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Theories of Intraurban Spatial Structure:

A Dissenting View

THE OVERWHELMING problems created by
the phenomenal growth of contempo-
rary urban areas have generated increasing
efforts to gain a scientific understanding of
the organization and distribution of hu-
man activities in space, their interlinkages,
and the flows of people, goods—and infor-
mation between them. Researchers from
various disciplines have searched for means
with which to comprehend the complexi-
ties marking the inner workings of the me-
tropolis with the hope that an improved
understanding of this city-system will lead
to a firmer foundation upon which to base
policy decisions designed to effect willful
change within it. In short, investigators of
urban phenomena have become keenly
concerned with the spatial structure of
metropolitan areas.

The theory of urban spatial structure is
concerned with the disposition of human
socio-economic activities in urban areas. Its
goals are to discover, explain, and ulti-
mately predict the regularities that exist in
man’s adaptation to city space. Contribu-
tions toward its development have sug-
gested a number of distinct orientations
and approaches, each of which attempts to
provide a framework of empirically sound
and logically consistent propositions. As
Walter Firey has so very eloquently pointed
out, however, these give little recognition
to social values and focus rather on space
as a determinate influence on the distribu-
tion of human activities.!

Two main streams of thought underlie
the voluminous literature on the subject.
The basic distinction lies in the orientation
with which the fundamental problem is
approached. The first point of view is
macro and system-oriented, focusing on the
phenomena of urban growth and change
and on the regulative forces acting to pro-
mote orderly development. The second, on
the other hand, is micro and process-ori-
ented, concerning itself rather with the
factors that give rise to the phenomena by
their collective influence on the decision
making of societal units.

A system-oriented approach toward the
analysis of urban form and structure is
fundamentally one which interprets the
spatial pattern of a city in terms of the
dynamics of natural, social and economic
forces acting within an urban environment.
The primary concern of such theories has
been to describe and explain why a particu-
lar activity is carried on at a given site and
how it is spatially related to all other ac-
tivities of the system. The statement of the
problem is presented in a system context
and the method of analysis reflects this
macro orientation. Typically, the emphasis
of such theories lies in the development of
a set of general principles which accounts
for the urban pattern by reference to fac-
tors—such as the role of the city within its
hinterland; the social forces which interact
to produce segregation; and, most com-
monly, the land market operating through
the medium of rents to promote a greater
efficiency in the arrangement of activities
in urban space.

A process-oriented approach, on the
other hand, focuses on “the events that lead
to growth and change in the urban frame-
work.”2 It views these events as the conse-
quences of actions by decision-makers inter-
acting in the urban field. The active role of
human volition replaces societal adaption
to space as the principal referent. The loca-
tional behavior of decision units is exam-
ined as it responds to different environmen-
tal conditions. Spatial preferences, cost and
profit considerations, competition, and ac-
cessibility are typical principles which are
used to account for observed phenomena.

 Walter Firey, Land Use in Central Boston (Cam-
bridge. Massachusetts: Harvard University Press
1947), pp. 0-38. ’

% Britton Harris, “Some Problems in Theory of
Intra-Urban Location,” Operations Research Sep-
tember-October 1961, p. 701. Harris suggests ‘a dif-
ferent dx\(xsion of theory. His classification identifies
three main streams of thought: the design of urban
form, the description of urban form, and the expla-
nation of urban form.
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(A) The System-Oriented Approach.
Brief reflection upon the two principal
main streams of theoretical thought on the
subject of urban spatial structure suggests
that their fundamental difference rests on
the way in which the phenomenon is
viewed. The system-oriented approach fo-
cuses on a particular site within an overall
pattern and is concerned with the forces
which determine the activity which will be
carried on at that location. The process-
oriented approach, on the other hand,
focuses instead on a particular activity and
analyzes the behavior of decision units
which seek for it the appropriate location.
Both approaches have provided significant
insights and understanding concerning ur-
ban form and growth. The system-oriented
approach, however, in its preoccupation
with natural, social and economic forces of
change supplies insights which are very
general and does not provide the basis for
quantitative prediction. The problem is
viewed mechanistically. Typically, supply,
demand, income and capital are viewed
as the principal factors with which spatial
structure is concerned. The “behavior of
the land market” and the ‘“behavior of
rent” are studied as if these are the actors
influencing developments and not the hu-
man beings who act in the land market or
set the rents. “As a result, these concepts
are powerless to deal with the prediction of
changes resulting from changed conditions;
they can in the main only assess the proba-
bilities resulting from a continuation of
trends. Thus they are not fully prepared
to assist in distinguishing the effects of
alternative policy decisions.”?

