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SUMMARY

The research goals and methodological approach of quantitative
S....

geography in its formative period (1955-1965) are described and some - .. .2>

principles concerning the logic of scientific discovery which led to further

adoption and modification of quantitative approaches in the discipline are

discussed. Substantive achievements of quantification are described in

relation to the analy!'is of spatial structure; mathematical regionalization;

developmert of location theory from behavioral foundations; measurement

problems in the analysis of spatial behavior; the development of spatial

prediction models and in relation to quantitative spatial geomorphology.

Forecasts of future developments in the area of quantitative geography are

made and the adaptability of substantive findings for incorporation i's an

automated environment of data analysis are discussed.
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FOREWORD I

"Authorization for this study was from Contrant DAAK02-70-C-0185,

"Thteory of Quantitative Geography" for the U.S. Army Engineer Topographic

Laboratories Research Institute, Alexandria, Virginia. The objectives of the

study were:

"To review, define and clarify the current quantitative
approach to geography. The study is to perform the following:

a. Determine the validity, accu:=cy, and/or confidence of
quantification as a geographic research tool.

b. Investigate quantitative geography's origin, review its
antecedants, outline the periods of development and prepare
a bibliography.

c. L•ilineate the methodology and clarify the terminology by
showing the applicability or adaptability to geographic research.

d. Show how quantitative geography is relevant to terrain analyses.

e. Demonstrate quantitative geography's adaptability in the
automated data processing environment.

During all but the final stages of preparation of this report, Dr. Roger A.

Leestma was the contracting agency's officer in charge of the project and we

would like to acknowledge our debt to him for first conceiving of the work,

for conveying to us his enthusiasm for it ind for arranging for a most

positive critical review of an early draft of the manuscript.

We also thank both Dr. Leestrna and his successor on the project,

Mr. Nathan Fishel, for their understandiiji in -xtending the time requirements

for preparing the manuscript so that we m-ght critique and revicw our work.

We cannot help but reflect that this repor' would have been easier to write

a short three or four years ago. In the moantlme and coinciding closely
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with the period (since October 1969) in which we have worked in this area

the quantitative thrust in geography has been increasingly questioned from

within. In contrast with earlier decades when such questioning would have

been of the value of quantification, per sj the present questioning is rooted

in some fundamental epistemological issuos and its resolution will influence

" the path that future quantitative studies will take. The almost single-minded

purpose ot early quantitative studies and the absence of differences in opinion

on major issues that were characteristic o-! earlier times, are no more. By

preparing a report which covers basic principles and common issues in the

early chapters and which evaluates progress in substantive areas that have

been cultivated by quite separate groups of researchers, our hope is that the

variety of opinions within the quantitative school of geography will appear

in the report. Though each chapter had its primary author with full freedom

to discusz; the selected area as he saw fli, our many collective discussions

around the points made, (particularly in the early chapters), have led us

recently to view the entire repoit as a col ective endeavor.

Ac an early stage of the work we i id th ) advantage of discussions with

Dr. Leslie I. King, McMaster University. c. • (,-nal project design.

Thruugh various drafts of most chapturs o, r gre. duate students at the University
of Iowa nad• many critical and valuible (ommonts. We would particularly

thank those who participated in the work, Mr. F. Ermuth, Mr. J. Hultquist,

Mr. J. Louviere and Mr. R. Hall. F'inally, we would like to thank our two

se,•retaries, Ms. Anthoa Craven and Ms. Susan Moore who with much



Patience, foreboarance and good humor, struggled with our untidy maniu-

scripts with the pressure of deadlines ever present.
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INTRODUCTTON

This report reviews the origins of the "quantitative revolution" in

geography and assesses the degree to which fruitful findings have resulted

(' :from this trend toward increasing quantification of research in the discipline.

-Critical assesments of developments in any discipline that are oriented to

only one facet of its methodology lose perspective and meaning unless they

are related to other facets of methodology. Thus, at an early stage in the

report we emphasize the relationship between theory development and

quantification that many early quantifiers saw. Many of the substantive

conclusions that later transpired could as much be layed at the door of theory

construction as at that of quantification per se. Whether such developments

should be attributed to quantification is a moot point - and not one that could

be fruitfully debated. Suffice to note that the quantitative generalizations

of many of the early empirical studies were seen as the primal "laws" on

which theory would ultimately be built. The epistemological debates that

followed led to further rationalizations concerning the character of a truly

scientific geography and invariably these were couched in a form that called

for further quantitative work. Thus did the goals of the discipline and those

of quantitative geography rech a closer conformity until--in the minds of

some--if a problem was not amenable to quantitative analysis it was often

ruled outside the domain of the discipline! Viewed in this way, it seemed

as interesting to enquire into how the new goals of geography became formu-

lated as to enquire into whether the conventional goals of geographical

research were furthored by quantification. Insofar as the new goals of
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geography were customized to the character of.the new quantitative geography,

alternative (non-quantitative) approaches were no match for them.

The report covers three periods of geographical research. The

emergence of quantification as a serious research-style is traced in Chapter

II where the early quantitative literature of the modern era is systematically

described in relation to broader principles of how disciplines become trans-

formed. Reference is made there to many of the popular misconceptions

concerning quantification that existed in the discipline. These are systema-

tically examined in Chapter I in relation to general principles of mathematical

logiu and to the manner in which mathematics was generally viewed within

the discipline at that time. That Chapter also discusses the types of

mathematical models that may be constructed in geography. In Chapter III

the logic apparently used in quantitative geography is contrasted with the

reconstructed logic of paradigmatic areas of science 1ii the logical positivist

sense. Issues in theory development are discussed as is also the problem

of choosing non-trivial axioms on which to develop deductive systems.

The second and third periods covered relate to the current status

of quantification and future anticipated developments. These periods are not

exclusively covered in separate chapters although Chapters IV and V are

concerned predominantly with conventional modes of quantitative geographical

research. In particular, Chapter IV reviews work in the quantitative des-

cription of spatial structure that comprised the largest proportion of quantitative

geographical research in the first decade of the modern quantitative eia

(1955 - 1965). Chapter V discusses trends in regionalization and
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classification in geography while Chapter VI and Chapter VII review two

mainstreams of quantitative research both of which have received a great deal

more attention in recent years. Thus our efforts have been directed rather

deliberately to critically reviewing research areas that are prominent in con-

temporary quantitative geography. Chapter VI focuses on developments in

location theory that relate to the more formal incorporation of the behavioral

foundations of classical models and to the construction of computerized

location models that have the facility for solving for locational patterns in

areas of environmental variability--in contrast with the classical location

models which were mathematically intractable for all but rather simple initial

conditions. That chapter also discusses some of the measurement problems

involved in deriving non-naive behavioral postulates for incorporation in

location models. In particular, recent developments in non-metric, multi-

dimensional scaling are reviewed and the widespread adaptability of this

technique for locational problems is discussed. Chapter VII focuses on

spatial forecasting and control models and after describing their salient

characteristics, shows how manry models are currently being designred to

explicitly Investigate policy issues which decision-makers and their agencies

are Interested in. In Chapte� V111 a casti study of Quantitative Spatial

lRasearch In Geomorpholoqy serves both to -provide documentation for points

made in Chapters I through V and to assess substantive findings in the area

of terrain analysis. Chapter IX surveys broadly the impact of. quantification

in t1, %scipline ant makes some predictions on the course of future work

in quantitative geography.
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CHAPTER I

ON THE USE OF MATHEMATICS IN GEOGRAPHY

In this chapter, we are concerned with how mathematics has been

used in geography in relation to a number of general principles on the

function of mathematical logic in scientific enquiry and in relation to the

state in which geography presently finds itself. We concur with Coleman

that mathematics is a set of tools which must be fashioned in relation to the

problems of a discipline and that the way in which it is used at any time

will reflect the nature of these problems. Although we are primarily

concerned with the principles that guide the application of mathematics to

geography, we find it necessary to discuss contemporary applications

with the context of the nature of contemporary problems in the discipline

and to analyze some of the -more frequently voiced objections to the use of

mathematics in the solutions of such problems.

Objecttons to the Use of Mathematics in Geography

Some Common Misconceptions

A first objection pertains primarily to human geography and rests
upon the belief that the attempt to extend the application of mathematics into

the social sciences is doomed to failure because of the fundamental difference

in the subject matter of the physical and social sciences. While cor.- ,ilng

that the entities of, say, the 3clence uf -mchanics are amenable to mathe-

imatical law, whe geographer subscribing to this view would argue that human
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beings are not.

The problems of geography, it would be argued, ure distinguished

from the physical sciences In that they are concerned wit h the decii'ons of

man. Thus, many of the methods of the physical scien-ea, for exuryple,4

the laborator-y experiment, have little applicatio~n LO the sc~Ci.F. sciences.

Some people have reached the conclusion that laws, in principle, cannot

be found since such laws, if they did exist, would Interfere with man's

freedom to act. Thus, in geography, no less than In economics, sociology

or political science, there have been dominant Intellectuals who have taken

their stand, somewhat as a matter of faith, that no laws or theories can be

evolved with respect to man since the obvious freedom with which alan

chooses between alternative ends as wc11 as iilternative means to reach ens,

is inconsistent with the notion that liiws can t~xst to gov-oni man's actions.

This stand, as Komeriv points wit, Is founded on tht- misconception 01a t

nature obeys lawb as an obodtiont childf is oxpucted to conform to Parenatal

la ws. 'If science, howev'er, laws aro O~scrptivns- of reality. so that

whether or not stich diescriptionv can be! ,ivtdo of huntan actions i.; sirely a,

questlon of fact ri ot of hu41h. I f we ntet~ sarch lot sueh &usrip-&IMS

they will surely niever U, foun.-i. To ýcla jit' th,-# t the sotellc for laws willI be

fruitless is maraly to expnSS aIn op~i~on tls Wo the 011MInw of tile soarch.

Be~fore we- conclude that it is Witder to flud laws in die. gocial tho n the

physical sciences, we should rmoinber !hat the effort which social sclentitst6
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have devoted to this end is a very small fraction of that whaich physical

scientists have expended in the last thre 3 centuries.

Do laws limit man's freedom to act? Nol Of course man has

freedom to inake. choices among available a.-ns. But this freedom Is tami~ered

with reason such that his choice is aimed at securing a preferred combination

of experience. Keirstead quotes Locke as saying,

"If to break loose from the conduct of reason, and to
want that restraint of examination and judgement which
keeps us from doing or choosing the worse, be iiberty. 3
true liberty, madmen and fools are the only fiee men."

Thus, free men act to achieve. certain goals and their essential freedom is

the inner freedom to decide for themselvas just what the outcome of the

alternative acts might be. Laws that predict such outcomes on the basis of

analysis of prior behavior do not make an aubmaorto of ma-n for two rtasons.

First, they can always be falsified by facts and, second, they mray be

4
couched in probability terms and th~is leave a varl-fly of actions to be

expocted with different dogreasof likelihood for any individual.

A second objecti4n stemns fromw the viý'W tha t imqny phonornoni aud,

conce*pts in geogiraphy either ecmnnot W- "quani~tiokd or comiot without a loss.

Ol. "meaning". As Spate pul it,

"..theorr jire iniitjurs on which prec~ic qwuintifid rutnir1
m~y be for -moro meager and aunsatisfctory, and f. r loss tiitwi-

ingful. thani st,:Amenta which d". not rosi on ~tatristical onquiry
but of Which the acurticV e~nitbeipahd

Uxactly wimt Spate, meanz by "mote meagior. "un-satisfacory sid

Ingful is nott entirely clear. although ftom the eianpit fie gives, it appoatt

than lie mens. that they are el-epaty [or example, Mn refatrr~ to



Madrid and Barclna, he states:

Analyses, useful so far as they go, can be made frorn the Occu-
pational structure of these two cities, analyses which are satis-
tically preoise and valuable for a quantitative desciption.

* Thsy are lezs mea ningful -- that is, they stard in more need of
.xplanation and Interpretation, of outside support--thain conclu-6

sirs drawn from the historical development of these two cities. 6

Although one could attack the phdlosophy of explaniation Implicitly embraced

by Spate, suffice to note that no supposed empirical fact provides its own

explanation and that natheinatlcs Ise not synonymous with precision in a

itueasummeret. sense; if it were, group thoory,. graph theory. topology, etc.,

would have to be denied as legitimate branches of modern algebra and

qei~,Tetrv. Since atathematics is coniprlsed of languanges or dedluctiv~e

caluli oly some of which are conceneud with numbers an~d space, ainy

declarative sefltent*;izý quantitative or qualitative, can PCtentitaly bve

expressed in a suaitable mathouinacal fonjii To hoid lie belief that. ior all

or for m4lIV of the probleins in og(ripy userc)aasretn~~r

absent o~r irielavant is not a sufficio~nt t *,is fo~r ~:c. 0%irit thA-t :

iuaticds Is irrolevatt or WnAu.iltblo to fhesr- bieý t,4l~ W I

foeaibility and usofulninest Wf tS.iquin~ to t st qa~-fyiwc

them in the social -cincs IAvo been well idoc sit niod by xiomeswl, 4nt

Coelmatn.

