purpose of the genera-
Yization is the detailed substantive in-
terpretability of the computed results,
as will be explained in detéi] later on.

Because after the c¢lassification is con-
ciuded, all years are contained in a
distance matrix D of the size

Tn . 179 {Tn-1), with T= no. of years

n= no. of cases

before the further analysis, T matrices

of the size n . 1/2 (n-1) are extracted.
These distance matrices describe the spa-
tial structure of the 12 groups of variab-
les at different times

The distance matrices of a group of variab-

les for each year are perceived as a quan-
titative description of the spatial struc-
ture. Accordingly, they are used for com-
puting equations of multiple regression
from which a totally recursive path model
is computed according to a prepostulated
theoretically based causal order. Al-
though it is disputabte from a methodolo-
gical point of view {cf. HOLM, 1877, p.
57), the theoretically excludable paths
were eliminated from this regional path
model of the relationships between urban
agglomeration, agrarian structure and na-
tural environment. A total of 33 of 66
possible paths were considered to be po-
tentially existent. Because a test of
normal distribution of the distances was
only positive in 50 % of all cases, and
thus no statistical inferences can be
made, the decision which path coefficients
could be considered relevant involved a
compromise between the computed signifi-
cance and the absolute value of the
coefficients {cf. HOLM 1977, p. 57).

Fig. 3 shows the results for the years
75/76 and 60/61 in the form of a diagram.
Before the two models are explained and
the differences between the two years

are discussed, we must investigate the
interpretative value of this model. Thus
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a standardized path coefficient of +0,592
between the spatial structures of the
groups of variables VG, and VGZ only

tells us that the difference {distance of
V62 between commune a and b) increases by
+ 0,592 when the distance of VGI increases
by 1. We do not, however, know anything
about the situation in commune a and b
unless we look at the original data. If

we have 58 (53) communes, we would have

to analyze 16537(1378) distances in a te=-
dious procedure in order to come to direct
substantive insights into the correlation
whereas a general correlation can be in-
ferred directly from Fig. 3.

The cluster analysis that we performed in
order to generalize the spatial structures
and the already mentioned expanded ultra-
metric transformation for the quantitative
description of this simpler spatial struc-
ture now permit a renewed computation of
path models.

These generalized path models are no lon-
ger as informative as those that were com-
puted over the original distances. They
can, however, be interpreted substantive-
1y much more easily, because the substance
of the spatial c¢lasses upon which they are
based is known {(cf. Fig. 2). Since when we
compute path models by means of the expand-
ed ultrametric distances, we expect an
extrenely poor congruence of the spatial
structures, this model by no means over-
estimates the relationships {cf. LUFFLER,
1579/1981).

In the framework of this paper only a few
bivariate relationships of our path model
of the original distances are interpreted
in somewhat more detail s

2.3 A BRIEF INTERPRETATIOR OF THE PATH
DIAGRAMS 1976/75, 1961/60 IN SOUTHERN
SHEDEN

Both diagrams are based on the same pre-
postulated orders of the groups of variab-
les that were tested against alternative
orders on the basis of the data for 1975%/
76, Since the results scarcely differed
from those of the order chosen on the ba-
sis of theoretical considerations, it

was retained for all years.
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Fig. 3:

The correlation between the variables
"popuiation distribution and density" and
"general land use" is + 0.682, i.e., a
change of 1 unit in the intercommunal
differences in"population distribution
and density" causes a change of + 0.682
units in “land use". The decrease in the
coefficient up to 197576 {0.592) can be
explained by the increasing concentration
of the population in urban areas along
with an only slowly increasing or even
stagnating demand for settlement area.

In addition to a number of coefficients
that remained constant between 1596 (/61
and 1975/76, changes can be determined

in the area of agrarian structural com-
ponents. Whereas in 1960/6), regional dif-
ferences in "population distribution"
hardly allow inferences as to "farm size"
{+ 0.068), the coefficient of 0,452

15 years later shows an increase in sig-
nificance, A decrease in the correlations
between the regional differences in "farm
size" and the proportion of "land held in
Tease" (from 0.435 to 0.320) and "1ive-
stock"” (from 0.766 to 0.590, compared
with 1960/61) is opposed to an increase
in the correlation with "crop production”
(from 0.102 to 0.530). This means that
the diversity of crops produced depends
increasingly on the size of the farms

Path diagram Southern Sweden 1975/76 and 1960/61

(specialization related to inputs of land,
machinery and labour), On the other hand,
"Tivestock production” is no Tonger hased
on “farm size", because of the increasing
purchase of fodder (decrease of the in-
fluence of "livestock production" on
“crop production" from 0.654 to 0.406).
The proportion of "land held in lease" is
no longer influenced as strongly by "farm
size". A general tendency towards an in-
crease in medium-sized and large farms
can be deduced from the raw data, indi-
cating that enlargement of farm size by
leasing Tand depends increasingly on other
factors. The regional differences in the
proportion of *Tand held in lease" are
influenced in 1976 much more strongly by
those in the "distribution of population”
{increase from 0.322 to 0.580). Whether

a stronger tendency to give up farming
and ltease out land is a result of the
"migration® from the country to towns or
whether it sets in the immediate vicinity
of the metropolitan areas can not be de-
termined at this point.

2.4 A COMPARISON BFTWEEN THE SAMPLE AREAS
On the basis of all path models of both

sample areas, we can show that the diffe-
rences between the two regions are grea-
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Tab. 1 : An inter- and intraregional comparison of the sample areas

Southern Sweden

S.5-/y.Rr, .
75/76 70/71 65/66 60761
R = .366 R - .869
75/ ¢ ®x = .018 % = .00l
CC = .684 €c = .880
R - .628 R = .395 R = .786
70/, % = .001 x = .012 = .00l
¢C = .862 cC = .818 £c = .896
R = .845 R = .425 R = .893
65/ x = .001 ® = .007 x = .001
CC - .885 cC = 719 cC = .918
R = .405 R = .525
60/ ¢, - 010 % = .001
CC = L7309 CC = .847

ter in each year than the differences be-
tween two consecutive years in the indi-
vidual regions. This situation can be
surveyed by a quantitative comparison of
the path coefficients.

If we calculate the rank correlation
coefficient (R) and, in addition, indi-
cate the corrected contingency coeffi-
cient (CC) for the correspondence be-
tween the levels of significance of the
path coefficients, certain intra- and
interregional structural changes can be
demonstrated {Tabie 1).

Although, as explained above, it is not
completely permissible, the levels of
significance were referred to in this
comparison, in order to show the diffe-
rences between the path models.

Although in general all correlations are
significant their decrease from 1960/61
to 1975/76 in the interregional compari-
son points to two "causal models™ for
the variables used, which are continual-
1y developing apart. It appears that the
influence of the urban agglomerations and
the influences among the variables of
agrarian structure in the sample area in
middle Sweden increasingly differ from
those in Southern Sweden. This tendency
is not so obvious from the corrected

Milar region/Uppland

contingency coefficients, because only
the significance, but not the absolute
value, of the path coefficients was used.

In the innerregional comparison of the
individual years, the relatively low coef-
ficient (R = .405) between 1960/61 and
1965/66 for the sample area in middle
Sweden is striking. This "break" in the
development of this area shows up in many
analytical steps, which we cannot go into
in detail here. Although it does not occur
in the sample area in Southern Sweden, it
can be conjectured that the cause is rela-
ted to the change in Swedish agrarian po-
Ticy during the sixties, which shows up

in this clarity only here.

In general, both the intraregional and the
innerregional differences can be shown on-
ly by a substantive interpretation of all
path models 5, because a gquantitative com-
parison with the procedures used here is
too crude, and can only supply preliminary
reference points.

3. THE RANGE-ORIENTED AND DIRECTED ANALY-
SIS OF SPATIAL STRUCTURE

A1l regional sciences are lacking in suit-
able methods of statistical analysis for
computing the range and direction of in-
fluence of more or less located phenomena,
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which operate directed or undirected in
space with varying ranges, such as the

influence of urban agglomeration on agri-

culture in the "umland" in this study
{cf. w.
the last decade, research on problems of
spatial "persistence” and the spatial

Thiinen's model). Particularly in

autocorrelation of phenomena has increa-
sed considerably (e.g. CLIFF and ORD 1973/
NIPPER and STREIT 1977/78). The approach
proposed here can be employed in this di-
rection - and this is its advantage and
strength.

As we showed in the first section, the
concept is based on the use of distance
matrices, which describe the differences
between the communes with respect to the
chosen groups of variables. These matri-
ces of the formn - 1/2
in their structure directly comparable
with matrices that contain the kilome-

tric distances between all possible pairs

{n-1) are now

of communes or the neighbourhood situa-
tions,
cated between two given communes. Be-
cause of the jdentical structure of the
two matrices, a number of analyses can
be carried out, which approach the ob-
Jjective of quantifying ranges and direc-

i.e., the number of communes lo-

tions of phenomena and their spatial per-
sistence.

He can compute for a phenomenon the cophe-
netic correlation coefficients (rc) be~
tween its distances (to be understood

here as a description of spatial variabi-
tity and the complete neighbourhood matrix
R) 5. A step by step reduction of both ma-
trices beginning with the largest range

or order of neighbourhoods permits to
compute for n orders of neighbourhood
{n-1) correlation coefficients, because
the neighbour of the first order cannot

be controled by this coefficient. These
coefficients enable us to reject or con-
form a hypothesis on the existence of spa-
tial persistence for special ranges.

If, e.g., in the sample area in Southern
Sweden there is k = 12 (k = order of
neighbourhood) we obtain 11 coefficients,
which are each based on the number of re-
maining pairs of cases.

It can be clearly seen from this table
that the group of variables "spatial
population structure" has the maximum
spatial persistence with respect to the
range of order <3 and <4, because there
is no correlation with the neighbourhood
matrices used.

For the group of variables "arable Tand
held in lease" there is no indication of
a spatial persistence. In general the
strength of the correlation between sub=-
stantive distances and kilometric distan-
ces - here neighbourhood relationships -
increases with increasing range.

In our study the question of the spatial
persistence of a group of variables was

Order of
Neighbourhood (k)| <3 <4 <5 <6 <7 <8 <9 <10 <11 <12 <13
N. of cases 322 579 B17 1003 1152 1245 1308 1348 1369 1376 1387
r »033 ,047 ,091 ,083 ,157 ,138 ,154 ,153 ,163 , 170 ,167
A i 0,55 1,25 2,57 2,50 5,52 5,00 5,36 5,56 5,93 6,30 6,30
r ,156 ,135 ,143 ,148 ,206 ,181 ,205 4217 ,239 ,239 , 235
B
i 2531 3,50 4,00 4,69 7,24 6,43 7,50 8,15 9,26 9,26 8,89
A = spatial population structure/B = arable Tand held in lease

- 1,96<2Z>+ 1,96 =& < 0,05

N}

Table 2: The range of spatial persistence

ist independent of the number of cases 7 (SACHS 1574, p. 331)



of less interest than the question of the
correlations and the changes in them be-
tween 2 groups of variables at given ran-
ges.

Our approach to the analysis of spatial
structure shows the dependence of the
correlations on the chosen scale of

steps very well. Thus Table 3 shows the
correlation between groups of variables
"spatial pepulation structure" and "struc-
ture of livestock"™ in Southern Sweden
(1960/61) and (1975/76}.
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are based on the range of influence of
chosen communes, as in the last example.

Before we go into the possibility of
choosing fixed directions and ranges de-
rived from the problem, the application
of our approach to problems connected

with spatial cross-correlation will be

explained briefly. If our hypothesis is
that a phenomenon at location A influen-
ces, causes, etc. a phenomenon at loca-
tion B, a spatial cross-correlation can
verify or disprove this hypothesis. If
the hypothesis is that phenomenon a

ranges (k) <2 <3 <5 <6 <?
no. of cases 121 332 817 1003 1152

r ~,177 -,105 -,089 -,028 -,000 +,090
1975/ 76

[l

-1,96 -2,00 -2,25

-0,86 0,00 + 3,1

r -,090 -, 100 -,010

+,070 +,070 +,140

1960/

k4 -0,97  -1,82 -0,25

+2,00 +2,19 + 4,83

Table 3: The dependence of the correlation between "spatial popu-
Tation structure” and “livestock” on the range chosen
(Sovthern Sweden 1975/76 and 1960/61)

The dependence of the correlation coeffi-
cients on the chosen scale of spatial
steps can be clearly recognized. This can
be explained by the varying spatial "per-
sistence of the variables" (cf. REYNOLDS
1974 and GEARY 1954) B

Since the spatial persistence of "live-
stock” is greater than that of the "spa-
tial population structure" the correla-
tion of the two leads to the change from
negative teo positive coefficients, which
can be recognized in Table 3. The differr-
ence between 1975/76 and 1960/61 is now
based on the changes in the spatial per-
sistence of the groups of variables in
these 15 years.

The value of this computation is, how-
ever, mainly theoretical and its contri-
bution to the understanding of the effects
of spatial persistence is only a generatl
one. From the substantive point of view,
this application of our approach is on-

1y meaningful if particular hypotheses

correlates with phenomenon b with respect
to the range X (kx = 1, n}, the follow-
ing correlation coefficients are computed:
phenomenon a with b for all cases of the
range or order <k, and each phenomenon
with the neighbourhood relationships of
the range/order £k, If the partial corre-
lation coefficient between a and b is com-
puted, a high partial correlation coeffi-
cient confirms the hypothesis that there
is a spatial cross-correlation with re-
spect to the chosen range or order <k, as
the following example shows.

In the sample area in Southern Sweden the
correlation coefficients between the
distances of the groups of variables "crop
production (1)", "spatial population struc-
ture (2)" and the elements of the neigh-
bourhood matrix (3) are r1l2=0.14,

ry,3 = + 0.37 and r2,3 = + 0,17, when the
complete matrices are used. The partial
correlation coefficient r.z2.3 has the

much higher value of + 0,29 (n=1378).
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This increase in the coefficient confirms
the hypothesis that there is a spatial
cross-correlation between the groups of
variables. At which range a maximum can
be found can be easily determined by
testing all neighbourhood orders.

In our last example the hypothesis on

the influence of urban agglomerations on
the "umland" is tested by using the va-
riables "spatial population structure"
(¥;), "arable Tand held in lease 1976"
(V,}, "farm size 1976" (VB)’ "crop pro-
duction 1976" (V4) and "livestock 1976"
{¥5). For this purpose a neighbourhoad
matrix was generated that inciudes the
neighbourhood relationships of urban
agglomerations with more than 30.000
inhabitants to those with fewer inhabit-
4nts.  With the aid of these selected
distances we can now test to what ex-
tent changes occur in the correlation
with increasing distance from the urban
agglomerations, For special problems, ran-
ges of influence can also be tested aTong
individual axes, etc.

Table 4 shows the results for . the groups
of variables mentioned above in Southern
Sweden. Whereas the influence of the uyr-
ban communes on the groups of variables

“"arable land held in lease" and "farm size"

increases greatly with increased range,

stock production in all zones near cities
with more than 30.000 inhabitants does not
begin until the 7th, or resnectively,

6th step of spatial range is included.

The results presented here cannot be com-
pard directly with models such as v.
THONER's in this form, because ranges are
not tested individually. Instead, changes
resulting from an increase in the "radius"
are sought. Since, however, the absclute
strength of the correlation {z-scores) can
change when the succeeding neighbours are
included only if the correlation between
the pairs of cases themselves has chan-
ged, inferences can be made indirectly as
to the influences in individual zones
around the urban agglomerations.

Thus we can assume that the differences
(distances) in the proportion of "arable
land held in lease™ correlate highly with
those of the spatial population structure",
and that the strength of correlation in-
creases with increasing distance. The sub-
stantive interpretation shows that a re-
latively high proportion is found in the
immediate vicinity of these cities, and
with increasing distance from the cities
the proportion of arable land held in
lease decreases. The increasing correla-
tion with increasing distance between

the differences in "farm size" and the

a definite infiuence on crop 7 and live- "spatial population structure" means that
Order of
Neighbourhood <2 <3 . <4 <5 <6 <7 <8 <9 <13
N. of cases 35 79 118 185 213 254 280 299 322
r .471 .618 . 745 . 788 .800 . 823 .838 .846 .835
¥
1/
2 E4 2,91 6,26 10,27 14,45 16,06 19,96 20,30 21,34 22,64
r . 539 .508 . 356 .340 .383 422 .461 427 . 395
¥
1/
3 ? 13,42 4,87 3,96 4,73 5,84 7,13 8,32 7,92  7.86
r -.320 -.180 -.,209 -.1?8 -.067 .069 .124 158 .169
¥
1/ -
4 z |-1,88 -1,87 -2,25 -1,76 -0,88 1,10 2,00 2,75 3,18
r -,272 -.070 -.056 .036 .089 .225 .279 . 304 .313
v
1/5
4 -1,60 -0,61 -0,64 0,54 1,31 3,49 4,41 5,16 5,99

Table 4: Ranges of influence of cities with more than 30.000 inhabitants



with increasing distance from the cities
the proportion of medfum-sized and small
farms increases.

The weak and, in part, very weak corre-
lations between the 4th group of varia-
bles and the group of varfables "spatial
population structure" result from the
varying spatial persistence. It is rela-
tively high in the 1st group of variables;
the communes surrounding the metropoli-
tan areas are themselves fairly large
settlements with relatively high popula-
tion densities. However, the correlation
with crop and livestock production, par-
ticularly in the vicinity of the chosen
communes, is nonexistent. Thus large dif-
ferences in group 4 occur simultaneously
with smaller ones in group 1. Only at a
certain distance are the differences in
all grouwps approximately equal.

Unfortunately, a more detailed interpre-
tation of all of these aspects would go
beyond the 1imits of this paper. It re-
mains to be mentioned that the strength

of the correlation and the differences,
which are in part only very slight, should
not be interpreted absolutely. Instead,
they must be seen relatively in the in-
terregional and intraregional comparison
for the entire 25 year period of study.

4, OUTLOOK

A1l of the examples given here demonstrate
the usefulness of our approach as a des-
criptive statistical procedure for deve-
loping multivariate regional space«{time-)
models., They also show possibilities for
demonstrating ranges and directions of
influence, spatial persistence and spatial
cross correlations. Still, the analytical
procedures outlined here certainly do not
yet represent the optimum.

In the entire field of correlation analy-
sis and multiple regression, we need to
examine whether it would be better to
replace GauB's method of Teast squares
for estimating parameters with the maxi-
mum Tikelihood method, and whether in the
area of path analysis it would not be
better to work with nonrecursive models.
More clearcut criteria and investiga-
tion procedures need to be found for the
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comparison and selection of path coeffi-
cients. In addition, a large number of
different case studies are needed to test
the range of application of this method
in regional sciences.

The reason for presenting our approach
towards the analysis of spatial structu-
re at this point is to stimulate a lar-
ger number of comparisons, to stimulate
and assimilate criticism and impulses
that may arise, and to present an alter-
native to the constant adaption of ana-
Tytical techniques that were not actual-
ly developed for spatial problems.

FOOTNOTES

1)

o gt Ry B

c = * *® 1
[S095,5 - 8,024} 5 - 3] )3

* *
.o 3 . D
1. ~ d1!.] £z

2} A hierarchical procedure, according
to WARD, with fterative relocation of
the Tast 20 fusing steps was chosen.
(Clustan 1%, WISHART, Procedure WARD
and Relocate).

3) In contrast to the conventional ultra-
metric transformation {cf, BOCK 1974},
the expanded ultrametric transforma-
tion can also be vsed for nonhierarchi-
cal classification procedures.

4) The preceding analysis already took in-
to account the changes over time. In
the further course of the analysis,
the factor time is thus disregarded,
and all models are quantified only
according to years in the form of
spatial models.

5) An interpretation of 311 path models
and a description of the changes in
the relationships between the groups
of variables of urban agglomeration,
agrarian structure and natural envi-
ronment in both regions will be pu-
blished Tater on in full length.

6} The neighbourhood matrix ¥ contains
all unweighted relationships w(k)i 3y’
with k = 1 and i,j = 1,...,n '
(n = no, of spatial units}
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(k= order of meighbourhood; number
of boundaries which must be
crossed when taking the direct
(shortest) path between the
spatial unit i and j).

S — . s oo_ 1. 1+r
7} % = 5. = £-\Yn-3; with z = ﬁlnij

8) Reynolds tested the existence of spa-
tial autocorrelation for 2 variables
and then for the residuals resulting
from the regression. The reason he
gave for the fact that both variables,
but not the residuals, were spatially
autocorrelated was an equivalent spa-
tial autocorrelation of the variables.