Any non-random decision must be based
on a prediction and evaluation of the prob-
able effects of alternative actions (inaction
being one of them) which are available to
the decision maker. The success of such
policies is dependent in a large measure on
the accuracy of the predicted effects. In
short, what is necessary for rational policy
making in matters pertaining to urban
growth is a reliable theory connecting “in-
strumental” policy variables with outcome
variables by means of a set of relationships
between these variables. These typically
are specified by means of a model which
allows forecasts to be made about particu-
lar output variables as a consequence of

the manipulation of the “decision” varia-
bles included in the input set. Thus, it
seems apparent that the principal objective
for the development of a theory of urban
spatial structure is to provide means of pre-
dicting the probable consequences of alter-
native courses of action in public policy-
making. The theory must supply the basis
from which planners can establish, with a
sufficient degree of accuracy, the implica-
tions of various policy “mixes” which may
be adopted by governmental authorities.

The system-oriented approach does not
offer much promise in ultimately meeting
the requirements set forth in the preceding
paragraphs. Urban spatial structure is prin-
cipally influenced by the locational deci-
sions of private and public groups and
individuals. These decision units interact
in the urban field and create the “events”
which lead to change in the metropolitan
fabric. Thus, a theory which seeks to cope
with the factors leading to growth and
change in urban communities must ulti-
mately deal with the behavior patterns
of these individual decision units. The
process-oriented approach does just that.
However, it too suffers from too strict an
adherence to the “conventional wisdoms”
of parent disciplines.

(B) The Process-Oriented Approach.
The body of theoretical work under the
process-oriented approach suffers from the
implicit belief that methods of analysis
which have been so eminently successful in
the physical sciences might be applied with
equal success to problems in the social field.
Two principal tendencies appear in these
theoretical attempts to account for the ob-
served regularities in the spatial patterns
of urban areas. Both stem from the premise
that methods which have explained the be-
havior of the physical world can be effec-
tively transferred over into the area of
human behavior. The first basic tendency
is the search for an overall unifying prin-
ciple which can be used to account for the
observed patterns of behavior. The second
is the deterministic method of analysis
which begins with the definition of quanti-
ties considered as overtly observed magni-
tudes and proceeds to the discovery of the
relevant interactive laws of behavior relat-

8 Harris, op. cit., p. 700.
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ing these quantities one to another.

Reductionism. It has become the fashion
among process-oriented theorists of urban
spatial structure to attempt to deduce all
locational behavior in terms of some single
all-unifying principle. Like the classical
physicists seeking to reduce the explana-
tion of all natural phenomena to the sim-
ple laws of mechanics, the investigators of
urban structure continue to seek a funda-
mental modus operandi by which people
and activities are channeled into their ap-
propriate niches in urban space. Typically,
these ultimate determinants of locational
choice are expressed as some form of mini-
mization or maximization. Thus “minimiza-
tion of costs,” “maximization of market
area,” “maximization of profits,” and so on,
have been postulated as the ultimate unify-
ing principle for a theory of urban spatial
structure.