A third oaoectfon to Oth use of Mmflje !a qgoq0apbyndid thAt Which

* ~~~has~ been the~ most re0413wilt to tum"vAl 11.1 the c ceihi~a

the view Wt~' any mnathemititcaI ;[Y~tkr, &,iqhA 4r, o wtwdcl vý roktlty

of ncosity ovrIhpliftad and does inot reie~n l 4 the ~M e



-77 -7 . 7 .•.77 , -.

in that reality. Brook, for example, In critici•zing the emphasis on spatial

organizet! Ini the BASS report wrote that the report

0*.. also reflects the fashionable pseudoscientific notion that

only general principles are worth knowing or, as someone
"expressed it elsewhere, tht extraneous noises must be
eliminated so as to hear only the pure vibrations of theory.
But is this not a matter of taste? What is noise to. some
people is music to others".

Anew attributes a large part of the resiliency of this objection to. the

7 use of mathematics in social science to the fact that any natural language-

(e.g.. English)

* " is itself a social phenomenon ond the mzltiple meanings
of its symbols are very likely to be much better adapted to
the conveying of soclial con(:epts thea tto tho---se of the inan-i-
mate world. Furthermore, the empirical experience on which
one's understaeding of the .social world is based consists to
a large extent of symbolic ,-expressions of other i,,divtduftls;
one can apprehend these expressions directly because one

V. is himself part ot the sociat world he iosores. Such appre-

hension nismst inevitably take phace On a largely unconscious
* le vel u-wnenable to rathenatical expression (which is surely

lthe acme -" f , onSCu

Arrow qgos on to suggest that of the social sciences economicsc Is the. fiel.

in which the use of rnaAwi-tical methoJs hars been most widespread atd

.scconsful; this becAuse the Ind•lv•uýs Studiod by economLsts aw engaged

io relatively highly caflisciou& CAhnd11vOp'atiagoraus. Argnitenrc iucb 4n.
i-s

this hcobeen Mnanedc~ytimepriual by Max wo!ebr ;Ind more

reCerntly by Win;Ch - In asttemtsi~ to 4cn.Wtivrvitu that s"ixa'd ptcnontenow~

ait aw.•able to scientific invest!attIon excpt OLthrgh c th i
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based on Verstehen (empathic understanding).*' Closely connected with this

view is one which denies the possibility of "objectivity" in social scieice.

A refutation of these two viewpoints on logical.grounds is presented by

16.
Rudner and need not be presented here. Hiowever, to deny the necessity

of Verstehen and the Impossiblity of objectivity in social science is- not to

deny that social phenomena are often exceedingly complex and that matt.e-

"matical nmodels of-them are bound to be simplifications. This latter premise>

must be accepted. £ven if it is granted that a zwithematical model me"

only reproduce the "relevant features" of the real process the problem -of

complexity renmins formidable. However, we argue that there is no.

alternative to simplification in the early taqges of scientific inVeSoisgation.

As Bartholomew states.

"The bi.sic limiting factor is rtyt th,; mathqmaticil apparatus
vailitble but the -ability o~f the tu aimindt qlo a , z- Otapi'c

situation. There is no point In b•u•ildIanq oi. wi•-s"

ranttficatlols Oro h.yond Ftr Perlnps the o...
safeguard aqAfinst over- Arntlfero isnqu& at ýy

10 i d410. kny p.4Artier , edl will
be a spoci;lrt vq 'th V nt rrntpl•~ _ulwsh d bs

zwndto aciovq r.rnp'lete ruglwnti. CM-ataw enhimc

the Ligurian ped int...hhv

""ssti i ns ppl' e ot nt[r~ 2vt

•? odel... 1 7



While we grant that the complexity of the so-called "real world" is
-•.1

indeed overwhelming, no serious scientist (physical or social) has yet

attempted or is ever likely to attempt the construction of an all-encompassing

theory of it; instead the problems he sets for himself are relatively narrow

and simple. 
1 8

The misunderstanding inherent in the argument that mathematics is

not useful in fields coiicerned with explaining and predicting- supposedly

complex phenomena is seen then to be based on the presupposition that ma-

theniatics is of necessity over-simplified or at least simple. The rejection of

mathematical languages in favor of natural l.anguages for handling the problem of

complexity implies that one of the latter danguages is somehow more suitable

for solving it. If such is the case it has yet to be proven and such a proof

is unlikely to be in the offing since formal proofs are dependent upon the

knowledge and acceptance of an artificial language. Kaplan cuts to the

heart of the matter when he presents the famous anecdote:

"Prove to me," Epictetus was challenged, "that I should
study logic." "How will you know that it is a good
proof?" was the reply." '

So.ie more fundamental problems.

The objections to the use of mathematics in geography discussed

above are cJearly the result of misunderstandings as to the natnre of matV.-.

matics, But there -ire other reason,, why the use of mathematics in geuqraphy

"has not been more widespread. These stem from the stage of development

nmost of the social sciences includl:Ig geography find themselves:

iIi[ F*ew generally iuselul and easily measurable sets of terms or



concepts have been posited in uie non-physical sciences.

Perhaps the best example of an excepticnis, again, economics

whose formal theories, with their set o0 concepts and specified

interrelations, have found mathematics 3xtremely useful.

Given this, it is not surprising that economic geography with

its heavy reliance upon economic theory is that branch of

geography in which the "quantitative revolution" began (see

Chapter II).

2. A tendency (at learc in the past) for non-physical scientists

to avoid training in mathematics beyond very basic levels.

This has contributed to the misunderstandings of mathematics

discussed above.

3. The adherence to methodological positions at variance with

those of the so-called scientific method. Harvey, for example,

attributes the relative lack of explicit theory and laws in

geography in part "to the methodological position of many

geographers (particularly Hartshorne) which rested on the false

inference that because we are essentially concerned with

particular cases we must necessarily seek for only particular

20
explanations.

4. Both the findings of empirical research and the "theories" being

tested have generally been so vaguely set forth that it is

difficult to translate them into a mathematical language, and

................... ~ .- -- ~ -,0
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"once translated they often fail to show an isomorphism with I
powerful parts of mathematics. 1

We have specified two types of objections to the use of mathematics

in geography and the social sciences: (1) those that categorically de.

the relevance of mathematics due to inherent discontinuities between the

subject matters of the physical and social sciences and (2) those that do A

not totally deny the usefulness of mathematics but point out some funda-

mental problems in social science and with social scientists which impede

the adoption of mathematical model building. The latter type are the more serious

and must be considered in more detail when we examine how mathematics

has been used in geography. First, however, since the former set of

objections were largely the result of misunderstandings we present a short

section stating the modern viewpoint on the nature of mathematics.

The Nature of Mathematics

The purpose of this section is to show how mathematics can profitably

be interpreted as abstract languages in contrast to more traditional views of

the subject. As Kemeny puts it:

"A hundred years ago a mathematician would have defined
mathematics as "the study of number and space." Indeed,
the ThomdIke - Barnhart Dictionary published in 1956 still
defines mathematics as the "science dealing with numbers
and the measurement, properties, and the relationships of
quantities." The study of numbers led to the development
of algebra, and the study of space to geometry. These
disciplines merged in the calculus, the crowning glory of
classical mathematics. A significant feature of modern
mathematics is that such a definition is much too narrow to
include its newer branches. 22



-The utility of mathematics- does not lie in any notion of the "absolute
.71

truth" or necessary empirical truth of mathematical conclusions. The view

that mathematics is a body of truths is the classical Greek opinion and that

of mathematics as the most general empirical science was that of a dominant

23
nineteenth century school of philosophy. Both of these have been

replaced by the "new mathematics." Mathematics is a set of abstract

languages and mathematical reasoning is essentially deductive reasoning

- the process of arriving at valid conclusions from accepted premises.

Therefore any mathematical language is a deductive system with a distinctive

structure. This view of the new mathematics has recently been stressed in the

24
geographical literature by Harvey.

Abstract languages.

A mathematical language begins with primitive or undefined terms

including elements such as '"point", "line", "number", etc. and relations

such as "on", "between", "and", etc. Some terms in a language (any

language) must remain undefined otherwise all definition would be circular.

Having decidd which terms to leave undefined, .3ll other technical terms in

a deductive system can be derived from these primitive terms with the help,

of course, of ordinary non-technical words in a natural language. These

derived terms are then said to be "well d'flnod." Prom these terms an

axiomatic system is developed containing axioms (variously called postulates

or assumptions) and theorems, The former are sentences containing one or

more undefined terms which are regarded as true. In Schaaf's words, the

acceptability of an axiom "has nothing whatevwr to do with absolute truth,

A
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nor with being self-evident, nor with empirical facts nor with intuition,

observation, or common sense. (In mathematics) A postulate is simply

an initial proposition which is accepted by all concerned and is designated

as true." 25 The primary requisite of a usuable set of postulates or axioms

in a mathematical language is that they be consistent - namely that none

in a set can be proved both true and false. Briefly then, a mathema-

tical language always consists of (1) a few undefined terms, (2) words (symbols)

defined in terms of these primitive terms, (3) some few initial declarative

statements (propositions) called postulates, axioms or assumptions which

are simply considered true by fiat and (4) many additional declarative

statements called theorems, which are proved on the basis of the postu-

lates by applying the conventional laws of logic (or a logic). At its

simplest, mathematics consists of the form: if this set of postulates

is true, then this set of theorems is true. It is clear then that the

interpretation of mathematics as a set of artificial languages is "a

far cry from the classical Greek idea of mathematics as a body of truths

having a separate existence apart from our own minds. 26

A miniature geometry.

Given the above characteristics of a mathematical language it can

be appreciated that there are, potentially at least, an infinite number of

such abstract langudges all of which would enjoy the distinct advant!ge-;

of clarity and consistoncy ovor the natural bnguagos which are rich in



ambiguity. As an example consider the following miniature geometry

adapted from Schaaf. 2 7 The undefined elements are the terms "point"

and "line" and the undefined relation is "on" (where "point on line" and '4

"line on point" are to be understood as having the same meaning). The

following axioms are then set down:

A Each pair of lines is on at least one point.

A Each pair of lines is on not more than one point.
2

A Each point is on at least two lines.
3

A Each point is on not more than two lines.
4

A The total number of lines is 4.

It is readily seen that the set is consistent. Furthermore, a number of

theorems can easily be proved from these axioms; for example:

T1 Not all lines pass through the same point.

T2 Any two distinct lines have exactly one point in common.

T3 Exactly two lines pass through (are on) each point.

T 4 Every two lines passes through (are on) exactly three points.

T There are exactly six points.
5

T5 , for example, follows directly from the joint occurrence of A3 , A4 and A5

and is consistent with the familiar combinatorial formula C i.e., the
4 2'

number of combinations of 4 objects taken 2 at a time is 1 - 6.2t (4-2)1

"This miniature geometry can be given an interpretation as an empirical model

as for example in the geometric configuration In Piguro 1. For this configura-

tion it Is easily seen that the sot of axioms and theorems are true.

Ilin.-
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Figure 1. A Concrete Model

12 of the Miniature Geometry

However, this geometric interpretatioh is by no means the only possible

concrete model of this axiomatic system. By assigning appropriate meanings

to the undefined elements and undefined rdlation, it is possible to construct

other models by using in turn: (1) lines and planes; (2) musical notes and

chords; people and committees; cities and airlines; elc. For example, we

might let the "points" represent airports and the "lines" represent the routes

of separate airlines.

The axioms in the model would be interpreted as follows:

A1 Each pair of airline routes shall have at least one airport in
common.

A Each pair of airline routes shall have not more than one airport
in common.

A3 Each airport shall be served by at least two airlines.

A4 Each airport shall be served by not more than two airlines.

A There shall be four airlines (and airline routes).5

If for example the FCC regulated an airline system such that these and only
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these assumptions were met, we could deduce that for this system:

T Not all airlines would stop (serve) at the same airport.

*T Any two airlines serve (stop at) exactly one airport In common.

T Each airport is serv'~d by exactly two airlines.
3

T Each airline serves exactly three airports.

T There are only six airports in the system.
5

Admittedly, this example Is extremely simple and the theorems follow

straightfoiwardly from the axioms. The point to empha size is that from the

five axioms considerably more information about the airline system can be

deduced some of which may be surprising; and this must be true if we grant

the truth of the axioms. This example also relates back to the notion of

isomorphism alluded to earlier. Since the structure of the airline system is

the same as that of the "miniature geometry" they are isomorphic and any

theorems arrived at in the abstract system have their equivalents in the

airline system. Hlence, whenever we can establish an isomnorphism between

* aconcrete or "real wor!ý" r~robleti. and a athematical l1gug we Car i1 a

most fortunate position. We can then utilizo the mathema-tictal language to

unaimbiguously model those aspvcts of the "rearl world" of intorest to us.

Most Importantly, we can arrivo at conclusion:; niany of whk~ would have

eluded us haid we continued to work in nonu of the natural Innghljes. In

short, maithematics provides a set of deductive calculi into which vMpirical

science can map some of its problems and theories and thereby arrive at

logically sound solutions and conclusions. Stich is the aim of 11l sciece..

Science Is, after till, problem solving!1



IHow Mathematics has been used in Geography

This section is divided into two parts. Directly following on from

the last section we describe examples oi the classical, or ideal, situation

where we have been able to map a geographical problem into a mathematical

language. Secondly, however, we recognize that quite often a mathe-

matical language has not existed that is suitable for a geographic problem.

This second situation Is o;iqn ignored in statements concerning the use of

mathematics in empirical sciences although the geographic experience

would seem to suggest that approaches developed to overcome this deficiency

make up a sizeable portion of "quantitative" research. Thus in the first

part of this section we treat the case where languages are available and in

the second we deal with quantitative approaches used where languages are

not available.

Languages available: the IsomorphLzan approach

Descriptions of the use of mathematics in any empirical science are

usually based on the interpretation of mathematics as a collection of abstract

languages. Given a real world problem we seek to find an isomorphism

between the empirical concepts and propositions and the terms and axioms

of a mathematical language. If this can be satisfactorily achieved then=

the problem can be translated into the abstract language so that a mae-

matical solution can be deductively arrived at which is then translated.bWck

into the real world context. Thus in the field of menchanics the behavior of

physical objects Is viewed in torn s of such concepts as mass, length, time.



force, velocity, density, and a number of other derf-atJve concepts, so that

the structure of relations between elements is isomorphic with the structure

of operations defined by the operations of algebra, cooidinoe ge••etry and

calculus. As Coleman states:

"It is this isomorphism which allows the operations of
algebra, carried out with real numbers, to substitute for
the actual manipulation of physical objects and thus to
constitute a useful language for the science of mechanics.
The power of algebra and calculus in the theory of mechanics
lies in the fact that once the Isoniorphism is established,
then many paper-and-pencil operations with symbols can be
carried out which could never by' carried out in practice with
the objects themselves. -28

This classical way of using mathematics has been introduced into geographic

methodology by Harvey who gives a fuller discussion than is possible here.

The following diagram (Figure 2) sums up this approach to using mathematics.

Mathefa tica
jGeographlc translation Mathatical

~obiem J-

direct Matthema ticalI
i. pprozsch Mani ulation

leuth~ict translation th ina tica! tvogJra phw (,' ------- trlP -t~l ... . L';OIclu•ni

inIgure 2. The. Use of Mathe iitics in Problem Solving..
(adapted from Mar'v•••)

Siniw the. use of *athemalics fi any 4'von rooarch problem Ji, not usuwl~1 q•

explicitly dc-brtbkd aes li Figure ?. It will helo tv) fix this idea by tllustrating

the approach with cxauple,; from geography. The c xample we us. Is Wbewr%

industrial locatiom Iriingle and Euclidean g.eametti.

S~~~~~~~.............. ....... ,. .... .•......:.........' .::,. -.-. ...+:..-•._. ...-
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We start with a geographic problem: what is the locatlop that

minimizes transport costs given tUi( following information - the locations

of a -raw material, a fuel deposit and a market and Ute consumption of raw

material and fuel to produce a giveni quantity oi an industrial Produce.

Since the problem ts one of location we postulate an lsomorphisra between

"egeographical space" and Eut..ideain geometrl. and translate the "ininimum

transport cost" problem into the language a~ccordingly. Thus, the geographical

locations of the raw material, fuel, and miarket becoa "'Points" -and tde

distance between them "straight lines"t . This gocwntric figure Is Weber's

familicar "location triangle". Now, if the -ralative wiaights'- ot th a

material. fuel, and finished product in producing one unlit of finisiivd

product are also transiated ide Euclidean space with the "distancos"

be-twean the three points ropresenuiA by stratght .1ines, propoal~onal toi

the relative weights wa have defitwd the %volqht lJI"Tstrni.-

tiofi novy tx-rrits Ow~ full use of hoi theorewts of Luc~ld~i~n -gonewr

. .. .. .. .. .. .. in a mathematical awiajpulation tha can dodmetwey ko,4 to~ the-.J~I
of Ute "gogra otical proble m'i. Th l wu -e E M t 'Iginrk . heertn

for Owo of a Circk' item a ch,;td or~~to a -Idsi It* ~oearIU4 ion thati the

point. of 1nratjoi lics at the- interstetionof th thrte. cu4vp~~ ~*eIn

(eirtles with radii pwoportior-tl to tho ra~peciUve *rrltivr i'oTh-

1! ther. trafzJdld blck IOUto t~e rid Wt~fI&j ý the -pi

transport cor-!s. Thusvve hove comw full rvvlein 111gure 2. 1 4 rO1jw



examples of mapping geoqraphical problems Into mathematical languages

could be used to illustrate the isomorphism approach. Thus, multivarla-te

pro~blem~s havt boen translated inlto matrix algebra,. regionalization
32

problems inlto a T"quialitative" language - set theory, problems of the dis--
33

tribation of urban places into the theory of modified Poisson process,

while many problems ~fstatistical Ir.forence have used the language of

34
probability theory. The translation firom a geographical problem to amathe-

niatcal language- is not always as smooth as our discussion of the Weaber

locn-tion trianr~ie mingsfl suggest. Any translation presupposes thaE the

researcher has assumed an isomorphism between his real wvorld problen. and a

natonatical languagm. Iii the use of Inferential statistics this assumptiont

can oftern lm- strongly cihmllonged and this has led to what Hlogbon has tormad

.the contempor-ary C~ifSl In Statistical thweory, or more Simply The Sfqniff-

35.a!neeTntCý~ The seil~s.elvia. sumrs up tho eriulie,'

of inforontial1 Steý;ies-

'I dost~an An in 4tOtt-V U0.14 riftr inle ;tn tn Pfr~tisio

It thout, W-t uvt 1 WcMt hi~t -Itoud- Ot wit lý

vv~ prd-- -nCt- - tb-1" i,; no ivo'f~phic mlhete-;

in rit-1 thr. ti'7sts ý-ind tf tfri to ý1'ld ~trthom of

I -hniqw,'n fha¶ .ýtro-v hV e for 11w~En t~
lric ~rh i~whih te: ~pri ~y ~~.-~17



-22-

-In a similar vein but in the specific context of geographical research,

Gould has recently argued that. the. "problem of spatial autocorreiationw~-

the la&f of iiadependence between locations in space - may render theo

use of traditional statistical astimation and inference procedures as

invalid in many., if not most, research situations.3  If tlie arguments of

Servin and Gould are of merit. the researcher would seem to have four

alternativer,. First he can 'muddIL- through" with the statistIcail methods

already at his disposal either bearing in rind that his inferences must