) It can be seen already in Fig. 1 that
special crops are not included., Unfor-
tunately, there were no figures avail-
able at the communal level.
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ZUSAMMENFASSUNG

Fir einen Teil des innerstddtischen Ein-

kaufsyerkehrsgibt das Entropie-Maximierungs-

modell von HWilson eine geeignete Erkld-
rungsbasis ab., Die Verkehrsverteilungs-
matrix wird durch die iibertragbare Pri-
ferenzmatrix ersetzt: an ihr kann bei-
spielhaft der EinfluB des Punktmusters
auf die Modellergebnisse gezeigt werden.
Um diesen zu minimieren, sind regelmdBi-
ge Punktmuster mit geringer Yariation
der Aufkommensgrgfen Yersand/Empfang ge-
sucht. Ausgehend vom Hexagonalnetz 1aBt
sich eine Transformation angeben, welche
die Yariation der BevOolkerungsdichte im
innerstiddtischen Bereich in den auszu-
wihlenden Verkehrszellen minimiert.
Regensburg dient als Anwendungsbeispiel
fir die vorgetragenen Oberlegungen.

1. INTRODUCTIOW

For the succeeding considerations it 1is
supposed that number and shape of traffic
zones are to be determinated without re-
striction. In case of optimizing some
basic pattern of traffic zones the works
of Openshaw [14,15] could be referred,

Two main thoughts determine the following
investigation:
(i) traffic zoning as regionalisation

should square with the basic trip
distribution hypothesis;

{ii) transfer of the results of model

application should be granted; to

put it in other words: minimizing

the impact of point pattern which

is formed by the centres of traffic

zones and taken as a basis for

model calibration,
ad(i). As there is no unijversal regionali-
sation for the purpose of traffic investi-
gations important hints of how to choose
and shape traffic zores can be drawn by
careful investigation of the underlying
trip distribution hypothesis or inter-
action model. As to those models with
explicitly expressed hypothesis {e.q.
route/time minimization) solutions like
Thiessen-polygons constructed around
sinks are easily offered. Difficulties
are growing if one has to use models with
implicitly given hypothesis Tike entropy-
maximizing methods.
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ad (ii). Close relations of trip distribu-
tion hypothesis with regionalisation are
also desirable to minimize the - in its
amount contested - ijmpact of point pattern
on the results of model application. At
Teast three ways could be followed to
filter out the influence of point pattern:
- construct a reference trip distribution
without using spatial variables

~ compare model resuits with those being
derived by use of an ideal point pattern

- compute two trip distribution matrices,
one with a global, the second with
spatially differenciated impedance func-
tion(s}).

Taking up the first two thoughts,section

2 deals with a suggestion how to construct

a trip distribution without relying on

areal variables. Results are used to de~

rive some general properties of subdivi-
sion of space if the entropy-maximizing
hypothesis is thbught of being suited

best for the problem under investigation.

Section 3 focuses the general results of

section 2 on the regionalisation problem

of the multinodal inner-urban space, while
section 4 contains an application of the
ideas put forward.

Before going further some remarks should
be made upon 1inner-urban consumer traffic.
In view of consumer-behaviour it can be
subdivided into at least two subgroups
(5G):

SG1 ; Time/Distance/Effort Minimization
in satisfying high-frequency demand
{mainly food). General interaction-
theory offers ‘Linear Optimization
Models' in connection with the
'Theory of Central Places' and its
shaping of market areas.

SG2 : With decreasing fregquency of demand
of goods traffic considerations
take into account ‘distance’ in
various measures, "relative loca-
tion' in form of accessibility or
intervening opportunity and size/
facilities/multiple choice of
possihle destinations. Apart from
special behavioural hypothesis and
dependent on available information
intervening opportunity or entropy-
maximizing models could be used.

In case of poor and rather global infor-
mation - that is: application of entropy-
maximizing models - the weight of under-
iying point pattern in analysing consumer
traffic increases: explanation of trip
distribution is based solely on spatial
variables like 'distance', '"relative lo-
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cation' or derived measures like accessi- - the following constraints are satisfied:
bility', 'potential' or 'areal competiti- n
3y & ik )

on'. The representation of the investi- jo1 — - < Ej VJe{l,..,n}
gation area within the model especially T
the zoning completely determines the n V.E.

i ; (M) = =3 -v, V.e {1,....n}
success of further interpretation. There- j=1 T i i

fore besides questions of measuring di- .
The accompanying preference matrix G=(Gij)

of a real {or computed) trip distribution
matrix T= {Tij) will be defined as

pattern or zoning-system, too. Regular _ Tii
(5) (G'Ij) ‘W

point patterns are well suited because

stance {real, ordinal, perceptive} or
effort, expenditure etc. one has to
raise the question about a neutral point

they inherit the lowest information, Applied to the entropy-maximizing model one

overall as well as regionally differen- gets
tiated, -a

B.Y.E.d. . 1
T

ij na

—-a

diy -

2. IMPACT OF POLINT PATTERN ON iBj

MODEL RESULTS

Interaction models generate a trip distri- —a :
. . (d,.": Jogarithmic perception of
bution matrix under use of 13 distance d between orig. i
- information of local structure at and dest.j)
sources/sinks

- characteristics of the investigation whereas the balancing factors A, B are

area (distance matrix, route network, defined like
barries, etc.)
- g]oba]_indicator about traffic {total (7) Ai: = ﬁ——l—————u, Bj:= ﬁ——————l———u
expenditure, etc) 5 B.E.d.2% 5 oOALV.d..®
- the trip distribution hypothesis. Jj=1 373743 j=1 11
Since these characteristics are dependent As to the above described Wilson model
on space it is suggested to substitute the impact of point pattern on the compu-
the preference matrix G for the computed ted trip distribution could be estimated
matrix. by examining the balancing factors A, B.

Given: Since latter are computed with the aid of

Vi o= {Vl""’vn} Set of traffic tterative methods 7] the initial step of

amount genera- the Furness procedure can serve as approxi-

ted by origi . _
zones[l,.,,nf mation. So we get for example:

(1} E: =4E,,....E ... destination o 1
{ 1 "} zones[l,..,n} (8) Bj”' n -
n L Vidi'u
T: = L E; Total amount i=1 J
j=1 of traffic
A Taylor-expansion of the denominator
n
. roy holds:
i=1 ! n - . o
(9) & v,d, %n {v d % (~a)d e
The matrix i=1 J -J -J
Vi Ej 15 .2
(2) F = (Fij) = AﬁifF——— ' cov(V.d_j)+ V6 (d_j)-
has the following properties: . (—a)(-a—l)d_;u_z
- up to a multiplicative constant (l
this is the matrix of the inter-\T and
action probabilities under assump- L0 -
tion that ¥ and E are independent e 1 _ _
in sense of probability theory (10) CUV(V‘d-j)' n ifl(vi V) (d1j d-j)

- under given row and column sums

this is the matrix of maximal d .:= average distance of trips/
entropy *3'7 traffic to destination zone j.



Hence follows that the areal competition
of senders at sink J :1§1 Vidj_a can

be expressed in a first approximation as
the product of average amount of traffic
sent by sources and a-averaged distance
of traffic with zone j as destination,
From that can be concluded that the areal
variation of B-values is dependent on to
what extent the distribution of receiver-
distances differs from sink to sink. There-
fore pattern with homogeneous point-densi-
ty will minimize this areal variation.

It still remains to discuss the second
term of the Taylor expansion (10@). While
the first approximation is only regiona-
1ized by the relative location of destina-
tion zone j (expressed by d_;u), its
corrector term cov(V,d_j) takes into
account the co-variation of amount of
traffic at sources, V,, and distance to
sink j. Examples for the relation of
point pattern and cov. cf. Klein [11,
pp.191—196]. This by no means ignorable
contribution to the areal competition
can be minimized by
- probability theoretical independence

of ¥ and d_.

=]

- or low areal variation of V.

At the point of entropy-maximizing
method that much can be said that the
impact of point pattern on model results
can be delimited by

- use of a reguelar pattern as well as

- minimizing the areal variation of V and
E.

3. DERIVATION OF A PATTERN TRANSFOR-
MATION

This section deals with a transformation
how a regular pattern can be adjusted to
a spectal problem under consideration of
the ideas developed so far,

The investigation area is overlaid with
a hexagonal network. Latter seems to be
particularly suited for traffic investi-
gation within the multinodal ianer-urban
region., The centres of hexagons form also
the point pattera required for model
application. Within the hexagons persons
act as potential tripmakers. Their areal
distribution is shown in Fig. 1, It is
evident that the number of persons in
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traffic zones (hexagons) varies considerab-

1y,

@
_9

persons per hectare

]
n

=)
&

Fig. 1. Theoretical distribution of
population density across a
clty centre. {Adapted from Dixon
(G.p. 201}

So traffic zones are to be transformed

to minimize this areal variation. Choose
a transformation centre (xm.ym). Let
Fysealy denote the distances from
(xm,ym) to those hexagon centres which
will be touched by the half-profile shown
in Fig. 1, F be the area of a hexagon,

(11) vy = {piryer Vie {1k}

F(r1)

p: function of probability density,
showa in Fig.

Ifrp <y € g iy then - outside
the city.centre -

V1 >V2 > .. Vk and the decline
will correspond to the one of p.

Transformation t should be chosen to
achieve

[rl,..,rk}+{fl(t),....rk(t)} with

V]e{l,..,k]

(12) V= v, - GLG
Fir, (h
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c.80 ;

ION-FACTOR

T
o

o<

0,20

I

population densily -scaled-
{12138pars.rha)

16 Az 4.8 &4
DISTANGE GITY-CENTRE

Fig.

2. Graph of transformation function
for the case of neglecting bar-
riers (¢f. Fig, 4). Empirically
derived graph of population den-
sity for Regenshurg has been
opposed,

To characterize the transformation func-

tion

in words:
- éexpansion in the range of low
population density

- contraction in the range of high

In the present case the following trans-
formation function has been used:

(13)

-
n

0

Each
forme

(14)

-b
-ar r2

t e + e (ef. Fig. 2)

K5y (Xgayp))

(x,¥) : coordinates of a
hexagon centre

d{ , }: distance to trans-
formation centre
(X ¥p)

<a,b a : dependent on the ex-
tension of the CBD
and the mesh-width of
hexagonal network

b : dependent on the total
urban and especially
densely populated area
(a first guess could
be the sguare of the
standard distance of
population}

hexagon centre {x,¥} will be trans-
d into (x(t), y(t))1ike:

L(t)

i

(x-xm) 't(x,y) + A0

ytt - (YY) gy * ¥y

The numerical estimation of the transfor-
mation parameters a, b uses the object
function

1
(15) zF = o

4., APPLICATION

Handling the information of a two years
period study of inner-urban consumer
traffic at Regensburg a zoning system for
analysing SG 2(cf. 1.) is needed. With

the method outlined above a first design
will be worked out which has to be modi-
fied in small scale to take into considera-
tion road network, distribution of shops
and interaction barriers.

As in section 3 the areal distribution of
sources will be thought as coincident with
population distribution, As a consequence
of its historical development and physical
(river Danube, relief) as well as anthro-
pogeneous (railway, highway) barriers the
graph of population density differs from
the ideal one {cf. Fig. 2.). There is no
exponential decline from centre to fringe
and the density gap of the CBD is only
slightly marked. ’

As to possihble sinks on the basis of a to-
tal survey about 70 inner-urban clusters

of shops or shopping centres of differing
s1ze and facilities have been estabTished.
Only a small part of these is chosen as
direct destination under the aspect of $G
2. Latter are located within the inner
city, along arterial roads - mainly in the
area of pre-1914 expansion and incorporated
village centres - and at the urban fringe.
However inguiries on consumer behaviour show
that multi-purpose shopping trips occur
frequently. So the whole 70 centres can be
regarded as indirect destinations of SG2.

Regarding the shopping behaviour there is
much evidence that the entropy-maximizing
method with its interpretation of areal
competition will be appropriate to recon-
struct it. For there are not only centri-
petal traffic flows but also flows along
the margin and CBD-crossing flows. Latter
is due to the described pattern of sinks
and the tendency of retail decentralisa-
tion,

A hexagonal zoning system of 69 cells



has been chosen Which covers the whole settled Tab, 1 Calibration results of trans-

area of Regensburg, With regard to popula- formation parameters

tion density Regensburg seems to be part-

1y overbounded (cf. Fig. 3). Two cali-

HWithout bare. With  barr.
bration runs hayve been made which differ Hexag. Transf. Hexag. Transf.
in the consideration of barriers. Results
may be seen from Table 1. vV 2029 2029 2029 2029

ZF 2265 1738 2458 1858
min kU 0 0 0
Yoax 7871 7593 10121 7541
alk™l] - 1,02 - 1.02
bfkm?) - 3.84 - 3.20
— 71500 pers.
—2000
g
H Highesy
R Rahaay
R,
@ s}

Danu;

Scale
1:70000

Fig., 3. Regensburg: Aggregation of population for a hexagonal zoning
system on the basis of blocks. (Source of data : City Regens-
burg, Department of Statistics, 1980) :
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Fig. 2 shows that in the immediate neigh- What about the impact of point pattern ?
bournood of the chosen centre (xm,ym) Table 2 provides the figures to estimate
points will be moved only slightly to aveoid success of failure of the transformation.
a splitting up of the CBD. With increasing

distance from city centre and exceeding Tab. 2 Measures for the impact

the densely populated area points will be of point pattern

contracted to even out population in zones.

With decreasing population density the Hithout™ barr. Hith  barr.

original hexagon point pattern undergoes Hexag. Transt, Hexag. Transf

only a slight distortion. _104 _104 _104 _104
Comparison of Fig. 3 and Fig. 4 indicates

that redistribution of population has cov 0.673 0.425 0.665 0.460
been successful in city centre and margin, Scov 1.02 0.581 1101 0.635
not always at the fringe. The areal vari- = =777 7T IO OO m oo e e o s
ation has been restricted (standard devi- Yeoy 1-92 1.37 1.52 1.38
ation declines from 2265 pers. to 1738 (a=-1.) 104 10} 107"k L1079
pers.) but no reqular pattern is achieved. N
' B 1.058 0.832 1.060 0.870
Sg 1.5562 1.135 1,562 1.129
Vg 1.47 1.31 1.47 1.30

— 7 500 pers.
—— 2000 .
— 30 .

H Highway
R Railway

Scale
1:70:000

Fig. 4. Regensburg: Aggregation of population for the transformed
zoning system on the basis of block data - without conside-
ration of barriers, {Source of data : City Regensburg, De-
partment of Statistics, 1980)



The distortion of the hexagonal zoning
system with the consequence of varying
distance distribution between sinks

will be compensated by the lower vari-
ation of V. Therefore cov-.as well as
8-values fall short of the correspon-

dent values of the hexagonal point pattern.
This is valid absolute as well as rela-
tive {coefficient of variation v ). Note:
Completely regular distribution of ¥

could be obtained but at the cost of the
still limited variation of point density
and in consequence an unbalanced zone
shape and area - not only at the fringe
like in Fig. 4.

Closer to reality is the assumption that
intersection barriers have to be con-
sidered. Indeed the rivers Danube and
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Regen as well as highways and railways
affect and hinder the overall interaction,
A second computation has been made and, the
results remain the same {(cf, Tab. 1/2).
Also the relating of blocks to zone cen-
tres within the 11 areas bordered by
barriers shows extreme settings only at
the fringe (cf. Fig. 5). In most cases the
transformed points correspond with the
population centre of the zone,

A few zones have been empty before and
remain empty after transformation. This is
due to the fact that population density

is not symmetrical relative to (xm,ym).

To avoid this and to bring zoning in close
accordance with the local conditions it is
suggested to depend the transformation
function not only on distance but also on

direction
t = f(r,¥) .

veet e Inleraction barrier

.___,—__(_

Fig. 5 Regensburg: Aggregation of population for the transformed
) zoning system on the basis of blocks - with consideration
of barriers. Centres of stars are identical with the trans-
formed points, the endpoint of stars are the centres of

blocks. (Source of data
Statistics, 1980}

City Regensburg, Department of
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ZUSAMMENFASSUNG

£Es wird ein diskretes Standort-Zuordnungs-
modell zur Diskussion gestellt, dessen Auf-
gabe es ist, fiir eine vorgegebene Mindest-
griéBe einer zentralen Einrichtung die
maximal mégliche Anzahl von Standorten
dieser Einrichtung in einem Gebilet mit
gegebener rdumlicher Hachfrage- bzw.
Benutzerverteilung zu bestimmen, Dieses
"Modell maximaler Angebotsdispersion”
operationalisiert somit eins der Axiome
der Theorie zentraler Orte, namlich die
Existenz einer "Marktschwelle" zentraler
Einrichtungen. Zusammen mit dem "vollstdn-
digen Oberdeckungsmodell" von TOQREGAS das
dem Prinzip der (oberen) Reichwelte zen-
trater GUter entspricht, kann es sinnvoll
flir die Standortplanung zentraler Ein-
richtungen eingesetzt werden.

Am Beispiel der Standortplanung fir Grund-
schulen im 1dndlichen Raum, bei der die
notwendige Mindestjahrgangsstarke der ent-
scheidende Parameter fUr die Frage der
Erhaltung bzw. des Neubaus einer Grund-
schule ist, wird eine wesentliche Anwen~-
dungsmiglichkeit des Modells maximaler
Angebotsdispersion aufgezeigt.

INTRODUCTION

During the last 15 years location-alloca-
tion modetling has become a field of
growing interest in Geography, Regional
Science, Planning, and other related
disciplines. This is not surprising since
these models are intended to deal with
what ABLER, ADAMS and GOULD (1971) called
“the geographer's unsolved problems". It
is the guestion of the best location which
can be formulated as follows: Given a
population distributed in two-dimensional
space. Where are to be Tocated facilities
of a central good/service for an optimal
(as good as possible) provision of the
population? Closely connected and by no
means separable are the questions
-~ how many facilitties are to be estab-
1ished,
~ how are the catchment areas or hinter-
lands to be delimitated.

From an applied or planning point of view
which I want to take here location-allo-
cation models are of special importance for
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locational decistons of public facilities.
Only in public facility planning it is
possible to set objectives for a whole
locational system whereas private firms
decide under criteria of profitableness

of the single locatien in question.

Hitherto most location-allocation models
developed 1n geography and regional
science for public facilities assume the
number of locations to be within externally
determined boundaries derived from crude
cost and/or capacity considerations. The
objective function usually represents a
suitable measure of accessibility or
transport costs that has to be maximized
or m1n1m1zed1) Examples are among others
- the classical transportation model

which marks the beginning of location-

allocation medelling.
It's purpose is to optimize spatial inter-
actions resp. assfgnments by minimizing
total transport costs between a set of
potential facility locations (each with
a specific capacity) and a set of popula-
tion locations (each with a specific demand).
Although formulated as an allocation model
it can be used for finding the facility
locations as we]la). Regarding that purpose
it 1s extremely restrictive since minimi-
zing total transport costs is the only
criterium for the selection of the facili-
ty locations,
- the so called p-median model which was

introduced by REVELLE and SWAIN (1970).
It was a starting point for many other
similar discrete location-allocation
models?). It 1s aimed at finding optimal
central facility locations by minimizing
the total travel costs of users when the
number of facility locations is5 given.

$ince the number of facility locations
determines the accessibility (regardless
of the accessibility measure actually
applied} to a Targe extent it is necessary
to develop models that answer the question
for reasonable upper and lower limits

of the number of facility locations.

The first step in this direction was

made by TOREGAS with his "location set-

. This model is intended
to find the minimum number of facility

covering mode]“s)

locations necessary to serve eyery demand
location within a given time or distance
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Timit. Therefore it corresponds perfectly
to the axiom of the (upper) range of a
acod/service in classical central place
theory. Even if used alone, i.e. not in
combination with other location-allocation
models, it is of great help in the loca-
tional planning of emergency service
facilities, While the Tocation set-covering
model leads to a lower limit of the number
of facility locations on the basis of mini-
mum accessibility requirements I would
like now to introduce a model that yields
an upper limit of the number of facility
locations, In general the critical para-
meter this upper limits depends on is the
minimum (threshold} size of the facility
at each location, The threshold size can
be the result of eceonomic, organizational
and/or service quality requirements. It

1s especially important for locational
strategies in rural areas with a Jow popu-
Tation resp. demand density.

THE MAXIMUM SUPPLY DISPERSION MODEL

The model which 1 call "maximum supply
dispersion model" has the aim to find

the greatest possible number of Tocations
(and simultaneously the locations them-
selves} of a central facility, given the
constraint that the facility at each lo-
catfon be of minimum (thresheld) size. It
corresponds well to the second axiom of
central place theory, namely the existence
of a threshold (or tower range) of a good/
service, Together with the "location set-
covering model”™ it makes it possible to
apply basic principles of central place
theory to the locational planning of one
central good/service but - in contrast to
the central place model -~ also for an un-
evenly distributed population resp. demand.

The basic structure of the model is very
simple and is described here in a form
suitable for the application demonstrated
below. Let us assume that there is an area
divided into n basic spatial units,
i=l,...,n and that the demand or the popu-
lation using the facility is bi in unit §.
Let us also assume that every unit is
assigned to exactly one facility location,
i.e. the hinterland or district of each
facility Tocation is a set of whole units.
In that case we can introduce in the usu-

al way a binary variable x,

L defined as

follows:
1, when unit j is a facility lo-
cation and the population
X, . = from unit i is assigned to
1 the facility at j:

0, otherwijse
in the particular case

1, when unit j is a facility
location,

0, otherwise

The Tocations of the facility and their
hinterlands are therefore defined by the
xijls' It follows that thensize of the
facility at location j 15151 bixij' Let
the minimum (threshold) size be <.

