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1.1.K Aims, Achievements and Shortcomings

L S

It is the thesis of this book that measure theory is the

natural language for spatial economics, andAindeed for all of

2] social science.

/,’/3\ X lia < -
/ /fgﬁf” In 1967 the Jehns Hopklns-Prees*aeceyteq»my dissertation,
#3 \V4 /

¢“¢ Essays in Spatial Economics, £o¥=§ﬁﬁ§éeetéenﬁﬁi Eﬂsetrabontm%o

J.'“It gradually dawned- on-me, that

most of the discussion could be made deeper and more general if

it were reformulated in maasure-theoretic terms, rather than in

the elementary algebraic and geometric ianguage that-I-=-in common

1w$¥hrall standardtg;gazigiz on location theor¥}-had~beenftminqm
(At this time I had only the most limited acquaintance with

measure theory. %It was mentioned once or twice in my disserta-

tion, but only peripherally.) z resolved to alter-my-ori ime
o 342 ﬁow\@tq e Line

\re+structure A W”Boosﬁ after learning,

p«L'
enough of the mathematics of measure theory to cer;§mout this
task. It eventually became clear that even this fairly ambitious
goal did not go far enough. To deel with the problems that arose
in location theory I—actual&y had to go beyond the existing
corpus of mathematical knowledge.; As has happened so often in
the past;— especially with physiesfé the demands of an applied
field stimnlated new discoveries;in pure mathematics. I-believe
that this book, taken as a whole, may fairly be said to found a

-4

new branch of mathematics = one~wh&eh might be called the measure



theory of optimization‘i Khd not only to found it, but to bring

it to a fairly high state of development.

Y,

At the same time I-found-that the applications were hroaden-.'

ing: Flrst within location theory, where old results (including
my own) were generalized and put on a more rigorous basis, and
where new problems were formulated and solved. Theory and

applications developed hand-in-hand, each stimulating the other.
1 came tp realize

-it-gradually-dawned-en—me that the framework I had constructed for
dealing with locational problems was in a way universal,zand could
in principle handle all problems of social science.

SO- one starts with a limited problem and ends up with a
visieon—of—the worlérw This broadest of extensions is not developed
in any detail in the presemt work, but only sketched (mainly in
;¢hapters 2 and 4). Nonetheless, I-would-guess, on the basis of
these results, ‘that much of the social science of the future will
be written in the language of measure theory.l ﬂot all: gere the
analogy with probabilitg theory is instructive. Since the work_f
of Kolmogorov in 1933, orobability theory has come to be viewed
as a branch of measure Qheory. This does not mean that it is
worth taking~%he~treuble to translate every probability problem
into measure-theoretic language. But the possibility of such a
translation helps one to thlnk olearlyi to generalize, and makes
available a powerful body of mathematical results shou%é the 4

need arise forwthem, Similarly, I do not mean that social science

will be strait-jacketed into a limited number of categories, or



(Eurther)

that it will lose its richness of detail or becomeﬁfdeﬁhumanized.ﬁfg‘
Rather, the fact that its statements can be translatedxinto the
framework of this book makes for a certain unity of vision whieh
4® lacking at present. 1 &

T b Mo T BRI discussion, I-shar
take up the nature of measure theory, the-nature of location
theory,féke»natnxe of the interpretation of the latter in terms of
the former, the problems that arise, and what this béok accom=
plishes and does not accomplish.

-
Measure theory will be presented anAlxtinal_x inighapter A.
D

iﬁere th&komup the subjectﬁhisggrically. It originated around
1900 in the work of Bondxand Lebesaﬁe,uand was first directed
toward two related problems: to gxtend the notion of length from
intervals to rather general subseés of real numbers in a reasonable
way, and to extend the notion of integralhto a rather general
;I;;;>o£ real functions. This program 32§:;:;ried out success-
fully in the first decade of this century, mainly by Lebesghe,
and the new theory found a number of %nexpected applications. The
developments which are really of interest to us occurred, however,
in the next decade. First, the new theory was connected with an
old idea due to Stieltjes, who in 1894 defined the concept of

integration with respect to an arbitrary distribution of mass on

the real line;évarom this more general point of view, the
integral of Lebesghe is merely the special case in which mass is

uniformly distributed over the line. Second, the work of



>

4

Carath%odory and Fréchet generalized the concepts of measure and
integral from the real line (and its easy qktenaion to n-space) to
abstract spaces. :

This generality is the key to the aﬁplications of measure
theory in this book. For the points of the measure space could
be, for—éxéﬁple, points of (physical) spéce, or space-~time, or
personality types, or resourcé-types in general, or technical
processes, esﬁtiﬁéipaths of deveIOpmenﬁ, etc., Or even more com-
plicated’Gﬁﬁ#@&es built up from these;‘ The measures themselves
could represent physical masg,4£elluminq_s%§eitjau+* or numbers of ‘
events,-0£~doliar values, or man-hours, ox volumes, -ox durations,
or degrees of beligi, étc. Inéghapter 2 it will be shown in
detail that most statistical data may be construed directly as
measures, and that, by suitable construction, this representation
may be extended (in principle) to literally all facts a&*releva&ée
to social science. ‘

>'I skell skip over the further historicél developméntvof"
measure theory and conclude with a discussion 6f the work of
t-of-all, in

interpreting the probability calculus as a branch of measure

Kolmogorov.‘”"Asmncte&mabevefﬁghis consisted

theory. That is, there is a way of translatinq the vocabulary of
probability theory into measure-theoretic terms so that true
propositions in the former discipline éét translated into true
propositions in the latter. (Heﬁewagezgome ekamples of such a

translation} "event" becomes "measurable set"”; "random variable"



(8§}

becomes "measurable function"; "expectation" becomes "integra%ﬁxﬂ
From this perspective Kolmogorov was able to place probability
theory on a rigorous axiomatic basis, ané to clarify and develop
certain portions of-the-theory (most ooiably the foundations of
stochastic processes). j
Some intriquing issues arise in comparinu Kolmogorov's work
with the present book. Let me beg*n»byunotiag some contrasts,
First ef—all, the probability calculus had already| a large and
impressive body of doctrine; by contrast social science is.in a
-much more primitive state. Secondly, the probability calculus was
<§ branch of pure matheﬂetics (thoﬂgh its foundations were somewhat
Qague): Kolmogorﬁv's work amoun;ed to an ig;sgfmathematical reduc-
tion of one branch to another.{fo contrast, the present work has

the task of representing real-world situations in measure-theoretic

terms. This requires a much longer and more open-ended discussion.
Thirdly, the path leod¥h§,from probability calculus to measure
theory is rather short and éirect. By contrast, the path from
social science to measure theory is a tortuous ome, involving the
construction of a comp1e§ conceptual apparatus and considerable
development of measure tgeory itself. For all these reasons
Kolmogorov's work could be accomplished l;~a~very*shor%-bookn\whlle
the present work had to be -gueFte=frong. mntccd Zo-rnglou g

The most 1ntr1guing point of comparison, however, is that both
books attempt to reduce their respective subjects to the same

mathematical discipline, measure theory. Is>$his a coxncidence?