be guarded ones *or by dove-loping saimpling strategies so as to mtore closely

approximate the assumptions of the method he is employing. Second he can

returnito non-mathematical approaches on the grounds that there are no

matematics suitable to his problem. This inovs moygwtedrc

approach" (often~ visual comparisoii of maips) In F'igure 2. A much more

ScphiSUCated alternadivq is to develop a maathematical calculus that due$

fit the problem at hand.. iin~lly. a, moro re-4istlc apprcaeh. partlcul~rly if

ith resomrhur po sesset. a low levvi of ~tniIa ~~Ue ia to rcevort

to thtr twn-d-dueue."e rmnn, ua of nmitfhettjuo Sacha Mont

* ~cAll "to. try to de-vit bettv ertthods- .ond are t h jctwat of the s-carnd

k ~~imn Of- Ws'~ S00116"f.

If 4, rw tct.cher 1 .46, hiw i it; a SMUw4tion with n~o avl mlot!W-

m- ~tika I liagtaquie, th~n the nwas! wb-lviint re,,,ction witoutd seom- Lct LV to
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develop such a language. The classical example of this procedure can be

found in seventeenth century research in mechanics where "the continued

exploration of changing quantities soon forced scientists to realize that

they required a profounder mathematical tool, and they hastened to create

it. The situation was such that Newton and others found that they could

not translate the concept of "instantaneous speed" into the simple language

of functions -in -coordinate geomnetry. The result was Newton and -LeIbRWij'

creatiov, of differential calculuSi.

This solutilon to the anavaila)li`y of languages (itviously rNquires

a high degree of tnathomaticail expertise - a caracteristic~ previOusly noted

to ba raria ionsc1ial science and qeos~raphy. H~owever, geog., iphers. haiv;

looked to thii apurvach to. solve, !ýonl ef their problem4s. Olsson for bstonce

J,,it otijth't re*cent studies it, S tiat pecreptioni sugges that qouiv.h r~

ivenw - Wi with hok 0-In Wt iM hurarl o~u in ',s-t-ýmwd

\Vhd tIs0 the*-trý Win iqei t ý111p-q "dqx it_

13n neOth*?r oif 14'aro tw'" vhs 40E, nm, -uicnfx-th' j lbOt

_ ~t ~ ~ t;O'ri C~uln -mvf -ih'ý~jer!*ri Me

-w 0 Howevorrd I ot 0?- ltt~ ~n~ f j~~i.r--

-! ý q !
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Although a dichotomy into theoretical and experimental parts is common

among empirical sciences, the application of this division to mathematics

seems at first sight surprising. For instance, we have previously, in cur

discussion of the nature of mathematics, rejected John Stuart Mill's view of

mathematics as an empirical science in favor of the more recent interpretation

of mathematics as a collection of abstract languagus that are independent of

real world phenomena. However, despite this interpretation the fact remains

that it is possible-to carry out "experiments on mathematical objects, such as

numbers or equations or polygons. ,42 Thus we can define the experimental

use of mathematics or experimental mathematics as the method of inferring

conclusions fron, observations on mathematical objects, as oppo;,ýd to "real

world" objects and in contrast to deducing conclusions from postulates within

a given mathematical language. Therefore, mathematical experiments can be

used when existing languages are not available for solving a research

problem. This may be because the research problem is just t.o complex to

be handled by any existing language.43 However, there are tires when an

experimental approach may be adopted even though d&,uctlve solutions are

available. First of all the deductive system may be theoretically practical

but not feasible in terms of computer time and costs. Secondly, even if the

deductive solution is feasible it may be that 4 simple experiment miqht be

both quicker and cheaper if only an approximate solution Is required. YFi'dlY7,

an experimental approach may be employed because the researcher is unaware

of the availability of a suitable language wi'4hin mnathcmatics. This last

reason for adopt!ng an experimental appro _h is probably the most common in

†. ,. ..... M
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the social sciences in general and geogrr hy in particular. Whatever the-.

reasons the experimental use of mathematics has had an important role in

mocaern quantitative geography and we will briefly review some examples.

The most common experimental use of mathematics in geography has

been Monte Carlo simulation, a method originally stemming from work on.

44nuclear energy during the Second World War, It was introduced into

45
geography by Hagerstrand in the early 1950's and has subsequently

46
become very popular, particularly in the work of Morrill. Hagerstrand's

work consisted of setting up a framework in which the diffusion of inno-

vations could be studied through time and space. This framework was not

translated into any mathemati,;al language for analysis but rather took on

the role of a basis for sampling experLi:aents with random numbers which

simulated diffusion patterns. Thus we find a different situation to that

depicted in Figure 2. Instead of a mathematical language we have an

experiment. The new pattern of research Is shown in Figure 3.

Geogra phic ýIransla tion Mathematical
Problem x.eriment_ I

Experimental
NaniP ulation

Solution to _Experimen'il

Geographic translation Result
Problem I

Figure 3. The Experimental Use of Mathr~matics

'A... 
- • •,•'' ";a'•X -' :• • •'•'* ",- 5 v -oi- :i
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Another common method of experimentally using mathematics is

iterative procedures. These encompass a wide range of techniques and have

become recently represented in geographical. research in attempts to solve

47
"the taxonomy problem" in a regionalizing contempt. In this case the geo-

graphic problem is to find the optimum arrangement of base units into regions

given some objective function. There is one example of deductively deriving

a linkage tree from a similarity matrix but this is for the simplest type of
48

objective function based on the unsatisfactory single linkage criterion.

In contrast the most recent approaches involve mapping the problem into an

iterative mathematical experiment that tries a large number of possible

solutions and chooses that one that best satisfies the objective function.

This experimental result is then taken as the solution to the regionalizing

49
problem. Scott's recent work in combinatorial programming demonstrates

the necessity of developing principles by which to assess the so~utions
so

arrived at through iterative procedures.

There is, however, a very real danger in employing an experimental

approach. This is the classical problem plaguing all inductive inference.

The researcher can make empirically true statements about the results of his

experiments and yet can make statements that are not true if he attempts to

generalize to other cases. Two examples from the geographical literature

illustrate this nicely - Robinson's attempt to find suitable "weightings" Lc'

51
overcome the areal scale problem in correlation analysis and Porter's

52
approach to finding the point of minimum aggregate travel. As demonstrated

by Thomas and Anderson, Robinson based his conclusions concerning a
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special case that has no general relevance to the correlation scale problem.

If he had started with a different configuration of areally distributed values

his results would have been different. Similarly, while Porter used several

point patterns (and hence did not commit the same type~of error as did

Robinson,) his method of finding the median center was a special case of

54
the particular coordinate axes he used. The utilization of different axes

would produce quite different points of minimum aggregate travel. The

moral of these two stories is simply that if this approach is to be employed

then the researcher should use a well planned experimental design where

relevant variables are identified and either held constant or manipulated in

the subsequent experiment. An example of such an exercise in the experi-

mental use of mathematics can be found in Blalock's study of the co'rrelation

scale problem. This piece of research illustrates well the potentialities

of this approach in future research.

In the case of geographic Monte Carlo simulation models sinilar as

well as additional problems arise. First, how many runs of the model must

the researcher complete before he attempts to compare his results with the

real world. Second, there is no generally satisfactory method of comparing

a map of simulated outcomes with a "real world" map. Namely, a mathe-

matical language for doing so has not been invented. Clearly, the experi-

mental use of mathematics solves some ot the problems of "no languages

available," but a "basic set" of languages must be available or such use of

mathematics may create more problems than it solves!

......................................... .. f
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Languages for Geographic Theory?

56
-. Although it can claim to have a long pedigree, experimental mathe-

matics have come to the fore, in the physical and social sciences, with the

advent of electronic computers. Several advantages can be claimed parti-

cularly with respect to the problem of real world complexity discussed earlier.

Bartholomew writes:

"In the past the temptation to trim the model to a form having
a tractable mathematical solution has been strong. This
situation has been radically altered by the wide availability of
high speed computers. 57

Coleman goes on to claim that "a major stumbling block in the use of mathe-

matics in social science may have been finally overcome."58 However,

Coleman tempers his enthusiasm by pointing out that although the computer

may serve as "a substitute for the mathematical deductions",

"the primary disadvantage of this procedure .... is that it
never provides a g abstract solution; it provides
only particulaf numerical solutions depending on the prior
setting of the model's parameters. Furthermore, when the
model is probabilistic, any single run on the computer provides
only one case, whereas a great many cases are need to get
a picture of the mean value or the overall probability distribu-
tion. The computer cannot solve problems in algebra; it can
only carry out computations when actual numbers are fed into
it. " 5 9

Coleman's statement, of course, applies with equal force to the simulation

models developed to date in geography.

Quite simple the operations and results of mathematical experimcUIs

cannot be developed into general models for theory in the way that deductive

mathematics can. This basic disadvantage may be far less Important that its

ability to handle complex situations given thu present level of development in

.........
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geography. Even the use of deductive mathematics in geography has largely

been piecemeal with few attempts to identify an isomorphism between an

abstract calculi and a geographic theory. Nonetheless it is instructive to

compare how geography has used mathematics in the past with how it might

most profitably use it in the future.

Returning briefly to the classical example of the physical sciences,

Kline has written.

".mathematics enables the various sciences to draw
the implications of their observational and experimental
findings. It organizes broad classes of natural phenomena
in coherent deductive patterns. And today mathematics
is the heart of our best scientific theories, Newtonian
mechanics, the electromagnetic theory of Maxwell, the
Einsteinfan theory of relativity and the quantum theory of
Planck and his successors." 6 0

Not surprisingly we have been unable to unearth anything comparable to

these examples in geography since both experimental and deductive

mathematics have tended to be used to solve "particular" geographic problems

with little or no attempts to use them as a "language for theory". Since the

evidence from the more developed sciences indicates that this is the role

in which mathematics has most to contribute we conclude this chapter by

returning to a considoration of twvo fundamental problems that have limited

the usefulness of mthenn1tics Is a langunge for theory in .jeogr-phy.

Perhaps the most acute problem is that in geography a set of concepts

has yet to be devoloped which hos some correspondence to a simple yet

powerful mathematical language, and at the same tirt e, to observed spatial

patterns mnd behaviors. In general. theory coastruction, where it hos been
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attempted, has until recently, kept to the richness and tWe ambiguity of

natural language. This is true, for example, of what .uome may claim is

61.human geography's only "theory" - Christaller's orijinal formulation of

central place theory.

Secondly, geography even lacks a well developed tradition of verbal

theorizing. As has been pointed out with considerable skill by Bunge and

Harvey, geography has experienced in recent times 19th century methodological

controversies - the most rigorous of which centered on Kant's statement about

the role of geography in the system of knowledge, exceptionalism - so basic

as to question even whether it was logically possible for geography to develop

laws and theories. Since these controversies, particularly that over

exceptionalism, form topics within subsequer.t chapters, it is important here

to notp only that the methodological credo of uniqueness dominated the

research of geographers for most of the first half of the twentieth century. It

should not be surprising to note, therefore, that human geography contains

fewer verbal theories (i.e., those stated in a natural language) than most of

the other social sciences. This m.,, rot be a distinct handicap, but at

least it tends to deny mathematically orientated geographers a ready-made

source of verbal constructs from which rigorously formulated theory could,

potentially, be developed.

These two closely related problems limit th.r use of mathernatic--

an "a priori" model in developin, ge(ographic theory to different degrees. In

the foi-mer case the need is to aluirpn existing theoretical concepts and

threby strip them of their ambiguity so that they mhay be mapped into an
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62
abstract language. Dacey's "Geometry of Central Place Theory" serves

as an outstanding example of this type of development. That quantitative

geographers tend to confer the status, theory, to central place theory is

probably attributable to the fact that researchers subsequent to Christaller

63 64
(Losch, and Isard, in particular, as well as Dacey) found at least a partial

isomorphism between verbal statoments of the "theory" and mathematics.

The absence of even verbal theories should not be taken as prima facie

evidence that mathematics is not extremely useful in a science. In such

a case, however, the use should not be piecemeal and ad hoc but part

of an overall strategy for developing theory. We will discuss a hypothetical

example that ill'istrates this point.

Much of the early uses of quantification (e.g., correlation and eqres-

sion) were the seemingly straightforward application to geographic problem'1

of standard statistical techniques. We ::aiy "seemingly" because upon

reflection they appear to be neither strn iqtltforward nor quantitative in any

strict s-nse of the worn. A hypothetical yet characteristic example would

Lake the foliowlnq form: what -ire the "if # X , X X , in tin te relation

Sf(, x .. . . X. , where, y is, say, the ,iqricultur, l prt ductiv ,ty of s-mall

,r The pr t.p is. one of findl•nq i :ýot of x ' wi ,ha:h ,kc,',u t ter .'ri-

tifl ~in ,tqrricultuw l productivity over .- .:ct of area. ()r, :utited (ighly

differently, the problem is one of locatiuq the inrnertant "dotermini nts" of

the cilven phenonienon. Althowqh th^ d,•at thf-rnsclvs iro numericrl, the

typeas; of infe'neces drown by th e arly ";uanUttotive gacq.rafpher" wore

gener-Oly ;;,jlit.tjit, , eO. ., ,: :< incre-, as, y will Jnflre::.e. It is; cle.ir



-32-

that the researcher could have taken as his task the identification of the

pa rameters bi in the equation y = b! x1 + b2 x2 + . .. and thereby establish

quantitative empirical generalizations, but in very early stages of investi-

gation, such identification might have led to too early formalization. In

short, we are suggesting that some of the early "quantitative" work in

goegraphy, given the paucity of general theory to guide in the specification

of "determinants" was basically qualitative - the location of "relevant

variables" which governed or were at least related to the behavior of some

other variable. In no way do we mean to disparage the accomplishments of

the early "quantitative" geographers who concerned themselves with dis-

rovering "determinants of y". However, it is important to stress (a) that

the isolation of such variables is, ,,t best, only a beginning along the often

circuitous route to the development of fruitful theoris and (b) that such an

isolation should not be interpreted its a satisfactory end-product in the use

of mathematics, but prciselpythat •point ina scientific endeavor when its

uos becomes noe cs:;r, namely, the specification of ,,omo measurement

theory to establish appropriate metrics for the concept" virwed as relevant

to a. proposed theory, the. mpirical specification and mathematical statement

of the relationships between ccncepts. and Uhe manipulotion of the latter

so -is to V.ild logical conclusions.
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CHAPT~it H

"THL EMERGENCE Or QUANTIE"IIATION IN GEOGRAPWHY"

The consider-able body of litterature gaenerated during, and following

what has now come to be known as the "quantitative reolQution" in geography

provides -rnple evidence that the introduction of m thmat~ ndsAtsia

techniAques to the discipline has not been unherailded. It is by SiC weoans

our purpose to add to that literaiture yet 4flother discu~s..;ion Wd the aipplic'-.1

bility or non-applicability MD q"a ntiteltive techniques wvithin kOjfc lrphy.

Rather, the aim 'f this 0hapter is. to clarify the, process hsy which tilit uwtr: ars

of the discpline ma~de someo early an- nwa nv~ htldshe

quantly 0) 4i rnoru- fruit~ful use of quantification, 11owever, this dices fl('Z

szlu~qest tivit goooraphy is a)s yet wvikiaiq offoctive- tvsv 0 ahnta

Cha.pter I;. Neitber Is Uth Lin -itiunipt W. write cihistv~ry u

in, qetxqtvphy . Sovtin4 rovicw-s of toy qutnnitivatl Oei0 W 'fl , avf U'Atli~%f. tt

lkr J~ VM<t 'al UVt1 c.,rly rr4tionr9plwt' ii~$4LS~L tM th;?-

refvlew isV Gk,:4Wo q4 esr.it~itiv'- wctet in sit~rItbysn-,q .nt IS!) Al.;i

In~i UWla ?'dt'lul Iin41Q th uis t~itrI.ic wtN

w~e~Slr.n *nhe l-At 1$I9¶ PA I Mc 1 IVy I tos fi n~~tcIW*
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The Nature of the "Revolution"

The rapid growth in the use of quantitative methods in geography in

the last decade or so certainly has many of the characteristics o: a revo-

lution (Fig. 1). It is not clear just who was the first to use the phrase, but

"after Burton's 1903 article it became commor to speak of the "Quantitative

Revolution in Geography. "3 Indeed, those of us whr.-:e professional lives

span even a part of the years of the revolution can attest to the joys and

the frustrations of working ;'n ";evotutionary times. We can recall the

vigorous struggles for power within departments, if not in our own, then

through hearsay about the struggles in others. We remember the sharp

exchanges and the heated debates at professional meetings, with often-

times the sharpest comments being exchanged among persons supposedly

on the same side of the imagined quantitative/non-quantitatlve fence.

Some of the more entertaining pieces in our professiornal llteiature grew

o out of the controversies ever quantification. The Spate-Berny exchange,

the Burghardt-Dacey-Porter series on the spacing of river towns, or Arthur

Robinson's editorial classification of geographers into "PerkL. & Pokes" 6

can b,. read again for both amusement and insight.

P'though some of the events associated with the rise of quantification

in geography have been revolutionary in the rapidity with which they followed

one another or in the impact they have had on individuals and their work,

it is the thesis of this chapteir. and indeed of the entire report, that the

phrase "quantitativ2 revolution" does not really provide a vern, adequate

characterization of what has been the course of events. The incorporation
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THE STRUCTURE OF THE QUANTITATIVE REVOLUTION
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of quantitative methods as an integral part of geographic investigations,

as indeed in any scientific endeavor, is taken as an established fact.

In this sense, the quantitative revolution is over. Therea is no possi-

bility of a complete reversal in this matter, any more than there was

the slightest chance that quantification could be held at some pre-

determined level.

However,<the process of quantification involves considerably

more than the adoptlon of this or that quantitative technique and once

begun it is aiot really possible to de.clare that we'll only have it up

to a point -- "Quantification is fine, but we ought to draw the line

at regression analysis"! The attitude of some early opponents to

quantification in geography who felt that "a little bit isn't bad, but

we siouldn't get carTied away", or that quantification implied the

use ol; a new set of "Lools" and who together with Professor Stamp

felt that perhaps the profession Y:d al:eady spent enough time and

energy perfecting its tools, probably badly misinterpreted what the

basic nature of the revolution was all about.

It is only within the past few years (nearly a decade since

Burton hailed the end of the revolution) that we are begonning to see

writings which attempt to broach the thorny methodological and

epistemological issues associated with the "revolution" in geography.

Most of these writers recognize that it was the adoption of d new

research paradigm, not merely quantification, which has had a most

profound influence on the directio n ofI qeoqrIiphic reosearch aend
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instruction. In a sense, it is this ideological aspect, 'rather than tactical