If the planning constraints that every
unit is being served by one facility lo-
cation, and that the districts shall be
connected 1in a topological sense are in-
cluded, then the model may be formally
defined as follows:

(B1) E x.,=1 (for all i=1,...,n)

3

(B 2) x..=1, thus3d 11:1,12,...,ip_1
1P=j, so that

i] and 11+1 are neigh-

bouring units and

X j=1 {(for all 1=1,...,p}

5
1
n
(B 3) ifl bixij3c1 (for all j with xjjzl)
n
{Z 1} HMaximize Zl(xij) = 5 X311

AN APPLICATION OF THE MODEL

In this section I want to demonstrate the
application of the maximum supply disper-
sfon model to elementary school planning
in the former Landkreis (county ) Roten-
burg/Wimme which is located in northern
Germany roughly midway between the cities
of Bremen and Hamburg.

During the late 60s and early 70s a re-
form in West Germany's educational system
took place that led to a spatial concen-
tration of schools in rural areas. Large,
multi-stream entry schools were preferred
since they seemed to provide better edu-



cation because

- they altowed for more powerful internal
differentiation,

- there would be more specialized and
therefore
and

-~ there would be better technical back-

better qualifical teachers,

up (teaching equipment}.

As a result numerous small schools were
closed, because they were no longer viable
in educational! terms and instead one
stream and, later, two stream entry
schools were created in locations where
there were catchment areas with a
sufficiently large pupil potential. This
poiicy was pursued right through the system
down as far as the elementary schools and the
1974 Education Act in Lower Saxony (the

state in which country Rotenburg/Wimme is
located) prescribed that two stream entry
elementary schools should be the rule.

This policy produced a rapid decline in
the number of elementary schools which
fell down 1in the twenty years between
1956 and 1977 to 28 % of its original
level,

Year Humber of elementary schools in
the former Landkreis Rotenburg/
Hiimme

1956 61

1968 416

1972 33

1976 21

1977 17

Source: W. STEINGRUBE (1979}

The closure of so many elementary and
other schools increased the distances
pupils had to travel in order to get to
school and necessitated an alarming ex-
pansion of the school bus service. Travel
costs are now the second largest element
in the education budget (coming after
salaries, but before running costs and
learning materials). In Lower Saxony
alone the total allocation for school
transport rose from 13 million DM in
1971 to 200 million DM in 1977,

[t is however not simply the cost of
school transport that gives rise to con-
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cern, but also the length of time involved
in jJourneys. According to a repert in a
8remen daily paper (“Weser Kurier") on 18.7.
1978 journeys in excess of one hour are

not uncommon for pupils and to this can be
added the time spent waiting at the bus
stop.

[f this school policy would be retained,
then inevitably the problem would become
even more serious. The medium-term pro-
jections for migration Tosses in rural
areas primarily affect the age groups

with children and there are likely to be
further reductions in the number of pupils,
due to the narrowing of the gap between
fertility levels in rural and urban areas.
Thus in Lower Saxony it is estimated that
the number of elementary school children
in 1990 will be about 60 % of the 1974
1eve16

Even wjthout the steadily growing opposi-
tion from parents, paediatricians, and
psychologists to the actual cleosure of
elementary schools, the demographic changes
currently taking place would make it impe-
rative that there be a change in school
policy. The first steps have already been
initiated, In Lower Saxony the requirement
that there be two form entry elementary
schools has already been dropped in favour
of one form entry, and a new official mini~
mum has been set for class size, which is
15 % lower than the previous norm. It means
that in elementary schools the minimum
class size is now 24 instead of 28, The
Minister for Culture has also let it be
known publicily that the possibility of
elementary schools with a minimum class
size of 18 should not be ruled out. Even
this figure may not be the final Tower 1imit
and it now seems conceivable that in the
future there will once again be elementary
schools with less than one complete class
entering each year,

In order to be able to define the potential
scope for future action in school policy,
it is necessary to know the realtionship
between the maximum possible number of
etementary schools in a region and the
number of pupils per year required to re-
tain or establish a school. For that pur-
pose the above introduced maximum supply
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dispersion model is applied.

The former county of Rotenburg/Wimme was
divided into 75 basic spatial units each
being represented by the mind-point of its
settled area.

The bi's were defined as the expected num-
ber of elementary school children in vnit i
entering school in 1990, This number was
found by a prognosis of the number of
children in the 5-9 year age group for
1990. The prognosis was based on an age-
structured population projection by the
Federal Research Institute for Regional
Geography and Spatial Planning {Bundes-
forschungsanstalt fiUr Landeskunde und
Raumordnung) for the Bremen region {in
which county Rotenburg lies) for 1990,

It was assumed that population develgp-
ment in every unit i would be the same

in relative terms and that each would

have the same age structure in 1990 as

In other
words the estimate of bi for 1990 assumed
that the following definftion equations
held true:

the Bremen region as who]e7)

b,= BAg, (1990) /¢

Bnﬁi(lggo) ) BAGHB(lggo)
m ' WT
BEV1(1990) ) BEVHB(IQQO)
pev, (1974)  gpy (1971)
with

aAegt) = Number of 5-9 years old children
in unit i at time t,

BAGHét) = Number of 5-9 years old children
in the Bremen region at time t.

BEV,C®) = Total population in unit i at
time t.

BEVHét) = Tot§1 popu]qtion in the Bremen
region at time t.
If one is actually involyed in the forward
planning for elementary schools in any
given area, then the starting point must
of course be the existing distribution of
schools. That means we have not considered
how many elementary schools there ought to
be in the former county Rotenburg in the
light of the expected decline in the number
of pupils of elementary school age. Instead
we have looked at how many and which ones

of the existing elementary schools can be
retajned in relation to the required mini-
mum class size.

In 1977 there were still elementary schools
in 17 units (cf. Fig. 1). In addition to
constraints {B 1)~{B 3) of the basic model
a further constraint was therefore adopted,
to the effect that at most there should be
elementary schools at 17 locations in the
future8

n
(B 4) E T 17

i=1
By the same token, units which at present
have no elementary school were excluded as
potential elementary school locations,i.e,
(B 5) =x = 0 for the 58 units without
elementary schools in 1977,

i1

Finally it was also assumed, that those
units with an elementary school, where
there were likely to be engugh children
1iving in 1990 (at least 20 newcomers per
year), would automatically retain their
elementary school. It is assumed that it
would not be possible politically to close
these elementary schools. This produced
the following further constrafnt:

(B &) Xij = 1 for the 4 units with

1
b1 z 20,

This means that of the present 17 elemen-
tary school lecations, 13 are possible
candidates for change.

So far there has been no discussion of
accessibility which {s the dominant
variable in most location-allocation
models. It is however implicit in (Z 1},
for the larger the number of possible lo-
cations, the greater will be the general
Tevel of accassibility. Nevertheless
accessibility has also been considered
explicitly as an independent constraint.
It was assumed that no unit was further
than 10 kilometres by road from the etemen-
tary school to which it was assigned.

(B 7) Max xij dij = 10
1.1
with d1j= the shortest distance by

road between units i and

3.



The 10 km=1limit should he seen as an ini-
tial trial maximum distance. School buses
travel at an average speed of about 40 kmA

and, if 5 minvtes waiting time is inclu-
ded, then 10 km represents a travel time
of 20 minutes. If it is further assumed
that each pupil has a walk of up to 10
minutes to reach the bus stop, then the
total travel time would amount at most to
30 minutes which doesn't seem to be un-
reasonably high.

The task therefore is to maximize the
number of elementary school locations

(Z 1) given constraints (B 1)-(B 7). The
objective {(Z 1) corresponds to the goal
to safeguard as far as possible the ele-
mentary education through a local supply
of schools. It contains implicitly criteria
such as the extent to which a population is
able to identify with the state, its orga-
nizations and facilities, and the extent

to which the school is integrated into the
1ife of the community. Both are difficult
to define in quantitative terms and can
best be summarized by the term “"psychologi-
cal proximity”. This'important psychologi-
cal proximity does not decline continuous-
1y with distance but with a discrete jump
when a facility vanishes from the daily
experienced environment,

In most instances the model {Z 1}, (8 1)-
(B 7) will have several solutions all of
equal value for the objective function

Zl (Xij)' When this happens. that sclu-
tion .ought to be preferred - on grounds

of the ‘psychological proximity' and the
implications for school transport - which
enablaes the largest possible number of
pupils to reach their school on foot. The
Lower Saxon School Act expects pupils
living within 2 km of their school to
reach their schoel on foot whereas pupils
1iving farther away can use the school bus
gratis. Therefore a second objective func-
tion was incorporated into the model:

{(Z 2) Maximize

Zz(xij)=1

[ = S| I =3

13
15*
The model (B 1}-(8B 7), {(Z 1), (Z 2} was
solved for 6 different minimum class sizes,
i.e, with € = 22, 20, 18, 16, 14 and 12
respectively in constraint (8 3). The
results are given in Table 1, which alse
includes some further indicators for eva-
Juating the spatial pattern. These show

the proportion of pupils in each year, who
have to travel more than 10 km, 5 km and

2 km respectively to their elementary school.

Table 1 Solutions of the location-allocation problem for elementary schools in the
former county Rotenburg/Wimme
1 2 3 3 5 b 7 8 9
No. Minimum Ro. of spatial Ho. of pup. No. of pupils Total journey Maximum
class units with an with as2km {per academic year} distance of pu- journey
size elementary journey to with journeys of pils (per academic length
school the elementary more than ...... .- year} with indivi- (in km)
schoo1(in per cent} to the elementary dual journeys of
school more than Zkm
2km Skm 10km
1 22 13* 67,47 % 179,60 50,16 5,1 798,75 13,2
2 20 14 70,09 % 165,15 31,25 0 665,89 7,0
3 20 15% 71,83 % 155,50 43,03 O 691,15 9,6
4 18 15 71,76 % 155,90 36,83 O 653,56 9,6
5 18 16" 73,70 % 145,18 35,20 O 620,14 9,6
6 16 16" 74,25 % 142,15 15,51 © 544,74 9,6
7 14 16 74,25 % 142,15 11,26 O 528,565 7.5
B 14 7 75,57 % 134,88 13,01 0 489,315 7,5
9 2o YA 75,57 % .......134,88 _B67 O . . 473,796 ______._._.. 65
10 § 12 15 72,26 % 153,16 38,47 2,66 670,17 10,8
(14)

+ optimal solutions

§ proposal in the school development plan
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Incidentally the 1a5; figure also shows
how many pupils in any elementary school
year use the school bus system. Of great
interest is the column headed 'The total
Journey length of pupils {per entry year)
with individval journeys of more than

2 km". This provides a first approximation
of the costsof the school bus system in
relation to the number of elementary
school locations, Finally the maximum
length of journey is also fncluded (last
column}.

For purposes of comparison Table 1 also
includes solutions for several minimum
class sizes, but with one etementary
school respectively location less than
the optimal ome. Finally solution 10 is
that proposed in the current school de-
velopment plan for the county,

Table 1 shows clearly the connections
between minimum class size, the number of
elementary school lecations, the degree
of accessibility, and pupil transport
costs, For € = 22 there is no feasible
solution with a maximum Journey as long
as 10 km. Furthermore the solution makes
necessary the closure of four schools
{see first row in Table 1),

To maintain the present system of elemen-
tary schools, the highest the minimum class
size can be is 14, ten less than that
presently laid down by the School Act.
Nevertheless, it is a figure well within
the bounds of practical possibility, if
the statements of intent by Lower Saxony's
Minister for Culture are to be believed.

In general a Targer number of elementary
schools does not raise the number of
children with a journey of less than 2 km
(i.e. the number of children who can go to
school on foot) as much as it does reduce
overall school transport costs {compare
¢columns 4 and 8). The main effect of
additional school locations is to reduce
the number of children with Jjourneys of
more than 5 km and to increase the number
of children with medivm length Journeys
(2-5 km}. Even if these children cannot
get to school on foot, at least they can
get there by bicycle, which not only for
cost reasons fs preferable to a journey
in a school bus. A prerequisite for this
would however be a safe network of cycle

routes,

Another interesting lesson to be drawn from
Table 1 1{is that once the maximal possible
number of school locations for any given
minimum class size has been derived, a

check should be made to see whether or not
it would be possible to reduce further class
sizes with this number of school locations.
In certain circumstances such a rearrange-
ment could improve accessibility and lower
the costs of school transport, without
increasing the salary bill and the running
costs. That such improvements are possible
can be seen in our example by comparing
solutions 5, 6 and 7. The improvements can
be made in this instance by a better choice
of locations and some alterations in the
delimitation of the catchment areas. This
example also demonstrates the senselessness
of adopting inflexible norms for class sizes.

Interesting are further the instances in
Table 1 where it would be feasible to have
one additional elementary school (see the
transitions from soletions 1 to 3, 3 to 5,
5 to 8). The question that has to be ans-
wered here is the extent to which the in-
crease in the salary bill { 1 teacher per
class, making a total of 4 per school) and
in running costs can be offset by savings
in school transport costs, The above ana-
lysis provides no clear answer, for column
8 "Total travel costs ...
a rough first approximation of real costs

' only provides

for busing. Nevertheless column 8 sugqgests
that there are considerable savings to be
made.

Let us finally look briefly at the proposed
sotution in the school development plan,
which is currently being debated in county
Rotenburg/Wimme. The proposal is that two
schools be closed, but, despite the fact
that it will create very small classes in
some ]ocations9 , 1t is actually no more
effective than either of solutions 2 or 3,
which are based on miniuvum class sizes of
20 and 18 respectively (see Table 1), The
unsatisfactory measvres for the school
development plan have been brought about
at least to some extent by

- the requirement that elementary school
catchment areas coincide with community
boundaries, and



- the merging of many small communities

into bigger administrative units (the
so called 'large communities') during
the local government reform in 1974,
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that the options are derived from explicit
criteria and objective evaluations) con-
sideration of questions that must, in

the last analysis, be politically decided.

Generally the model could be applied to

CONCLUDING REMARKS

In conclusion I should Tike to make some
tentative suggestions about ways in which
this study might be extended and expanded
in the future.

1. So far this model has only been used

to study the possibility of stopping the
process of elementary school tiquidation
in rural areas. In the long-term, however,
the goal must be to reverse this process
and the model can be used equally well for
this purpose - and that by omitting
constraint (B 4). Trials ought to be made
with minimum class sizes of less than,

12. This may perhaps seem a Somewhat uto-
pian prospect, but ] believe that school
development planning generally should be
based on variable minimum class sizes
depending on population, or more precisely
pupil density. It ought to be accepted that
class sizes in urban and rural areas are
different, and in that case small classes
in rural areas won't lead necessarily to
astronomical increases in the salary bill.

2. The complex problem of school transport
has been widely ignored. But it is certain
that the structure and organizatijon of the
school bus system, the choice of bus routes,
the size of the busses and the degree of

its usage all have important implications
for school development planning. Their
inciusion in a location-allocation model
seems to be too difficult to realize at

the moment.

Despite these omissions, the study might
have given some indication of how Tocation-
allocation models may be used positively
to help in the planning of elementary
schools in rural areas, [ firmly believe
that it is not for academic researchers

to produce 'best' solutions to planning
problems, but they can fulfil a most
useful role by demonstrating a range of
possibilities of action and their associ-
ated problems and consequences -~ say along
lines I have tried to demonstrate by

means of Table 1. In this way they can
provide a basis for rational {(in the sense

studies of all kinds of service provision,
so long as the size of the faciltity at any
given location is the critical parameter.

FOOTNOTES

See the early reviews by SCOTT (1970,
1971) or the more recent ones by
BAHRENBERG (1978), HODGART (1978).

See YEATES (1963) for an early appli-
cation to a school districting problem.

HAGGETT, CLIFF and FREY summarize the
applications of the transportation
model (1975, 479-485 and 491-516) and
HAY (1977} gives an elementary intro-
duction with further references.

The development during the last 10 years
has been covered widely by "Geographical
Analysis". See also BAHRENBERG (1978),
HODGART (1978).

See TOREGAS (1971}, TOREGAS and REVELLE
{1972,1973) and TOREGAS, SWAIK, REVELLE
and BERGMAN (1971)., The links to other
Tocation-allocation models are discussed
in CHURCH (1974) and CHURCH and REVELLE
(1976).

See KOCH (1976).

These assumptions were necessary, as
there were no small-scale population
projections for county Rotenburg
available,

If the problem is formulated different-
ly of course then this constraint can
be omitted.

Our estimates forsee a minimum class
size of 12 if the School Development
Plan is put into practice. However the
School Development Plan itself lays
down a minimum c¢lass size of 14, based
on the author's somewhat unrealistic
prejections for population and pupils.
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ZUSAMMENFASSUNG

Bericht lUber den Versuch, die Bedeutung
der Infrastruktur, Dienstleistungen und
Kontakte fiUr industrielle Standortent-
scheidungen herauszufinden und die staat-
lichen Moglichkeiten eines Einflusses auf
die rdumliche und sektorale Entwicktlung
abzuschdtzen. Untersuchungsraum sind

25 Gemeinden des westlichen Ruhrgebietes
und linken Niederrheins. Makroanalytische
Datengrundlage sind Statistiken liber die
Industriemobilitdt und Oberpriifungen der
Entwicklung neuerrichteter und verlager-
ter Betriebe, mikroanalytische Datengrund-
lage Befragungen von Unternehmern. Die
Auswertung erfolgt nach den Variablen:
Branche, interne Unternehmensorganisation,
BetriebsqrtBe, Standortanpassung und Orts-

grode.

The aims of a current research project
are:

1, Research into the meaning of infra-
structure, services and personal con-
tacts for industrial settlement and
mobility decisions {newly founded
firms, branch establishments, relo-
cations), presumedly most important
variables of external economies, and

2?2, Estimation of state possibilities of
influencing the spatial development
of industrial acitivity. The willing-
ness of an employer to change the lo-
cation of his enterprise if necessary
is the prerequisite for an effective
regional policy, intended to create
new and safe jobs in underdeveloped
areas.

There is not much usable information on
the evaluation of infrastructure, servi-
ces, contacts. There are some of the
variables which describe the locational
factors or location demands of the
employer Any attempt to collect all the
variables would necessarily fail since
dense reciprocal relationships exist which
have not even vagely been clarified. It is
therefore necessary, although rather fru-
strating, to choose some variables from
the Targe amount of possibilities of
which one can assume after some Tnvesti-

gation that they influence the employer's
decisions. Locational desires, including
for exampte the size and price of the site,
the qualification of labour, the viability
of the ways of transport and the investment
climate, are, according to behavieural in-
vestigations and considerations only one
decision component. Two further components
are the expectations of the employer and
his willingness to take action. A1l three
components, Tocation desires including ex-
perience and perception, expectations and
the willingness to take action, are connec-
ted with each other and form the cognitive
and emotional attitude towards settiement
and mobility decisions.

1. Development of industrial activity

1n 1970 some B.6 m. people were employed in
industry in the Federal Republic,Tab. 1.
Since this post-war record employment in
industry decreased not only absolutely by
1.25 m to 7.3 m 1n 1977, but also refative-

ly:

gotal of difference exployees of employess of internal
industrial (vearly newly founded closed fimrs employment
employees average} and relocated (date of chan?as
firms closure) (récrufument/
dismissals)
1000
1 -1y I 11
1955-1957 {1} 7342 - 53 - 17 .
1958-1980 7300 153 47 - 15 121
1961-1963 8306 169 53 - 24 140
1954-1965 8181 38 48 =20 10
1966-1367 8114 ~ 134 30 - 18 - 85
1968-196% 8104 - 5 45 - 37 - 13
1970-1971 8571 234 b - 45 241
1972-1971 8383 - 94 2] - 47 - 70
1974~-1975 7828 - 279 13 - 86 226
1976-1977 7391 - z17 io - 38 -189

{1} til} 1962 withowt Sazarland

Sources: Statistisches Bundesami, Bundesanstalt Fiir Arbeit.
Tab., 1: Tndustrial employment in the Federal Rapyblic of Germany
1955-1977

1960 1977
Primary Sector 16 % 8 %
Secondary Sector 46 % 43 %
Tertiary Sector 38 % 49 3

100 % 100 %

The loss of jobs was due not so much to clo-
sures as to internal employment decrease.
According to investigations of the Federal
Hinistry of Labour some 390 000 jobs were
lost through closures between 1970 and

1977 and some 170 000 won through the
foundations and relocations of firms {as
yearly average the figures in Tab. 1 have
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to be doubled). Thus only a balance of area, Population and industrial de-
some 220 000 jobs or about 20 % of 1.25 m, creases are higher than average, deve-
derived from settlement and closure deci- lopment chances are very unfavourable.

sions. And so, taking into consideration
dismissals which took place before the
cltosure, the total will be about 25 %

of the reduction of employees, whereas
75 % came from internal locational adap-
tations and investment decisions.