No,—it-is-not. To unearth the connection one has to examine the



historical roots of probability theory. For, although it is ﬁow

a self—contaihed mathematical theory, its basic concepts were
designed for the analysis of certain real-world situations, so that
it was, and still is, very much an applied theory. Specifically,
the work of Pascal ana Hfgmat was directed toward the analysis of
gambling games@aané~§rom this start the applications were gradually

broadened to include insurance,' errors of observation, certain

To what, then, do probability statements refer? The classi=

CS):i} parts of physics, genetics, survey sampling, etc.,-ete.
g

&Wcal answer is that probability is the number of favorable equ&- :

likely §£ﬁ¥2£23§£& events leLded by the total number of such
events. This makes probability an additive set function}?lin
fact, a measure. This add@fivity property waé‘then carried over
to various generalizationq: to unequal elementary probabilities,
to continuous distributions, etc, Indeed, it is additivity,
together with the multiplication rule for combining "independent"
events,:whéeh enabled one to speak of a calculus" of probabili<s
ties.

Teweentinue“fﬁéfgte;yq this rather crude, almost circular,
definition of probabiiity wasfelt to need clarification. Many
different interpretaﬁions have been offered, and the question of
which -ef-these is "correct" remains a matter of lively cobtroversy .
to the present day. The‘major dichotomy is between those who take
probability statements to represent "degrees of belipﬁ“ and zbose

(A

who take them to represent "relative frequenciesﬁ. A cargtud

\/



discussion wogld further distinguiéh several schools within each of
these campsg &}Periééaﬁpla, "relative frequency" can refer to a
series of observations already made/ or which will be made say in
the next hundred yearé} or to the limig)é if it exists}—gresulting
from the indefinite repetition of an experimenﬁ/@w"degree of
belief” can refer to what one éggg.believe or to what one should

rationally believe on the evidence available.)

A

This-is not the place. to review the relative merits of these
agﬁfoicheﬁ} Let ﬁe, however; briefly indicate their relation to
the measure-theoretic translétion of probability. Consider first
the "relative frequency" interpretation (the "finite" version, not
the "limiting” version). »Ne;ﬁ?:elative frequenciedabire a special
case of tgs *physical measﬁres“~&h£eh are the subject matfer of
this book.ﬁh(One goes to the general case in two steps. First, it
is usually more convenieﬁt to use absolute rather than relative
frequencies; second, one‘often deals with measures in which there
are no "natural units”, hence no frequencies per se % e.g.,the
spatial distribution of water: one is "measuring" rather than
"counting”) . This approach makes it easy to retain the classical
Prababi&i%ywc%lculusgjaﬂd*itSwmeasureatheoreticwtranslation.

On the other hand, Jeffreys, de Finett;)and Savage have
argued convincingly that for applications of probability some
version of the "degree of belief" interpretation must take
primacyfé/ Yet}*despite much axiomgtic work, one is not quite

convinced that the probability calculus as it stands today is the



proper vehicle for representing degrees of belief. The repre3
sentability of physical measures is much mope firmly established.'“\
-Pinally,let-me-mention—that the framework of thewﬁyesent :
book is broad enough to take account simultaneously of both
physical measures (including relative frequencies) and degrees of

belief. A very brief sketch of how to do this is presented in

ééhaptezma, section 8. (5

You\~- A
I turn now to the nature of the interpretation, the 'coordi+

nating definitio?s“,TbGEWeoammeasure-thgoretic categories ‘and—the
real-world, I—am-not concerned here with details, which will be
amply covered intghapter 2 and throughout the boot} but with

broad ideas and motivations.

The basic observation is that onemean=descrihé the world by
stating how much matter is embodied in what forms at what places
at what dates;: Or, more generally, how much matter is undergoing
such-and-such transformations at what places at what dates.

*New;ghe language of measure theory is readxmade for descrip$
tions of ;his sort: Quantities of matter are represented by the
values of measures, while the underlying universe set whose}sﬁbg
sets are given these values is built up from the fundamental
categories of Resources, 8pace; and Time, describing forms, places,
and dates, respectively. (Ho;iene daals with transformations and
other more complex descriptions £n ipelled out in*¢hapter 2) .
Measurement need not be in terms of physical mass;'but may be in

terms of numbers of units, volumes, money values, etc., as hefits

the particular entities under discussion.



But as soon as one realizes that it is possible to describe
the world in measure~-theoretic terms, it becomes clear that one can
also analyze the world in these terms., Laws of development can be
formulated in measure-~theoretic langﬁagq,problems can bevposed and
solved in it, and%;emenf |

The question remains, qx;nééd;that-onemeaawase measure-
theoretic lanéuagéﬂin this way , ié it worthwhile to do so? Why
should it be more ﬁseful to translate into measure-theory than to
translate into, say, Esperanto? The only answer is to make the
translation and see what 6ﬁem§é£§} This book shows that one can
obtain a massive and rather imposing body of result;j% and it seems
clear that thé&;esa%%s obtained-here are just a small part of the

results that await further research along these lines.

e

2

We all have the experience of working fruitlessly on a problem
for a time, anGAthenﬂhgﬁing the solution ceme clear when we re#~
formulate the problem in‘the right way. Call this the naturql
formulation for the prqblem in question. Now think, not';f one
problem, but of a wholé range of problems constituting some disciS,
pline. And think, not of a single formulation, but of a range of
1nterre1ated formulations constituting a consistent point of view,
a method, a body of(doctrine, a theory, or whatever you wish to

call it, If it oft?n happens that problems from some discipline

yield when formulated in terms of a certain theory, cone may speak

of that theory as thevnatural 1anguagé\for that discipline.
f & =

(lmhe&ievemthat_measure theory is the natural language for

spatial economics:in this sense. Let me badefly examine the status



10

of this latter discipline. If one compares the standard triatises
on location of the 1930!s with those of the present;é/one?s
general impression is that not much pfogress has been made/ % at
least relative to the rest of economic theorg/ much of which has
been transformed almost beyond recogﬁition over this period. Why
should this be? Certainly not from lack of interest. Indeed,
regional and urban economics - which are the applied parts of the
discipline - have grown enormously%tn—ehis~pezieds Nor is it clear
that location theory is io much mo;e difficult than other branches
of economics, Indeed, 'épaee" is really a very simple category.
Tran5portati$n is much simpler conceptually than most manufactur-
ing processes. A location can_be c?aracterized by thrée (or two)
numbers, while the state of a persdn or a éommodity requires an
indefinitely long description. So, with such a simple subject
matter, why is the field so backward°7 ' |

,As~indieateé=abaveq~ay answer is that location theorists have
up to now simply not found the proper language in which to formu-
late their problemsg and-that Mmeasure theory is the- proper language.
This entire book is an argument for Ehe“ﬂeuaﬁa”haifwaf this state-
ment. As fer the-first- half, ;et me -bedefly indicate the kinds
of snarls onewmuns into if ou, ‘does not use measure theory.