cousiderations, of the revolution which isof greater significance. As

Burton has noted, the more significant feature of the revolution was not quan- -

ti.lication per se, but the'adoption of a new style- and direction of research,

in other words, a new research paradigm.

This is not to deny that quantification itself played a most signi-

ficant role in the adoptic, of a new paradigm -- in fact, it is impossible

...to see how the two can be separated. The growth of an increas.Ligly

scientific, increasingly nomothetic approach to geography encouraged, and

indeed necessitated the increasing use of quantitative techniques.

Conversely, the need to make effective use of the power of statistical

analysis and mathematical statements encouraged a rethinking of what

constitutes meaningful research in the discipline. In fact* with the advan-

tage of hindsight, it is not altogether certain whether even some of the most

ardent early supporters of quantification were fully aware of tne consequences

of their actions. Just what quantification entailed was only appreciated

"more fully somewhat later. During the process of incorporating this -,ew

paradigm, the profession viewed and used quantitative techniques in a

variety of ways and toward a variety of ends. A major aim of this work is

to examine some of the various functions of quantification in the development

of modern geography.

The "Methodological" Revolution

The very idea of a revolution pro-supposes the existence of an old

order which -.s to be overthrown. Certainly the development of quantitative
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"methodology in the discipline was not established without a struggle and

the critics were both verbal and adament. However, with a few notable

8
exceptions, the critics argued on the basis of opposition to the techniques,

rather than the more fundamental issues of the methodological and philo-

sophical basis of the new paradigm.

Those most concerned over the new developments in geography, often

feeling that the significance of their own research was being questioned, found

it convenient (and perhaps also easier) to attack the techniques being used --

condemning them for being used as ends in themselves, or for their misuse,

etc. -- rather than the central methodological issues arising from the intro-

duction of a new method of research. In attempting to categorize the

9major opponents to quantification, Burton paralleled the line of reasoning

expressed more generally above (Chapter 1) when he identified: (i) those

who thought that the whole idea was a bad one and that quantification

would mislead geography in a wrong and fruitless direction, (ii) those, like

Professor Stamp, who argued that geographers had spent too much time

perfecting their tools and should get on with some practical work, (iii) those

who believed that statistical techniques were suitable for some kinds of

geography but not 3ll geography because there were certain things which

could not be measured, or, a variation of the theme, that variables are too

numerous and complex for statistical analysis, (iv) those who belie -a thot the

techniques were incorrectly applied, that ends were confused with means, thdt

the discoveries were not novel ("quantifying the obvious"), and finally,

(v) those who felt the quantification was alright, but that quantifiers were not.

[ 4
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Some of these criticisms concerning the inappropriate or improper

use of statistical procedures were undoubtedly and undeniably apt. It is

certainly true that some of the earlier attempts to employ quantitative

techniques erred greatly either by misapplying the techniques or by to

extravagant claims about the power oi such techniques. The latter was

probably due in part to the exhuberance of scholars involved in what they

saw as "new" lines of research (a sort of frontiersman syndrome) and the

former probably owing to the fact that many were experimenting with quanti-

tative techniques for the firat time and lacked experience In their proper

application. But these attempts involved something much more fundamental

than the use of techniques. As Burton rightly noted, "Dissatisfaction with

~10
idiographic geography lies at the root of the quantitative revolution"

although that dissatisfaction was not always well articulated Initially.

Whatever the shortcomings of those first attempts, and however

falteringly progress was male, it is true that the view of geography as a

quantitative, model-building science became widely accepted. Some would

argue that, owing to the generally meagre state of geographical theory, this

is not what geography is, even though most agree that this is what it should

strive to become.

In pursuit of this objective of a scientific geography, students of the

discipline have come to use quantitative methods more and more frequently

in conducting their rese •rch. In the preface of his book, Introduction to

Mathematical Soclology, Coleman has stated that "In the development of

any science two things are crucial: systozmatic empirical ztudy and systematic
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conceptual elaboration" Geographers, coming from a discipline with a

very strong empirical tradition, found ample opportunities for attempting

to systematize and structure their observations, and to refine their

measurements. However, refinements of these sorts were likely to be

fruitless, unless clearly related to systematic conceptual elaboration.

The scientific methdology proved a double-edged sword, and it became

obvious to those concerned that the increased rigor in empirical study

afforded by the adoption of quantitative methods would be undermined vnless

a more robust conceptual framework were provided which could define which

observations and measurements were of significance,

Such methodological transitions in disciplines are unlikely to be

smooth. T. S. Kuhn's description of the process of paradigm change argues

not for a rational, logical acceptance of new and better ideas by members

12of a discipline, Rather, he sees the development of a series of crises in

present modes of operation and tVie em-,f.Tence " ,, "uauiw.unty of scholars"

who have espoused a new way of carrying on science. This new community

has rules of behavior different from the previous "community" and a consider-

able measure of misunderstanding is likely to be present. It is not

clear that geography fits the Kuhn model of paradigm change as well as
13

Chorley and Ilaggett seem to suggest. Nonetheless, we can probably

assume with Kuhn that the process will be as much sociological as it U

the "winning over" of adherents on the basis of the superiority of particular

methodological positions.
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The Process of Paradigm Change

We can assume as a starting point that the structure of events involved

in the introduction and acceptance of quantitative methodology in geography

was not unlike that experienced in other disciplines. In viewing this process,

we will aim to describe the temporal and functional relations of a certain

set cf events. We have argued that this process has entailed considerably

more than the increased use of this or that quantitative technique. What

set or sets of events are involved? We might suggest that we are concerned,
14

among other things, with the following:

1. Obviously we are interested in quantitative activities themselves,

the kinds of quantitative activities engaged in and how they were

used. We might distinguish three types of quantification that

ideally could concern us here. The first is simple measurement

or enumeration, the presentation of data in tabular or cartographic

form for which there is a long history in geography. Second is

the analysis of data according to recognized statistical procedures.

The rapid rise in this kind f data manipulation is normally what

is meant by the "quantitative" revolution. Third, is the use of

the formal logic of mathematics to state prupositions and develop

logical structures. In many. ways developments in the mathe-

matizotion ()I guotiraphy ar' only just beginning. Our concern

is initially with the second of these three types, although

progress from one to the other is a major objective.

2. rhe revolution would be ax(eacted to be accompani(ed hy siqnifi-

cant development:; in theor", progress in theory articulation,

:. . . ,•, .,.• .• -- -- : • i•"•, L -' •'"- • :•, ..- . . . .. . . "". . " a : • . . •: • • ':'';
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new kinds of problems attacked, old problems reassessed and

reformulated. We will pay particular attention to how these

developments relate to quantification.

3. We would also want ti, integrate into our structure various kinds

of institutional developments, the nature of professional

training, the number ind outlook of new members of the profession,

changes in publicatioa outlets, changes in the professional

power structure. As suggested, T. S. Kuhn has argued persuasively

that scientific revolutions are strongly sociological and we

accept this as a point of departure for examining the profession

of geography as a changing social institution.

4. Finally, disciplines do not operate without some contact with

happenings in other fields. Developments in scientific metho-

dology generallytgiving rise to new ways of looking at old

problems, can be traced and linked with developments In

geography. Many would accept the general pi,.yosition that in

this regard geography has been a borrowing and a lagging science.

The rapid rise in the use of more formal types of quantification in gooejro: 8"'.

in the 1950's is therefore seen as part of a more basic change in the whole

pattern of geographic inquiry, the full ramifications of which are only now boei.;

examined. This process involves changes in several different facets (it

discipline's structure and modes of hoha.uor, Moreover, other disciplines hvt.

gone through and are guing through iuch processes and we might well obtain ,i
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first approximation to a structure of the quantitative revolution by examining

the structure of the revolution as experienced In other fields.

Spengler in reviewing the progress of quantification in Economics

has identified three broad stages.

a. a first stage in which the work of the field is essentially

qualitative, thought often sprinkled with statistical information.

b. this is followed by a second stage in which concepts become

well defined and well demarcated and hence translatable.

into quantitative or quantifiable terms.

c. then in a third stage efforts in quantification lead to , rlearer

definition of concepts.

This view covers a much longer time span than is intended in this

chapter, but it might be wall to speculate briefly on the appropriateness of

such a model to geography.

Certainly, the first stage can bv recoqnized as an apt deseription

of most geographical writing from the early qeoqraphic-A cotupendil oW Ritter

or Morse to modern reioni-%I textbooks ond descriptive juornal articles,

Geoglaphy has had close and early ties with stat"stics, especiall? as :

mean•s to describe aWd charactarize countries anl regions. Wit-ness, is

one example, the marriage of statistics 4nd geography in the American

Geogr~hphical aud Statistical Society, the name apparently refllecting fin

accurate description of the function of tho American Gecmrphical Society
16

in its early years. Statiatical informnitiosi in the form of d,-tv- on .area,

population, temperatures, helqhts of m,,untlns and rv'- m<rc -:rhplox
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data incorporating densities or averages has long been standard fare in

geographic treatises.

With no intention of slighting the efforts that apparently lay back

cot the development and accaptancr- of such descriptive devices, we can pass

on to stages two and three as beingl more critical for purposes of structuring

the "quantitative revolution'. Spongler regarded this as a crucial part of the

development in economics. He traces the slow ste3dy increase in quanti-

fication during the 19th century. iowever, after about 1890 there were

several decades of rapid growth and a burgeoning of interest in and use of

quantification. Spongler doesn't identify it as such, but this might well be the

equivalent of the "quantitative-revolution". He does list a number of featuret

of this period that are highly suggestive for geography. Those are I taothodc, lo -

gical differen=es between the sevtral schools (of ecorwmics) bwcame sufficiontly

composed and concepts sufficiently clarified to make quantification easier:

2) quantitativ- techniques had improved and weree conts.iult to improvo

rapidly; 3) the number ui perso"n- amfi•ar with such techniques, or

capable of adapting.them tU -) nirw.mics had greatly inrs:ied; 4) the

number of jourals, which gave spoc to '~techfii~A owiok ~n to papers

usi ng rthematic; greatly incroaoed; .5) flf.al'y. ýev-wrajl copabl ad enthu-

slastic leaders cama to the fawrftt.•, perso. w! wer- e nthusioýtlc abff, ;k

role that othoemtics and advan-,4-d 4t..&tistic could ply in the 0C. -ve, V*nt

of economic theory.

R~eviews of the dovelopmoent •4 quanitflication In,- her d~sclpliaes hajv
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described the progress of quantification in sinilar terms. A key feature

seems to be two parallel and subsequently interacting developments. One

is in statistical treatment its3lf generally moving from simple numerical des.-

cription to more complex multi-dimensional measurement concepts and also

to various types of numerical manipulation leading to statistical inference.

The other line of advance is in the development of concept.•, theories, •nId

models, genemlly moving from verbal to graphical to mathwmatlcnl. UWder

normal circumstances these two lines of development proceed together and

mutuaUy reinforce one another. In the early stages, the crinde verba I on-

ceptulrl-ations are little more than highlighted or lllustn-td by simple

des criptiva-stotistics, whereas in later stages the field aporates with

complex amatyttc4 systems. It is the prucess of novitu; from om n to, th,

Other tUht is at issiue herou.

Most OuservcrS would probobly -ýgreq that tho year+t r rc•4nn c•h1y

1954 to. 116S c-in W-e iYztotict4 03 OW th ror Pori", ai-thoqudtttk

Mvd~tton.Aldthiauh we reOp-ýit our eautw"n tha~t the f'41 lr~ka~0

thn ww-voulIon tire yot to run I&Mir Cun*we tpsn ;~-iqt! that thke wpt- 6f i

&tdC e -s t oýk1 sbol4t Aptftn fM-c-~ !-- 4iaciptrn tri h'fr'we it~

a chmageo in the u-Atnjt atttteg IowA 1t tu.eMs c1 "-qiy WO ~~

-irque' strlg'41y for A4y pawtý-lctr Ah*04vnoUzvS o ondPv.' trqedt. b "ut k":Con

"vnie-Ce -we tr-1ebt Zde-ort 155-4 !svs thei ye CtP --tw Willisrt"' Gv i~tv rfn

exeietlsr+nrS uniaW~~ h4 hrtq c~: t~

•:. -. : ... . : i~i :•F~i =: ':i "-------------- ---------------- '.-....--- ..----.------+.-.+ __ ------- "---"-----
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several specifically quantitative pjpers at the AAG meetings in Philadelphia.

21
While Burton's claim In 1963 that the "revolution is over- may have seemed

slightly premature, we can accept both Burton's assessment which was

based on statements by leaders ine the discipline and the findings of La VaUe,

22
MG3onnell and Brown that by 1965 quantitative courses in major departmients

and quantitative articles Ia leadlnq journals were of sufficieta number to

mark the end of an era. Whatever the limits chosen, thds was the period of

Srapid Intake of format statistical procedures into geography and, although,

es has been argued, this is only one of the several elements of the changed

method of geographic inquiry, it undoubtedly was a key feature.

There, of vjours-e had Lbwei several instarces of the use of formal

.sttlStiCi~ proeedures in geograpb, prior to the period in question and w

inight- well ask why they waren4 Itlaowo i•ined ,aely by otlion. A A 1936

article by John K. Rose utdlln- Itnear c-rralation awlc rgrossion is

"often Cited 4,z a1 Uistanceof thuz t*iarhor work i=flt thure were otherzi. I a

u '. -ple, tw p'ipeto "- utlll~lw; lineor cnt oktiuns"were r-1 7th•tzho 1935

(SI Luis tuotinqs; of Utet0 G. We wvill czaznluw Idow the vy In

Which aortubrl quantitative etMdoiohhe wowe U-UtýI4 in. t~tcni orarty

0 "fors Ofli o-1cttlua ill: thait the *%tiUhi W~ob w-ht- OLb tqe ctuMltlfliVAti'c;:

is Pit 4i0ds tewtQ 0 dilffe'renc oni ,he likol4K'O4d of " t4tnd1kwin

but tMAt use C'lo Conly be jod;xet vh x refor:ic to thg M' ie OCUVzrA A3

Ind rchbn oh- tance off thtlel je4 t tha-t tttrne. We Mdqhit~ Irv V'-niM

the iitkcn I -nd tusitisn-il <-ucuttn*Lcrxv in Iteo iVIws wWb tI;:-o of

e-ariic: patio&s to Vjet .ýOtweisi rcsanllcwo thq rc-#vr4fltqns Iztendan Mupon
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the revolution.

A consideration of the literature of the field during the several

decades pre"cdlru the 1950's suggests several hypotheses. The similarity

with Spengler's observations about economics and with Kuhn's model of

paradigm change is obvious and, frankly, we Yaave imn•i:ed the literature

of geography with these models in mind.

I. A "quantitative revolution" was j.. in the earlier
period because the field had a vary t.nstable methodological

• rnos ition.

la the decades of the 1920's, 30's., and 40's. a relaively 3uvdl band

of professional geoqraphers were thoroughly occupieo T.vith attempts to clarify

-A view Qf their field. The battle over envi•wo• ental detern'd:ism wtis z;ill

bW- .qgwaged. A variedtyo ficdtions, suof a4, "prolnbfltisn.f, "qcogrophy

ic w huanecbq -.xtop 41d co deotrminlnstr hac*Uon prohe~sr$te

had n rvn.l olved tih# w.e 'and probably hAd =,alrutr c•-•tNundt<•--".. h mhetri-

4~.09~jd, - ctnhsrIcn. 5•i1uar,-* -'Mnorho:' T-9 of l4w: c-x&' ac zsr ,:wthetr

4toemiaivc- 6ut tid aot oz-co~ let r4the 1 n~rftv

oonfiq#in whicih A rers tleflflA U idowttify thecf~r~ e-4vcc

;nIi ýOrr"n in tz wck.Th int Ln thalt thy the "-f ~$r ,rteU hs

dtuer-lreueý T polnbti- w 3 h0i been '~Ind ar hr 10lad ahek

cr;ý tl 41ýae-z:~ qrd the lth'*~ec. ncntty&lwn ith

C. ew'itnft ,tixtv~rrlniscmiw the r'bc-Vtare It.-Nv~ * t;n in he

-. -"-. . -. C --- t * .-... - .
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sort of broad generalizing that characterized that epoch in American geography.

Warntz found the bold generalizing of the environmental deter-minist heyday

to be a period of excitement in the field and a time during which its standing
-•, 25

in the academic ranks was high. However, the rea-ticn to this was a

tendency to fall back oa careful, constrained, descriptive work. This view

is expressed, for example, in V. C. Finch's Presidential Address when in a

well reasoned essay on the methodology of t-e chorological or regional

school he states:

"the classes of explanatory hypotheses employed in choro-
logical reasoning are not presumed as ye÷ to have wide .....
validity. They are particular for limited sets of conditions.
Ti. this respect the regionalist has learned caution from 'he
anthropogeographical school of a generation past. " 2 6

This constrained, particularistic view is at odds with the sort of generalizing

that is involved in numerical data reduction and statistical inference.

"2. Revolution was more likely to occur in the 1950's
when new ideas and new practitioners were coming Into
the field in greater numbers.

In the immediate post World War I! period there was a significant

rise in the number of persons entering the profession. Taking number of

new Ph.D.'s Jn geography as the measure, data collected by the National

Academy of Sciences - National Research Council indicates 10 to 15

doctorates a year in the years pri(,r to World War II, dropping during the

war, but rising in the early 1950"; to 35 to 50 each year. 27 We hav• aut

attempted to gather detailed biogrophic data on new entrants into the

profession ot various periods. Our presumption Is, however, thtut C(reater
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numbers coupled with the variety of wartime experiences of various members

of the profession created conditions wherein the knowledge of and the

receptivity to new ideas was more favorable.

We would add to this some changes in the institutional arrangements

affecting the Association of American Geographers. In the first .-everal

decadc's of the Association's existence, it was the prevailing przý,tice that

F younger scholars making presentations to the profession had to be introduced

or presented by an existing member. This practice apparently lasted up

until World War II. There is no way of knowing whether this inhibited the

growth of quantitative work. That it did not do so completely is clear from

the fact that the paper by Samuel T. Bratton noted above was given on the

occasion of his "introduction" to the profession. It is quite probable,

however, that such a practise did limit experimentation. Following 1945, there

seemed to be a general "loosening up" and expansion of this, the major

professional group. At about this same time, also the younger and quasi-

revolutionary Society of Professional Geographers was merged with the older

organization.

3. The acce-ptance of quantitative rethods of inquiry
became more likely in the 1950's- because the
discipline was charged with failure to progress.

During the 1950's several kinds of institutional threats were perceived

by the profession. One involved the closing out of geography at major

universities or at least the threat that qeography would no longer be supported.

Another kind of attack came from the foundations that in several cases made
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decisions not to support geography because it was intellectually sterile and

seemed not to be very useful. Interestingly, these challenges to the secure

place of the discipline in the academic world came at a time when enrollment

in geography was increasing, perhaps even faster than that of other discip-

lines. 2 8

4. The late acceptance by geography of the scientific
paradigm that includes quantification relates to its
isolation from the major streams of thought in natural
and social science.