The post-war wave of firm-founding has
passed. Today the probability of the settle-
ment of industry and of improving the
supply of jobs is small for most of the

8 500 parishes in the Federal Repubtlic

as long as only about 200 firms are foun-
ded in the last years with a total of
some 10 000 jobs, At the end of the 60s
and the beginning of the 70s some firms
were being founded annually. In fact new
firms are being established in less than
one percent of the parishes in the Fede-
ral Republic. Quantitatively more impor-
tant than new investments are substitute,

Freurds | Mecmbens "‘”"

enlargement and rationalisation invest-
ments. Investments aimed at creating
new jobs are becoming less important,
The need for jobs becomes greater the
more enterprises are closed down.

Some of the possible reasons for the
decrease in the number of people employed
in_dindustry are:

.

- a structural change in the economy oL A e O T

A X . D i ZE0ED 530 wth RORCOOG-5 C0aTr)

(including changed world economic di- [« QT . s ey
vision of labour, increased importance v W sumwmn T

second order

of private and public¢ services),

- innovation gaps (employment decrease

in branches of industry based on re-

search was 8 ¥ from 1970-77; in othepr Fig. 1: Investigation area

branches 21 %).

A steady population decrease expected for

2, INVESTIGATION AREA . the whole area, especially Duisburg and
Krefeld is due to a birth deficit plus
migrational losses, e.g. in Duisburg:

The macro and micro analysis was carried
out in an area of 25 parishes in Horth

Rhine Westfalia 1including the cities (1000) (%)
of'Du1sbur? and Krefeld and the rural coun- 1961 663.1 100
tries of Viersen, Kleve and Hesel beyound 1979 5591 84
the edge of the congested Ruhr area. The 2000 455.1 69

density gradient decreases towards the
In the cities of Duisburg and Krefeld the

GNP per head of the population is notice-
ably higher than in the rural areas, yet
lower than in Cologne or Diisseldorf, other
central places of the Rhine-Ruhr-Region,

north-west and west.

Development axes of second order of the
Development Plan T/II of North Rhine
Westfalia divide vp the investigatien



Levels of productivity and of mobility are
not identical. A more favourable migration
balance might be expected where there is a
nigher GNP per head. The share of the ter
ary sector is relatively low in all regions;
the differences in secondary sector are in
Duisburg larger due to the large industrial
fringe.

Data on industrial activity are based on

1. official statistics on industrial
mobility,

2. questioning of 322 enterprises with
50 and more employees in 197%; more
than 990 % of all enterprises of this
size could be included.

2.1 EMPLOYMENT CHANDES IN THE
RHINE-RUHR-REGION 1968-1975

In the Rhine-Ruhr-Region industrial
activity is decreasing more rapidly than
the federal average. The founding of new
establishments and of branches is decrea-
sing from year to year.

According to the Federal Office of Labour
there were in the 8 years from 1968-1975

93 foundations (1968: 29, ...,1975:4})
109 branches (1968: 20, ...,1975:2)

11 relocatiens within the Rhine-Ruhr-
Region, 3 moved into the area and 2 left
it. Positive is only the fact that more
than half of the new industrial estab-
lishments belong to the investment goods
industry that is as much as two thirds
of those employed. The investment goods
industry has the best chances of all in-

dustrial groups.
EstabTish- Employees

ments
1. Locational changes
- new founded Eirws, branches, relo-
cations within the Rhine-Subr-Re-
gion movements to the Rhine-Ruhr-
Regicn 1968 - 1975 216 22.000
- closures 1968 - 1977 - n - 3.000
2. Changes within the firas
1968 - 1977
(Sumber employed minus nusber - 9.000
dismissed) _—_—
+ 143 + 28.000

Tab. 2: Balance of mobility in the Rhine-Auhr-Region

0f all the industrial establishments foun-
ded in the Rhine-Ruhr-Region between 1963
and 1975, a third had already closed down
again by 1977. It was above all establish-
ments of the consumer industry which
closed down though none of the establish-
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ments which had changed their location.
There were about as many closures among
newly founded establishments as among
branch establishments.

Despite c¢losures, establishments founded
between 1968 and 1975 had more employees

in 1977 than at the time of settlement

(+ 28 %). The share of the investment goed
jndustry increased according to the number
of establishments and numbers of people
employed as & result of a Tow closure quota
and greater internal growth.

The closure quota among branch establish-
ments founded within the Rhine-Ruhr-Region
was little different from that of establish-
ments founded outside the area but whith

the main establishment in the Rhine-Ruhr-
Region.

The number of employed increased by 28.000.
Some 100 branches with 4.750 employees were
founded between 1968-1975 outside the Rhine-
Ruhr-Region by employers within the region.
The structural development indicates gene-
ral unwillingness of the firms and branches
and the increasing negative balance of the
internal employment changes. The result of
locational deficits is more often a closure
than a change of location. Relocation means
that working places are reshuffled only and
that scarcely any new ones are created.
Changes of location are the expression of

a positive valuation of the new site.

The number of new establishments which can
be expected to be spread into the regions
becomes smaller. That impedes regional pro-
motion based on industrial incentives and
mobility. Public aid is welcome towards
extension investments, it diminishes the
investment risk. Yet the share of these ex-
tension investments susceptible ot the mar-
ket is decreasing, whereas the share of
replacement and rationalisation investments
which enable the c¢reation of new jobs are
becoming less and less important.

2.1 LOCATIONAL DECISIONS

Services, contacts and infrastrukture are
not isolated variables of settlement, mo-
bility and internal investment decisions
of the establishment, but are related to
other varijables. For the following variab-
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les, the connection with service demands
was investigated statistically:

a} Branch,

b} Intermnal organization,

¢} Size of the unit (empioyment),

d) Locational adaptation (flexibility)
and

e} Size of the location {inhabitants).

ad a: BRANCH

With different priority connectivity,
skilted workers, large and cheap sites
are most important in all branches. Hays
and costs of transport were of primary
importance for employers of the basic

and production goods industry. In the in-
vestment goods industry skilled workers
were most important, more than connectivi-
ty and large sites. In the consumer in-
dustry ways of transport, skilled labour
and site had equal importance., In the
food and drink industry the sales market
is the most important locational choice
variable.

A large sales area and a high degree of
export business increase the importance
of public and private services, e.g. for
machinery and engineering industries. For
firms in the consvmer industry with
primarily regional markets and little
input of manufactured goods traffic
infrastructure within the area is of more
importance than outside the area. They
need services and contacts above all on
the spot. For firms of the textile and
clothing industry with a high sales ra-
dius and little input of manufactured
goods the interregional traffic network
is of greater importance.

Banking, legal- and tax advice are the
services most needed by the enterprises
that were questioned. The need for advice
increases, in general, with the size of
the Tocation, It decreases, however, with
the increase -{a size of the enterprise in
accordance with the proportion of self-
produced services. In larger enterprises
with very differentiated demand, services
and advice, there is a further increase.
It is, relatively, the lowest in the basic
and production goods industry, and highest
in the investment goods industry,

ad b: INTERNAL QRGANIZATION

In a1l branches, the most impertant func-
tions are management, stock-keeping, marke-
ting, central buying, and endproduction;
these are strongest in the food and drink
industry, and weakest in the basic and
production goods industry. With increase

in size of the enterprise, the service

and trade functions decrease whilst the
production functions become more important
and diversify, just as research and develop-
ment.

Branches and the organization of enterprises
have in general a greater i1nfluence on the
need of infrastructure, services and con-
tacts than size of enterprise and formal
position of the enterprise within the firm
{branch,main,firm). The internal exchange
of goods or services within the enterprise
create relatively autonomous spatial rela-
tionships.

In general, with firms with many units and
branches the local and regioenal demand for
private and public services is less develop-
ed than with firms which have only a
single unit, The regional quality of a
branch for the security of jobs is greater
when the enterprise produces goods which
are further manufactured within the firm
than if it simply enlarges its capacity.
Such enterprises which are not integrated
are more likely to be closed down when
there is a drop in the sales than enter-
prises which manufacture parts for other
enterprises in firm.

The proportion of half- and parts~produc-
tion, as well as processing in the basic
and production goods industry; the propor-
tion of assembling, research and develop-
ment in the jnvestment goods industry;

and the proportion of manufacture for the
final consumption in the consumption-
orientated industrial units are as expec-
ted. The unit functions correspond to the
structure of the enterprise: in one-unit
enterprises the management and trade func-
tions are most important, im branch units
it is the final-, half- and parts-produc-
tion, as well as further processing, and
in main units of multi-unit enterprises,
assemblage, research and development are
most important,



ad ¢: SIZE OF THE UNIT

With increased emterprise size, the propor-
tion of management and trade functiomns de-
crease, and the proportion of product
differentiation, research and developrent
increase,

In general, larger firms need more pubiic
and private services, contacts and specia-
lized consultations because of their broad
activity spectrums. Demands on Tevel of edu-
cation, knowledge and experience of employ-
ees increase the larger the firm. The same
holds good for transport and reloading
facilities and the usefulness of the site,
larger firms in general spend more money

on research and development. They also

make more use of pwblic research promotion.

ad d: LOCATLONAL ADAPTATION

If no internal adaptation is achieved a
locational decision (branch, take over}

is preferred to a change of Tocation
(shift). In principle a slight an tenden-
cial decreasing willingness of the employ-
ers to move can be discerned. Locational
persistence is generally high, it is highest
in the basic and production goods industry.
The behaviour of the employer is more
greatly influenced by the present

locational sitwation than by information on
alternative locations. The more complex the
decision situation, the less probable a
change of location. Environmental protection
costs, shortness of skilled workers, lack of
extension possibilities, high prices of site
speak in favour of locational diyision
(branch establishment) or a change of
location {relocation). On the other hand,
money spent on investment, capital
accumulation, contacts, spatial relations

to banks, economic organizations,
authorities, deliverers, customers, friends,
acquaintances speak against this. Risk
estimation is determined by the estimation
of the economic development. For a branch
establishment the decision situation is

less complex and risky than for a relocation.

Locational alternatives are seldom moved in
depth. If there are bottienecks or if there
is a lack of location it is more likely
that a firm will c¢lose down rather than
change its location. The quota of closures
in the consumer industry is above average,
especially in the leather, textile and
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clothing industry. These branches are
competitivly both structually and especially
susceptible and are dependant on external
services. With the structural shifting of
industrial activity due to the changing
economic division of labour between high
and less developed countries, the share of
industries needing services, tnformations
and contacts, will increase, primarily
offered in metropolitan areas and high
ranking central places,

ad e: SIZE OF THE LOCATION

The relationships between the communications-
and contact-intensity and unitand Tocation-
size, and between service- and advice needs
and unit- and location-size, are not clear.
Telephone calls are, in general, the most
important form of business contact. Personal
visit contact, trips of leading employees,
and information per teleprinter increase with
size of the location and size of the enter-
prise. Contact intensity is lowest in the
consumer industry, and highest in the food
and drink industry.

The 1ocal supply of goods and services in-
creases as population figures rise. A1l the
parishes in the investigation area have
been classified in the centra1-place
hierarchy of the regional development plan
(Fig. 1) because of the real or planned
supply capacity. The supply of goods and
services is a characteristic and an impor-
tant explanation variable of locationally
tied urbanization economies. Further cha-
racteristics are: an extensive labour mar-
ket with employees of varying education

and experience, a concentration of pur-
chasing power and demand, extended and
elaborate infrastructure, konsultation,
maintenance, repair, market research, and
publicity services, organizations to arouse
interest, to collect, to process and to
distribute informations.

Supply weaknesses of the investigated area,

above all in the private economic and ser-

vices supply of the larger central places

correspond

- to a below-average representation of
economic and administrative decision
centres {headquarters of national and
international industrial concerns),

- to a below-average representation of
research and development institutions,



- to the lesser amount of publically
sponsered research and development
projects,

- to lack of research and development
intense activities {e.g. in the pharma-
ceutical and electrotechnical industry),

- to the relatively small intensity of
contacts with other firms (by tele-
phone, by post, personally),

- to the very low share of employees
in contact and information intensive
activities (i.e. in publishing houses,
association, consultation firms, in-
dustrial fairs, data precessing,
communication and reproduction techno-
logy}.

Although in the investigation area an in-
crease of supply and use of services,
contacts and infrastructural establish-
ments in relation to the size and rank

of the central place can be proved (con-
tacts within the firm, visitors, official
Jjourneys) yet this relation is considerab-
1y weaker than might have been expected
considering the population and working
place density on the periphery of the
Rhine-Ruhr-Region.

The weakness of infrastructure facilities
and the scanty staffing with contact and
information intensive activities would
explain the extraordinarily great diffi-
culties of the parishes, to create new
industrial jobs and to secure the existing
ones. The Targely negative location deci-
sfons of the households and enterprises are
not only due to the perceived environmen-
tal burden {including microclimatical
changes) and to the intense land use,
especially in the core areas of the metro-
politan area but above all to the lack of
external economies, of urbanizatign eco-
nomies, The obvicusly negative location
preference: the above average emigration
surplus of the population and the losses
of jobs 1in industry is not only the ba-
lance of individual experiences, percep-
tions, expectations and intentions buyt
also due to the lack of private economic
supply. The public supply of services and
infrastructure is considered as favour-
able by the enterprises; the deficit

of political decision centres is not esti-
mated very high,

According to the requiry the characteris-

“tic location for a newly built 1ndu-

strial establishment is a middle-sized
near a large town. The characteristic lo-
cation for a relocated firm is the peri-
phery of metropolitan areas. This can be
explained by the fact that the further the
distance from the old location in the cen-
ter of the congested area is, the more

the information flow and external economies
decrease. This distance - in accordance
with the attainability of other spatial
connections - is some 25 - 40 km . The
areas of industrial iaflow, however diffee-
entiate more than administrative areas or
the other functional areas of goods supply
or labour markets. The size of the site,
the price and development cost for invest-
ment are reckoned as higher than the inten-
sity of spatial relations or external eco-
nomies by the firms which have moved site.
Their decision to remain in the metropoli-
tan areas is obviousty s¢ much a matter of
fact that only characteristics influencing
the micro-location are mentioned., Even the
result that the proximity of suppliers and
customers plays only a small part in the
choice of location does not contradict the
agglomeration hypothesis, if the decision
for the macro-location is not taken inte
consideration. According to the enquiry
one can deduce that choices are made be-
tween one metropolitan area and another,
and not between one metropolitan area and
a rural area,

Other reasons are more important in the
location decision for a branch. These
establishments are usually so-called
‘prolongued workshops', that 1s smalil,
one-sided firms, dependant both for organi-
zation and for production technology on

the mother firm, without research and

sales department. Such production and
assembly plants are the first to be closed
when demand decreases.

The results of the enquiries show:
1. that single characteristics of
supply do not influence the macro-
location for newly founded firms and
relocations but the concentrated
supply of infrastructure and seryices

together with the supply of qualified

labeour, especially individual and ex-



pert knowledge and long experience at
the job.

The probability of settlement in a me-
tropolitan area and in a more important
central place increases (or settlement
in rural areas decreases)

a., with capital accumulation, since

the settlement risk increases the
higher the investment, yet it decrea-
ses with external economies,

b. with the need for more sophistica-
ted services, since for most of the
firms certain supply levels can only
he attained in the metropolitan areas,
e.g. the traffic supply, although this
spatial variable for location decision
is becoming less important the more
techpical and social infrastrecture

is increased,

¢. with the share of qualified labour,
as only here expert labour reserves

for varying abilities and knowledge
are to be found., Preference for 11-
ving demands rise with the social
status (educational, health, recrea-
tional facilities, etc.),

d. with the amount of international
contact, of foreign visitors and
journeys abroad because of the na-
tional connectivity and a represen-
tative address.

that direct personal contacts are

probably of no great importance.
Reliability and stability of busi-
ness relations would seem more im-
portant than technical and economic
relations, Here innovation percep-
tion and experience play a part to-
gether. Proximity to services is less
important the more seldom it is made
use of and the more specialised the
use is. Solutions to research and con-
sultation problems are sought there,
where suitable partners are presumed.
The probability of settlement in a
metropolitan area and an imporfant
central place rises (or the settlement
in @ rural area sinks)

a. with the complexity of the firm's
organization patterns and production

processes, that is with the amount of

forward and backward retations and the
need of goods, services, knowledge and
contacts,

b, with the number of location and in-
vestment decisions and the size of the

enterprise. Personal variables can be
levelled out and decision processes
rationalised more easily,

¢. with dependence on technical pro-

gress,.on ianovation and cost of re-
search and progress. There is a trans-
fer of technology between the large,
stateowned research establishments and
industry.

3, that the choice of site {micro-loca-
tion}is influenced by its size, costs,
extension possibilities, locatfon ad-
vantages (e.g. connection to water
ways ), living and recreational oppor-
tunities (environmental quality, at-
tractiveness of the city).

3, CONSEQUENCES FOR REGIONAL POLICY

Regional economic policy has been unable
to realjze its aims of diminishing the
regional disparities in job opportunities
and gross national product. Subvention

in rural and structurally weaker areas is
generally more difficult as a result of
the decreasing mobility of private invest-
ment. The total increase in jobs in indu-
stry has become smaller., If one takes into
consideration jobs which have been lost by
the closing down of establishments, re-
gional economic policy will be reduced to
a nonentity with strong preferences for
attractive metropolitan areas. The depen-
dence of the rural areas on the metropoli-
tan areas strengthens the wvnintended demand
of unskilled Tlabour and comparatively badly
equipped firms and jobs mainly for female
workers, In the metropolitan areas, on the
other hand, most of the suppliers, custo-
mers, administrative and development de-
partments of the firms are to be found.
The foundation of research and develop-
ment capacities in rural areas has scarce-
1y been promoted directly. A common deglo-
meration policy in the metropolitan areas
is hardly realisable politically.

There 15 only a weak connaection between
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promotion and investment in spite of the
large amount of public aid received. Most
research comes to the conclusion that the
influence of subsidies on local decisions
is smatl. Even the employment policy of
public spending programmes hardly touches
on the peripheral rural areas.

In order to achieve the regional develop-
meat aims the following factors must be
taken into consideration:

- the rising international competitive
pressure in industry,

- the minimum level of the supply
patterns,

= the rising demands on basic communal
provisions,

- the more conscious perception and
estimation of the environmental qua-
Tity, in particular the residential
environment,

A concentrated expansion of infrastruc-
ture and a wide economic promotion in
rural and less developed areas must be
Timited to medium-size and large-sjze
central places, connected with a net-
work of roads and means of communica-
tion. As research into changes of loca-
tion has showed, site advantages, eco-
nomic and social chances through a wide
activity potential are in genera) pre-
requisits for an employer's location
decision., In the economic and social
system of the Federal Republic the
employer himself has to decide whether
he makes use of these possibilities.

The state contributes in deciding basi-
cally on the general pattern of land use,
infrastructure fnvestment, renewal of
residential areas, and further means of
improvying the urban environment. In or-
der to improve activity conditions of
industry, regional policy must systema-
tically care for existing and for the
supply of goods and services. The quali-
ty of housing and recreation is becoming
more and more important in employers lo-
cation decisions,
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ZUSAMMENFASSUNG

Die mebitititsorientierte Regionalpo-
iitik in der Bundesrepublik Deutschland
ist bisher von der upausgesprochenen An-
nahme ausgegangen, daf ein nach Qualitit
und Quantitdt ausreichendes Potential an
mobilen Industriebetrieben zur Verflgung
steht. Wihrend sich schon in den 60er
Jahren zeigte, daB die in den Férderge-
bieten errichteten Industriebetriebe nicht
die von der Regionalpolitik erwiinschten
Qualitdtsmerkmaie hatten, zeigt sich seit
dem Beginn der 70er Jahre, daB sich die
Zahl der mobilen Industriebetriebe stén-
dig verringert. Deshalb ist es erforder-
lich, sich in starkerem Mape als bisher
mit der Mobilitdtsbereitschaft von Indu-
striebetrieben zu beschiftigen. Im Rahmen
dieser, sich als Pilotstudie verstehenden
Untersuchung, wird aufgrund der bisheri-
gen Ergebnisse von theoretischen und em-
pirischen Arbeiten postuliert, dap die
Mobilitdtsbereitschaft im wesentlichen von
der konjunkturellen Entwicklung und den

am alten Standort bestehenden Standort-
engpissen abhdngig ist. Die empirische
Uberpriifung der zuerst genannten Abhdngig-
keit zeigte besonders die unterschiedliche
Mobilitdtsneigung von verschiedenen In-
dustriegruppen und den beiden Errichtungs-
arten (Betriebsverlagerung und Zweitgbe-
triebsneugriindungen} auf. Demgegeniiber
wirken die Standortengpdsse, der zweite
Mobilititsverursachungskomplex, auf alle
Industriegruppen gleichmiafig. Bisher ist
es jedoch nicht gelungen, die Standorteng-
pdsse im Rahmen eines Regressionsmodells
zu quantifizieren. Die bisherigen Ergeb-
nisse, die auf einem kurzen Beobachtungs-
zeitraum und auf einem kleinen rdumlichen
Stichprobenumfang beruhen, Tegen die Ver-
mutung nahe, daR die Mohilitdtsbereit-
schaft nicht nur in Abhingigkeit von den
oben genannten Verursachungskomplexen be-
trachtet werden muB. Denn der rdumliche
und sektorale Strukturwandel der Industrie
kann auch als ein raum-zeitlicher ProzeB
aufgefaBt werden.