Consider the theor;;of Thiinen systems (¢hApter 8) below)-
Von Thiinen's work dates from 1826 and contains the oldest formal
model in location theory. The problem is to determine the spatial
distribution of agriculﬁural land uses, given that all deliveries

are to be made to a single isolated city (thought of as a



1l

geometrical point). There are several basic conceptual diffi-
culties. First, what is a "land use ? An indefinitely large
variety of commodities exist which may enter as inputs or outputs
in a land use (e.g.)the different possible quafiities of corn or
fertilizer); the proportions in which these commodities enter may
vary continuously; finally, there may be indefinite variations in
the time-distribution of these inputs and outputs (sequencing,
seasonal cycles, etc.). Clearlg "land use” is nq gsimple concept.
The complications become even worse with the modern observation
that the Thiinen analysis is relevant to the gpatial distribution
of ggggg’land uses, so that it becomes a theory of the internal
structure of the city. For this application the concept of @land
use® must be extended to include various kinds of residential
processes, manufacturing, t;&de, services, office activities, etc.
Furthermore, it is desirablé to distinguish various timélpatterns
within each of these uses,;?s well as the succession of different
uses on the same site. ﬁ
2 ?f: /’”Existlng studies deal with these possibilities by drastic
L §j/ simplification, either by assuming there are just a finite number
of possible land uses, of by assuming they may be described by the
variation of a few paramétersj(e.gt,"intensity"): By contrast, the
measure-theoretic appro&ch easily accommodates all the complica-
tions mentioned above. _
A second difficulty involves the concept of "spatial distri-

bution” of land uses. There is an infinite variety of possible
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distributions even for the case of just two land uses: Corn and
oats may be mixed in proportions that vary with location, they may
be segregated (in which case the regidh assigned to each must be
specified) ;—ete. For the general setlof land uses as discussed
above, the possibilities are of cdu:#e much richer. Existing
theories usually cope with this difficulty by restricting a priori
the set of distributions = e.g. assuming that land uses are
segregated into geometrically simple regions. The measure-
theoretic approach, on—the-other. hand, ‘accommodates the general
case.

A third difficulty 1nvolves'ihe allocation of "continuous"
space to "discrete" decision-makers, e.g., farmers. The aolution
offered ing ter -8, section 7} seems conceptually superior to

pre c.ea.mg 8/
that of predieting writers,” though the assumptions concerning
preferences may well be criticiied as unrealistic.

The "snarls"™ in traditional approaches whfchﬁwnmhaxnxannég
-tioned-so-far 811 involve 1nad§quacies of descriptive power. More
serious are their inadeéuacieé of analytiéalbpowér. COnSider ﬁhe
normative analysis of Thiinen systems, which is the main focus of
Chapter 8. The question of whether, or in what sense, the Thiinen
arrangement of land uses is 3pt1mal, is unresolved in the literaZ

ture;gﬁ

It turns out that the Thiinen sblution,;g optimal f?r a
certain simple linear-programming transportation problem!\fﬂo; (
your ordinary transportation problem, however, but a measure-
theoretic generalization of iti\ (See ¢hapter 7.) Indeed,

applying the ordinary transportation problem in this way requires

—
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a most unnatural “dis?iftizatioﬂ:" of space, as well as a
restriction to a ere finite number of la@d uses; thus the measure-=
theoretic generalization is needed to deal adequately with the
Thinen problem.

The Thinen model arises from the interplay of a single
"discrete" city and a "continuous" hinterlghd. More generally,
this interplay of“ﬁﬂiscrete" and "ccntinﬁﬁﬁs“ pervades location
theory: A "discrete" plant pollutes a "continuous” environment; a
“discrete" policeman patrols a\"continuous" neighborhood; a
"continuously"idispersed rural population condenses to a "discrete"”
city.

This interplay is another source for the descriptive and
analytical superiority of measure-theoretic over traditional
approaches. Measure-theoretic description allows for "discrete",
"continuouif and "mixed" distributions over Space (e.g.surban-rural_
population), over Time (e.g,‘“lumpy“ and "continuous" production),
over Resources (e.g., positive amounts of some resource, together
with a “continuoug'distribution over others)ﬁ as well as over more
complex spaces. As for analytic power, note first that many
problems can scarcely be formulated without measure-theoretic
language - e.g.;is it optimal for a certain industry to be
spatially distributed into “&iscreté" plants, or "continuously"
or with a "mixture" of these, etc.?lQ” Most of the models of
Chapter 9 involve this "discrete" - "continuous"” interplayf%}/

These examples should give some inkling of the sense in which

measure theoxry is the natural language for spatial economics. &s

Tag
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noted—-above, it lends the subject?gegerality, unity, and mathe-
matical power; above all, it h;lps;e;é~tumthfnkqu§ur$y

Now spatial economics is not just another branch of 1earn1ng}%”
That Space &nd Time) are fundamental categbries in any attempt to
understand the world ié an old idea, going back at least to the
Greek atomists. If one tries to put~cneis,£inqer,onxthe somewhat

elusive reasons for this notion, one arrives at the following

intuitive arguments: First, their uni&ersality; Everything has a

location and a date. Second, their uﬁiveraal requiredness: Every

activity needs room in which to operﬁte. and a certain duration'in
wE}ch to be consummated.(Thus the classical economists spoke of
"land" and the "period of production ») Third, theirwgonnection
with causation: Things must be in contact £o intéract;(Mofe |
generally, they may interact indirectly, e.g.. by sending signals
through the communications system; more generally still, the ; \
intensity of interaction depends on distance and relative position)
The present book cont}nues this "spatigftemporal“ tradition,
the détailed constructibnﬁioccurrinq mainly infghapters 2 and 4.
To assure that it does nq% become just another abortive attempt at
system-building, to be ggrgotten in its turn, I have concentrated

on turning out a body qf resulfs too large and impressive to be

ignored. This again explains the size of the book.

Aﬁﬁp_’ﬂ—~;;£ me now try to summarize what this book does and does not

accomplish. -
The accomplishments have already been discussed. Sgirst, the

book takes a quantum jump over existing location theory, in

0
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generalizing existing results, in putting them on a more rigorous
basis, and in striking out in new directions. I have not
attempted to write a comprehensive treatise on location theory, bgt
only to cover~t;eee'parts where I have succeeded in making sub-
stantial progyess via measure—theoretic formulation. Those parts,
however, do constitute the bulk of the "mainstream® tradition of
von Thinen, Launhardt, Weber, Palander, Hoover, L8&sch, Ponsard,
Isard, Aﬁgnso, Beckmannp anéﬁﬂichzrésan, }f Second, the book
develops the mathematics of measure theory itself. The development
is ultimately directed.towerd applications, but aeéeedzdeakfof it
should be of considerable interest even to the "pure" mathematician.
Third, the book develops a framework of ideas Ehieh seems to be
adequate for all of sociai science, not just location theory.