This point has been discussed by others so we shall only sketch it

here for sake of completeness. The major external contacts of geographers

in the United States have been with geology or with history. As Harvey

points out, these fields maintained the historical mode of inquiry longer

29than most disciplines. Few geographers were very thoroughly trained

in what might be termed normal science as represented by physics or

chemistry, or even normal social .;cience as represented by psychology or

economics.

Tending to fortify isolatioi; was the "exceptionalist" tradition in

geography that was perhaps present in vague form among geographers early

in this country, but which received explicit treatment in Hartshorne's 1939

essay on the Nature of Geography. To have such persuasive philosophical

arguments presented in support of a position that comes naturally to any'

group of scholars was apparently the force that kept much of geography

isolated for such a long time in this country.
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Alan Pred, in reviewing the background of Htgerstrand's pioneering

work with diffusion of innovations, makes the point that geography in Sweden

had not been isolated from other social sciences, but had close institutional

and intellectual ties with an.hropology, economics, and other fields.30 This

may account for the fact that Swedish geographers, though comparatively

few in number, are prominent among the pioneers of quantitative geography.

5. Interest in quantitative methods did not develop significantly
in geography until theoretical ideas or concepts were intro-

duced that called for particular kinds of quantitative acts.

We have indicated above that developments in the use of quantitative

methods proceed concurrently with developments in theory and concept

formulation, each contributing to the other. We expect this to be true for

geography and it is a point that rtquires elaboration in some detail. In the

following pages we will take a few selected cluster areas of closely connected

problem-concept-technique and attempt to show some elements of their

concurrent advance. The ones we have selected are among those that were

prominent in the early years of the "quantitative revolution".

Areal Association (Correlation and Regr ssion)

LaValle, McConnell and Brown in their previously mentioned survey

of the expansion of quantification in Amnrican geography found that "....

simple and multiple regression-correlation analyses comprise the bulk of

recent statistical application."31 In the period 1954-1965, covered by their

survey, 70 percent of the uses of statistical procedures in dissertations Ind

64.5 percent of the use in published articles was regression-correlation

analysis. Our purpose here 4s to take o more detailed look dt the circum-,

* .*
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stances attending the early uses iii geography of this important group of

statistical procedures.

The hypothesis is that the early prominence of correlation-regression

techniques in the evolution of quantification represents the convergence

in the early 1950's of, 1) a philosophical position that areal co-variation

was a central problem in geography, 2) a methodological stance favorable

to the search for morphological laws derived from pattern co-variation, a nd

3) familiarity with the tools and techniques of cartographical and statistical

correlation. Conversely, it would follow that the absence of this tri-

partite convergence is the reason why the few sporadic uses of the technique

of correlation-regression in the earlier years had not borne immediate fruit.

As early as 1905, Herbertson claimed for geography "the wider concept

as the science of distributions." 32 In a more elaborate and well- known

statement, De Geer stated that "geography is the science o. the present-

day distribution phenomena on the surface of the earth." 32 He goes on to

elaborate:

"In order to attain this end, a synthesis of distributions,
therefore, geography ha8 to work over certain parts or
certain sides of its materili, in the first place to
investigate the many simple relations of distributions or
partial distribution syntheses. The study and establish-
ment of distribution relations in any special case will in
its turn have required a comparative investigation of at
least two distinct distribution phenomena."

This seems a clear uall for the study of the correspondence of two

or more areally distributed phenomena. Hartshorne's 1939 study dismissed

De Geer's view as representing too nirrowly a view of geography as the

"Where of things" 3 4 . That this wits not exactly De Geer's meaning seems
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clear from his statement tha& "distribution phenomena must be regarded as

abstract qualities -- i.e., general qualities or circumstances in the

material objects -- and the object of Geography in its very nature is
35 +,

non- material and abstract". In elaboration, however, Hartshorne's

views sc em to be closer to De Geer' s. Explaining the distribution of

a particular phenomenon is not, in Hartshorne's view, the main purpose of

geography, nor is explaining the location of a particular feature. Rather,

"the facts concerning the areal differences in these (distributed) phenomena

must be studies in their areal relations, that is, their significance to

the area as determined by their relations to other phenomena of the same

place, and by their spatial connections with phenomena in other areas". 36

Twenty years later in further clarification, and perhaps some modification

of these views, Hartshorne talked in terms -f "simple integrations of

phenomena over area" and espoused the usefulnebs for generic studies
37

of examining statistical co- iariation over area".

Without attempting a more compbeLe reconciliation of the views of

De Geer and Hartshorne, it is safe to conclude that by the early 1950's

one of the main objectives of geographic study had come to be the explanation

of distributions through the discovery of accordant relations between

areally distribuiited phenomena.

Although there is undoubtedly a oonsiderable degree of overlap

in the writings between the philosophy ,f a discipline and its :aeLhodology,

cis Harvey makes this distinction, the oibove Is directed primarily at how

A-• . . . . .. .... ."+ " '. -"' - +:,-;-•'••";t•-. • a •,i:.:"r ';""'•' :!" r• ' • F" ":+:• ' ±:¢ ' ' "•;• ., a• .
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geographers saw the objectives anid purposes of their field. Equally

important in the development of the correlation-regression cluster were

some methodological developments< that provided a clearer, if not .also

d fresh view of how the field might operate. Indeed, means and ends can

both function as the engine for chcnge. Probably, many geographers of

the late 1940's and early 1950's were in basic agreement with the

objectives of geography as stated by Hartshorne, but most failed to find

guidelines for the conduct of their own work. Simpler, more straight

forward statements of purpose and method may have had a greater impact on

the way geographers went about doing their work than did the more oft-

39quoted methodological treatises. In following up on these simpler state-

ments geographers found success and satisfaction and this led to a subtle

alteration of objectives.

It is often claimed that the twin underpinnings of the areal associa-

tion correlation-regression work ore De Geer's philosophical statement

above and Schaefer's methodological statement "Exceptionalism in

Geography". Schaefer argued kigainst a unique methodological position

for geography. Rather, he claimed that the procedures of systematic

geography were in principle no different from that of any other social or

natural science. "Science is not so much interested in individual facts a1

in the patterns they exhibit. In geography the major pattern producirn

variables are, of course, spatial."41 Schaefer continues, "assume for

instance that two phenomena are found to occur frequently at the same place.
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A hypothesis may then be formed to the effect that whenever members of one

class are found in a place, members of the other class will be found there

42
also." When sufficient tests of such hypothesis are provided, they

become laws utilized to explain situations not yet considered.

Schaefer's methodology had an impact on two groups of geographers.

One was at the University of Washington where William Garrison and a group

of younger geographers were attracted not necessarily by the areal association

techniques, but by the more general proposition that geography's modes of

operation were not unlike those of other social and natural sciences.

This led them to be among the pioneers in several types of quantitative

work in geography (see below). The other was at the University of Iowa

where Schaefer was a faculty member for a period of years in the late

1940's and early 1950's. Schaefer's methodology found explicit expression

in the work of Harold McCarty and his associates who made use of correlation-

43
regression to test hypotheses of the "where x-there y" form.

Once the philosophical position and methodoloqical view favorable

to areal ,ssociation hýad been widely accepted it was quite to be expected

that one or more individuals familiar with the technique would see that the

statistica] procedures of correlation-rooeression were useful tools for this

purpose. Correlation had become widel'v used in a variety ol disciplines

by the 1930's and 1940's. In agricultur. i economics, in marketing, in

educational psychology and mea1surement, (to mention just a few of the fields

with which early quantit.itive geographers had contact) correlation-regression
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had become a well established analytical procedure and was standard fare

in statistics courses. Association with colleagues in other fields (for

example, McCarty's work with Davies, a statistician) or students coming

into geography with statistical training in other areas seem to be among the

ways in which explicit knowledge of these tools entered geography. This

same familiarity with statistical procedures, of course, had happened

earlier (e.g., J. K. Rose's paper cited above)44 but had failed to

take hold without the concurrent acceptance of a favorable methodological

and philosophical stance.

Uses of Correlation-Regression

The uses to which correlation-regression was put in these early

attempts seem to fall into three categories: 1) testing of simple descriptive

hypotheses, 2) ranking variables in a multi-variant situation, 3) finding

new variables through the mapping of residuals. Although later workers

have been critical oi using the technique for the. . purposes, they seemed

consistent with the needs of the lield at that time.

Geography by virtue of itL. early ties with exploration and with

natuval sciences has had a strong inductive bias to its work. Moreover, the

field hid only meager development of theory, so that explanmtions for

any pattern of distribution tended to rely either on simple intuitive logic

arising from obseivation or on qeneralizitt mns about the linkages bet'" n

phenomena derived frow the topicil field concerned with that clss ul

phenomena. Neither of these wwi!; very satisfact ry, the first :iubject
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to the accusation of not being scientific, the second to the charge of superficial

borrowing. Statistical comparison of the mapped pattern of a variable of

interest with that of another variable chosen logically, or intuitively or

from the literature and then judging this comparison in terms of significance

tests, while not answering both these criticisms, dia lend arn aura of

scientific, objectivity to geographic work.

The use of this procedure can be seen in se,.er4,l of the early

quantitative papers. In McCarty's words the methodology was as follows:

"select one factor at a time and mean;ure the extent of its
association with the phenomena of the problem. These individual
elements might be derived from any source whatsoever, from
economics, political science, psychology, or indeed the simple
observation that some map he had 6een reminded the investiqator of
his problem map." 4 5

In his work, McCarty tended to hove a closer link with theory (see below).

but others followed this eclectic procedure rather closely. For example,

the paper by Robinson, Lindberg and Brinkman has been criticized by

Burton on Just this very point.

Most distributions were also seen to bl the result of wultiplO

"determinants". 'here wis the need to establish which '11,2 most Siqnilticalt

and how are they related tW one another. Almost situult,.,rwously with the

u.s of : imple vorrelatton for patten cot. pari-on, multiple ,md partinl

c'orrelation w i,; employed to determine tne Importince tit different varlables.

The major findings of the papers were often summarized in , ta•hl listing

the correlation cofef icirats obtained fi-r the tested varilable, with an

indication of the level of siqnificaince It r each. Interestinqly, little

attention was given in all of this to the :unctional form of the relationship..
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The regression co-efficients themselves were aU but ignored. Early papers

assumed linearity, although later on with the growth of computer technology,

logarithmic and other transformations were used. An exception to this lack

of attention to the functional form of the relationship is provided by an early

47
Berry and Garrison paper.

The technique of mapping residuals was commonly combined with the

attainment of correlation co-efficioints. Orc purpose of this rested on the

belief that the pattern of residual.s from calculated regressions weold, when

mapped, suggest to the perceptive geographer additional variaL-ts which

would improve the explanation. This was a simple extension of the use of

correlation-regression for the general purpose of finding significant variables

in a problem. Geographers held the beiief that they were not so interested in

general relationships, but must shov; how ::ese relationships relate to the

"real world". Therefore, residueal mapping was also used to show where a

4 aparticular relhtionship hold .'nd where it did not,, As we sue it now,

this is tIot often successfully oet, .- ;tpij:: hod by c vuention•, residual mapping.

However, others hrive had thi sais need and have used cun'elh•iton technique,

in other ways to achtiove this sawmo purpusfm. K K. Rose, for euample,

had this ai; a main goal amiJ awapp-uki 1 •-,,-i¢/; correlation c-o-fficientu

rather than rasiduals from a single revoýei, In in An attempt to show the ,.a.;•

in which there is -I closo relation.-:hlp; between corn yleld *c-i roinfi4 .

Robinsoti has done the sante thim;n in rMdat. ng population den.•t, to ratinfill

iti the Greit Plains.
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Users of correlation-regression techniques in the 1950's were not

unmindful of the many technical problems involved in using these tools for

spatial analysis. In rereading some of these early works, technical

discussion seems to vastly outweigh substantive findings. The problems

of modifiable data units, selection of statistical control points, the form

of the residual calculation, and others received much attention in these

early papers and certainly many of the critical issues were not resolved

for many years.

By the early 1960's, the cluster of work based on correlation-

regres-'%a had evolved so that two divergent thrusts from this common

source can be traced in subsequent work. One continued the search

for "significant" variables, the unraveling of interrelated factors, and the

testing of hypotheses. This need relies largely on summary correlation

co-efficients and as these reached the form of large matrices of co-efficients

various factor analytic methods began to be used. Variable pre-selection

on the basis of intuitive logic was replaced by inductive and analrtic methods.

This was facilitated, of course, by the concurrent development of high

speed calculating machines.

The other stream has looked at tlhe structure of statistical surfaces

using least squares regression to calcubite trend surfaces or to estimate

distance decay functions. Greater use is madi of the form of the regression

co-efficient. Residual calculations begann to take the form of fitting higher

order equations or working with statistica:l filtering procedures. These

developments have received much impetus from similar work in the geological

sciences, although they were heralded in some of the very earliest papers
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51
in geography, for example, several of those by Arthur Robinson.

Economic Models: Theory and Quantification?

Many people have tended to associate the quantitative revolution

with urban and economic geography. LaValle, McConnell and Brown report

"that most analyses employing statistical procedures at either the dissertation

or article level (during the period 1954-1965) are in the areas of economic

and urban-economic geography. Their data suggest that between one-

half and two-thirds of the uses of statistical procedures were in these

fields. Considering the popularity of these areas of geographic inquiry

during the 1950's and early 1960's this may not be so strikingly a dis-

proportionate emphasis. We can accept the fact that interest in

economic location theory and quantification came along at about the same

time but it is not clear, just what the connection is. Does the subject

matter of economic geography and the availability of statistical data

in great profusion lcad to greater ,;trides in quantitative work? How did

theory and method interact in this particular case?

The use of generally applicable laws of spatial relations in economic

and urban geography has a history that pro-dates the quantitative revolution.

There seemed to be a period in the 1920's in American geography of active

and lively interest in the application of economic principles to some of I-Ie

problems of geography. Articles containing references to and discussorls

of von ThInen's land use principles, of Weberian manufacturing location

theory or of the principles of geographic specialization of labor appeared

in the major Journals with some ricquency during this period.
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Events involving the newly founded journal Economic Geoqraphy may

be taken as examples of the influences at work in this period. The founding

of the journal itself is indicative of an increasing interest among geographers

in economic and resource topics. Moreover, the journal was designed to

appeal to a wide audience and early issues included articles by authors not

classed as professional geographers. An article by 0. F. Baker in the very

first issue listed six economic principles that could be used, along with

the more familiar climate, soils, etc., to explain the world wide distribution
52

of wheat growing. These principles, which included the law of comparative

advantage, the effect of distance on production, principles of labor spe-

cialization, were stated in a concise verbal form not unlike the common

practice in much economic writing of the times. in this particular

article there was little explicit connection between any of the several

deductions that could be made from these principles and the wealth of

empirical information presented in the article in tabular and cartographic

form. However, a later article in the same journal by Olaf Jonasson, a

Swedish geographer taking his Ph.D. at Clark University, does make an

explicit connection between Thlrnen theory and empirical data on agricultural
53

land rents. Jonasson acknowledges the influence of Baker on his own

work and also shows considerable familiarity with German and other

continental literature on location theory.

Richard Hartshorne in some of his earliest presentations to the pro-

fession uses, in discussions of the locition of the Iron and steel industry,

the method of reasoning from general lo,-ation principles to the facts of
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particular cases. 5 4 His papers stand inmarked contrast to the more common

historical narrative approach to the same phenomena In articles both pre-

ceding and following Hartshorne's work.. Again in Hartshorne the connection

between theoretical proposition and empirical test is a weak one utilizing 4.

narrative form for the presentation of theory and discriptive examples to

demonstrate the validity and general workings of hypotheses.

However, in respect to both of these c es these beginnings of the

process of forming -links between quantitative investigation and theory

formulation were not followed up. Hartshorne himself could claim soine

years later that these papers b' -Jit forth little interest on the part of his

geography colleagues, but were mainly of use to persons in other fields.

He concluded that this was because the "standont" problem, (th.i, location of an

individual factory), was outside the main chorographic tradition o± jeography. 55

These early attempts to infuse laws, principles and general statemeats

into economic geography in the 1920's were mainly thie efforts of younger geo-

graphers, but were not without supoort from more senior persons. Ray H.

Whitbeck, not normally associateu with this sort of effort, proposed, for

"example, the development of a sub-f,eld -with close links to descriptive

economic geography to be called "Geonomics" 56. "Geonomic material is

organized primarily as a body .of printciples or laws operating under the in-

fluence of geographic condittons." This call for a body of laws went "'heeded,

although similar calls were made by others in the ensuing couple of decades.

In part this occurred becn.su such, proposals wera almost totally without

-/r*~ *,-*.~*,
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guidelines for earpirical work, but also because they ran counter to the tenor

of the times in geography, a tendency which Sauer has labelled "the Great

57Retreat". Sauer had-in mind the retreat from contact with other-fields-

and ] hesitancy to engage in studies of genesis and the origin of phenomenr,