1. REGIOHAL POLICY AND MOBILE PLARTS

_Regional Policy in the Federal Republic of
Germany attempts to advance the economic
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standard of the less developed regions

by improving their industrial structure
and by increasing the number of industri-
al jobs in these areas. As the public and
administrative authorities do not wish to
regulate the regional development process
directly, the main emphasis of Regional
Policy has been upon the improvement of
physical infrastructure and the subsidi-
sation of industrial investment. In order
to increase the number of jobs in the de-
pressed regions there are two alternative
strategies: first, the expansion of al-
ready existing industrial plants and, se-
cond, establishment of new industrial
ptants in depressed areas. The prevailing
opinion 1is that the second strategy is
much more effective, because diversifica-
tion of the industrial structure is rea-
Jized in a shorter period of time. Given
that newly-established plants are few in
number and exhibit and even spatial distri-
bution, Regional Policy is forced to con-
centrate upon transfers of mobile plants.

In order to achieve the maximum policy
effect in the depressed regions, much in-
formation was required concerning the fac-
tors deemed to be important by industria-
1ists in the search- and decision-making
processes. Thus many empirical studies
have been focussed upon the availabhility
of, and demand for, various locational
factors and the scaling of their relative
importance. With this information Regional
Policy was able to improve the location
factors in the depressed regions in order
to make them attractive for industrial lo-
cation. However, because most such stu-
dies only consider the destination region,
jt is assumed {as in traditional location
theory) that the decision to move is made
before the start of the search process for
a new location. Furthermore, there was con-
sidered to be anabundance of mobile in-
dustrial plants which wanted to leave
their present sites in the urban areas, in
order to relocate or to found a branch in
the depressed regions.
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SPATIAL CATEGORIES

5ﬂ23:tg§a1 Assisted Areas Hon-assisted Areas

Establish- Rural AggTomeration RuraT AggTomeration Total

ment rel, rel. rel. rel. rel.

abs. in % abs, in % abs.in % abs, in g abs. in ¥

RUMBER OF PLANTS

New Founded

Plants 639  38.14 151 431 25.9 443 26.6 1664 100.0

Relocated

Plants 449 23,8 231 12.2 498 26.3 712 37.7 1890 100.0

Establish-

ment of

Branch Plant 2 027 48,1 349 1176 27.9 661 15,7 4 213 100.0

Total 3115  40.1 731 2 105 27.1 1 816 23.4 7 767  100.0
NUMBER OF JOBS

how Founded 31 453 32.9 10 023 10.5 18417 19.3 35 74p 37.4 95633 100.1

Relocated Plants 28 065 19.5 17 565 12.3 32 014 22.3 65 711 45.8 143 355  100.0

Establishment

of Branch Plants 146 225 39,8 44 700 12.2 80 889 22.0 96 013 26.1 367 827 100.1

Total 205 743 33.9 72 288 11.9 131 320 21.6 197 464 32.6 606 815 100.0

Table 1: Number of newly-established industrial plants and jobs with regard to their lo-
cation into different areas in the Federal Republic of Germany {excluding Hest-

Berlin) 1955-1971
(Source: WITTENBERG 1978)

The assumptions and the strategy of Re-
gional Policy seemed to be valid until
1871, Despite some anomalies during re-
cession of the economic business cycle,
about 50 % of the newly-established in-
dustrial firms and about 46 % of the new
Jobs were founded in the assisted areas
between 1955 and 1971 (Table 1). However,
with regard to qualitative aspects, Re-
gional Policy did not achieve its aims

of diversifying the industrial structure
and generating self-sustaining economic
development in the depressed regions.
Most of the newly-established plants were
branches of labour-intensive industries
(such as the clothing and leather in-
dustry), employing less than 100 people
with a predominance of female workers.

Furthermore, time has shown that the num-
ber of new plants and new jobs created has
been very sma¥l: indeed, the number of
newly-established plants amounts to an
annual average of just 0,1 ¥ of the total
of existing plants. It is therefore ayvi-
dent that the potential redistributive
effect of newly-established plants was

seriously overestimated by Regional Poli-
cy. A further problem has become impor-
tant from 1971, since when the number of
newly-established plants has been decli-
ning rapidty (Table 2). Data since 1975
suggest that rationalisation programmes
are now more common than simpie transfers
in the industrial relocation process. This
new development calls into question the
emphasis upon industrial movement by Re-
gional Policy.

More information is therefore required
about the mobility potential of industrial
plants. Regional Policy incentives alone
will not influence the location decision
if the industrial decision-maker does not
wish to invest in an assisted area. We
must therefore consider the main issye:
namely, under what circumstances and for
how long will an industrialist adapt to
changes in the internal conditions of his
plant and in the external conditions of
the environment without changing Tocation.
We should consider not only the decision
to move, but also the decision to remain
in the same location.



This paper considers whether it is possi-
ble to estimate the number of mobile
plants. Few theoretical works and empiri-
cal studies have considered the industri-
al decision-making process. S0 there is
little information about the reason to
move in such studies investigating the

relocation process.

2. DETERMINING FACTORS FOR
MOVEMENT

INDUSTRIAL

In addition to the information by empiri-
cal studies (for example FOERTSCH 1973,
FORST/ZTMMERMANN 1973, GAEBE 1977) the
investigation by BADE (1976} has analysed
the problem of industrial mobility from
different aspects, such as investment-,
behavior- and decision-theory. It has
been postulated that there are three fac-
tors influencing the willingness of the
industrial decision-maker to move.
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The first ist the presence of inertia in
industrial decision making. This results
when conditions at an existing plant lo-
cation have been satisfactory for a long
although both the inter-
nai conditions of the firm and the exter-

period of time:

nal conditions of the environment are
changing, the industrialist is either
ignorant of or oblivious to these changes,
If the scale of negative location factors
is very small, the industrialist can ju-
stify the decision to remain at the exist-
ing location by stressing the positive
factors associated with the location.

Thus the industrialist justifies the pre-
sent plant location by ignoring its dis-
advantages. Another reason for industrial
inertia is the fact that the decision to
invest at the existing location is more
simple than an inrvestment decision coupled
with changing location. In bounding the
complex relocation problem, the industri-

Mobile Plants

Hewly En%grprise Total Rg}:E:EEd Branches

Time Estab-

period Tished rel. rel. rel. rel.

plants abs. in § abs. in % abs, in % abs. in %
Number of Flants
1955-1958 983 185 18,8 798 81,2 265 33,2 533 66,8
1959-1961 1 149 120 10,4 1029 89,6 207 20,1 B22 79,9
1962-1963 699 116 16,6 583 83,4 159 27,3 424 72,2
1964-1965 1 662 334 20,1 1329 79,9 391 29,4 938 70,6
1966-1967 863 231 26,8 632 73,2 268 42,4 364 57,6
1968-1969 1 301 327 25,1 974 74,9 285 29,3 689 70,7
1970-1971 1 288 426 33,1 862 66,9 331 38,4 531 61,6
1972-1973 839 251 29,9 588 70,1 276 46,9 312 53,1
1974-1975 453 164 36,2 289 63,8 141 48,8 148 51,2
Number of Jobs

1955-1958 165 908 23 063 13,9 142 845 86,1 40 978 28,7 101 867 71,3
1959-1961 121 723 10 604 8,7 111 119 91,3 20 491 18,4 90 628 81,6
1962-1963 59 153 9 277 15,7 49 876 84,3 11 891 23,8 37 985 76,2
1964-1965 78 652 11 643 14,8 67 005 85,2 20 949 31,3 46 060 68,7
1966-1967 41 254 7 928 19,2 33326 80,8 13339 40,0 19 987 60,0
1968-1969 75 041 16 000 21,3 59 041 78,7 18 254 30,9 40 787 69.1
1970-1871 78 307 21 267 27,2 57 040 72,8 19 498 34,2 37 542 65,8
1972-1973 46 570 11 442 24,6 35 128 75,4 19 769 56,3 15 359 43,7
1974-1975 26 03% B8 175 31,4 17 864 68,6 10 845 60,7 7 019 39,3
Tab. 2: Number of newiy-establisied industrial plants and jobs with re-

gard to kinds of industrial establishment in die Federal Republic
of Germany (with West-Berlin) 1955-1975.

(Source: WITTENBERG 1978, OER BUNDESMINISTER FOR ARBEIT UND
SOZIALORDNURG 1977)
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alist reduces the amount of relevant in-
formation by considering only a small
number of potential locations and essen-
tial prerequisites at the beginning of
the search- and decision-making proces-
ses. A further aspect of the decision to
stay can be illustrated by analysing the
distances moved: Figure 1 suggests that
the industrialist searching for a possi-
ble new location does not wish to break
his connection with the local environment.
This is shown by the different distribu-
tions of relocated and branch plants.
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Fig. 1:
cated and branch plants with re

Republic of Germany 1955-1971
{Source: WITTENBERG 1978)
The industrialist establishing a branch
plant is able to maintain close contact

Frequency distribution of distances involved in
gard to different areas of density in the Federal

gional disincentives. The most important
internal conditions are the manufacture

of a new product, expansion of production,
obsolescence of production facitities,

and wear of machines.

The exact threshold beyond which diffi-
culties at the old location are perceived
to be insurmountable cannot be directly
ascertained, since the importance and
effect of the disadvantages of agglomera-
tion are related to the economic business
cycle, the third factoer influencing the
willingness to move, in a complex way.

type of region (Bousted 1967]

Sladlregion insgesam!

Kernstad| einer Stadlregion
Ergdnzungsgebiel einer Siadiregion — - —
Stadiregion im léndl. Raum ———

with the existing headquarters plant, and
is thus abie to move much further afield
than the industrialist who transfers his
entire production from one location to

another.
The decision to move is precipitated by

a crisis situation within the firm which
must be so strong that the existence of
the firm is threatened. In considering
this second factor of willingness to move
we have to distinguish between external
and internal conditions. Interview sur-
veys of industrfalists suggest that the
external conditions are the disadvantages
of agglomeration, such as changes in
quality and quantity of labour and space,
changes in the market linkages, and re-
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the industrial transfer by relo-

If the economic business cycle is on the
downturn the industrialist tries to avoid
the decision to move and tries to solve
the problem in another way. If the econo-
mic business cycle is going up he tends

to be ﬁore willing to accept the need to
move than would otherwise be the case.

From this short discussion of the three
factors influencing the willingness of
the industrialist to move a plant the

following point should be emphasized: gi-
ven that the first factor {the behaviour
of the industrialist)} does not favourably
influence the decision to migrate, we

need only to consider the second and third

factors. Thus the number of mobile plants
and the spatial distribution of mohiTe
plants with regard to the old location or
the Tocation of a main plant must be a



function of the changing of internal and
external conditions, and of the economic
business cycle.

3, EMPIRICAL RESULTS

Contrary to the above theoretical frame-
work, the mobility rate HR (defined as
percentage of total industrial plants at
time t considered mobile plants between
time periods t and t+l1) was used as the
dependent variable.
cessary to verify thé relationship be~-

It was therefore ne-

tween mobility rate and the changing of
internal and external! conditions of the
plants, and between the mobility rate

and stage of the economic business cycle,
As data relating to plant mobility were
only available on an annual basis for

the period 1964 to 1971 the use of de-
tatled time series analysis was not fea-
sible,
study using correlation-,
cluster- and discriminant
be interpreted with caution.

The results of this preliminary
regression-,
analysis should
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3.1. MOBILITY RATE AND THE ECONOMIC BUSI-

HESS CYCLE

The empirical analysis retating mobility
rate to several variables measuring stage
of the economic business cycle shows that
the best connections {(accounting for about
60 % of total variance) exist between mo-
bitity rate and the annual relative chan-
ges in the "Bruttosozialprodukt™ {Gross
the
striellen Bruttoproduktion fir Investi-

National Product), "Index der indu-

tions- und Verbrauchsgiter", and the rela-
tive changes in the total number of in-
dustrial plants and Jebs. The actual situ-
2 in which the
great differences between the six groups
of industries may be seen. The leather,
textile and clothing industry {group 5}

is very susceptible to fluctuations in

ation is shown in Fig.

the business cycle while the paper and
timber and stone and ceramic industry
{group 1 and 4) respond only slightly to
changes in the cycle. These differences
are explained by the different abilities

INDICATORS OF ECONOMIC BUSINESS CYCLE

Sozialproduki insgesam!
Beilrag des V. G. zum Brutlsinlandiprodukt ===—-
Index der indusirielien Netloproduktion ~ ———

“%achange since
previous year

1=stone, earthenwore, ceromics  2=iron, metal

10+
Peay
AN \
-
|
T T 1 1 T b 1 T
54 65 66 67 as (1] ki n 654 45

3= wood. poper

4= leather, lextiles, clothing 5= chemicals. synthalics, efc.

8=lood & luxury goods
Fig. 2:

Mobility rate of industrial sectors and indicators of economic business cycle in

the Federal Republic of Germany 1964-1971
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Fig. 3: Mobility rate of relocated plants and branches and total change in the number of
industrial establishments for different industrial sectors in the Federal Republic

of Germany 1964-1971
{Source: BADE 1978)

of these industries fo establish branch
ptants. Distinguishing between branches
and relocations in the same analysis, the
total variance explained increases for
relocations to approximately 70 % while
falling to about 50 % for branches. This
effect is also illustrated in Fig. 3 by
the analysis of BADE (1978), using a dif-
ferent classification of industries and
the relative changes in the total aumber
of industrial establishments as an inde-
pendent variable.

Both studies suggest that there are seve-
ral groups of industries, such as the c¢lo-
thing industry, which exhibit a tendency
to establish branch plants. Because of
their production process they are able

to react very quickly to short term econo-
mic change by establishing branches in
boom periods, and closing them when the

economic business cycle is on the downturn.

Given that the branch plants react quick-
ly to changes in the business cycle, it
is to be expected that the relationship
between movement rates and earlier stages
in the economic business cycle will be
looser for branch plants than for reloca-
tions. Similar correlations were therefore
made between mobility rate and the same
variables of the business cycle in the
year before the decision to move. The em-
pirical results were as expected: whereas

the total variance explained declined on-
1y about 10 ¥ to about 60 % for reloca-
tions, in the case of branches it drops
from 50 % to about 30 %.

In a further analysis the variation in
time of mobility rate was investigated at
different spatial scales {e.g. national,
rural and urban scales and special "Ge-
meinden"). The results show the same
trend in the variation of mobility rate
at every spatial scale. The observed de-
viations from the general trend and the
different levels of mobility rate must
therefore be explained by the special
conditions of the different regions, i.e.
the overriding disadvantages of agglome-
ration.

3.2, MOBILITY RATE AND DISADVANTAGES OF
AGGLOMERATION

Given that the above analysis suggests the
economic business cycle influences the mo-
bility rate of each of the industrial
groups in a different way, a comparison
was made between the national scale and
the scale of the “"Verdichtungsriume" (agg-
lomerations). In Fig. 4 the "Verdichtungs-
raum Stuttgart® is compared with the na-
tional scale. It suggests that the dis-
economies of agglomeration affect every
sector or group of industry, It is there-
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ral structure of their industry. This
would seem to suggest that industrial mo-

fore apparent that declining and rising

2070 MR . . cb s :
bitity should be viewed within a dynamic
space-time framework, a factor not consi-
dered in the present analysis.

.5+
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Fig. 4: Mobility rate of industrial groups
at national scale and the scale of

"VYerdichtungsraum Stuttgart™ 1964

to 1971

industries are affected in the same way

by the disadvantages of agglomeration. As
the mobility rate at the "Verdichtungs-
rdume"- scale is higher than at any other
spatial scale it must primarily be explai-
ned by the external conditions of the en-
vironment. Industry in the agglomerations
is not able to substitute for changing of
external conditions by changing the inter-
nal conditions, and therefore the mobili-
ty rate of every industrial group is
higher at the agglomeration scale.

However, the results of cluster- and dis-
criminant
the "Kreise" within Baden-Wirttemberg with
respect to annual mobility rate between
1964 and 1971 (Fig. 5}, suggest that there
are rural regions (such as that south of
Suttgart) which have the same level of
mobility rate as the agglomeration re-
gions (such as Stuttgart or Mannheim).

analysis, designed to classify

Similar results were obtained by analysing
the problem for different groups of in-
dustry. The existence of rural regions
with an equal level of mobility to the
agglomerations can be explained by their
special sitvation with regard to the
existing number of plants and the secto-

Classification of the "Kreis" of
Baden-Wirttemberg with regard to
annual mobjlity rate 1964-1971

Fig. &:

This suggestion is a further result of the
above analysis, because there are different
trends of mobility rate within the groups
one, two and four (group three exhibited
deviations from every general trend).

Group four comprises those spatial units,
whose mobility rate is at the lTowest level
of the three groups and is sensitive to

the variations in the economic business
cycle as discussed above. Group one and

two have, on average, a higher level of mo-
biTity rate and higher deviations than ex-
pected by the changes of the business cycle,
The differences between these two groups

are that the deviations of group one are
during the first three years (1964-1966)

of the observed time period, while group

two has its greatest deyiations in the

years 1969 and 1970. Although the time pe-
riod is very short, it would appear that mo-
bility rate is declining for group one over
time, and it is rising for group two. This
suggests that the structural change of in-
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dustries in the areas of group one is by
and large completed, but is is becoming
important for the areas of group two, Fur-
ther empirical study over a longer time
period is necessary to verify the above
suggestion,

Although the above results are essentijal-
ly descriptive in nature, a number of in-
teresting questions arise which suggest
directions for further empirical research.
The attempt to establish connections be-
tween mobility rate and characteristics
of their location with respect to exter-
nal conditions such as Tabour and space
by multiple regression analysis were not
successful, since they only illustrate
the effect of competition between in-
dustry and the tertiary sector within
labour markets.
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ZUSAMMENFASSURG

Die Ordnungsvorstellungen der Raumplanung
orientieren sich nach wie vor an dem Ziel
der strukturellen Ausgewogenheit der
Teilriume des Bundesgebietes. Neuerdings
wird jedoch diskutiert, ob diese Konzep-
tion erginzt oder gar abgeldst werden
5011 durch den Ansatz der sog. funktions-
raumlichen Arbeitsteilung, welche die
Optimierung der unterschiedlichen Eig-
nung der jeweiligen Teilregionen stirker
in den Mittelpunkt raumordnerischer Ober-
tegungen rlickt.

Die Begrindungen fUr beide Konzeptionen
werden untersucht. Insbesondere wird
auch analysiert, inwieweit Oberefnstim-
mungen oder Gegensitze zwischen beiden
Modellen bestehen, u.a. unter dem Aspekt
der intra- und interregionalen Arbeits-
teilung.

Bei Zielkonflikten wird vergeschlagen,
den Indikatorenkranz flUr "gleichwertige
Lebensbedingungen" auf zentrale Mef-
grépen zu reduzieren und andere Indika-
toren regional zu modifizieren bzw. sub-
stitutiv zu verwenden.

According to the Regicnal Planning Report
(Raumordnungsbericht) 1978 it still is
the principal objective of the Federal
Government's regional planning policy to
attain equal social well-being in all re-
gions of the Federal Republic. This plan-
ning geal is 1aiﬂ down in the Regional
Planning Law (Raumordnungsgesetz) of 1965
as well as in the Federal Regional Plan-
ning Program {Bundesraumordnungsprogramm)
of 1975, and it is also emphasized in

the Recommendations of the Council for
Regional Planning (Beirat fiir Raumord-
nung) of 1976

During the last few years an intensive
discussion has begun whether the concept

1 "Die sozialstaatliche Forderung nach gleichwer-
tigen Lebensbedingungen ist nach wie vor ein
grundlegendes Ziel jeder Raumordnungspolitik. Denn
nicht nur das verfassungsmifig verbiirgte, son-
dern auch politisch unabdingbare MaB von Gerech-
tigkeit, zu dem der Sozialstaat seinen Biirgern
gegentiber verpflichtet ist, verlangt die Erfiil-
lung der Mindeststandards fiir die Bevdlkerung
aller Teilrdume".
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of structural balance or balanced functio-
nal regiuné should be supplemented by an-
other concept which focuses on the opti-
mization of the differential potentiali-
ties of the various regions ard which
accepts resulting additional disparities
{cf. WEYL 1981}).