This search for unifying principles of
great generality, analogous to those which
have had such success in the physical sci-
ences, seems much too premature. The pre-
mise that patterns of social behavior may
be effectively explained by principles of
least or most of something-or-other has been
challenged in recent literature. Kendall,
for example, in an article on laws in the
social sciences offers the following sugges-
tive remark:

“The point, for present purposes, is that it may
be (and probably is) chasing a will-o™-the wisp
to suppose that social behavior is determined
by principles of least something-or-other. Zipf
made a gallant attempt, and in the same cate-
gory I would place efforts by economists to ex-
plain business behaviour on the principle of
maximizing profits or the tendency on the part
of model-fitters to assume that Nature is oblig-
ing enough to minimize their errors. Some such
principles may, indeed, exist. But if they are to
be discovered, I think we must achieve them by
synthesis at a later stage and not be over-ambi-
tious about the generality of the patterns which
we are studying at the present time. The path-
way of knowledge is littered with the wreckage
of premature generalization.”4

The long-standing belief that the expla-
nation of all natural phenomena ulti-
mately rests within the principles of me-
chanics has steadily declined since the
middle of the nineteenth century. The dif-
ficulties of extending mechanics into new

domains such as electro-magnetic phenom-
ena came to be acknowledged as insuper-
able and new approaches were proposed.
It seems abundantly clear that analogous
difficulties, stemming from the overwhelm-
ing complexities inherent in human be-
havior, will ultimately produce the same
kind of reaction in the social sciences.
Determinism. There is little doubt that
observable regularities exist in urban spa-
tial patterns and may be expressed in quan-
tifiable form. There does, however, seem
to be justification for legitimate doubt
whether these regularities can be accounted
for by methods such as have been used in
the physical sciences. Most of the laws of
physics may be expressed in terms of fun-
damental units such as length, mass and
time. The behavior of these fundamental
observed magnitudes can be studied only
by discovering the interactive laws which
establish the dependencies of one quantity
upon another. The tendency in the social
sciences has been to follow this pattern of
viewing quantities as overtly observed mag-
nitudes and then proceeding to seek out
their interactive laws. Thus, in urban spa-
tial structure, basic conceptual variables
have been defined and the search for the
laws describing their interaction continues.
The question, therefore, is whether the
complex forces, interacting to produce the
systematic regularities which have been
detected in urban spatial patterns, can ever
be explained by deterministic formulations
of the kind used in classical physics. Physi-
cal processes generally take into account
only a few variables between which a func-
tional relationship may be established ex-
perimentally. They commonly involve two
or three variable situations which are es-
sentially simple in structure. Thus, scien-
tists have been able to develop, with rela-
tively little difficulty, analytical techniques
which measure the dependence of one
quantity, say gas pressure, on another, say
volume. Their essentially simple character
has led Warren Weaver to define them as
“problems of simplicity.”? In the studies of

" ¢ M. G. Kendall, “Natural Law in the Social Scien-

ces,” Journal of the Royal Statistical Society, 1961,
p- 5.
5 Warren Weaver, “Science and Complexity,” The
Scientists Speak, (Warren Weaver, editor) (New
York, New York: Boni and Gaer, 1947), pp. 1-18.
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urban phenomena, on the other hand, the
number of variables that have to be in-
cluded increases substantially. In addition,
a considerable number of these variables
reflect features of organization. Thus these
phenomena all “involve dealing simulta-
neously with a sizeable number of factors
which are interrelated into an organic
whole. They are all, in the language here
proposed, problems of organized complex-
ity.”8 In the area of urban spatial struc-
ture, in particular, the consequences of a
series of interacting activities which vary
in space as well as in time must be identi-
fied and measured. The problem thus is
compounded. The overwhelming complex-
ities associated with analyzing human be-
havior make futile all efforts to derive rela-
tionships between observable factors. The
general result is a complex model of reality
which defies empirical verification.

What kind of a scientific attack on this
problem of “organized complexity” prom-
ises an approach which shows evidence of
effectively overcoming some of these prob-
lems? It is the fundamental thesis of this
paper that a mathematized theory of intra-
urban spatial structure will be stochastic
rather than deterministic in nature and,
above all, will be addressed to answering
questions of the following sort: If a set of
observations on an urban system are viewed
as elements of the set of all possible obser-
vations, “what type of model will enable
us to predict observations that as a rule will
be elements of a specified subset of the set
of all possible observations on the system,
while 1t is possible that the observations
will not be elements of the subset?””