which was antithetical to historical study, but some of these tendencies also -

retarded theory building and generalizations.

These early descriptions of theory pretty largely represented the state

of the arts in the mainstream of geography until well into the 1950's. The

occasional writer would include a short mention or description of an economic-

location principle in an otherw descriptive treatment. Usually this was

little more than "window dressing", but whatever the motivation the mutually

reinforcing links between observation and theory were simply not present. 5 8

The studies in the 1950's that initiated a change in this condition

have been gathered into a single volume and we need not detail them here. 5 9

Most of these, such as the now classic papers by Kennolly and by Lindberg,

constitute specific tests of formal economic-location theory employing

largely cartographi, A and simple tabular tests rather than more formal sta-
.tistcai procedures. This is largely because the theories themselves were

stated in the form of graphical space-models, but the point is that developments

leading toward the mathematical-empirpcal language of discourse described

in chapter 1 were initiated.
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Subsequent Evolution

B Ry -the early 1960's the uses -of economic-location theory had become

• -•-_ sufficiently widespread so that we can identify several classes of usage.,

"The most widespread was forpedagogic-purposes. This involved the des-

-cription of central place theory, manufacturing location theory, economic

base -theory, land use competition theory and others In the classroom and

eventually in textbooks. John Alexa nacr' s textbook Economic Geography

published in 1963 contains brief descriptions of these theories as they

were viewed at that time. The fact that these descriptions are set -off..

by themselves in one of the last chapters is indicative that they are not

well integrated with the main empirical treatment of the text and is also

indicative of an uncertainty about their acceptance as proper material for

undergraduate instruction. Similarly, the second-edition of Thoman's text

The Geography of,;-;onomic Activity contains formal.presentations of these

theories whereas the first did not.

The inclusion of these theories in texts and in the classroom, ulthough

presented largely in graphical form, served in several ways to further the

growth of quantitative work in geography. It exposed a generation of students

to a fresh view of geographic thinking, it broe the hold that historical

forms of explanation hi2d on the field and substituted functional modes, and
it served as one of-the sources of gre&.er contact between geography

other social sciences. This does not mean to imply a total reversal of the

traditional view that theories art tested in thu laboratory before appearing
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in the classroom. It does-suggest that instructors sensing a need to provide

a touch of generality and a structure to their. classroom presentations seized

on these graphical models that had been lying largely unused on the fringes.

of geographical thinking for several decades and employed them in the

classroom almost contemporaneously with their use in research. Because of

this the connection between theory and empirical observation was initially

weak and only slowly have these links been welded more firmly.

A second use o. economic-location theory was as a source of

hypotheses for statistical testing in the manner described in the preceding

section with the tests and the theoretical deductions correspcnding in only

a crude manner. This is best seen in the early monograph by McCarty and

62
his associates. McCarty, an economist by training, was well grounded

in the classics of location theory. His approach was to use this theory

to develop specific hypotheses, e.g. , "in order to have a steal mill an

area must have a coal mine", which are then tested by statistical methods

of correlation. Further progress is obtained by adding in "additional

variables that are presumed to be found 'wherever the original problem variable

exists". McCarty summarized his methodology,

"problems were recognized as appearing in the uneven
areal distribution of various typs of manufacturing.
Hypotheses purporting to offer e::planations for the uneven-
ness of these distributions were drawn from a variety of sources,
mainly economic theory and a few studies of resources ;,,;1
technology. In all cases, howeer, it was necessary to measure
not only the volume of various kinds of manufacturing in various
areas, but also the characteristics of the phenomena with which

those quantities of manufacturinq are presumed to be associated.
In this case, as in others, the selection of hypotheses was
materially affected by the characteristics of the data... 63
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This later point is criticalto the use of economic theory in this type of study.

Data availability-and the needcto order data into forms that meet-tbe require-

ments of a particular kind of statistical testhave meant that the convergence

between specific theoretical deductions and empirical verfication has not

progressed very far.. The range of statistical procedures with which geographers

-0of thiý time had had some experience was very limited, so that if formal

statistical procedures were 'o be employed., and this was viewed as an

important goal, then the form of theoretical statements were altered

considerably in any empirical test.

7 . A third type of connection between economic theory and quan-

titative methods was the explicit testing of theory by numerical-quan-

64titative mr-ans. The papers by 0. Lindberg and R. Kennelly are specific

65
tests of Weberian manufacturing location theory. The empirical

tests are in tabular or graphical form and even though Kennelly includes

a mathematical statement of the N.TP (minimum transport point), he did

not attempt a mathematicalldeterinination of such a location in the case

of hi:. problem, the Mexican bteel industry. Rather, he employed the
Launhardt graphical method- Gonputati-nal algorithms for thi; problem

were not developed until several years later, 6 6

Other examples of the manner in which early verification cf theor-

ultimately achieves a greater cony, -gence with formal statistical tc flag

procedures are prwvided by central place theory, (reviewed in chapter 9)

and by land use theory. As suggested above, von Thtnen models of
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- agricultural land use were familiar to geographers well before, the onset of

the quantitative revolution and tabular verification of some theoretical

deductions had been attempted. Reformulations of classic land use theory

in mathematical terms became available to American geographers through

67
the works of E. Dunn and A. Lbschin the 1950's. Economists such as

Henderson and Fox developed large linear programming models of agricultural
V

land use patterns incorporating yon Th~tnen concepts and the results of

these models began to be cited in geographical journals and discussed in

seminars and courses. Garrison reviewed these and other studies in a

series of articles and he and Morrill attempted a linear programming approach

69to the study of wheat and flour trade. Along similar lines, Stevens

pointed out that the "dual" of traditional linear programming formulations
69

of land use can be interpreted as the "location rents" of von Th(nen.

This influen3ced geographers to attempt quantitative tests of this proposition,

as for example, in the paper by Maxfield.70 Several of the more important

early q'iantitative papers by geographers were directed more at providing

empirical evidence for significant additions and modifications to classical

71
theory, rather than simple tests of theory as formulated.

SpatialI Intern ct~nn

By early 1960, the twin conceptb; of areal association and spatial

interaction had been accepted by macy as representing the essential points

of view oI geography. We don't wish to elaborate L'is point, nor to trace

the origin of these ideas, nor to pursue their obvious similarity to tho cider

concepts of sitL and situation. Yet the fact that studies of spatial inter-

action in a groat variety of contexts wero increa:;lng in geography during
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the period under review has important ramifications for the growth of

quantitative work. As with the ar,,al association-correlation cluster,

these developments represent a variety of influences.

One of the more important of these influences was the coming.
ii into prominence of the nodal or functional region idea. G. W. S. Robinson

72briefly traces the growth of this concept. Robert Dickinson's book,

City, Region, and Regionalism which appeared first in 1947, can be

used to illustrate how this concept contributed to the growth of quantification

73in geography. Dickinson was interested in presenting material on the

city as a focus of human activity ind which views the city-region as

a fundamental characteristic o0 society. He acknowledged some of the

material as being marginal to geojraphy as it was practiced at that time,

but noietheless Dickinson's book was read and used by geographers. The

impact of the book was to place studies of cities and their hinterlands,

town-country relations, trade are delimitation, etc. within the main stream
of geographical inquiry during the succeeding decades. Dickinson included

extensive treatment of the work of sociologists such as Kolb, Galpin,

Park and Burgess, reviewed the scattered works by geo•riphers on trade

areas and becouse of his familiarity with the German literature provided

one of the earliest statements in I[nqlish of Christaller's Central Place

Theory. In addition to Dickinson's hook-, we could meAuron the c uc ot.pt

of "arev..l functional orgiidz,tti(on" d,:vo lopod by .obrt Phitt int d me of
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his students, and although the association with concepts in outside fields

is not as great, the impact on geography was similar, 7 4

The point is that efforts such as those by Dickinson, Platt and others

brought geographers into closer familiarity with the work of sociology,

economics, marketing, and other fields that had developed various

kinds of quantitative treatment of these topics. One kind of quantitative

activity was the use of gravity models, either as summary data reduction

- devices or as initial hyri-)theses in studying town trade areas. By the mid-

1940's, through the work of writers such as Reilly, Stewart, Zipf and

others, gravity models had become well established in these fields.

Gravity model applications in geography were therefore quick to come.

Howard Green, for example, reported to the 1952 AAG meetings in Washington

75
on the use of mathematical rules in hinterland determination and his study

of the New York - Boston hinterland was an often used example of regional

delimitation in the 1950's. By the later part of the 1950's, geographers

responding to the aforementioned desire for generality in classroom presentotion,

were Including various forms of the gravity model as hypotheses as well as

general descriptive statements of findin is. Research reports and discussions

of theso models in the geoyraphical lit.rature proceeded with equal vigor,

although most were in journals peripheot to geographers rother than In the
753

Annas, conom egrapnh,, nd other ';iainstram quarterlies.

In contrast to the other two clusters reviewed above, the connection

between model and quantification in th(e case of the gravity model has been
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very close. Goodness-of-fit tests in the form of scatter diagrams or

occasional least squares regression were attempted with the earliest

gravity model work. Almost invariably, remarkably good results were

obtained and this no doubt served as an encouragement to further efforts

of a similar nature. Good results were to be expected given the fact

that gravity formulations are, as someone has s-id, merely empirical

generalizations with little basis in theory. The terms of the model are

capable of wide interpretation, allow for empirical estimation of critical

constants, and are meant to be valid for aggregate populations -- all

characteristics that made them very popular. The models provided

geographers with experience in model calibration and numerical generalization.

One or two geographers expressed considerabie concern over

77
the use of gravity models. They were cx,,ncerned with the implications

of borrowing models from the physical scienC--s and using them so un-

thinkingly for modelling human eve.'nts. This very prop.,r concern directed

at gravity models tended, however, to bo directed ,t all quantitative work.

The fear that reduciig things tu mumbers would destroy the richness of

the human experienve iW geocqi'aphiic investiLgation wnls widespread

among early oppotients .)I quantifitxition.

Ind0.-,ad, 5ublsequunt dovelopzuents have tended to discredit gravity

models on the very grounds thit they h.,d littlo or 10o hasis iII human ' v1hr.

As hum in (Itcjoqrc nphy has Moved to tM(O r .ilicit modullinq of dorision

making ,-ind behlvio-,l ,•r(. 0.r;, .And hli:; desired l is o mqreia tcd results,
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the crude analogies to simple physical models has proved unsatisfactory.

They were replaced initially by probabilistic forms of the same general

classes of models and now by more complex decision models (see chapter 6).

It seems clear, however, that gravity models provided an important impetus

to quantitative work. In the 1960's and early 1960's when human geography

was predominantly concerned with spatial outcomes and structural properties,

these models enabled those geographers dnxious to employ quantitative

methods with some easily understood activities and ones that also provided

immensely satisfactory results.

Many of these same general comments apply as well to a derivative

type of quantitative work - the calculation of potential surfaces - but this

work has a somewhat separate origin and at least in part has led in a

diffurent direction subsequently. Potentials of population aie calculated

by summing individual gravity model vailues for a series of pointL and

creatiitv continuous surface. Such surfaces were introduced into the

geographic literature by the Socii! Physicist, John Q. Stv;wirt, and were

developed in the next two decades almomt exclusively by Stewart and

by William Warntz who worked closely with him.

Potentifl surfaces haVo been lini:ed with spatial stotistics lInd

centrogtaphy through the work of WarnLt;- and David Neft. Neft'S

monograph ptovides a review of those developioents and we need not

repeat them here. Early proponents attnched. theoretical implications to Uit

jxczontlal Idei but it was s ot clear just -•,ow this ell workedi Ind the models
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have remained peripheral to the main advance of theory formulation and

empirical test. However, as jantitative descriptive devices, as for

example in the early use by C: incy Harris, potential models played

an important early rdIe, especially in providtng semingly satisfactory results

in applying quantitative methods to popular geographic problems.

Conclusion

By the mid-1960s, these several trends of development were

sufficiently strong so that "quantitative geography" was becoming the

"normal" way to do geography. This does not mean that the uise of formal

statistical methods characterized all, or even a very large share of

geographic scholarship. As we have emphasized, this is not the sole

characteristic of what we havv contlnued to call for sake of brevity,

if not clarity, the "quantitative revolution". We have emphasized the

mutually roinforcitg changes in tho (1) ofm. of qeugraphic scholarship,

(2) In the concepts and tools by which this is -iud oil, and (3) in

the norms of taachinw "nd reseirch crried on by mtombors of the (41sctpltno.

We can conclude this brief history o(f thy: "revw,,hntit' hj tjotij so1. of

the social and Institutional c, ns. q Jnces of then;e ch,,nrel that 1catint

evident during tht 1 96(%O.

The early proponents of quintifcotion in qeooqraphy were a !imall

ba nd of pioneers h.-d together by -I (.'mt•tn tflturost in d1pplylnq(I qliotfl-

tative methods to (jent qraphy. At atina l maw-ctinqs, papers emp|,V.yitci

"quantitative methods raqordliess •o ;•tne were freq,'iwntly uipaeed

together in a sm,0! session. Quintittive quourph-,rs formed a•trinwcule

but ?d.i•tincti'ce s-:h--;roup within OK-: pr f,:: tt.- 4w'th ill tho, ft " :
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internal competition and external solidarity characteristic of such groups.

As th& minority became the majority, In intent If not in accomplishment,

th-, _ mmon bond weakened and quantitative geography began to go off

In a number of different ways. As the number of different stat.stical-

mathematical procedures has proliferated, as the lines between substan-

tive theory and quantitative method have been welded more firmly, as an

* interest in spatial form has given way to a greater interest in process,

as the successful use of statistical-mathematical techniques have required

greater technical sophistication, it became increasingly meaningless to

speak of quantitative geography or of a quantitative geoqraphor.

Yet In one sense this Is not quite correct. We began to see

within the discipline in the 1960s the beqinnings of a structuire to carry

on geographic work under the new paradiqm. This emeoing structure

might be viewed as an hierarchical arranqgement with three levels. At the

first level are th& great bulk of professi,-rml geographers who possess

a working knowledge of statistical motWuds nd a iamiliarity with the

mathematical models in their field of sp.-cialvationsi. AValle. McConnell

and. Brown have shown the growth in Ph. 1). granting deartiments offering

courses in quantitative methods. &1.thvnwatical it teli~tr and sttistical

testina became st-ndaird fare ifi gradualtv training and with the gmwth in

faculty positions during the 1960s, -this first level of quantitative caim-

petence became widespread. As the vf.r-ll sophistlcation of the fiel(d

grows, ono n>~ experýt ic nconmitant im rct~os In thi: v~~iritczia

ability n-inloustc.i in this first level . 'mpeotictwy.
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At the second level are the quantitative specialists in individual

departments. They have more than the normal level of training or familiarity

with statistics and mathematics; thVeyprobably teach a nuantitative methods

course; and their papers are oftentimes cited as exemplary opplica dons

of quantitative methods to geography. Most of the geographers identified

early as quantitative geographers operated at this level.. Some of these

same individuals continue to do so*. while others h. ve, uited their.

interests and operate quantitatively at the first level, A. few have

crystallizedA their. Interes-ts M opanr-ate at the third level.

-At-tL- third WI of w-'ntit ativ competelco si..the creaters

of qktantitiito mtthods: th! so that work or Ute devologmont of now lainuages

of quantitative discourse (see CO•ht•r I for examples), those thati devote

Lull time to techratkal probltzms of statistics or. ntathetniticts that ..

soes¢t - htigh levol of ability atnf .4y ovwon hold appointwents in m"athae-

*mantic2a, or statisties, or eporations rsog••h depnuroaet. "The numuern

of porson It this thid IOwAQ vull Awway"; ho srncll. ho;tcl poeac

Is. WeStlrAVy ntot 0111y to tn MkItts'i~g Off thM disCIPline, Wut tO th1L fovti

that the qunntritive ruvolutioa" |i: 0., a.nwtitr 0 event, but is It, ctl

It Irhat and IIcri of the I iIciInt1.
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CHAPTER I11

SOME EPISTEMOLOGICAL PROBLEMS IN GEOGRAPHY

.Eistemology

Epistemology is that branch of philosophy which investigates the

origin, nature, methods of acquiring and limits of human knowledge.

The aim of methodology. . is to describe and analyze these
methods, throwing light on their limitations and resources,
clarifying their presuppositions and consequences, relating
their potentialities to the twilight zone at the frontiers of

* knowledge. It is to venture generalizations from the success
of particular techniques, suggesting new applications, and to
unfold the specific bearings of logical and metaphysical principles
on concrete problems, suggesting new formulations. It is to
invite speculation from science and practicality from philosophy.
In sum, the aim of methodology is to help us to understand, in
the broadest possible terms, not the products of scientific
inquiry but the process itself.1

For our purposes it is that body of rules or principles and methods by which

one .acquires scientific knowledge. Thus we view an epistemological

problem in geography as one associated with the ways in which geographers

go about (or might potentially go about) developing and testing geographic

theory. When there is agreoment -.pon the procedures followed, both

within a discipline and the larger scientific community, there are no episte-

mological problems - or at least they are unperceived.

Theory:

In rofarring to theory, rather than proccedinq b!' formal definition it

mry be more helpful to give a standard sketch of a theory at this point. This

2
sketch would run something like the? following (after Suppes, ): A theory in

3.i i
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4 ....

Iscience consists of two parts. The first part is an abstract logical

calculus or syntax. In addition to the vocabulary of logic, this calculus

includes the primitives (or undefined terms) of the theory. The logical

structure of the theory is fixed by stating a set of axioms or postulates

in terms of its primitives. In many theories primitives can be thought

of as theoretical concepts like "atom" or "electron" which can not be.

related in any simple way to observables * In other theoriea primiitives-

may initially be thought to be undefinable and yet turn out to be derivable

in terms of the primitives of some other theory. Such primitives may be