This new line of argument refers to one
particular passage in the Recommendations
of the Council! for Regional Planning of
1976 where it is postulated as a further
task for regional planning policy "to make
full use of the remaining economic, eco-
Togical, and other chances of all regions
and to develop in an optimal way each re-
gion according to their functionally set
or desired possibilities".

Whether both target functions - i.e. equal
tiying conditions and inter-regional func-
tional division of labour - conflict with
each other or whether the first function

is "only" the corrective of the second is
still a matter of controversial debate.

In the following chapters the two positions
will be analyzed, with particular emphasis
on the main differences and conflicting
views between them.

The regional division of labour approach
is mainly based upon partial models deve-
loped in regional ecomomic theory, but
these cannot be dealt with in any detail
within the framework of this paper. In
their basic assumptions these explanatory
models consist of a combination of areal
and sectoral structures (for further de-
tails cf. HAMPE 1981).

Within the economic division of Tlabour
and specialization those Tocations are
chosen which offer an optimal utilization
of comparative cost benefits for specia-
Tized production due to the presence of
natural {e.g. mineral resources) and man-
made resources (e.g. capital equipment).
1f there is a demand for those produced
goods and services from cutside the re-
spective areas, inter-regional exchange
relations will develop. The regional
division of labour is also conceived as
resulting from the general economic or
social division of labour (a view simi-
lar to HAMPE's is held by BRUSSE 1977,

p. 100}.
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The concept of "funktionsriumliche Ar-
beitsteilung" {division of labour between
functiona?! regions) used in regional plan-
ning policy is primarily substantiated by
ongoing sectoral structural changes, na-
tional economic and demographic conditions
and the international competitive situa-
tion (cf. e.g. SATTLER 1980a, 1980b). I.e.
sectoral structural changes lead to an in-
crease in the differences between the lo-
cational qualities of the regions of the
Federal Territory and agglomerations be-
come more and more important as locations
for growth- or innovation-orientated in-
dustries. Because of the slackening growth
of the natiocnal economy and the division
of labour within the world economy the
structurally weak rural areas have by

now Tost all attraction as locations for
Tabour-intensive branches of internatio-
nally operating big firms. Wage-intensive
phases of production are increasingly
moved to Third World countries (cf. also
BODENSCHATZ/HARLANDER 1974). Considering
the lack of funds it must be an urgent
goal for regional planning policy fo safe-
guard those industries which are competi-
tive on the world market and viable. This
finds expression in a "concerted policy

of providing locations™ {gezielte Stand-
ortvorsorgepolitik) for existing firms
especially in agglomerations.

Apart from the economic justification of
the concept of regional division of la-
bour there is one which questions the le-
gitimation of balanced functional regions
resp. the concept of minimum standards
{cf. WEYL 1979 and 1980, HOBLER et al.
1980).

HOBLER et al. (1980, p. 31ff.) maintain
that the objective "attainment of equal
1iving conditions" cannot - as it is fre-
quently done - be derived from the passa-
ge "guarantee of the uniformity of living
conditions" (Basic Law Art. 72, Para. 2,
Mo. 3). Even the "welfare state principle"
(Basic Law Art. 20, Para. 1) is - accord-
ing to the same authors - inappropriate
for substantiating this objective. "The
‘performance state' (Leistungsstaat) is
obliged to create better Tiving conditions
only as far as it is possible in consider~
ation of its remaining tasks" (op. cit.,
p. 43}.

HEYL's argument is similar to that of the
group around HOBLER., He extends the mea-
ning of the term "equivalent living condi-
tions", now designating the whole spec-
trum of chances for the free development
of personality. But while for WEYL the aim
of removing disparities is directed to-
wards the immobite sections of the popula-
tion staying in their home regions, the
medern industrial and ‘'service' society

is characterized by a high degree of spa-
tial and social mobility. A mobile citi-
zen, however, can take advantage of the
chance for self-realization anywhere in
the Federal Republic (WEYL 1980, p. 818).

It is well-known and therefore calls for
no further explanation that theoretical
approaches developed in the field of re-
gional economy can be used for explai-
ning spatial processes of differentia-
tion / processes of spatial differentia-
tion (cf. e.g. BUTTLER/GERLACH/LIEPHMANN
1977 or SCHATZL 1978).

But viewing the problem for the opposite
side T doubt whether an insufficient le-
gitimation through the Basic Law is
reason enough to caltl the objective of
removing disparities into question. We
can agree with DAVID (1981) who declares
that regional planning policy should be
defined by the Tegal and constitutional
system only to a very limited extent,
but we may just as well ask whether the
request for balanced functional regions
needs a lTegitimation through the Basic
Law at all. Normative guide-Tlines, Tike
e.g. regional minimum standards, at best
presuppose a consensus within a society
which regards itself as a solidarity.
Therefore it seems that the dispute in
favour of or against the request for ba-
lanced functional regions cannot be
settled by reference to the Basic Law.

WEYL's opinion that the request for a re-
moval of regional disparities is direc-
ted towards a "pre-industrial®™ or “immo-
bile" type of person and supports the
leveling of regional diversity, in my
view neglects that a suybstantial popula-
tion group especially in structurally
weak areas is dependent upon their home
regions because of age or lack of pro-
fessional qualification.



Within migration research it is an estab-
lished fact that age, Tevel of eduction
and position in the family cycle consti-
tute the most important situational va-
riables for decisions to migrate. This
means that with decreasing degree of
training and advancing age it becomes
more difficult to start a career outside
the previous profession and normally al-
so outside the home region, and therefore
people rather prefer to stay in their na-
tive place. In addition to this MIETH
(1978, p. 216f.} has pointed out that in
Germany readiness for reqional mobility
has been declining for a long time and
that income differentials induce less and
less decisions to migrate, since seconda-
ry factors 1ike being tied to small so-
cial sub-systems or Tow housing costs in
the countryside have gained in importance,
Therefore in contrast to WEYL's assumption
mobility especially in the advanced indus-
trial and service society is decreasing
with growing selectivity of migrating
groups. This probably explains why the
programs of the Federal Labour Office have
failed, which tried to increase regional
and professional mobility by means of re-
moval allowances in order to create a ba-
lance between the labour markets. Once
again, it was those people with the
lowest qualifications who benefited the
least. Regional planning policy must take
note of this situation, if a one-sided
commitment to the group of the highly mo-
bile persons i1s to be avoided.

In the discussion about the equivalence of
1iving conditions or the inter-regional
division of labowr another two complexes
of problems are of considerable importan-
ce: Firstly, the definition of the objec-
tive of inter-regional functional divi-
sion of labour, and secondly, the problem
of cheosing indicators or establishing
minimum standards which are to mark a
reasonable Tow level of regional living
standards in the Federal Republic.

For THOSS, one of the leading advocates
of the concept of balanced functional re-
gions resp. regional minimum standards,
there is no contradiction between balan-
ced functional regions and the regional
division of labour approach, since a
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region without preferential areas cannot
be a batanced functional region (1980,

p. 180). In his opinion only preferential
areas or locations fer natural parks, har-
bours or traffic routes establish a balan-
ced functional region. The spatial demand
in connection with the location of such
preferential functions could be met with-
in the respective functional region with-
out any problems.

1f we compare THOSS' short definition of

a balanced functional region {op. cit.,

p. 179) with the original version of the
concept, it becomes obvious that he igno-
res the aspect of intra-regional division
of labour. A functional region namely is
established above all through the fact
that "potenttality-dependent regional di-
vision of Tabour only enables the balance
of a functional region". "Signs of urbani-
ty, economic strength and infrastructure"
in the poorly developed centres of struc-
turally weak regions of the Federal Terri-
tory should therefore be supported {cf.
also MARX 1975, p. 7ff.). It follows that
intra-regional division of labour is a
prerequisite for a balanced functional re-
gion, i.e. quasi-ubiguitous functions should
be established, if possible, in all func-
tional regions.

The so-called "region concept™ (Regionen-
konzept) does not concern functions whose
range is beyond the own region, But on
this very aspect focuses the concept of
inter-regional functional division of la-
bour. 0f course, it is true that the loca-
tions or areas of supra-regional functions
(e.g. sea- and airports, fairs, research
institutions, banks and insurance companies,
etc.} "can easily be accommodated within
the various balanced functional regions"
(THOSS, op. c¢it., p. 1B0}. But this does
not reveal anything about the importance,
range or eventual further support of those
functions.

The analysis of inter-regional division of
labour contains one trivial and one dis-
cussible aspect.

It is trivial that ports are situated in
coastal regions or that winter holiday re-
sorts are hardly to be found in the low-
Tand of northern Germany. But this argument
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of triviality - quite popular with the
critics of the regional concept - does
not grasp the subject matter under dis-
cussion.

There is no point in describing obvious
distributions of tocations. Crucial is
the contribution of a preferential func-
tion to the efficiency of multi-functio-
nal key areas of the Federal Territory.
For the time being we shall leave aside
the special case of large ecologically
valuable preferential areas.

An airport, for example, not only increa-
ses the demand for regional inputs, but
also improves the factor combination of
its locational area because of the "air
traffic sensitivity" of service and'pro-
ducing industries. The Untermain/Frank-
furt Regfon depends on fast connections
with world air traffic because of the
dominance of the tertiary sector (banks,
communications, insurance companies,
lobbies, etc.) and because of its in-
dustrial structure (chemistry, electri-
cal industry, engineering industry, Tight
engineering and optical industry}, Ta-
king into account the multiplication ef-
fect, Frankfurt Airport had an estimated
share of 15 percent in the gross domestic
product of Hesse in 1977 (cf. TAUBMARN
1981}).

It is by no means trivial to work out
what kind of consequences an insufficient
capacity of the airport or, for instance,
a shift of partial functions to Munich
could have for the whole region or what
kind of locational preservation policy
(Standortsicherungspo]itik) should be
pursued. The concept of balanced functio-
nal regions says nothing about these pro-
blems.

In my view the inter-regional functional
division of labour approach is complemen-
tary to the concept of balanced functio-
nal regions. As far as the spatial demand
of supra-regional functions is concerned
there can be no clash with the basic
ideas of the concept of balanced functio-
nal regions, since the locations must be
conceived as polnts and not as areas re-
garding the viewing scale to be chosen.
Their spatial demand can therefore be
ignored.

An important exception are large ecologi-
cally valuable preferential areas which

aim at an - even one-sided - exchange with
other regions (e.g. water supply in large
water protection areas). However, it re-
ma3ins an open question how an exchange be-
tween ecologial "compensatory areas" (Aus-
gleichsrdume) and egological "stress areas”
(Lastrdume} can be accomplished (cf. FINKE
1981).

It is evident that without any case stu-
dies or model computations no exact propo-
sitions can be advanced, only some general
ideas. Thus it should be argued whether
regional specializations resp. clusterings
of functions are to bring about regionally
modified minimum standards or whether it
is appropriate at all to determine minimum
standards for all spheres of life.

Those social indicators suggested by the
Council for Regional Planning in 1976

which describe the real Tiving conditions
by means of measurable criteria resp. which
are meant to serve as a yardstick for the
allocation of financial means and finally
as a measure of success are still accepted
without reservation. Recently THOSS (1981}
has pointed out that the observance of uni-
form minimum standards for all regions of
the Federal Territory is a pre-condition
for balanced functional regions and that

a4 substitution of indicators should not be
permitted. For this reason it may be worth-
while to analyze the set of indicators sug-
gested by the Council at least in some
detail.

Certainly the minimum standards of the
Council are a step forward compared with
the indicators given in the Federal Regio-
nal Planning Program, especially becausa
they also try to evaluate the non-economic
spheres of life. Still there remain those
points of criticism which refer to the
significance of the indicators in the

sense of their representativeness for those
spheres of life to be measured or even to
the normative set points and their substan-
tiation.

Some indicators seem to be dispensable, be-
cause they contain hardly any information
about the quality of life in the regions.
For example, the indicator which stipulates
that the length of motorways - relatiye



to the population size of a region -

should not fall below a certain value
is inappropriate for determining the

quality of life.

Other indicators must probably be modi-
fied regionally, because they conflict
with the concept of regional specializa-
tion or the inter-regional functional divi-
sion of labour. To give an example, spe-
cialization coefficients are formed on the
basis of the number of employees in the
10 sectors of the economy, and the values
of these coefficients are to remain below
a certain level. Another indicator gives
certain percentages for the employees in
the various sectors of the economy {agri-
culture and forestry, power-producing in-
dustry, mining industry, etc.) relative
to the total number of employed persons.
These percentages should not be exceeded
in order to avoid mono-structured regions
or, because a Topsided economic structure
affects the economic stability and the
free choice of an occupation. These and
other indicators quite definitely inter-
fere with the sectoral specialization of
certain regions. Consequently, modifica-
tions or substitutions must be admitted
already on the level of the minimum stan-
dards.

The same applies to the indicator "num-
ber of foreign workers and their family

." which should not exceed 12 p.c. in
the districts {Kreis). Apart from the
fact that there are urban districts show-
ing higher values, "the present concentra-
tion of foreign workers in the big cities
arises from a genuine demand" {MIETH, op.
c¢it., p. 217). Even in the case of a
decline in economic activity it is likely
that industrial branches in agglomerations
with a high percentage of Towly rated jobs
will be dependent on foreign workers to
a high degree. This particular job situa-
tion must be taken as an argument for re-
gionally differentiated indicators.

Some other indicators are too vaque in
their denotations. The seemingly simple
indicator 'employment deficit', measured
as the rate of unemployed persons relative
to the numer of employees on the first

of September or the first of January, is
problematical in many ways {cf. e.g. DEI-

TERS 1980, p. 57-5%8): 1. It does not grasp
"hidden" unemployment, 2. it includes no
information about employees who have left
the region after an unsuccessful search
for a job, and 3. it does not embrace pro-
blem groups among the jobless, like e.g.
young persons and women in structurally
weak rural areas or old unemployed persons
and those with "wrong qualifications"” in
the agglomerations.

Criticism of the indicator approach must
not result in abandoning the use of indi-
cators altogether. Rather regionally non-
variable and substitutable minimum stan-
dards should be limited to a data set
which is indisputable under normative as-
pects of requirements. This particulartly
applfes to the material and manpower in-
frastructure and to institutions in the
field of education, culture and health.

On the other hand, there is quite a range
of indicators which can be regionally mo-
dified and substituted. It is true that
the indicators 'income' or 'economic
strength’ which are only weakly developed
in rural areas are confronted with distinct-
ty more favourable values for non-utili-
zed space, recreation, housing supply, etc.
Especially with regard to the "equivalen-
ce of living conditions in the various re-
gions" it is quite important to decide
which indicators should be used in a sub-
stitutive or complementary way.

The cardinal problem of structurally weak
areas cannot be solved by the provision of
public infrastructure, namely providing a
sufficient number of jobs, whose level of
qualification would have to be higher than
that of the existing jobs. Even the Regio-
nal Planning Report of 1978 must admit:
"In the structurally weak and thinly popu-
lated areas the increase in the number of
jouth entering into working-1ife is extre-
mely big, whereas the job losses there

are also extremely high". As already men-
tioned above, the peripheral rural areas
can hardly expect any additional industri-
al jobs in the future. I doubt it very
much that this problem can be solved by
changing the methods and tools used in
regional planning policy. This also applies
to the proposal which favours a restric-
tion of the funds for industrial promo-
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tion to growth industries and a few cen-
tral places (appr. 30, instead of the pre-
vious 300} in order to attract firms to
certain areas and to achieve within a
fairly short period a seif-reinforcing
growth (cf. HUSCH 1979) as well as to the
concept of the urbanization of rural re-
gions which is similar in principle. There
is a bossibi]ity that inter-regional dis-
parities could be reduced thereby, but on
the other hand this policy will certainly
aggravate regional disparities.

Of some interest {s the proposal by GANSER
{1977) to shift within a Tong-term develop-
ment strategy those institutions with sup-
ra-regional functions to peripheral struc-
turally weak areas, thereby utilizing the
advantages of the regional division of
labour for peripheral rural regions. This
strategy implies above all the creation of
less capital-intensive jobs in administra-
tion, management, research and development,
the tecation of private services (whole-
sale trade, business consuTlting firms, plan-
ning, etc.}, and the enlargement of insti-
tutions of higher education and of govern-
ment boards. As such defined jobs are pre-
dominantly found within the Public Service,
even this proposal is hardiy realizable 1in
view of the financial situation of the
state budgets,

Apart from the securing of infrastructural
minimem standards it will probably become
necessary to make financial transfers to
those areas which are no longer attractive
as locational areas for jobs in the secon-
dary or even tertiary sector (cf. SATTLER,
op. ¢it., p. 175). However, such transfer-
able incomes can only be produced by the
productive agglomerations, if these remain
internationally competitive.
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ZUSAMMENFASSUNG

Das Gegensatzpaar "weak data” und "hard
data" bezieht sich in diesem Bericht auf
planungsrelevante, rdumliche Informationen,
die in Stadtgebieten gewonnen werden,

0b dabei Daten als "weak" oder “hard" zu
verstehen sind, entscheidet sich auf zwei
unterschiedlichen Epenen:

- Art der Datengewinnung
"hard data" als Ergebnis von standardi-
sierten Erhebungsmethoden, die zeitlich
entweder in kurzen Abstidnden anfallen
{z.B. Daten aus dem Einwohnermeldewesen})
oder unregelmdBig bzw. mit griferem zeit-
Tichen Abstand gewonnen werden, dann
aber durch den Umfang des erhobenen Ma-
terials herausragen {(z.B. Volkszdhlun-
gen). Die Erhebung dieser Daten st zu-
meist gesetzlich geregelt,

"weak data™ als Ergebnis von Sonderer-

hebungen.

Sie werden zu aktuellen Fragen durchge-
fiihrt, beziehen sich teilweise nur auf

bestimmte Stadtgebiete oder sind zumin-
dest nicht landesweit koordiniert.

- Typ der Information
"hard data" sind danach Informationen,
die mit objektiven Mapstiben gewonnen
werden (z.B. Alter einer Person, Ein-
kommen eines Haushalts, Uberwiegende
Nutzung einer Fldche, Zustand eines Ge-
baudes).

"weak data" beinhalten Einstellungen,
Motive,Winsche von Personen,

Hinsichtlich der kartographischen Infor-
mationsdarstellung werden zwei Projekte
besprochen, die wegen des Umfangs des Er-
hebungsmaterials oder wegen der Komplexi-
tit der Untersuchung den Einsatz der auto-
matischen Datenverarbeitung erfordern.
Damit ergeben sich folgende Fragen:
- Yorteile/Nachteile der computer-unter-
stitzten Kartenerstellung

= AnschluB der automatisierten Kartener-
stellung an die Aufbereitungs- und Ana-
lyseverfahren

- EinfluB der Analysemethoden avf das Kar-
tenbild

- derzeitijge Moglichkeiten der Kartenge-
staltung mit automatisierten Yerfahren.
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Die gezeigten thematischen Karten entstan-
den im Zusammenhang mit den Projekten
“Sozialplanbefragung in Berliner Sanierungs-
gebieten" und "Funktionale Abgrenzung der
Karlsruher Innenstadt"”.

INTRODUCTION

Computer cartography - in the following,
mainly thematical computer cartography is
addressed - has increasingly opened up new
application areas for jtself over the past
years (ref. Laboratory for Computer Gra-
phics and Spatial Analysis {11] ). This pro-
cess has captured less the traditionally
non-cartographical areasl), but it has
rather been the case that step by step,
manual procedures have been replaced by
automated ones. Step by step in as far as
equipment and programs become availablie
and efficient, step by step also in as far
as skilled personnel can be employed. The
DP revolution in cartography has not taken
place and will probably not do so (see Arn-
berger(1]}. At least this applies to the
graphical means of representation used.It
can rather be observed how the development
of cartography programs orientates itself
on previous traditional standards and
strives to attain their qualities,

The phase of printer cartography was there-
fore not a new beginning, but rather a step
towards automation which was accompanied

by loss of quality. Even if printer carto-
graphy is now obsolete, its principles and
programming techniques - as demonstrated by
the example of the ink-jet plotter from Lund-
have not Tost in topicality. There is a
widespread belief that the matrix principle
as opposed to the vector principle is

going to be the method of the future. In the
following, a few aspects are to be highlight-
ed that deal with the relation between type
of data respectively type of data acquisi-
tion and automated cartographical represen-
tation. This point is of significance, be-
cause thematical computer cartography can

be effective only in those cases where

DP analyses and cartography can be combined.
This contribution therefore deals with
aspects of the interfaces between DP analy-
sis and cartography.
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SOFT AND HARD OATA, DEFINITION

The contrasting set of 'soft data' and
"hard data' relates %o spatial and ptan-
ning information which is acquired in
municipal areas. Whether in this connec-
tion data are to be understood as ‘soft'
or 'hard', is determined on two different
levels:
- lype of Data Acquisition
'hard data' as a result of standardised
survey methods which arise either at
short time intervals {e.g. data from
the field of residents' registration)
or are collected at larger time inter-
vals, but would then stand out by the
volume of the acquired material (e.g.
population census). The gathering of
this data is in most cases legally re-
gularized.
'soft data' as a result of special sur-
veys. They are carried out on topical
questions and in part are related only
to selected municipal areas. Usually
they are not co-ordinated nationwide.