I-now-come-to-the ' things whieh this book does not accomplism.~
It is important to take £ull note of theee, to gain perspective and
to answer the quest;on,‘awhere do we go from here?“ I-w%i& divide
these nonﬁaccomplishments into four groups: theoretical,
foundational, empirica%,and ggactical.

Despite its bulki the book discusses only a minute fraction
of the relevant theogétical models. I have concentrated on
optimization models,jand have slighted, though not ignored, equis
librium models.li/ The latter models are partial, not general (in
the sense in which economists use these terms; each discipline has
its own particulerfnotion of Vhat is "general"). Almost all the

models are determihistic?(though some could be interpreted as

applying to expected values).
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The sense in which these models are or are not dynamic
requires some discussion. The overali.fiemework ef the book has
Time as one of its basic categories,;ind allows one to describe
change and development without troubie. But a dynamic model in
addition puts restrictions on the k;nda of changes Whieh can occur,

New there are several ways of spectfying these restrictions. One

is to state "laws of development“}lsay in the form of differential

equations. In this sense very few of the models are dynamic.
Another approach is to specify a aet of feasible activities iR
each “activity™ being defined by a complete input-output structure
over Time. Here change is determined implicitly by the dhoice of
activity. This latter approach is the one used in ¢hapter 8, and

" (to some extent) in ¢hapter 9. Still another approach is to

consider Time as simply a fourth spatial dimension. This is the
approach used in the real-estate model of ¢hapter 6. (These and
other approaches are considerqd in ¢hapter 4).

One would like to introdﬁce noeélinear features into several
of the models. Eeréexemp;e preferences are usualiy expressed by
integrals and are thereby 1inear in the corresponding measures
and integrands. But even in the realm of the linear there is
plenty of room for generalization. One expects that linear pro-
grams in general can be put into measure-theoretic form along the

lines of ﬁhapter 7, which is restricted to transportation and

“f transhipment problems.
R

A so-much—for the-theoretical-gaps. The "“foundational gap® is

the one between the conceptual framework of this book and the
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world of experience. The claim is that one can describe the world
in,éerms of measures; but the description is a highly formalized
one, several steps removed from everyday perception. Specifying

the values of a measure involves a process of measurement whieh

needs elucidation. How does one recognize the e,me 1o¢¢tion at
different times? the same physical object persisting through time?
the same resource~type at different times or places? What is a
resourcé-type anyway? What is the significance of countable
additivity? of measurability? ‘

All gf”these questions deserve éxtended discussion. I-have

kin fact discussed some-of-them inm¢haPter 2, but only cursorily.

I have concentrated instead on setting up the structure, not
worrying overmuch about the foundations. ©One must first attain a
body of results,_and only then inquire as to what they mean. This
is. the usual sequence in science.

As for the "empirical%pfaé?igﬁi gaqu} remember that this book
is intended as a work in theory: It is not concerned directly with
particular real-world situations. On the other hand, it is imporS
tant to have a large number of links between the theory and the
real world, bgth to clarify the concepts and to indicate directions
of application. Accordingly, there—are literally scores of
illustrations of theoretical modelg scatééred throughout the text.

These illustrations should be understood as hypotheses that the

suggested interpretations are reasonable approximations to the real-

world situation. For example, in‘ghapter 8 I suggest that the

observed tendency for population density to be higher along the



18

fringes of continents than;in their interiors is explainable along
von Thinen lines. 1In effq%t, this draws attention to a smali
numbexr of factsax(e.g.?waiervvs. land transport cost differentialsiﬁ
which with some simplifying assumptions yield the general config—
uration observed; other relevant facts, such as climat¢ differv
entials,-are ignorgafﬁand would be incorporated in a more complete
theory. v v

What-is lacking here is a "spatial econometrics", a body of
doctrine to guide statistical inference for the models of locaﬁion
theory. In addition, of course, in any particular application a
detailed factu&l investigation would be needed to assess the
"goodness of fit" of the models, and not merely the "casual
2mpiricisnswhtch~is«appropriate for this book.

Finally, there are the practical gaps", the absence in most
cases of feasible computational schemes for obtaining solutions to
the various models. It is one thing to show that a certain equil
librium exists, or that a certain problem has ;n optimal solﬁtidn,
and quite anothér to calculate these solutibné with A reasdnably
small amount of computational effort. Actually, I have indicated
in some cases how this might be donegi usg§11y Successive approxi=
mation schemes via price %ajustmentslg ﬁut;i have not carried
these out in detail>%§/

In this connection, there is the “practical-minded® man's
objection to the whole enterprise of this book. The argument
might go as follows: "“You have this (allegedly) wonderful new

theory. But how does it help me meet a payroll? Specifically, a
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measure is, in general, a very complicated object. To reduce
information handling costs, you have to aggfegate it to a discrete
distribution. But if you do this, doesn't your theory collapse to
something we all know already % ordinary linear programming, for
instance?"”

I will answer this objection in three stages. First, for
practical work cne must certainly approximate by a family of
objects which can be indexed by a small number of parameters. But
there are many ways to do this. Population distribution over a
region may be represented by partitioniﬁg into "a subregions and
giving the population of each (discrete aggregation) . }It might be
more convenient, however, to approximéte the distribution of a city
population by a circular normal or exponential distribution, and
the population of a region by a sum of such measures. How best to
approximate is itself a genuine prob;em, which can be solved only
by taking the "raw” measure in all iks complexity as a starting
point. Second, for many of the problems in this book, though they
involve unrestricted measures, it can be shown that they may be
indexed by a small number of parameters. The Weber problem on
__the plane . g9 4) has two parametere; the market—region problem
with n plants (9 5) has n.or n-1 parameters, (v B prices), the
Léschian one-lndugtry problem with fixed deliveries &9 6) has
two parameters‘(scale and spacing); the interplant and inter$.
industry problems of 9.3 can be reduced to combinatorial problems.
Fur;hermore, several of the problems have solutions which have very

simple characterizations in terms of the given data; these include
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the allotment-assignment problem 68.5),}and some of the police-

)]

criminal-victim models of 5.8. Thus, all of these models are

icomputable“fv What one should do with the remaining models, such
as the transportation problem of?gpapterf7, from the practical poiht‘
of view remains an open question:  It is hardly justified, however,
to replace these problems a priori by discreﬁe aggregations
(several of the "computable" problems above are in fact special
cases of the transportation problem).

The third stage.of the rebuttal tékes a different tack. SupZ
pose for the sake of argument that noné of the models in this book
were computable. Would it still have’%een worth writing? My
answerkis yes. AS'discussedwabove,éghe thebry lgnds a certain
power and clarity to thought which muét issue 1ndirect1y in a
firmer grasp of practical problems. _And the overall view of the

world whieh it contains has a certain grandeur.