A. 3thought of as isrelative primitives".

The second part of the theory is a set of "correspondence rules"

or a semantical system that assign(s) empirical content to the logical

calculus by providing what are often called "empirical interpretations'

or "coordinating definitions for at least some of the primitives and.

defined symbols of the calculus. "It is always emphasized that the

first part alone is not sufficient to define a scientific theory, for without

a systematic specification of tho intended empirical interpretation

of the theory, it is not possible In -my sense to evaluate thr theory as

part of science, although it can be suudied simply as a piece of pure

4mathemotics" (Suppes, p i

The above "standard sketch" of a theory seems simple enough.

However It s N deceptavely simple, primarily because there is no simple

procedure for giving coordinating definitions for the perimiti a ory.

! of he teory it.is nt posibl in =•y e -se th vlae tirm thor ina s,
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For example, in specifying these definitions in actual practice the scientist

almost invariably finds himself referring to some other theory, if only

5
one of measurement. Furthermore, the necessity of submitting the

theory to empirical test might also "bias" the selection of "correspondence

rules" if some operational definitions are either more familiar or easier

to work with. In this regard Kaplan6 presents a humorous yet illumina-

ting example:

There is a story of a drunkard searching under a street
lamp for his house key, which he had dropped some distance
away. Asked why he didn't look where he had dropped it,
he replied, "It's lighter here!"

7
Considerations such as these lead Suppes to conclude that no simple

response can be given to the question, "What is a scientific theory?"

Are we to include as part of the theory the well-worked-
out statistical methodology for testing the theory? If we
are to take seriously the standard claims that the co-
ordinating definitions are part of the theory, then it would
seem inevitable that we must also include in a more detailed
description of theories a methodology for designing experi-
ments, estimating parameters and testing goodness-of-fit
of the models of the theory. It does not seem to me
important to give precise definitions of the form: X is a
scientific theory if, and only if, so-and-so. What is
important is to recognize that the existence of a hierarchy
of theories arising from the methodology of experimentation
for testing the fundamental theory is an essential ingredient
of any sophisticated scientific dicipllne.

Most philosophers of science probably would not disagree with

Suppes' conclusion, but would simply stress that the sketch providc A

above should not be construed as a description of the actual process

by which theories are, or even ,;hot, ld be, formulated. Instead it D,
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an account of the lcgica] or structural characteristics of theories. In a

discipline, such as geograiphy, which is still in the early stages of theory

development, such an ideal statement of the characteristics of a theory

may not correspond closely with the state of theory in the discipline.

Reconstructed Logic and Logic-in-Use

Kaplan8 in his philosophical analysis of the methodology of

behavioral science draws a distinction between what he calls "logic-

in-use" and "reconstructed logic". The former is descriptive of the

"cognitive style" in the research of scientists which is more or less

logical and the latter refers to the philosopher's of science explicit

reconstruction of a logic-in-use. Reconstructed logic is applied to the

scientific product of an inquiry while logic-in-use is that which guides

the actual process of inquiry. To be sure, reconstructed logics

can become or at least influence the logic-in-use. The logics-in-

use in the sciences are affected by the state of knowledge of the

discipline, by the stage in a particular inquiry, and by the special

conditions associated with a particular problem. Not only are there

many logics-in-use but there can, likewise, be many reconstructed

logics. However, Kaplan focuses his attention upon the most widely

accepted reconstruction of science, the "hypothetico-deductive method",

which he argues is the application of contemporary reconstructed logic

(that presented as the "standard sketch" of a theory) to the products of

science which may bc deserving of the status "theory". According
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to the hypothetico-deductive reconstruction, the scientist arrives at a

consistent, non-redundant set of postulates which describe the interrela-

tions between phenomena of interest. These postulates are arrived at

either by inductive logic, shrewd guesses, intuition or some combination

of same. From this postulate set the scientist deduces consequences (at

least some of which will be observable); he then tests the observable

consequences by experiment, and so confirms the postulates. If the de-

duced consequences are rejected empirically, he modifies or replaces the

postulates suspected to be faulty, and so continues.

Such a reconstructed logic is not meant to be a description of

what is actually being done by scientists; instead it is an idealization

9
of the logic of science. Kaplan, for example, is critical of this recon-

struction because it treats hypothesis (postulate) formation and modification

as extra-logical. In this reconstruction, he argues:

the most important incidents in the drama of science are enacted

somewhere behind the scenes. The growth of knowledge is

surely basic to the scientific enterprise, even from a logical

point of view. The conventional reconstruction presents the

denouement, but we remain ignorant of the plot.
(Kapla n

No doubt one of the reasons for the failure to elaborate on hypothesis

formation in the hypothetico-deductive method is that no sut of distinc-

tive rules of inductive inference has been developed which does not lcuu

1ito logical inconsistencies.
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In geography, as well as in social science in general, there is

thus considerable danger in construing a particular reconstructed logic as

a logic-in--use appropriate to a discipline in its earliest stages of

sophistication both substantively and' mathematically, 12 particularly if

it provides "rules" which apply primarily to the statement of the results

of scientific inquiry rather than to the process of inquiry itself. In this

regard, most philosophers of science would agree with Rudner13 that

their domain is primarily limited to providing and scrutinizing the log ic

germane to the "context of justification or validation" - the rationale

on which science bases its acceptance or rejection of its hypothe,ýes

or theories - rather than that pertaining to the "context of discovery" -

the process by which a scientist comes to discover or entertain a hypothesis

or theory. Although no one has yet demonstrated that there is or could

be such a thing as a logic of discovery. a few philosophers, notably

14 15
Hanson and also Kaplan , maintain that such a logic is possible.

16
Hanson's view does not claim that "facts" can be logically arranged

so as- to lead to new hypotheses in a naive Aristotelian sense nor does

he propose a set of epistemological rules in a Baconian or any other

17
fashion. Instead he goes beyond Carnap's belief that inductive

logic can be a basis for scientific methodology and pragmatics (Carnap, 18)

and suggests that a logical structure exists in addition to deduction and

induction which will enable the scientist to make a rational choice
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(although only a plausible one) of the type of hypothesis that is worth

entertaining and empirically testing. Hanson in a manner similar to

Kaplan suggests that this is the dominant logic-in-use. 19 Since none
-- • 20

of the objections against a logic of discovery are decisive, if we
21

accapt that geography is no, in the terminology of Kuhn, in a period

of "normal science but in the "pre-paradigm" stage of development;

then it would seem wise for geographers to keep abreast of the con-
-V.

tinuing debate in philosophy of science circles over the "logic of
Sdiscovery"." In fact, Polya's fascinating How to Solve It22 and

recent work in the computer simulation of thought processes, such as

Feigenbaum ana Feldman23 suggest that at least heuristic rules of

discovery are indeed possible.

Concepts:

Since a theory is only as good as the laws upon which it rests

and the laws express connections between concepts, it follows that

poorly defined concepts not only bring into question the meaning of

law stateur.-ntt but also the meaning of whatever deductions may be forth-

coming from them. This is readily accepted. However, it is not as

readily appreciated that the converse is equally important -- that a

"good theory is needed to arrive at the proper concepts". This

24dilemma is what Kaplan calls the "paradox of conceptualization"

and, since geography has developed only few generally useful and

easily measurable concepts, the nature of paradox deserves our

attention. The paradox is well illustrated by Kuhn when he discusses
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how theories (and the concepts of which they are comprised) guide one's

selection of experiential data. In illustrating differences between Aristo-

25
telian and Galilean perspectives on the pendulum, Kuhn writes:

.... When Aristotle and Galileo looked at swinging stones,
the first saw constrained fall, the second a pendulum....
Seeing constrained fall, the Aristotelian would measure (or at
least discuss - the Aristotelian seldom measured) the weight
of the stone, the vertical height to which it had been raised,
and the time required for it to achieve rest. Together with the
resistance of the medium, these were the conceptual categories
deployed-t-y, Aristotelian science when dealing with a falling
body. Normal research guided by them could not have produced
the laws that Galileo discovered.

A further discussion of this paradox in the context of classification is

presented in a later chapter. However, the point we wish to emphasize

at thi -ii., ure is that some semblance of a rudimentary theoretical

structure, no matter how crude, must exist in a scientific discipline

in order to guide in the selection of the observational phenomena with

which the practitioners of that discipline will concern themselves.

A further refinement of the discipline's concepts should then lead to the

further articulation of theory, and so on. Thus as Harvey26 states

(in part by way of quoting Kaplan, 27)

It is, fortunately, one of the ch.iracteristics of the history
of science, that ,s knowledge of our subject-miatter increases
and as our theories become more sophisticated and mnre
reliable, so appropriate definition systems become easier to
construct. Thus 'the closure that strict definition consists
in is not a precondition of scientific enquiry but its culmination'.

In other chapters of this monograph, we have occasion to discuss

28specific concepts and te:'ms that have been, and are being, employed
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29
in attempts at law and theory formation in quantitative geography.

However, it is approptiate to indicate briefly, by way of introduction to

these later chapters, which of the types of terms distinguished by

philosophers of science have found widest application in quantitative

geography.

Although there are numerous classifications of the terms used tn

science in the l.teraturc of "he philosophy of science, the one we utlize

30
distinguishes between three types: observable, dispositional and theoretical.

An observable term poses no difficulty. It is simply an entity or property (of

an entity) which is ascertainable by direct observation. A dispositional

term also is reasonably straight-forvardly described as some entity

which has a potentiality for manifesting some property. For example, to

describe an entity, say sugar, as soluble is to assert that sugar has the

potential to dissolve, not that it necessarily will dissolve under any

given condition. Following Rudner, theoretical terms can be roughly

distinguished from dispositional terms insofar as the former refer to

"nonobseivable or nonmanifesL characteristics of non-observable entities"

while the latter refer "in standard cases to nonobservable or nonman.fest

characteristics of observable entities." Theoreticals include such terms

as "olectrons", "ego", "marginal utility" and "mass". Strictly speakit,,

for a term to be called a theoretical it must appear in a theory. Thu.

fore, a term like "mermaidic oomplex" although perhaps implicitly
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definable as a set of nonobservable properties (e.g., the desire to swim

in the nude, to sit on slippery rocks in large rivers, etc.) of a nonobser-

vable entity (the mind), is not a theoretical because it does not appear

in any theory.

Both dispositional and theoretical terms have rec~eived Considerable

attention from philosophers of science.* It is now generally agreed that,

oven though a full definition of these types of terms is even in principle

impossible, they can be nii an a "partial interpretation" in termis of

obsfrvabltes b,. what Carnap 32has called "correspondence rules" t1? way

33 34of "reduction sentences".* As Kaplan indicates, these procedures

do not rialy provide- explicit definito~ks for theoreticals in terms of

observiable?, ý)ut rather m~ark the conditions flor their application.

Braithwa.ite 35develops twL. simnple theories each containing. theoretical

terms, ir. %-,hich hie denions-trates that it is possible to provide explicit

deflidtionsf the d'ooretica) eorms tyr considering te.~ u~l

sugjc~sts, to We 'logical cons-tructjons" out of observda o oraitieo.

flowevok, in~ doing sa ne i; also able to depmo..stwote tlvtt his theories

are randerid as rothling mote t... n alternative'wa~ys of descriin th0

orn-4ircal ganc-ralizations thoy ;.Aurport to explain. Braithwaite e:'n-lude's

by statinq tha,-t a '4theory which it is hoped may be expandod in tho

fuLure to coxplaln more generalizations than it was origiriliy do.ýiqtied

to oxplain must allow inore freedomn to Its theo.etical terms~ than would be

given them wervo they to be log icO constructions out of os'jviible entities-
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and "theoretical terms can orly be defined by means of obserbable properties

on the condition that the theory cannot be adapted properly to apply to new

38
situations A concrete example of Braithwaite's contention is provided

by Hempel. 3 9

Suppose that the term 'temperature' is interpreted, at a certain
stage of scientific research, only by reference to the readings
of a mercury thermometer. If this observational criterion is taken
as jitst a partial interpretation (namely as a sufficient but not
necessary condition), then the possibility is left open of adding
further partial interpretations, by reference to other thermometrical
substances which are usable above the boiling point or below the
freezing point of mercury: this permits a vast increase in the range
of application of such laws as those connecting the teraperature of.
a metal rod with its length or with its electric resistance, ur the
temperature of i gas with its pressure or its volume. If, however,
the original criterion is given the status of a complete definiens,
then the theory is not capable of such expansion; rather the original
definition has to be abandoned in favor of another one. which is
incompatible with the "Irst.

The import of the above sh ,uMd neither be taken as a license

for the scientst to fail to 0-fjno his terms nor as bestowing scientiic

legitimacy up-n quests for the -propar", -correct', or "true" de•linltion•

40
of terms. As' Bergman pollts out:

A concept is n~ither tnre Por false, only propositions aro. A
cenqiept is nelti'er valid nMt invalid. orly WMOnt• re. Yet
Ihere Ws a distinction of ",•t4" and "bd" i:n• define-
descriptive co.ctpts. To have a name for it, I soyll s-y :
concept either is or Is not .inifoi., A concept is siqni-
ficant if and only if it tn.•rs, t-ogther with others in ;tato-
ments of lawfulness which we have reason to believe to bc
true. It followl that some- conceptis are, in an inhcrently
vagUe tenso thaft cannit and need not be made prcizce, mm;r.
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significant than others. For instance, a concept thai occurs
only in one or two tentative and isolated laws is "less" sig-
nificant than one that occurs in a well-established theory of
considerable scope.

Instead, the importance of theoretical terms in a science depends upon the

stage of development of that science. In a field which is still primarily

concerned with establishing empirical generalizations, the failure to

precisely define terms by way of observables would be disastrous; it would

render research findings incomparable and hence lead either to breakdowns in

communication between researchers or to false inferences and, most impor-

tant it would result in a wasting of those empirical generalizations that were
41

discovered. However, in advanced stages of science the introduction of

theoretical terms in postulates from which a number of empirical generalizations

can be deduced is almost inevitable. It is at this stage of development --

r mely, once a corpug of theory has been developed -- that Braithwaite's

view of lending only temporary observational interpretations or as he calls

them. -implicit definitions., to theoretical terms appears to have considerable

heuri.•tic value. -it stimulates the invention and use of powerful explaratory

concepts for which only some links wit), experience con be uindicated at the

time, but which are fruitful in iuqgestinq further linet oW research that mty

load to addittoal contwc-tions wit the doia of direct observ.ttion.

tunately. a- %e Indicate below. geogrophers seemingly i the t- tndeney

viewing many of their supposedly fundarmental concepts as Uieoretic.l terms

even in the absence of theory and henc;- have been prone to only "pwtla4ly

interpret' them rather than defining thern ad then qettwnr on wjth It.- This
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i• • 43
is particularly true of the term distance. Instead of being satisfied with

defining it in terms of some standard metric and then searching for empirical

generalizations, quantitative geographers have beBn increasingly prone to

claim that statements containing the term "distance" are important in explain-

ing human and physical phenomenort. This may be true, but when distance is

defined differently in such statements, it is not true that "distance" is neces-

sarily a theoretical term utilized by geographers in their explanations. Quite

clearly it is not -- it is a rather long list of different observational and

dispositional terms.

One further aspect of a theoretical term is that it may have no mean-

ing when it is divorced from the theory of which it is a part. Stated differently,

whatever meanling a theoretical term has may derive solely fromr the role or

function it performs In a theoretical structure. In tLe geographic literature.

44
Harvey provides an example of this "instrumental" role or. if you will. the

Scontextual m eaning of a theoretical term in his contrasts betw een the tenri ;

=economic rationality." "satisfidcig behavior." and "perception." U onotir'

rationality is well defintd only in the ::onse that It Is an abbrev•aotion utit ýolei

to denote the behavioral assumptios upon w'hich economic theory if n1•,r.

Satisficing behavior W pereeption have no such wontex1tu,1

Although we endorse the tiplrit of the fliml, sentence of W r-ý_

excellent l• tt.rn k n ieojhy - - "hy our theorie- you -hall know f ,."

we feel compelled to add "and by our concepts we qgeograptersl, -diali know

our theories." One failure of quantitative ueography already -illued to In c•lr
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brief example concerning distance is that many of its practitioners seemn to

have failed to recognize the epistemological distinctions between the concepts

extant in their field. No doubt when and if someone writes the history of the

quantitative geography of the 1960's, he will conclude that a preoccupation of

the decade was the quantitative description of so-called spatial structure

(although it also went under the guise of spatial form or pattern). Furthermore,

he will probably note that geographers became quite sophisticated in this

45task. To be sure, description -- the work of collecting and classifying

46facts -- is extremely important in any science and as Caws states:

in some sciences it is almost the only objective at the moment,
not because the workers in those fields would not like to do
other things but because they are still laying an observational
foundation. Parts of biology and archaeology are cases in point.

Nevertheless, one might ask to what extent and in what ways has the

quantitative "analysis" of spatial structure laid the "observational foundation"

of quantitative geography.

There can be little doubt that the research strategy of the early wave

of quant•tatve geoqraphers characterized by ad hoc hypothesis formation and

subsequent empiricol testing -.1a the classical procedure,% or statistical infer-

onced is gradually qivinq way to a strategy in which the elaboration and teo.t-

Ing of ooerattonal hypotheses is deferred until adequate 4heory is at least

partially fonmulated -- nanely, until that time when the thmorems in o theory

have been deduced or induced and given ,n interpretation in observ-tAonal
terv.5. The earlier strategy In hypothesis construction represented a ftddiinq

around thlit is still characteristic of much social research. ror exiample.
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many geographers of the fifties and early sixties searched for and often found

some measuring instrument (with which to give an operational definition to a

term), proceeded to use it, discovered some relationship between the values

measured on several variables, and then usually asked the question, "Into

what kind of theoretical structure can I refer this observed relationship?"