- Type of Information
‘hard data' is thereby information
gathered on the basis of objective cri-
teria (e.g.age of a person, income of a
household, predominant utilisation of
an area, condition of a building).
'soft data' comprise attitudes, moti-
ves, Wishes of persons.

Regarding the cartographical represen-

tation of information, two surveys are

discussed which require the use of auto-

matic data processing because of their

sheer volume or because of the compiexi-

ty of the survey. The following questions

will thus arise:

- advantages/disadvantages of computer=
assisted map production

- linking of automated map production to
the editing and analysing process

- influence of the analysis methods on
the cartographic representation

- present possibilities of map represen-
tation with automated procedures,

The thematic maps presented were created
in connection with the two projects
‘Social Plan Survey within the Redevelop-
ment Areas of Berlin' and 'Functional
Boundaries of the City of Karlsruhe'.

INFLUENCE OF THE DATA SURYEY ON CARTO~
GRAPHICAL PROGRAMMING SYSTEMS

In the previous section, a distinction was
made between soft and hard data depending
on the type of their acquisition, the data
survay. The question arises now whether

in fact any influence {s exerted by the
data survey on the computer programmes

for cartographical representation. In my
opinion, the nature of the data survey

is of considerable significance for the
cartographical representation. In the case
of hard data surveys, the cartographical
programmes must fit smoothly into the to-
tal concept of data collection, data
storage, data retrieval, data analysis,
and data representation. With the carto-
graphy programs, this becomes noticeabte
in rather pronounced standardising re-
strictions, e.g. the placement of headers
may be confined or the structure and place-
ment of the legend may be pre-determined.

This would indicate then - teo stay with
the example - that headers and legends
serve merely as internal information, that
is to rule out possible errors, and that
the maps must subsequently be manually re-
touched for later printing by a cartogra-
pher.,

There is possibly one further deciding fac-
tor for standardisation: on integration of
cartography into an information system for
spatial observation (in Berlin, this system
is called structure and planning data base
£19]), it must be ensured also that the user
can obtain adequately expressive carto-
graphical representations despite little
previous cartographical knowledge. Tn that
case the maps fulfill the function of wor-
king maps, As a rule, they are single=layer
maps, the spatial units are fixed, or there
are only few different spatial levels of
aggregation. Multi-layer effects are ob-
tained by multi-coTour overprinting,

This coincides with the observation that

at statistical offices plotters are in
general no precision instruments; whereas
for example the land registry offices

of a town already have precision drafting
equipment at their disposal, the statistical
office which is charged with the task of
spatial observation, merely possesses a



fast drum plotter,

We can therefore observe that the standar-
djzing restrictions imposed on carto-
graphical representations of hard data
surveys are stipulated on the one hand by
the integration of computer cartography
into infermation systems for spatial ob-
servation, and on the other by the 1in-
sufficient cartographical knowledge of

the user of the information systems.

For the soft data survey as mentioned ear-
lier, e.g. special surveys and inofficial
surveys, the circumstances are slightly
different. Here, data analysis and graphi-
cal representation are as a rule not so
closely interlinked. Frequently, computer
cartography is even carried out separate-
1y in time and organisation. The maps ob-
tain thus a more individual appearance.
Though 1in most cases a disadvantage is
that a feedback of a working map, and the
spatial structures or processes it dis-
plays, to another new data analysis only
can be effected with considerable effort.

As a consequence of these considerations,

two points ought to be emphasised:

- a good cartography system on the one
hand must be integrable into a spatial
information system, but should, on the
other hand, be usuable as an indepen-
dent unit, too.

- the users should possess an elementary
cartographical knowledge beside the
ability to cope with regjonal statisti-
cal evaluation processes.

SOFT RESPECTIVELY HARD INFORMATION

As the influence of the data survey on
the possibilities of cartographical re-
presentation has already been discussed,
the question to be asked now is: what
importance does the type of information

have for the thematic map?

Whereas hard information can be objecti-
fied, e.g. contains intersubjectively
verifiable details, soft information in
particular concerns attitudes aand moti-
ves of persons,

Official statistics contain as yet al-
most exclusively hard information (an
exception are election statistics).

Time~dependent changes of hard, person-re-
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jated data are more likely to be caused by
Tong-term trends, whereas short-term varia-
tions are more fmportant for soft data.

Hard data is measured on the nominal {e.g.
sex), ordinal (e.a. education), and metric
(e.g.age) level. For soft data, the metric
level is reached at best via a scale de-
rived by multivariate statistics {(e.g.
scalogram analysis). For soft data, one

is interested, 1n the main, in small-scale
representations. Whereas the natural popu-
Tation development for example still can
be estimated fairly well even on a regio-
nal basis from hard data, one fs trying to
explain the migration changes, which are
important for municipal areas, by means of
motivation research.

Soft information is gaining an ever increa-
sing importance in the social sciences and
in the economic sciences, too. The demand
for small-scale representations is also on
the increase, As the tasks are carried out
with OP assistance in the majority of cases,
we have here the ideal conditions for the
use of computer cartography. Mainly re-
quired are representations of circles di-
vided into sectors and representations

with in part 30 and more easily distin-
guishable symbols {the need arises there-
fore for an automatic symbol generator).

TYPICAL CARTOGRAPHICAL TASKS OF TOWN AND
REGIONAL PLANNING AND SUGGESTIONS FOR
THEIR AUTOMATED SOLUTION

Typical cartographical tasks from the
field of town and regional planning will
be presented in this section and sugges-

tions will be made regarding their auto-
mated solution, This is in fact an excerpt
from the "Extended Requisition Catalogue
of Plotting Programs' of the Statistisches
Landesamt Berlin [18,5. The individual
tasks have to be considered as cartographi-
cal elements. By varying the combination
of these elements, planning maps are ob-
tained which differ by their method of
representation used and their content.

The part of the catalogue of interest

here differentiates between topographical
bases, cartograms as representation of a
pumerical value or several numerical
values per reference unit.
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1. Tfopographical Basis

1.1 Block lay-out with [:][::]l:]
—1

street interspace {net
blocks) -~ blocks defined as
closed polygons or processed
using segments.

1.2 Same as 1.1, but
with block aumbers

+ block numbers have been

entered as polygon names, which are
placed at the ‘'optical midpoint'. The
polygon name may be an arbitrary text
(see map 2}.

1.3 Lay-out for stati-

stical areas, districts,

traffic units - statisti-

cal areas, etc., defined as

closed polygons, Alterna-

tive: segments defined as open polygons,
attributes allocated to the segments
identify area affiliation and 1ine type,.
Automatic concatenation of segments to
closed polygons,

1.4 Same as 1.2, but
with numbers respec-
tively names of re-
ference areas -
solution as 1.2

1.5 Labelling of main

roads and similar within I I i
Mainsireel

block lay-out -

Tabelling with symbol~

directive, possibly with

blanking optien

1.6 Yariable boundary

lines within hierarchi- ’A
cally structured lay-out,

e.g, for statistical areas

and districts = boundary lines are entered
as segments, attributes allocated to seg-
ments define hierarchical position of the
boundary and thus its graphical realisa-
tion.

1.7 Aggregation of networks -+ aggregation
and selection can be realised in case of
networks provided the network has been
defined by segments.

1.8 Partitioning of tay-out
by means of straight lines
= this function is described
as windowing or scissoring.

1.9 Precise drafting of map content on to
topographical basis » drafting of register
marks. Additionally, precise fit is a
demand made on the hardware and material
used.

1.10 Grid square lay-out

with different mesh den- Eﬁﬁ
sities » network construc-
tion with LINE directive.

2, Cartograms

2.1 Circles of proportional OOO

values + CIRC directive,

2.2 Smaller circles over-

lapping larger ones c(:X::)

» hidden Tine algorithm.

2.3 Shading of circles with

different hatchings - %
hatchings are defined by a

hatching parameter,which {s processed by
the CIRC directive.

2.4 Overlapping circles

with halo effect ~ border O%%
width of halo effect de-

fined by HALO directive

2,5 Squares of proportional
value = gwn directive, The [l [:]
directive should be so pre-

pared, that further symmetri-

cal symbols are obtainable.

2.6 Bar-diagrams of proportional ll .
length-value + see 2.5,

2,7 Overlapping squares

+ the hidden line algorithm

handles all definable,

graphical elements, e,g,

reqular geometric symbols

{circles, squares), circles divided
into sectors, any closed polygen (areas),
arrow symbols, any open polygon (lines).

2.8 Shading of squares with
different hatchings >the |
algorithm for hatching rela-

tes to all areal graphical elements, e.g.
circles, squares, sectors, arrows, any

ctosed polygon.
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2.9 Shading of bars with 3.3 Subdivided bars with
hatchings + same as 2.8, JME; hatchings + HIST direc-

2,10 Leaving of blank spaces tive.
within hatched areas for .B 3.4 Proportional half circ-
key-numbers and names -+ when éZ% les facing each other
writing text or numbers, blanking + 'gateaux' of any chosen
rectangles are automatically created. tnitial angle, each one
The hidden Tine algorithm handles the with up to 10 sectors.
blanking. 3.5 Same as 3.4 with subdi-

2.11 Leaving blank spaces vision into sectors with
within lay-out borders different hatchings -+
for overlapping symbols same as 3.4.

+ same as Z.7. 3.6 Nested squares with the

2.12 Shading of polygons with same lower left-hand corner
up to seven hatchings of point + The definition is
gradated darkness -+ same facilitated with the aid of __]
as 2.8. a special directive in the
Yariation of distance and angle of fashion of the CIRC-directive.

hatching parallels, cross hatching, 3.7 Bar diagrams on a topo-

break-down of hatching parallels into graphical basis ~ HIST
regular dash or dot sequences, displace-
ment of dashed lines, instead of dots

plotting of 'meadow' and 'forest' symbols,

directive.

Further desirable results of computer car-
tography systems could be:

2.13 Shading of grid squares
with up to seven hatchings
of gradated darkness
+ same as 2.12.

- 3-d representation of spatial distribu-
tion [12]

- representations using isolines [ﬁ]

2.14 Referencing of grid square
lay-out with values or doub-
le values + symbol-or num- e - representations on the basis of block-

- continuous varying area-hatchings [3)

ber directive, Yalues can B edges

also be defined as names of - transportnets [5]

grid squares.
- automated color separation [9)
2.15 Arrow-cartograms on top

of polygons: directed LINKAGE OF DP ANALYSIS WITH COMPUTER

arrows of variable width ASSISTED REPRESENTATION
+ arrows are defined by '

initial and final points
as well as by arrow width and hatching
parameter.

According to the current situation, there

are - separate from one another - efficient

statistical analysis packages [7,15] and

advanced cartography packages [1,11] .

Occasionally, the statistical packages

3.1 Proportional circles divi- allow for rudimentary graphical represen-
ded into sectors = CIRC CEE) Cé%?;) tation on a high-speed printer, e.g. histo-

grams and scattergrams. Equally, some of

3, Cartodiagrams

directive with up to 10
sectors, the cartography systems permit simple sta-
tistical calculations. Linking of such pack-

3.2 Same as 3.1, but with )
ages is necessary to obtain an efficient

variable hatchings -~ each
individual sector is de-
fined by its initial angle
and the hatching parameter.

process from the initial data survey to the
graphical finishing.




Point of departure for statistical packages
are the attributes gathered from the in-
quiry objects (e.g. inquiry objects = house-
holds; attributes = age of head of house-
hold, number of household members). With
the aid of logical and arithmetic opera-
tions, new attributes {variables) can be
obtained (data manipulation}, correlations
between attributes can be calculated, and
the deviance of the individual inquiry ob-
ject to the general context can be defined
(correlation and regression analysis) or
factors can be extracted and the factor-
scores for the individual inquiry object
can be stated (factor analysis). A large
range of multivariate methods is available.

These examples intend to point out that
statistical packages make on the one hand
statements about the overall inquiry (e.g.
in the form of correlation coefficients)
and provide on the other hand new variables
(residues, factorscores, etc.) for the in-
dividual inquiry objects.

In addition, new inquiry objects of a high-
er level can be defined by means of aggre-
gation of inquiry objects (e.g. transition
from inquiry level 'household' to inquiry
tevel 'block’ by aggregation of all house-
holds of a given block). If a spatial lo-
cation is attached to the inquiry objects
of an aggregation level, it suggests itself
to cartographically represent the starting
variables, the aggregated or the derived
vartables. To this end, the desired varia-
bles are written to a scratch file by the
statistical package, the necessary spatial-
geometric information is added (merging)
and the cartography program then drafts the
map. The linkage consists therefore of: out-
put of spatial information by the statis-
tical system, allocation of geometric in-
formation (merging function of an auxiliary
program), processing for input to a carto-
graphy program,

POSSIBILITIES AND PROBLEMS OF LINKAGE

Initially, some types of maps will be ex-
plained which can be the end-result of the
linkage described in the last section. Sub-
sequently, details are pointed out that can
timit the effectiveness of such a Tinkage

respectively can require further develgpment
of computer cartography programs, parti-
cularly in the direction of interactivenass.

Types of Map

1 Diagrammatical Map with Uniform Symbols
(e.g. circles) » The symbol size varies
continuousty , the symbol area is
hatched. The hatchingz) corresponds to
a neminal or ordinal attribute. The
realisation of the linkage is easy to
effect as the 'spatial-geometric informa-
tion' corresponds to the centre of the
symbols. 1f these centres are for example
the centre of a block, they are obtained
either by direct manual digitizing or

. via a program ‘optical midpoint' by the
block vertices.
The demands on the cartography program
are: drafting of simple symbols, hatch-
ing of symbois, overlaps, transformation
of co-ordinates, parameters for the con-
trol of the relative symbol size.

2 As 1 above, but with different symbols
{e.yg. circles, squares, and hexagons)
and possibly continvous varying hatchings
[3] + The Tinkage does not create any new
demands, The problem of overlaps must be
solved in a more universally applicable
way. The possibilities of hatching must
be more comprehensive.

3 Diagrammatical Maps with Circles Divided
into Sectors + Linkage and demands on
the cartography program as above,

4 Diagrammatical Maps with Left and Right
Hatfcircles Divided into Sectors -+ This
type is suitable for example for the re-
presentation of phases of a development
at two separate points in time or to
compare structures in two partial entities
or to contrast actual against potential
conditions. Linkage is simple. On the
overlap problem, any type of ‘'gateaux’
must be feasible.

5 Choropleth Maps with Fixed Areas within
the Map Series » The areas are provided
with hatchings. Hatchings correspond as
a2 general rule to a nominal or ordinal
attribute which could also have been ob-.



tained by classification (e.g. density
of population}, Continuous varying
hatchings are possible, Linkage is more
difficult as 'spatial-geometric infor-
mation' consists of areas being de-
scribed in the form of closed polygons.
The areas can in this case be simple
connected areas, but alse multiple
connected areas,

Appropriately, the closed polygons are
built up from segments (i.e. vertices
connecting two nodes and separating
areas with different attributes). For
this purpose special programs are used

[10,13,17].

The cartography program must be able to
hatch any, even multiple connected
areas. Hatching of multiple connected
areas can be viewed as hatching of
simple connected areas under conside-
ration of overlaps by 'islands'., Effi-
cient algorithms have been developped

[2,6,14,16] .

Choropleth Maps with Yariable Areas
within a Map series + Whereas for the
previous type of map, the DP analysis
merely provided for each area a hatch-
ing parameter, in this case for each
map new areas are built up from the
smallest spatial units (basic areas)
respectively from the segments defining
them. Then a hatching is allocated for
these new achieved areas.

For example applications could be the
boundary definition for functional or
homogeneous areas or - more generally -
regionalisations, In these cases the
segments bordering the areas are no
longer fixed, but are altered by the
analysis process,

Hhereas the possibilities for aggre-
gation with the aid of statistical
packages already has been pointed out,
here there is a necessity for spatial

aggregation. The procedure is as follows:

with the statistical package, the areas
to be aggregated are defined as well as
the hatching parameter which the aggre-
gated area will receive. Subsequently,
those segments are eliminated which
separate aggregated basic areas. From
the remaining segments, the aggregated
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areas are extracted3). The difficulty
here is that it cannot be completely
excluded that the aggregated areas are
multiple connected. Therefore, the closed
polygons must be examined regarding in-
clusion (see map 1),

With regard to the linkage, the program
already mentioned under item %) as help-
ful for the processing of segments has
now become vitally necessary, It must be
able to determine an interior point for
any closed simpte connected polygon and
must be able to examine simple connected
polygons regarding inclusion, The per-
formance of the cartography program
corresponds with that mentioned in item
5).

7 Maps for the Representation of Inter-
actions = 'Inguiry objects' within the
framework of the statistical packages
are in this case spatial interactions
(e.g. moves between different parts of
the town). Linkage is comparatively
simple, The cartography program must
provide arrow symbols and handle over-
laps (see map 5).

The different types of map, classified in
this context by the various data processing
requirements, can also be combined with one
another. Problems would then arise though,
because of complicated overlaps that can
lead to large core requirements, long pro-
cessing times, and priority conflicts (see
maps 3 and 4).

The maps described under items 1 - 7 contain
the thematical statement. Still missing for
a complete map however are for example the
map margin, legend, scale, captions, and
partly {1 - 4, 7) the topographical orien-
tation. Without these items, avtomation of
map production (analysis - linkage - draft-
ing) easily can be effected as far as time
and effort are concerned.

The items mentioned above can be taken into
consideration by:

- subsequent manual finishing
Extensive retouching may become necessary
which tends to nullify the efficiency of
the automated draft,



- standardising specifications
Title and legend of the map are for
example always entered in a column on
the right of the map. Strong standards
make the map appear too stereotype.
Compositional and esthetical aspects
are neglected,

- dintegration into the automated drartt
Preparations are extensive and expensive.
For example for the placement of texts,
the co-ordinates of the starting points
(lower left-hand corner of the first
character) must be taken up. For the
characters themselves there are as a
rule no suitable type faces available.
The advantage over manual processing
for example is that the characters can
be placed in blank surrounds. An advan-
tage compared to the standardisation is
the possible individual ductus of maps.
This is the application area for inter-
active cartography programs. It is their
aim, beside the definition of an optimal
relative symbol size and the prevention
of unfavourable overlaps, to complete
the thematical draft to an expressive,
individual map (respectively series of
maps.

CASE STUDY IN BERLIN

Point of departure for the cartographical
representations were polls in various re-
development areas in Berlin. Apart from
the demographical attributes, the ques-
tionnaires contained details about social
status, net income of a household, present
housing sftuation, and the desired housing
situation,

The questionnaires were subdivided into a
household questionnaire for each household
and a residents® questionnaire for each
person over 16 years of age (the assessment
of combinations of residents® attributes
with household attributes caused particular
difficulties). As the re-development
measures are orientated on the actual pre-
mises, it was necessary to align the tables,
and wherever possible the cartographical
representations as well, with this smallest
spatial reference unit. Each premise examined
was therefore represented by a circle di-
vided into sectors. The size of the circle

was computed in proportion to the number
of households residing on the premises,
whereas the size of the sectors reflect
the percental distribution of a single
attribute,

It was impossible to select the mid-points
of the ‘actual' premises as centre of the
circle, because of the excessive overlaps

of circles. Therefore, the following aspects
were decisive for the determination of the
centre of the circles:

- the circles ought to fall totally within
the block

- only slight overlaps were permitted

- devyiation from the 'actual® location of
the premises should be kept to a minimum.

Free play in the placement of circle symbols
was assured in that not all premises of a
block vertice had to be investigated.

As we had no algorithms at our disposal for
the solution of this localization problem

- quite probably they do not exist yet -
the definition of the centre of the circles
had to be effected manually. It is quite
evident that

- firstly, the expense is only acceptable
for soft data surveys, and that

- secondly, these tasks can be dealt with
more efficiently with interactive map
processing (interactive map processing
in those cases where formalised al-
gorithms are not available!).

Representation with simple circle symbols
divided into sectors was not sufficient in
the following two cases;

- as far as significant differences were
to be expected between the native German
poputation and the foreign population
(for example with regard to the age
structure), these differences should be
directly readable from the map.

- comparison of the actwal housing situ-
ation with the desired housing situation
snould be possible 'at a glance' (Map 4).

In the first case, the left half circle re-
presented the foreign population and the
right one the native Germar population.



The size of the circle ts directly propor-
tional to the appropriate populations.

In the second case, half circles of iden-
tical size were selected: the left half
circle portrayed the present, the right
half circle the desired situation.