1.2. Synopsis of Chapters

Chapterxr Zigagﬁis-ghapterthas two objéctives: to serve as an exposiZ
tion and feferenc; to the measure théory nsed.insthisabgdk,Jand'to
lay out the basic conceptual framework of the book. Sectionsx‘“l,f’?&tJ

and 6 are devoted to measure theory. Measures Are defined in

‘gecticﬂhl, and gectionéz then introduces the discussion of how real-
world data may be represented as measures. Sections 3 and 4 are
preliminary to section 5, which sets out the general theory of the
measure~-theoretic representation of the real world. Section 3
introduces the fundamental categories of Space, Time, and Resources,

while section 4 introduces the measure-theoretic concepts and
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theorems needed to understand gectiongs. The major exposition of
measure theory occurs in section;6. Section:7 introduces activi-
ties and related concepts; these are essentially aids to picking
out interesting patterns from the all-embracing flux of gection*B.
Finally, ggétiodws notes several real-world phenomena whose repre-
sentation requires mult{flayer measures, th;%~is, measures over a
space whose points are themselves measures.

How does the exposition of measuie theory here compare with
that in standard treatises? I have stressed measures over abstract
spaces rather than over the real line or n-space. This is not just
idle generality, but is needed because many of the spaces dgalt
with are rather c;mplicatad entities, not easily reducible to the
real numbers; these include the space of Resources, of Histories,
of Activities, mult{jlayer spaces, etc.

Most of the material covered in standard treatises appears
here, and conversely most of thé mathematical material in this
chapter appears in standard tréatises. But the ﬁverlap is not
complete in either direction.}gFor example, I have omitted any
discussion of measures on groﬁps, differential measure theoratJ
vector measures, Haﬁhdorff méasures, complete measures, outer

DanielQ infeqrals,
measures,,and Lebesahe decompositions ~ simply because these con-
cepts are not used in the rémainder of the book. Furthermore, to
save space I have omitted all proofs of standard theorems (except
occasionally when these are very short). Hence the reader who
wants a deep understanding of the subject shoiid by all means
consult the standard treatises even for the topics which-are

covered.
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Inwehemeppesieewéfreetien, some results wh*eh appear to be
new are covered in section 6, in particular in the subsection ’
"Abcont and Product Measures"” (whe:e full proofs are provided)f‘

and also in the subsection "Extension of Set Functions“g

-

~ as for the "world-representation" whose exposition culminates_.
infgectionfs, the reader acquaingéd with the theory of stochastic
processes will note the resemblance to the concepts used in that
subject. But note also the dif?erences: Measures are not
normalized, and may be infinite} more significantly, the tealizaZ
tions" (here called "histories®) do not all have the same time-
domain; finally, of course, the interpretations of the concepts
used.i:fcompletely differentffrom ;hiﬁ common in stochastic prde

16 - ' ;

cesses.

T
Chapter BJL Mathematically ﬁh&s is the deepest chapter in the book.

The theory_generalizes the,concept of signed measure. Section 1
works with measures in genéral. Sectionuz specializes to siqma-
finite measures, 1e§hing to the fundamental concept of Eseudogé,
measure. Algebraic oPeraﬁions and integration with pseudomeasures
are defined in this section, while various order relations are
defined in gection'ﬁ. There are two basic types of applications of
pseudomeasures in this book. First, pseudomeasures may be used to
represent "net" values ?f@.g.(net production, net migration}- even
in ‘those cases where bofh "gross" measures are infinite, as might
occur in models with 1hf1n1te horizons. The main application of -

J7 —~_ 4. _(see al $50/6.9),
this type is to the transhipment problem, 7 7 thrdugh 7. 11, ‘Much
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more important is the use of pseudomeasures to represent pref-
erences. Pseudomeasures are used throughout the book in this way,
and this application allows the formulation of models thch are
both more general and simpler than would otherwise be the case.x//
The use of pseudomeasures also generalizes neatly such apparently
unrelated subjects as the Ramsey—Weizsacker "overtaking” approach
and the Be;houll1—von—Neumann-Morgenstern expected utility approach,
the former by going from Time to more qenpral spaces, the latter by
allowing unbounded utility functions. Tﬁesa topics are discussed
in section 3. f

Pseudomeasure theory is quite elegént from a purely mathe-
matical point of view, and?ghapter 3 is;just a bare introduction

to it. The subject is developed furthér in 6.9 and in 7.11.
“/l?ChaEter 4;0JWhile chapter 2 contains § descriptive framework

valid in "all possible worlds”, 80 t§;$pﬁak, chapter 4 is devoted
to various approaches to the represeﬁtétion of "attainable worlds®-—
*tﬁé€¥$s, to the representation of an;agent's power. As introduced
in gectionﬁl, powver is limited in miny different ways: by lack of
knoﬁledge, by natural law, by resoufce availability, by limited
Authority, by legal constraints, by budget constraints, etc. These
are all discussed in chapter 4 (except for budget constraints,
discussed ih 6.1). S;ctioﬁkz elucidates the concept of uncon-
trollability, e. g., the sense in which the past is uncontrollable.
Section 3 discusses cross-sectional constraints, - thatmls, con-
straints on the possible distributions over Space and Resources at

o,
a moment of Time. Section 4 explores a few simple cases of the
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potentially much richer class of constraints involving several
moments of Time; it ends with an example involving pollution,
essentially a simple diffusion model. Sectionus builds on the
activity concepﬁs of{2;7. It first specializes to the case of
"simply~located sedentgiy“ activitieé, that=is, activities located
at a single fixed point. The construction which follows is
eséentially a measure-theoretic generalization of the standard
m'activity analysis"® approach. SectionsdG and 7 examine certain
assumptions implicit in this approach. 1In gection 6 the assumption
that there are no "neighborhood effects" is explicated and then
criticized as to its realism. In gection‘7 the same is done for
the assumption of "constant returns to séhleﬁ. Three different
meanings of this concept are distinguished, stemmihg from three
different sééle concepts discussed in 2.7. Section 8 briefly dié-
cusseé ﬁhe Knightian cqntention that "indivisibility" is respon-
sible for "noniponstant returns to scale." Six different meanihgs
ofn"indivisibility“ are distinguished, none of which support |
1 Knight's contention.'f(The discussion in qeétidnsiiﬁggg;a -'which
is by no means definitive - is an example of how expliciz\con* ffw'
sideration of the spatial variable can clarify ﬁeriain unsettled.
issues in economic theory)z; Finally, sectionub is an informal
discussion of the modes by which one controls the location of v
things (and thereby their interaction): bringing things together,
keeping them apart, maintaining relative positioné, etc., by
means of barriers, walls, bindings, transportation construction,

etc.
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Chapter 4 is the most unfinished cf gi? the “%apters. The
discussion is at rudimentary level, and there is no overall point

of view uniting the sections as thssszﬁs in most other chapters.