This thesis emerges from the experiences
of other social and natural science disci-
plines which recently have turned to prob-
abilistic methods for the very same reasons
as are suggested above. Psychological learn-
ing theory offers a particularly useful ex-
ample. A principal problem of learning
psychologists is to identify, interpret and
analyze the relations between stimuli and
response as a function of reinforcement.
The major contributions of Pavlov, Thorn-
dike, Guthrie and others developed these
concepts in a scientific manner. However,
the introduction of mathematical analysis
into learning theory was beset with for-
midable difficulties. The indeterminacies in

behavioral processes prevented the discov-
ery of interactive laws analogous to the laws
of motion or of gravitation.

“As long as behavioral scientists kept wishing
there were such laws of behavior, mathematiza-
tion of behavioral science remained a pious
dream. Things began to look different when
mathematical psychologists (1) started to de-
scribe behavior patterns as sequences of discrete
responses; (2) replaced the classical concept of
magnitude by that of probability; and (3) took
the statistics of the resulting stochastic process
as the dependent variables. . . . The result of
this re-formulation was the appearance of the
first behavioral mathematical model with a large
range of application and a large potential for
generalization, namely the stochastic learning
model, first proposed (I believe) by W. K. Estes
and worked out in detail in the first full-length
book on mathematical psychology, treating a
single theme in depth, Robert R. Bush and
Frederick Mosteller, Stochastic Models of Learn-
ing .. .’8

The introduction of the stochastic-ana-
lytic approach by Estes, Bush and Mostel-
ler? initiated a rigorous but mathematically
tractable theory construction. Subsequent
investigations such as those by Luce, Suppes
and Atkinson?® have produced the begin-
nings of a systematic theory of learning
which has the same sort of “feel” that
theories in physics have. With appropriate
identification of the theoretical variables,
predictions regarding learning behavior
may be derived in a mathematically rigor-
Ous manner.

8 Ibid., p. 6.

7A. T. Reid, “On Stochastic Processes in Biology,”
Biometrics, September 1953, p. 276.

8 Anatol Rapoport, review of Mathematical Meth-
ods in Small Group Processes (Joan Criswell, Her-
bert Solomon, and Patrick Suppes, editors), Journal
of the American Statistical Association, September
1963, p. 830.

9W. K. Estes, “Toward a Statistical Theory of
Learning,” Psychological Review, 1950, pp. 94-107;
W. K. Estes and Robert R. Bush (editors), Studies
in Mathematical Learning Theory (Stanford, Cali-
fornia: Stanford University Press, 1959); and Robert
R. Bush and Frederick Mosteller, Stochastic Models
for Learning (New York, New York: John Wiley
and Sons, 1960).

10R. Duncan Luce, Individual Choice Behavior
(New York, New York: John Wiley and Sons, 1959);
and Patrick Suppes and Richard C. Atkinson, Mar-
kov Learning Models for Multiperson Interactions
(lsgtg(;x)ford, California: Stanford University Press,
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The emergence of urban spatial struc-
ture as a definite and important area of
research has developed increasing attempts,
in the form of theories, to bring conceptual
order out of the complex relationships of
human activities with physical space. Anal-
ysis of these theories discloses that, to a
large extent, their differences stem from the
point of view with which the problem is
approached and the means by which it is
analyzed. Common to all theories, however,
has been the strict adherence to determin-
ism. This paper suggests that, due to the
overwhelming complexities which underlie
human behavior, a probabilistic approach
may be the only method by which opera-
tional models of considerable generality

LAND ECONOMICS

can be developed. The use of the probabil-
ity calculus as a means for assessing the
combined effects of a great number of inter-
dependent factors has proved useful in
other disciplines and suggests itself as a pos-
sible analytical method in urban studies
as well. 12

ANDREI ROGERS

Assistant Professor, Department of
City and Regional Planning,
University of California, Berkeley.

11 For example, see, Andrei Rogers, “A Stochastic
Analysis of the Spatial Clustering of Retail Estab-
lishments, ]ournar of the American Statistical Asso-
ciation, December 1965, pp. 1094-1103.
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