The map program contained per re-develop-
ment area {respectively per re-development
phase) 17 maps. The smallest poll encom-
passed 151 households, the largest 2161
households. In total, the poll results of
approximately 5300 households and 16000
persons were evalwated. Despite the great
preparatory expense, it can safely be sta-
ted that the Tinkage of evaluation (with
SPSS} and cartographical representation
was an efficient one,

CASE STUDY OF KARLSRUHE

Whereas with the Berlin project, it had

been possible to gain further experience
concerning statistical analysis and its
subsequent cartographical representation

in the field of soft data, the possibilities
of hard data representation were to be
assessed with the Karlsruhe project, This
study is also useful, because as yet only
few reports are available for the automated
cartographical processing of mass statistics
for municipal areas.

With regard to town planning main emphasis
is placed on the one hand on cartographical
processing of the results of population
censi on a small-scale basis, and on the
other hand on the analysis of processes
taking place over a certain period of time,

The most important steps are:

= creation of an open data base, Stored in
it are the population census results on
a block basis. The surveys are spatially
ctassifiable via the block number, The
data base contains data from the popu-
lation census 1970/71 and it is to be
enhanced with the results of the next
population census.

- production of a digital town map as of
1970; The town map contains approximate-
1y 1800 blocks which were each digi-
tized as closed polygons.
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- digital town map i1980: The differences
between the maps 1970 and 1980 consist
of the extension of the municipal area
due to incorporations, changes in the
systematics of block numbering, changes
in the block arrangement due to large-
scale road construction projects, muni-
cipal re-development, and the creation
of new residential districts.

- linkage of statistical analysis and
cartographical representation: It was
possible to simplify this item, which
will lead finally to the thematic maps,
to such an extent that participants of
lectures and the computer cartography
course of the Institute in Qctober 1979
were able to draft thematic maps.

The tasks necessary for the map producer
are to be highlighted with the aid of the
attached example:

- the subject of the map is defined. In
this case, direct public services are
to be considered.

- the variable which is suitable for the
representation is defined. This is
therefore the operationalisation of the
subject. The variable is defined here as
an addition of variables contained in
the data base. It might also be a rela-
tivation of a variable, with regard to
population size or block size, or a
variable derived with a multivariate
process.

- a frequency distribution with fine classi-
fication {(e.g. 30 classes) is calculated.
Thus an overview is obtained of the dis-
tribution of an attribute to be represen-
ted. In the example, it is a strongly
left-slanted distribution (blocks with
few people employed in the direct public
services predominate). An exponential
classification would therefore be sui-
tabile in the case of this example,

- the final classification is defined.

- a provisional definition of the hatching
parameters is effected, A predefined
hatching may be used here.

- a first working map is drafted in black
and white., This is done on the fastest
possible drafting instrument, e.g. a
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drum plotter. A microfilm plotter could
even be used for small areas {e.g. the
town centre), but for bigger areas the
re-enlargement would not suffice to
examine the quality of the graphical
results,

- the working map is checked regarding the
expressiveness of the represented vari-
able, adequate classification, and
correctly scaled hatchings,

- appropriate modifications are effected
in the proceeding steps according to the
outcome of the examination of the working-

map,

- finally, a fair copy of the map is
drafted. The colour plates were engraved
automatically in this case, whereas the
captions were entered manually.

The steps menticened naturally are carried

out in this or a similar form in the case

of conventional map production. The differen-
ce lies in the considerable preparatory
efforts (digitizing), which are paid for
when a larger number of maps needs to be
produced. The manual effort for the drafting
of maps is however eliminated. The carte-
grapher can therefore concentrate totally

on the most suitable means of representation,
because re-drafting is hardly limited at all
by technical restrictions.

I would therefore like to close this report
with the request to cartographers to utilise
the techniques of automated map production
- otherwise these tasks will in future be
handled by the DP centres and this probably
in an unsatisfactory rather than a satis-

factory way.



FOOTNOTES

1)

2)

3)

It is surprising though that large DP
centres with their service functions

awake a demand for cartographical
representation in areas that so far

have been alien to cartography. By
nature, this demand is generated by
people who are very open towards auto-
mated processes. It would therefore be
desirable that the program documentation
of DP centres contains a separate key-
word for 'cartography'.

Hatchings are made up out of lines,
dashes, or dots.

The term 'extraction' is used, because
the process progresses in such a way
that each segment must be extracted
twice from the table of sorted seg-
ments corresponding to the two areas
separated by the segment.
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ZUSAMMENFASSUNG

Filr die raumbezogene Datenerfassung und Da-
tenanalyse ergffnen die Yerfahren der elek-
tronischen Datenverarbeitung in qualitati-
ver und quantitativer Hinsicht neue Dimen-
sionen. GroBe Mengen von Daten kdnnen ge-
sammelt, gefiltert, gespeichert, verkniipft
und ats Informationen in Form von Tabellen
und Karten verfiigbar gemacht werden.

Als ein besonders langwieriger ProzeB er-
weist sich der Aufbau eines geographischen
Informationssystems, da insbesondere die
raumbezogene Datenerfassung, d.h. Koordina-
tion der im Informationssystem abzulegenden
Objekte weitgehend manuell und damit zeit-
raubend und fehlerbehattet durchgefiihrt
werden muf.

In diesem Aufsatz soll in Form eines ein-
fiihrenden Oberblicks ein Weg aufgezeigt
werden, der den Flaschenhals der Datener-
fassung im Bereich der Kartendigitalisie-
rung Uberwindet,

Die automatische Digitalisierung von Grenz-
linienkarten geschieht mit Hilfe von Raster
Scannern unter Anwendung von Methoden der
digitalen 8ildverarbeitung. Es werden anhand
eines FluBdiagramms die dafir notwendigen
Schritte erarbeitet und erldutert.

1., INTRODUCTIOR

The use of computers and plotting devices

in cartography increases the possibilities
of map production during the Tast ten years.
The advantage of computer cartography lies
in its abjlity to store and retrieve in-
formation of large data sets,

Until recently maps were drawn or printed

on paper, and the paper was both the storage
medium and the display medium of the data
{see BISCHOFF a.o. 1979). Beginning about
twenty years ago, interest developed in

the storage of maps in digital form, on mag-
netic disk or tape. In this form the paper
copy was used only when a hardcopy output

of the digitally stored data was desired.

The advantages of storing a map in digital
form are impressive. First of all, it is a
simple matter to copy the data and transmit
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them rapidly to remote Jocations without
any loss of precision. Secondly, alfe-
rations of the data can be made easily,
whether to correct errors or to incorporate
additional information. Since the data are
already in machine readable form, computer
analysis or manipulation of map data is
eaéily accomplished. Finally, maps for
different purpose can be readily derived.

Before one may use a large data base for
digital maps, one has to fill it with
appropriate data. Any cartographic system
needs the input of x-y-coordinates in di-
gital form for processing procedures, That
makes it necessary to collect data from an
original or base map. There are several
ways to do this; one can perform the digiti-
zation by hand which is a very Tong and
errorprone work, especially if the map
contains many details. Another way is the
automatic digitization using a raster-
scanner.

This article describes some of the tech-

niques which are applicable to perform an
automatic digitization of original maps.

The literature on this problem is growing
rapidly. Our primary aim is to present an
overview because for most geographers the
field is important but new and difficult

to grasp.

2. MAP DIGITIZATION

The kind of data that may appear on a map
can take different forms. The data can be
classified as belonging to five major cate-
gories and any map is simply a set of over-
lays of data drawn from these categories
(FREEMAN 1980).

These categories are

1) regions (which may overlap)

?) contour 1ines (without annotations),
never intersecting

3) drainage lines {which tend to form tree
structures terminating on the map
boundary)

4) area-subdivision lines (which are used
to represent political boundaries, road
systems etc.).
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-Fig., 1
Four categories of map data

The fifth category consists of annotation
data, which may be combined with any of
the ather four categories. We will re-
strict our consideration to the fourth*
category, that means area orjented maps.

The problem of translating the original
map inte a digitized set of data can be
divided into five steps. Fig. 2 illus-

trates this process by means of a flow

diagram.

2.1 QUANTIZATION

The first step in the translation process
is the quantization of the original map
data. Because the original map consists of
analog data we have to perform an analoeg-
to-digital conversion. The precision by
which a map can be represented in digital
form is limited by the degree of differen-
tiation of the original analog medium and
the ability to perform measurements on it
(see FREEMAN 71980).

The quantization process depends on three
decisions concerning the

(i) form of the quantization,

i.e. the rules prescribing the
guantization,

(i) size of the quanta

(iii}) approximation used to represent
the quanta (FREEMAN 1980, p. 253).

There are at least two ways of performing
the quantization:

1. the raster approach

2. the 1ine - following approach

Map Input

Quantization

Thresholding

Scan-to-line
Conversion

Geographic
Information
System

Fig., 2

Process of translation
an original map into a
digitized set of data.

2.1.1 RASTER APPROACH

In the raster approach the map is scanned
over in a T¥-line-by-line fashion and the
density or luminance of each spot or pixel
on the map is recorded by a photo detector.
The analog-value of the luminance of each



pixel is coaverted into an integer number
representing the grey-value of the corres-
ponding element of the area. The raster
representation preserves the spatial shape
of a map and is a simple and easily handled
form for communicating and redisplaying
the map.

There exists a complete industry manufac-
turing raster scanners of various size and
quality. The basic operation principle of
a raster scanner needs a configuration
consisting of a x-y-plotter, a photo-de-
tector, an analog-digital-converter which
digitizes the analog signal measured by
the photo-detector and a projector which
serves the map in form of a diapositive,
Fig. 3 illustrates the configuration of a
simple raster scanner,
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Fig. 3

Configuration of a simple raster scanner:
1 photo detector 2 x-y-plotter

3 analog-digital-converter 4 projector

The photo detector is moved by the x-y-
plotter line-by-line taking up each pixel

of the map-picture. The x-y-plotter is di-
vided into an array of, for example, 512 *
512 pixels. Each spot of this array receives
a grey value and is stored in a file for
further processing. It is possible to
digitize several maps of the same area and
each map treats another thematical topic.

Some structuring of these map data can be
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realized by separating the data inte dis-
tinct raster arrays, one for each topic
and then creating raster overlays to ob-
tain particular data combinations.

For example, one may create separate ras-
ters for contour lines, for borders, high-
ways, for land use etc.and then combine
some subsets of these to obtain a desired
digital map (FREEMAN 1980, p. 254),

2.1.2 LINE FOLLOWING APPROACH

The raster approach is not very efficient
in terms of the computer memory used since
it stores the grey values of all pixels.

In area oriented maps one needs to retain
only those {about} 10 % of the pixels which
represent the area boundaries. Thus it is
possible to save about 50 % of the memory
space.

An alternative way of digitization is to
encode the lines directly. A variety of

such "lineal" representation schemes has
been developed (BRADSHAW 1963). They can

be obtained by so called automatic following
algorithms, which encode the lines in the
map in form of a series of (x,y) pairs in

a cartesian coordinate system. The precision
will be limited by the smallest differences
in x and y that can be reliably detected in
defining adjacent points on the curve.

Automatic Tine followers are usually flatbed
plotters with an optical attachment (eye)
that allows following the Tine under compu-
ter control up to its end. The finding of

a new line and the marking of digitized lines
is done manually. Therefore these systems
offer rather an improvement of manual
digitization than an automatic method

(KANSY 1977).

In the following we will concentrate on the

processing of data obtained by the raster
approach.

2.2 THRESHOLDING

The result of the raster Scan process
(quantization step) is an array of grey-



levels (or greylevel matrix) in which each
pixel is represented by a value between t
and 256, for example. The next step to
perform is the classification of each pixel
into two categories. The first one contains
those pixels which belong te the boundaries
{(lines) we are interested in: the second
category contains the background pixels
(representing the “white" area). The
classification is done by thresholding the
greylevel matrix. Usually the descision for
the threshold-value is made on the basis of
a greylevel histogram, which shows the
absolute and relative freguency of each
grey value of a particular map picture. If
the histogram pattern is bimodal with two
distinct peaks it is relatively easy to
determine the threshold (see fig. 4) leading
to a reliable classification. In other cases
{e.g. monomodal histograms) it is necessary
to fix the threshold heuristically.

After thresholding we get a binary matrix,
in which each line (border} is described by
a sequence of 1's and the background (area)
by a cluster of 0's.

greyvalues
o

rel. freq.

bimodal
— — —— monomodal

Fig. 4
Histogram types of greylevels

Thus all Tines are detected, but some of
them are broader than necessary.

2.3 LINE - THINNING

Broad lines in the binary matrix (described
by 1's} have to be thinned out preserving
their location and their topological pro-
perties, This 1ine - thinning process is
done by skeletonization of the objects in
the binary matrix, i.e. reducing them to
one pixel width (see fig. 5). This means
that some 1-values in the binary matrix be-
come (-values. Numerous thinning algorithms
are described in the literature {see PAVLI-
DIS 1980, STEFANELLI / ROSENFELD 1971, XREI-
FELTS a.o0. 1974 and 1976, WOETZEL 1977,
RIEGER 1978). Here we will concentrate on
the principles of line - thinning by des-
cribing an algorithm from WOETZEL (1977},
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Fig. 5
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Binary matrices with broad lines (a)

and one-pixel-width 1ines (b)

A skeletonization process should have the

following properties:

(i) Preservation of connectivity. The

connectivity of a 1line structure re-

presented in a raster matrix can be

defined in terms of neighbourhood re-

Tations for the pixels.

{(ii) Generation of a marked skeleton. The

skeletonization should produce a ras-

ter matrix with four distinct types

of pixel:

1) pixel beTonging to the background

2) pixel having less than two neighbours
which belong to the Tline {end point

of a line)



3) pixel having exactly two neighbours,
which are not neighbours of each
other and which belong to the line
{inner line point)

4) pixel having more than two adjacent
neighbours (point of intersection})

{(ii1) Recognition of end points of lines:
The end points of Tines in a marked
skeleton should correspond to the
end points in the original map.
There should be no “"spikes" (addi-
tional short Tines) nor should the
Tines in the original maps be
shortened by skeletonization.

(iv) Lines in the skeleton should
correspond to the centre of the
lines in the original map {WOETZEL
1977, pp. 5-8),

The 1ine thinning algorithms which have
been developed for binary matrices apply
usually 3x3 local neighbourhood transforma-

tions,
010 000 000
0X1 oxi 1X0
001 000 000
a b c
Fig. 6

3x3 local neighbourhood of X; a, b and ¢
represent three of 256 possible types of
neighbourhood. Fig. 6b and 6c are logically
equivalent.

This means the particular transformation
respectively the value of a pixel depends
only on the vatues of its neighbouring
pixels, The purpose of the transformation

is to decide whether a pixel is to be
removed (getting a value of 0 classified

as belonging to the area) or has to be
retained for preserving the connectivity

of the line (getting a value of 1). In a

3x3 local neighbourhood a pixel has 8 neigh-
bours, so one can distinguish 256 different
types of neighbourhoods. A procedure
developed by KREIFELTS (1974) uses 51 types
of neighbourhood which remain from the

2**8 possible types in consideration of
symmetry properties. In Fig. 6b and c the
neighbourhood types are logically equivalent
and only one type is used in the procedure.

An improvement is decribed by RIEGER {1978).

His procedure works in three successive

steps:

(i) preleminary step, which performs
the contour smoothing of the lines

(ii) main step, performing the Tine

thinning by "peeling" the broad
Tines in the binary matrix

(iii) final step, hitherto not grasped
pixel are removed,

The resulting matrix consists of a set of
one-pixel-width elements containing a value
of 1 and representing the borderlines and
pixel with value 0O representing the back-
ground,

2.4 SCAN-TO-LINE CONYERSIORN

The border Tines are now represented as a
sequence of one-pixel-width elements 1in

the binary matrix, It is not possible to
use these data in geographical information
systems or for cartographical purposes,
Therefore it is necessary to convert the
lines from the binary matrix into a sequence
of x-y-coordinates. In addition we have to
determine also those nodes, which represent
poeints of intersection,

WOETZEL (1977) describes an algorithm that
performs the Tine-thinning and scan-to-line
conversion simultaneously. KREIFELTS {1977}
operates with a two-step-procedure,

Qur starting point is the marked skeleton
resulting from the line-thinning step.

If we use a cartesian coordinate system all
points describing a border must be nodes of
a uniform square grid with spacing equal to
the minimum detectable differeace in the
coordinate values, The coordinate system is
given by our binary matrix which contains
512*512 nodes. The task is to approximate
geometric figures 1ike curves and straight
lines in the grid.

It is well known that if a curve is approxi-
mated by a sequence of straight lines these
should be short where the cervature is great
and long where the curvature is small. This
suggests the representation of curves in a



map by means of lines of varying length.
The result will be what is commonly known
as a polygonal approximation.

Chain Approximation

N

L—"1

Curve

Fig. 7
The chain approximation scheme for a curve

The approximation scheme is called "chain
approximation”: a curve is approximated by
linking each node to one of its eight
neighbouring nodes (see fig. 7). Other
approximation techniques are described by
FREEMAN (1980),

If a border line is transformed into a
sequence of nodes in a cartesian coordinate
system, it is divided into polygons., A
polygon is defined by the enclosed area
since it represents the border of the area.

A polygon consists of several segments.
Each segment is defined by a set of coordi-
nates with the following properties:

(1) there exist twe peints in the seg-
ment, which have more than two
neighbours {points of intersection
with other segments; endpoints of
the segment), End points of lines
may have only one neighbour.

{(ii) M1 other points in the segment have
exactly two neighbours,

For cartographical purpoeses it is important
to decide whether the borderlines are
stored in a polygonal mode or in a segment
mode {see fig. 8).

A segment consequently consists of nodes
(end points of the segment) and so called
intermediate points which are necessary if
the segment is mot runaing in a straight
Tine. Each set of elements with a value of
0 which is bounded by segments from all
sides without being intersected by another
segment is called a region.

\; 2 1 3
(a) (b}

Fig. 8

Storage methods of borderlines:

a: polygon mode b: segment mode

In a the area I is described by the poly-
gon 1; in b I is described by the segments
1 and 2,

Region boundaries consists of one or several
segments, Bringing the different segments
together, the starting point and the end
point of the polygon are identical. Each
segment separates exactly two regions. Each
segment is stored only once, thereby decreas-
ing the required storage capacity.
Furthermore it secures higher flexibility

in case of different types of representation,
For many cartographical application cri-
teria for example classification of land

use it is thus easily possible to eliminate
dividing segments., This is often required

if a distinction between different tand use
types is no longer requested and two or

more former land use types are combined

into one class,



2.5 GEOGRAPHICAL INFORMATION SYSTEM

The processing of the segment data depends
on the structure of the information system
which 1s intended. For example, if we wish
to store information concerning the streams,
lakes and swamps and the roads, land use
etc., of a region, we use a key which allows
to retrieve and merge the data with the
cartographic information stored under the
same key.

The basic kinds of data found in maps are
points, 1ines and areas.

A geographic entity consists of a set of
attributes and an associated set of values,
The geographic reference is established by
the coordinates attributes. Both attributes
and values may be integers or character
strings.

The entity might be as simple as a point

or as complex as a whole map. An entity

has global properties, component parts and
related geographic entities. For example,
we may represent the city of Bremen by geo-
graphic entities. In this case global at-
tributes are population, area, boundary,
types of industries and so on. The numeri-
cal values of these attributes are stored
together with the values of the boundary
coordinates, One division of the particular
city of Bremen is into Stadtteile {quar-
ters); Stadtteile would also be represented
by geographic entities,.

The geographic entities that are related

to a Stadtteil are its highways, railroads,
rivers, lakes and so on. Some of these
entities will be wholly contained in the
Stadtteil and others will cross its bound-
aries. One way to represent this phenomenon
is to use a binary relation where the first
element of each pair denotes the geographic
entity and the second element is a code
indicating whether the entity is wholly
contained in the Stadtteil. The geographic
entities themselves would contain more
specific information about their locations.
Fig. 9 illustrates a simplified geographic
information system containing an attribute
value table, a Stadtteil adjacency relation,
and a lakes relation for the city of Bremen
(SHAPIRO 1879).
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The collection of all necessary data can
be done in most cases in an automatic way
as described above.

In some cases one requires other facilities
and procedures, e,g. for processing aerial
photographs (see TOST 1977), but it is no
longer necessary to collect spatial data

by hand.

BREMEN
attribute value

A/Y POPULATIDN | 558 802

Stadtteil AREA 317.2 kn®

RDJACENCY BOUNDARY (x,Y)

[AKES ,_w]

UNI-SEE INSIDE

HERDER-

SEE INSIDE

v

(SCHHACHHAUSEN) {HORN)
(SCHWACHHAUSEN) (FINDORFF)
Fig. ¢

A simple geographic information system

CONGLUSIOR

The comments above try to explain an auto-
mative way for digitizing area oriented
maps. This way is faster and less error-
prone than digitizing spatial data by hand.
Additionally digitized maps are easier fo
update. The hardware and software require-
ments are available to most academic insti-
tutions 1ike universities and others., Dif-
ferent methods for automatic digitization
of area oriented maps are described. Auto-
matic digitizatioen of maps can be done
economically today and is already used in
some geographical and administration insti-
tutions as well as in wniversities for edu-
cation.
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