-

/{;Chagter 5 Eigisvghapter is devoteﬁ mainly to the study of one very
general snd pervasive type of optimization problem, an example of
which is: Given alternative projscts, returne from each depénding
on the amounts of effort invested, with constraints on the total
effort availablegiand on the amount that may be invested in each
project, allocnte‘effort among @rojects to maximize overall reT
turn. Sectionfi discusses various interpretations: Effort may be
money, time, resources, personnel, etc. The formal problem is in
one sense a special case of the Neyman-Pearson problem, special in
that it has just one allocative constraint; but i; is extremely
general in all other respects. The problem is formally set up in

:.’
section 2, and analyzed in sections 3~threagh 7. In particular,

in section 4 a shadow-pricé“'oondltxon associated with optimal

‘3&

solutions is derived. Finally, in gectlon\s these results are
applied to the problem of explaining the spatial distribution of
crime. This is determined by a game between Criminals and Victims
on the one hand, and between Criminals and Police on the other.

In these games the participants are faced with allocation-of<
effort problems. The results predict a positive association between
crime rates and population (or wealth) density, and also;a

tendency for crime to 'suburbanizeiyoith increased numbers of

police, -~
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- The allocation-of-effort problem finds further applications
in;?hapters 8 and 9.

"t"!
P 4

Chagter 5% Sections 1- through 3 focus on the budget constraints
’ facing a single agent. Section 1 stresses basic accounting
identities in perfectly competitive markets, sprsad over a
measurable space of commodities at various tines and places.
Section&2 extends the analysis to rental mariets, discussing
ownership vs. control, bailments)and servicé activities. Section
@3 indicates how the measure-theoretic approich extends to encomZ
pass imperfections in the commodity and/orscapital narkets. The
discussion is rudimentary throughout. | |
Section 4 introduces the main tOpic‘of this chapter; the
real-estate market, which allocates the ownership and control of
Space-fime. Discussion of the organization of this market carries
over into section '5, which stresses the question of how best to
represent the preferences of the participants in the market,
balancing simplicity against realism. / Assuming these simplificd:
tions, section 6 proves the existence’of equilibrium in the real-
estate market and explores certain of its properties. Section 7
indicates how joint control of real-estate ;:bng several agents
might be represented, in contrast to the exclusive control approach
of section 6. Sectionks is a critique of a leading alternative
theory of the real-estate msrket,jthat of Alonso. Finally, secs
tion 9 generalizes the analysis of sectionﬁé in a direction whieh _
might be relevant in unbounded Space or Time, where the number of

agents might be infinite, rents might be infinite, preferences no

-



27

longer representable by real numbers, etc. These complications
are all handled by introducing pseudomeasurea, and the analysis
closely parallels that of section (R An appendix to section 9
develops certain order properties of the space of pseudomeasures

wh:eh grow out of this analysis.

~An alternative approach to the teal,estate market occurs in

¢hap@en~8, section 7. Briefly, this latter model is deeper than

the present cne in that preferences over regions are derived from
the uses one is going to run there, rather than b:lng assumed
directly. On the other- hand, the 8 7 model operates in a Thinen
context, while the pnesent mo&el has no such restriction.

il 9

N ¢ Chapter 1\ ‘The chapter develops the measure-theoretic generaliza‘

)

tion of the transportation (sections lﬂthxouqh '5) and transhipment
(sections 6 thznugh.ll) problems of linear programming. CapaciZg
ties and requirements are represented as measures, and cost as an
integral (in general, a pseudomeasure). Topological concepts are
introduced as needed. The section headings are mostly self<
explanatory. “Potentials"zin sectionhS refer to the system of
"shadow-prices™ associated with optimal solutions. Section '6

discusses the relation between the two problems, and the realism

‘of their assumptions. (Further connections between the two

problems are obtained in the latter part of section 7 and in
section 10). The "skew" problem of section’ll is the transhipf
ment problem in terms of'net shipments. It is interesting that in

one formalization the problem is to find an optimal pseudomeasure.
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}All other problems in this book involve £inding unknown measures,
or point functions, or individual points, or sets).
The transportation problem is the foundation off$hapter 8, and

both transportation and transhipment appear in various sections of

Chapter 8ngChapters 8 and 9 (andVG-to a lesser extent) are-the-ones
which deal with the tradiiional models of location theory,:thdugh
-of-course they go far beyond the standard agenda of topics. '%hfé
chapter deals with’Thﬁpen models, 1n§roductd in‘gactionﬁl. Stress
is placed on the optimization aspects of these m;dels, though equiZ<
.librium is covered as well. Section72 introduces "ideal"” weights
and distances, which are needed because real-world transport costs
are not proportional to ton-miles of shipments. The épecial
modifications of these conceﬁts needed in the Thiinen context are 7
discuﬁsed in géctidn§3. Secﬁion?1~22§§§-off from the éctivityfxﬂ
analysis fraﬁework o!vghapter 4, It indicaﬁes ﬁow “amounts” of
land uses may be measﬁfed in 'ideal* aéres. ("Ideal® area is,thé
third 1deé1 concept used;gtt allows for “feitility" differentials‘
and land availability not proportional to physical area; "land
uses” are simply space-using activitiesb, Also it indicates how
resource-time ideal weights translate into land-use 3f28;1§2 Theée
formalities allow much simplification in the expressions for
transport costs and areql capacity constraints. Interpretations

of land uses in terms of time-patterns, multiple stories and ideal

c ,
weight qpiessments are discussed.
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Bectionﬁs gives the basic Thiinen optimization model, to
minimize overall transport costs subﬁect to areal capacity aﬁd
land-use allotment constraints. Fqémally, this tﬁrns out to be a
special case of the measure-theorgﬁic transportation problem. A
detailed analysis follows, the sp;cial features allowing sharper
results than in_ﬁhapter 7. Secgionqb then applies these abstract
results to concf;te Thiinen syagéms,»and also gives several other
applications, some far removedffrom the original spatial context.

Section 6 gives the bas#& Thiinen equilibrium model. Each
agent must decide which 1anq:to acquire and what land uses to run /.
on-his—land. Under fairly ﬁeak assumptions concerning preferences,
etc., it is shown that anxfequilibrium will satisfy the Thiinen
pattern in the overall sp;tial distribution of land’uses and land
values. In view of thef;ery complicatéd arguments needed for

rigor, a simplified heuiistic ap?%oach is also given}ftaken from

my Essays)

e

e Section 8 discusses manyA;nterpretationB. predictions, and

informal extensions of this véry flexible model: the spatial
distribution of multiple-stqu structures, land speculation,
people by income, family siie,#car-awnership; the influence of
pollution, crime, and danger; the effects of taxation; and the
welfare implications é: f the model. Finally, section 9 discusses
a variety of real-world Thiinen systems classified in several ways:

7lrst, by spatial scale{ﬁ from one's workbenchifto theaters,

farms, villages, city neighborhoods, cities, metropolitan regions, o
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}

su@}continental systéms,ﬁti the entire world. \The latter, coupled
with ideal distance distortions, explains the tendency for con=-
tinents to have relatively empty interiore. pecond, dynamioallyﬁK
in particular whether they develop by inward miqration (e.qg.,
rural-urban, dual economl%s) or by outward migration (e.g.:sub~
urbanization, pioneering). Thiinen systems fall into a hierar- ‘
ch#el structure, and this yields an explanation of the "central
placiﬂ‘ arrangement. Some indices for assessing Thﬁnen fits are
noted, such as transport nets, Stewart potentials, percentage of

nog+lo¢al flows.
% i

/ Chapter 9% Section,l discusses informally e variety of preference

patterns in a spatial context, involving pOllution, layout
problems, attraction and repulsion among persons and groups,
density preferences, visits to facilities, etc. Section 2 dig=-
cusses a number of informal models involjlng interacting agents
having some of theee preference patternei Specifically, agents
are assumed to be attracted, or repelled trom various otherei and
can’set by themselves moving;or by inducing others to move (or to
stay put). Another group of models 1nVo1ves attraction to
facilities or services for which the agent has a taste, leading to
generalizations of the Tiebout model,iurban neighborhood formation,
segregation by income, etc. Changes‘ln preference are briefly
discussed, such as fatigue, deprivatfon, extinctioepand»habitua-
tion of tastes. | :
The rest of Chapter 9 isbrore ?ormal in tone. Sectionjb

deals with certain interéplant and interjindustry optimization
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problems, in which flows between all pairs of plants or industries
are given, albng with the locatiodgof some plants or industries,
and the others are to be located to minimize overall transport
costs. Under certain conditions there is a iendency gg’optimal
locations to coincide, a clue to the observed tendency toward
agglomeration in the real world. The concépt of "orientation" of
an industry is clarified, and an explanat}ontéiven for the tendency
of industries to dichotomize into “resoug&e" and "market” orientaé:
tion. A different model deals with the ;localization" of indusf:
tries into small regions. 5

Section ﬁ deals with the classical Weber problem,ato choose
a plant location minimizing transport posts, given the spatial
- distribution of shipments to and from;the plant. A multiplant
generalization is also considered, inﬁwhich interplant flows are
also given, and all plants must be located. Many interpretations
are given, along with a discussion of subproblems in general. The
connection with "nodality" is discu@sed. Results confpning
exlstence and bounds on solutions are obtained, as well as the use
of symmetry and convexity in findi@g solutions. Finally, the
mult{zglant Weber problem in a Thﬁﬁen context is examinedf with
some surprising results. ‘

Sectioﬂt? deals with a class;of problems of which the follow=
ing is typicai: Given a system of plants, with locations and
capacities specified, and given é spatial distribution of demand,
find a shipping pattern that satisfies these constraints at

ninimal transport cost. This is a special case of the transportaf:

tion problem of ¢hapter 7, special in that the origin space is
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countable., Just as with the allotment~assignment problem (5.5),
this special feature lends to sharper results., Specifically,
optimal flows are associated with a system of :hadow mill prices
théh determine market regions, each plant shipping exclusively tor
its own region. The implications between these prices, various

market region cohcepts,;and optimal flows are explored in detail.

~
4 7Y

';g//”/fh the "service systems" of section 6, finally, one is to

" f£ind both the number, location, and output of plants@gand.the

——

spatial distribution of outputs, both from the viewpoint of
optimization (maximizing total benefits minus transport and proc,

duction costs), and for various social equilibria. A classificaf:

N
¥ n,

tion scheme is set up and the "goodness of fit“ ;f various’rea1~
world systemgyto the.model is discussed. The case of a single'
plant with fixed location and output is taken ﬁp'first; this
reduces to an allocation-of-effort problem (ﬁhapter 53 Theh‘oﬁv'
to many plants, again with all locations and outputs fixed; the
market region problem (section;S) turns out—to-be a subproblem of
this. The analysis turns on the relations between optimal solu-'
tions and the @shadow-price” conditions of the market region and
allocation-of-effort subproblems. The next topic is the relation
between spatial p;ices and shipment patterns, in particular the
Mills-Lav demonstration that parts of the field may go unserved.
Finally, the difficult subject of variable plant locations and |
numbers is broached. The need (for the first §nd only time in this

book) for introducing extended ordering of pseudomeasures is noted.
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The inefficiency of the honeycomb lattice arrangement of plants
P
is demonstrated#f This is contrary to many statements in the

literature, and indicates the unsettled nagnre of the subject.

1.3.R Reader's Guide to—this—Book

\

This is a difficult book for several reasons -~ its length, its
novelty, the inhiﬁent complexity of its arguments, and the fact
that its central mathematical apparatus, measure theory, is at
present unfamiliar to most economists qﬁd other social scientiiﬁi.
Hence the need for a “"readex's gui&&“af

One pervasive problem thatw&~iae¢d in organizing the book was
the double task of developing the fo:mal theory on the one hand,
and connecting it with real-world concepts on the other. The first
task calld'for a rigorous self-contained approach; the second
calls for an open-ended intuitive aﬁproach. I have tried to
accomplish both tasks by,“ftrstmof.éll, segregating the formal and
intuitive portions into separate sédtione; Iwhaverbéen only

partially successful &n:this» My maln device has been to SLgnal

-the formal discussion by wri%&ng Definition§( Theorem:, Proofs, and ||/

at the end of a proof. The texg\blocked out by-these-signals is
meant to be self-contained and to meet full standards of mathe-
matical rigor (in contrast to much contemporary literature which
is studied with pseudo-"proofs" of "theorems®).

The only mathematical prerequisite for reading this book is
elementary calculus (e.g.;real humbers, limits, mean=value
theorem, absolute convergence,_hniform continuity, Ri;mann

integral))though the reader whose knowledge stops at this point
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will not have an easy time. All other concepts and theorems are
developed as needed. _ i

It should be possible to understand the text by skipping all
proofs, reading only the definiticns and theorems, and thereby '
avoiding the most difficult partefof the book. Reading the'prccfs;
of course, is needed for a reali§ deep understanding of the
theories developed (as well as %ar verifying my results).

The diagram indicates the precedence

LA MM et

indicating (2) ~ (3) —+ 1(6)

V.
. 2

relations among the chapter

strong dependence,w--r indicating weak | / \l
(4) (7) (5)
dependence. Getting down to the section N l \ﬁll
- 5
R
level, ¢hapter 4 13 needed for 8 4 éhapter (8)--»(9)

5 is needed for 8.6 and 9. 6 ¢hapter 7 |

(transportation half) is needed for 8 SIa;d

9, 5,?¢hapter 7 (transhipment half) is needed
for 9, 3 _ghapter 8 is needed for 9.4.

Chapter 2 is precedent to all other chapters. Perhaps
sectionsgl threugh 5 eﬁjéhepterma should be read straight through ,/”
and gecticn 6 used as{a general reference on measure theory.

'~ Chapter 3 presenﬁs a special problem because of its novelty.
"Rsmindicatedv“it is nrecedent to all other chapters except 2 and
4; but the reader wnc does not feel at home with pseudomeasures

may circumvent this dependence, at least in partp first, many

sactions inléhapters 5 through 9 do not use pseudomeasures.

Second, the standard integral theorem ﬁ#age % ) allows one in
. /!
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some cases to translate a utility function expressed in pseuddg
measures into more familiar terms (thié works in dhapter 5, for
example, but not in most of ghapter f)@rthird, one may add extra
conditions, such as boundednessﬂ to: various premises to insure
that utllléies are expressible as real numbefi thus circumventing
¢hapter 3 at the cost of some generality. All this still leaves
a residue of results which requlre a working knowledge of pseudot
measures, which ;s really not all that difficult to master. (Note
that dhapter 3 has to be read only through standard order;
extended order is used only in 9 6 ,-at-the-very end-of-the-beok,
except for passing references).

x1—¥~inééeates~seetxon Y of ehagﬁer A pifferentiation is
ﬁqﬂicatedf%? DALl other" n§ﬁ§f16ns are standard or explained

P te

\
\

Section Y of Chapter X is indicated by X.Y. Formula Z of Section X.Y is indicated

by (X.Y.Z). It is referred to as!(Z) within Section X.Y, referred to as (Y.Z)

N 3

elsevhere in Chapter X, and referred to as (X.Y.Z) in other chapters.
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= FOOTNOTES CL;rty q

A - £
TR

Ph.D. Dissertation, Department of Economics, Columbia
Univpsai%xg\l967.

I,

i~zbertain existing disciplines fallfunder this rubric, notably

parts of the theory of games’ /and parts of mathematical statistics.
But the-present work & with the exception of ¢hapter 5~ is
independent of these. It is also independent of the one existing
direct application of measures in economic theory, the 'oontinueuo

6.7
of traders" model., For comments on the lattéﬁ, sae-gugeo————bo&owr

~rerrebaplirmbr e

g?T. Hawkins, Lebesgép's Theory of Integration: Its Origins

and Development (University-of Wisconsin Press, Madison, 1970),

pages 180-181.

4A. N. Kolmogorov, Grundbegxiffe der Wahrsoheinlichkeitsé,

rechn ung (Springer, Berlin, 1933), tranalaeedxhy N. Morrison as
Foundations of the Theory of Probability (Chelaea, New York, sand

-edition, 1956).

258.'Jeffreys, Theory of Probability (Clarendon Press, Oxford,

“3rﬁ’éditienw 1961))espee£ally7¢hapeer 7;4Studies in Subjective
Probability, edited by H. E. Kyburg, Jr., and H, E. Smokler -

(Wiley, New York, 1964).
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E

%Fbr the 1936?;, see T. Palander, Beitrige zZur

Standortsth&rio (Almqvist och Wikfell, Uppsala, 1935). and E. .

Hoover, Jr., Location Theory and the 8hoe and Leather Industries
(Harvard University Press, Cambridge,'1937). For the present

there are several choices, e.g., H, W, Richardson, Regional

Economics: TLocation Theory, Urban Structure, and Regional Change
(Pi&bger, New York, 1969). An overview may be found in the

articles on&"Spatial Economics™ by E. M. Hoover and L. N. Moses

in the International Encyclopedia of the Soclal Sciences

(Macmillan, New York, 1968).

7f70f course, a number of disciplinas have evolved to deal with

spatial problems: network flow theory, traffic flow theory, the
linear programming transportatidn problem, information diffusion
models, etc. But none of these directly touches the traditional

#the

problems of location theory. 'in~$hapter 7% generalize
transportation problem to measure-theoretic form, whereupon it

does become directly relevant to several of these problems.

?78E. S. Dunn, Jr., The Location of Agricultural Production

(Univgzstty:ofwrlorida Press, Gainesville, 1954); W. Isard,
Location and Space-Economy (M.I.T. Press, Cambridge, 1956),

/ﬁuﬁﬂmm 7; W. Alonso, Location and Land-Use (Harvard BR,Lhuv *’*_ ﬁmsy

Cambridge, 1964),
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9See the discussion in Alonso, Location and Land-Use (Ltﬁky].
Gnd Pa9es 1015106 .-

The first semi-rigorous argument for the affirmative appears to be

A £ » 8
sgy ‘Essays in-Spatial-Economics, pa \1°A: though it is couched
in equilibrium rather than Optimizing terms. This argument is
0
-essentially *repeated below,mpnge ' \
o pp- 000000/

;Q%OA very simple model exists on the uniform plans with uni<

form costs in which the optimal distribution appears to be 'mixadf;
see A. M. Faden,mﬁxnefficiency of the Regular Hexagon in Induss

trial Location,vv Geographical Analysis,\l 321-328, Octsber, 1969[,

AL ‘i’ giﬂwfj o — mﬁwgp
. also pages ‘below,

7

\ /3 ¢ A
(Ptx 000 -00 J

%ﬂitThe terms “"discrete" and "continagus' are used throughout

this discussion in an intuitive sence. ' The technically correct

terms are "atomic" and 'non%atomicﬂi respectively.

N\
b Y

|22 gemantic note: The disciﬁlines called regional ;ciencc,
human ecology, theoretical goography, and ekistics are in my view
essentially the same as spatial economics or location theoryﬁkin
the sense that they share a common core of central ideas, though

each retains its particular flavor. There is product differentia;

tion in the marketplace of ideas as well as <4n that of commodities.

(S
ﬂraﬁs examples of parts not covered in this book% I-may-men<

tion the control-theoretic models in E. S. Mills,,Studies in the

Structure of the Urban Economy (Johns Hopkins Press, Baltimore,

1972) ,, and the hoschian comparative statics, the homogeneous

Thunen, and the commuting models in mywown Essa :»,tri
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f / Y
!Q%4Equilibrium models may be found imthe-following chapters ‘

A

and sections; 5.8, 6-passieh, 8.7, 8.8,/9.2, 9.5, 9.6,

’5kt§A brief survey of algorithms fo;flocation theoryﬂ&%y be

found in A. J. Scott, Combinatorial Prégg;mming, Spatial Analysis

and Planning (Methuen, London, 1971).)

16

b

As._already-discussed, ghia frﬁmeworﬁfhdequate for
descriptive purposes in all of social science. What about

natural science? On the whole it rémains adequate; but note—-that
the framework is incompaﬁible with;relativ§ty thaory‘since it
assumes "absolute” Space and Time. And itﬁ%probably) incompgtible

with quantum theory since it allows for complete state descriptions.

17 hese virtues arise from the fack that é§é~dee;;hé£4£avé'\'
to impose artificial restrictions to guarantee that utilities are
real~valued. Of coursgjsimpliéity is in the eye of the beholder.
If English spelling were madefphonetic)it would be objectively
simpler, but not necessarily to someone who had learned to spell

the old way.

< >
Vo 8Following«a=auh Faden, "Inefficiency of the Regular

Hexagoq}in—industriaiwnocaeionw*,fﬂeagﬂaphicai“ﬁnaiga&aﬁfiﬁg21ﬁ”
328, -Octobers=1969- ’