Fiddling around of this sort may turn out to be of scientific value (1) if the

researcher is willing to build back to some theory from which the empirical

generalization he accidentally uncovered could be deduced or (2) if he was

lucky or perceptive enough to combine his empirical generalization with other

generalizations which were logically consistent and could yield, as yet,
47

unobserved deductions. For the most part, however, geographerv, were

quite unwilling (or at least did not venture) to attempt one of these approaches

to theory construction. Perhaps the initial reason for thih; was a lack o! any

concensus as to what it was geography was to theorize about. As sugoqested

above, it b:came apparent in the 1960's that quantit"tive geography %tt 16 it,

explanandum spatial structure However. in doing so much of tlhe disciplizw.;

effort in concept formation wds ainfeled into efforts not to eyxplkain op•ptrlcai
4 8

genaralizdtions of s;ptial 4treture, but to sp'eeify the iefilniton of s-;r1tt% 11

structure itself. In the termitlology of thws chopter. spatial structuro w

viewed as a theoretical concept the explicit definition of which an u rtnirs

observabile must be established before It can be useful a ,in explan, -

In principle. nothing is Qpistemoloyleoaly misguided about thiiz: ful "

cert3inly is if one del-es himself into thinking that there is one nad only O-P,

49
correct meaning of tie term. King. drawing on the work of Docey. h,



suggested that there are at least three viewpoints on spatial struc,:ure or form

manifest in the contemporary research of geography: those couched in sub-

stantive language, coordinate (or space-time) language, and in the percentual

modification of substantive language.

In a substantive language, the individuation of an objcct is
regarded as resulting from the properties which it manifests.
In such a language therefore, 'spatial form' would refer to
a set of properties (pl, p2 'p ) necessary and sufficient
to characterize the objects invofwd. 5 0

In the concept of spatial form in a space-time coordinate language, "the indi-

viduation of an object results from the position which it occupies and spatial

51fcnr. would refer to this position both in time and space." The perceptual

viewpoint of spatial form is the same as that expressed in substantive langu

age except that directly observable properties are replaced with the propertie,

as apperceived. However, from the tone of King's paper, it is clear that he

is disturbed that there is no single meaning implied in the quantitative geo-

qraphet's use of the concept spatial structure. In one sense, his apprehension

is Justified because. if geographers were to define spatial structure differently.

then the problems wentiond earlier are encountered -- dl.ftcultioz in coamnuni-

cotiou, the Increasod rifs4 of making false inferences. and the wasting of well

veriftied empirtcal onerali•,ons. Howvver, provide- the thre views on

spatial structure 4re reo inzleod as different descriptive aspects, or properties
Sof the sarie "thinu- or set of -things.l riither than as cowrmpetin definitions of

the jten toroperty. and -re labelsad as such (i.e.. each is abbreviated by a

different term), then these views are healthy signs. fcr to insist on only one t

property or property set as that of interest to the field greatly restricts tielt
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scope of the laws it can discover. Most importantly, King's discussion serves

to highlight the general confusion that surrounds the tezu. 'spatial structure" --

a confusion stemming largely from the premature conference of the status

"theoretical" to it. In short, a large sttment of quantitatfve geograpiiý has

placed the proverbial #!cart before the horse. Continued effort devoted to the

invention of the true definition of spatial structure is not only unsound from a

logical standpoint (recall Bergman's distinction between "truth" and "signdi-

cance") but precludes the laying of the observational basis of the field and

hence denies the possibility of having empirical phenomena (or rather erapi-

rical generalizations or laws) to theorize about. This derives from the simple

fact that empirically testable theory co-ntaining only theoretical terms in its

deductions or theorems is. by definition. impossible.5 2

Quantitative geographers have not, of course. been sc!Oy con•cetli

Swith providing descriptions of tt, real world through the various crnpiric-l

interpretations of spatial form. in i few Lases, emnpircal regul-rtties U•A:,rnr

pertaining to spatital trurture hav-e rVýQiptvd k.cItttt'iptsz k "tiwty't $itrklutm "

ta the sense that Heintpd usus tle pFhrac. As will be tZtiIC•k•d t bw -svp-

toes, the quant1ttive "oqapit an otupung to iccaunt for C""•'• r- .i.-

ties has made goiue4thrcucicncqzV4s, bc44421 U-'ohe ~

but, with the exception of the - riexu emdiýtavui, le!w theonvrýtik<,

have been invented by qeogstpher,. whici: hnvo beent useful in e•b!i-

in part. is aittributable to the still wUi-!,y deceptod dogma who;k q-injin

distinguishe9l howo the other sctenccs not by the phenotmena Its pcructtiner_

study but by the "spatial ;wrspee;tv& employved In the stuly 0-f ,r I4t -. ,nr-err



-103-

However, it is also the result of failing to recognIne the extremely important

role played by theoretical concepts in science in general and of confusing

¾ -. empirical and theoretical concepts in research.

"ReILiQsti" Postulates In the- Construction of Geoqrphic Theory

We wish to conclude this introductory discussion of epistemologicwl

problems in quantitative geography with o brief irxanjination of one aspect of

"i "cognitive style" in theory and model-building which has been advocated

or implied with increasing frequency in methodological works In geography. 53

Cr 54
The "cognitive style" to which we refer is what Kaplan calls the postulo-a

tional style. Of the cognitive styles discussed bV Kaplan, this is the closest

to wh,.t we ieeerred to in an earlier section as the Jominant, contemporary

55reconstrucv c logic. Kaplan states:

Emphasis is on the system, as a whole, bound together by the chains
of logical derivation. Rules for such dcra'iations are explicitly ioru;u-

toted and applied. The foundation on which thq whole system is

erected is a set of propositions lkid down to serve in jus•t this way.
These ore the postulates: oft,.% they arce also called "'axioms," thouqh
in n.'ore strict usanes this term is reserve d for j.xstutnes "wo;.e wuth
can be established without appea.ing to anything beyond pure logic
and mathematics, In generol. postulates hove al. empiricksl Conte-.z.
Ind thetr truth is dependent on motters of fact. -Urwm the postul tas
theorems are detrived, whose verdication indirectly vlidates, the
poatuletes by which they are proved. Interent centers- tn thy tndeperc

degcc~~~~~~V oMOtpnuhesfot one anoot~her (none of thmIs term
th-i zystew constatutý.-4 by the resC. and oh their mutual c•vntlst.-nry

(a proposition Anli it1U negation cannot %b.th be derived fromt thte 'et).

What iss wantedt is the slvipletst sot which will !tuffics. for tee dtrivotion
of the theorems in which we are intereste•d, one which will allow for
elegant proofs of the important propositiorct about the sublect matter.

As. can be seen, the asystem- to which l+aplan rrfvi ronstitutes a theory.

provided at least sormg• of the theorems are testable eipirtco!•y aaW nwie of the

po+stulate (some of which may .be tested 'mphrically) are patently rtlutable. 5 6
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For want of a more concise term and for purpose of illustration, we

will refer to theory which is concerned with the explanation of some aspects

of spatial atructure (however interpreted) as location theory. Using Harvey5 7

as a precedent, attempts at the development of location theory in geography

can, in general, be characterized by the types and sources of the postulates

utilized. There are two broad type.-ý of potential postulates in location theo•y:

spatial postulates spccifytng the properties of the area or space over which
behavior or action occurs and beha poral ostulates which are law-ilke state-

ments describing the behavior of the actors with which the theory is concerned.

Likewise, In each theory or potential theory there is at least one conjugate

postulate linking behavior with space: termed spatial behavior ostuiates.

For example, in traditional central place theory the spatial postulateb are those

of the "theory of the f[•rm," and the spatio behavior postulate that of distance
minimization. These three types of postulates appear to be present in one foru

or another in all attempts at dqr0vAiw locotion theories, even rh',se couched wi

the lanqguaje of probL-,lblty th.-•ry. It is Importont to note th-t we arc, qevinq i

catholic !teitprctation to behovtot :%. to ochwhiVe g0eri llty. Bvlwv;ýir cort

refor to doeci.;n-mtak~ors who can be. identilw4 ompirticlly of t0 M&elc ýb'rt~

behWvior auch ajqv tluat of pnt, t; -

Ritecent proboý- in the dOvelop-crnt of I nc-ItOn thery iv.ve ,ken tv'.

quite different foronp. 0On the one hiiw, thcrc tý; thb 'en It , n.t = -,

troditionafl loclat.1on thtsovy more- vhp4mlntety by thc incorpotatiotr. "45
ý#Wd spatial beh.avior tvstultv whi.-h otrc more "trtilisttc Uwtn tco- cd

"-theory of the firm- atul diAaabcr *tniz tr'.i h. On th~e other bmt~. arv



..- 105-.

the attempts to develop stochastic location theory in which the- "behavioral

postulates and resulting processes are embedded in stochastic models of

point generating processes and hence not behavioral in a social or psychaio-

gical sense. Of these two types of probes the one of interest here is the

* - former and vhe aspect of this postulatiorual cognitive style which we wish to

examine from an epistemnological standpoint is the notion of Hrealisticu postu-

lates. It is around this notion that many of the main arguments for more

"0behaviorally relevant locations theories" revove v.

First, it. should be reiterated that all postulational system must con-

tain lawlike propositions which interrelate the conuepts of interest two or LOOM

at a time and that the 1.vpositions must themselves be Interrelated (Wn the

sense that they cian be logically connected)L. ideally, Uine adopting a postula-

tional style can achieve a completely closed deductive system in which there:

are a ininimal set of propositions takcen as postulates. from wvhich all other pro-

pozit~ons con be doducwd as theoremts by purely logical remsoning. lit practwce.

however. lifte explamation of Propositions with at tlea ;t partsial interprto

in observational terniz is the gal. then owe Must taka Completely Cosod

po-stuW- ttw sytitem asz the ideal which can only Ixt aprXimatmed. Vionc. One

baftic eptstemolo9icai ptobleo- faced by the res Warcheradoptima thir WqVIMive

-soeo eling withi Ioss Mhan xwtwpletoly deductivc systaun A-.

Blalock6 At~tes (if sozwlit'oat ily:

* ~ The need for denu~v thetie.4c wen e inned With, tho ~~
for tentablo, thories tbot are'ý sufficientlV complvx- to qlvro reiffly
new si,!'ýts. roqe a trwicjt dilit-onu- for tht~ theory, builder,. In
order to de%~4~ detductivo thaot!.-u * one must orri _;r~iy e
%vith very simple zi~dels- that ato totally inadeqwite to mirror the

-. 2
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real world. B, adding new variabi,•s and hence axioms a few at.
a time. one ca.i construct more realistic theories by what amouats
to an inductive process.

A demand for "realistic" postulates in a location theory can be inter-

preted, in one sense, as a demand that all postulates in a system be stated

in observational terms. This interpretation at least in the extreme form just

stated must be rejected since it is a throw-back to very early logical positi-

vism and is tantamount to denying the relevance of theoretical tcrms (concepts)

to progress in science. Even if one were to accept this extreme empirical

interpretation of "realism," a classical problem of induction would still "raise

its ugly head" -- namely, although 'in principle" testable, postulates would,

strictly speaking, be untestable beca' ,e of the impossibility in social science

and non-experimental physical science of "controlling for all relevant varia-

bles." It is pussible to "get arouni" this latter problem-as Blalock 6 2 suggests

by construing postulates as "causal assertions". and by making certain addi-

tional assumptions concerning the operation of factors not included in the theory.

Given this, it would then be possible to derive from the postulates testable

theorems. But,

if the theorems prove false the theory must be modified or the axioms
of the theory even abandoned. But if they arto true, one cannot claim
that the theory has been 'verified' unless all possible competing
alternatives can be rejected. 63

It appears obvious, then, t>,at construing a realistic postulate a,-

which Is empir'cally true poses considerable difficulty in an empiricail -en.c,

well as being overly restrictive from a theory-builuing standpoint. There is,

however, another interpretatica of a realistic postulate which is less restriqtive

epistemologically and not lei.t to the subjective realm of intuition. Why not
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convey the status of "realistic" to any postulate or potential postulate in a

theory unless the practitioners in that area of inquiry can point to either an 4

accepted theory containing a theorem which contradicts it, or to observational

evidence that contradicts it? This is clearly a less restrictive definition of

* 64"realistic" and one which is in accordance with Kuhn's view of "normal

science" in that it encourages the cumulative development of theory -- a

theorem of one theory becomes the postulate of another, and so on.

With regard to recent attempts to develop a location theory in a

postulational style whic1 is more explanatory than the traditional, we conclude

that (1) realistic postulates in the sense of empirical validity are not only

unnecessary but are unlikely to lead to very. powerful theories (i. e., theories

65derived from such postulates will generally be of narrow scope, and (2)

predilection over empiric-al truths of postulates can only impede the develop-

ment of location theory by encouraging the premature closure of our definitional

system through extreme operationolism. 66

*~~~ -- -- --- s- ------ *---- -
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CHAP-TER IV

QUANTITATIVE DISCRIdPT ION IN GEOGRAPHY

Only a year before Burton declared the quantit~ative revolution over in

c-ography, Professor Darby, in an article entitled "The Problem of Geographic

Description," wrote that dospit.'e the vairietie! of o-1pinion expressed concerning

the naturei of i900graphy, few would deny the staiteiriont that "geography is coil-

cernecl with tho- description of the earth". As Protes!ýor D~arby uise Points

out later in the artjc]ie-, therm ire o vatriety of ~ok of de~sription which may

*be aipphedx. Anyone whto litis pursut&(. the r;,_xjqraphic7 litcr~iture c-Innot help

but b~e imrep'ssed With Vv-- van'oU mo~des of cde,ýýcrption wvhich ore ecutrd

Th~rwo~ fcr uxp.th( torin "t-nre' dv-scription unullv c pi wt

ý1rn Impit..i 'r v .hich pi~~ to nfmf~ to ~'~of tio~wription for

-tý1(t of? .!- ~e 4; .n 0 A'lv s i* f-iht - tivý lwI'raiurr that pkta l vi-re

-1 tbhi- 1~r-vioi-g- r . Armý-VV g)"ft Ii7n'; tzIý- 1ýIn the %;r!< 0 e ,
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it is• c!-.r that description may be impressionistic and Sauer, among others,

argued for its more widespread use; it seems that "there are... rela-

tively few dtlteiipts to convey an impression of what. countrysides look likc"2

While this state of affairs may inde,'d be lamentable, others argue that it is

precisely the need to get away from such "subjective" descriptions that has

brought about the plea for more "objective" studies. It is acknowledged that

such an adoption of the m,nre zjective form of description cannot get around

the problem of selectivity. On this point Harvey writes:3

Geographic description, it is clear, cannot eschew selectivity
or value judgments. But their incorporation does not give the
geographer license to do Just as he pleases... To confront i.
priori image with intuitive impressions smacks uncomfortaWly
of tautology. Herein lies the greatest danger in admitring
intuitive impression as a legitimate part of geographic
description. Even the best geographer may have secret predi-
lections for seeing what he wants to see--a comforting Aela vu
that ahort-eircuits understanding and appreciation.

In searching out adequatc descriptions. therefore, the gcoooraphor
requires control--control over the collection and selection of
information, control over itti nonipulation.

But. one taight well ask, coitrol for what purpose? So long as the
function of •eojrfaphic doscription w-•a to -convey an preion" o soihe

unique portion of the eorU'•s urfacv. a c.all for control was clo.4rly both unr,•d-

istic and uncallWd for. it %ould be tanta•ount to or_-ring the 4rtist to $kitnt

pictures using only a prescribed rtate oi colors--it destroys the es5-.nc C

the exeorcise. Certainly the works qf Vidal de la Bliache and others in

I'ronch tradition of gcoqraphic research illutrote the need ir tticorporaung a

wide range of dexriptIve devises. Vidal rccognized the need for:

..



a concept which would encompass spat '1 and social identity, a
label which would designate those groupings whose economic,
social, spiritual, and psychological identity had Imprinted
itself on the landscape. Genrc de Vie, understo'od In this
sense, became one of Vidal's favorite analytical tools, and
subsequently one of the most wide)y used concepts in the
classical period of French Geography. 4

Should we call these French descriptions objective or impressionistic? Done

in the manner of the master they were bo.th. Vidal had a research paradigm in

which this blend of objectivity and impressionism functioned to organize data

around this concept. Thus the critics who say his was description for its own

sake were both right and wrong in different senses. Here is an appropriate

point at which to suggest that one can only properly view the task of descrip-

tion wiOhin the context of tUe pa-ticular paradigm of research adopted.

....nt~tittve Description in Gooraiphv

if we accept the changing research paradigm in geography outlined in

Choptet 2 (the reversion to a nomothetic ýipproach in the 1950's in prefovOnce

to the more idiographic forms of studies of earlier decades) then now functions

i re f Iound for cert3in typ.s of quantitativ- mathods of description. QuantiUi-

tive techniques uwre used previously wiDhin tho Uxisting methodological frame-

work (i.e., es-snt•wiy towmhrd idioqgrAphic vnds), but it was only whon those

techni•ues wcrf, us-d in coniun-tion witl t now p•radigm (an eisenatilly nomo-

tlwrtic neri) tt concern over qiant fie,-t! ion be4tno more wl:despretd. As

long As the .ipplication was llmitei to essentially de-scriptivo statistics, f(w

mn~vidvals felt upset. On this point. P• should be remembered thit some oi

the first methodological debates concerning the application of statutscal
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methods in geographic research5 ' were concerned to a large extent with

problems of statistical infernce. The significance of this observation

is that the fun'ntion of Inferential. statistics Is to provide tests of hypotheses, 4

to allow for the ascertaining of levels of significance within a problem

solving context. In short, they were being used as part of a more rigorous

scientific methodology which by Its very nature posed a dilemma for a

discipline organized along Idiographic liiaaes.

Inevitably, the increased rigor provided by' mathematIzation of

concepts made apparent the weaknees- of the theor-ztical constructs it

was intended to clarify. Hence the change wLIqh is. evident in more

recent methodologic3l writings from arguments for more and better

7mathematical techniques toward appeals for more and bettor theory

This is perhaps the most important function that mathoimflics has performed

for thte discipline. Gcoqraphsirs now appreciate much more fully the- reci-

procal nature of the relationship between systematic empirical studies

and systewitic conceptual elaboration,, This has encouraged a much more

emsightful application of quantitati-a methods. B~urton re ogr1aeJ Whe

uature of this- relationship when he wrote that:8

The need tu develIop the-rn precedes the quantitittive
reoltutioni, but qu-antification adds point to tho, n ftd,
and affers a technique wher-Jby the-ory may he developed
anA impreved. It is not certain that the c~rly quantifi*ers
wet-t convciouc-ly motivated to develop thlqory. tmt It i
now clear to qeogiapherz thait quantifiiretion is, ift-
axtrczably intem-Inod, with 1theory.
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Definition and Mgeas.rement

The role that quantification has played in the development of the

discipline has undergone considerable change and evolution. One of its

earliest functions was to highlight the need for more precise definition and

more accurate measurement.

9 10
Peter Caws as quoted in Ackoff discusses the relationship

between definition and measurement:

Definition, in general, is concerned with the systematic
order of the conceptual scheme of science, and with the
nature of the relations between entities. Measurement
has a more limited function, that of establishing metrical
order among different manifestations of particular
properties, and of making scientific avents amenable to
mathematical description.

The nature of definition in geography, like that for any other science. is

dependent upon the purposes of the researcher. A major problem arises

from the 4ttcmpt to quantify concepts which are ill-defined. That is not

to say that art~quuus Concepts cannot be given quantitative expreisbion.

hut the usefulnss !of stich exere!:os for the dov'lopmwnt of theofry is ckoarly

questionable. Ackof ruhltes zof omusing incident i b wich he ittompted to

ascertain the 4ccuracv of . uvey •which was intended to provide dat11 on tho

iumber of rooms per dwe•invg Unit, 1 1

The &r'+'y had bWn eontductd without an explicit dellniti cn
cxf -room*% tNO met ther de's'pteorr of the !survvy -'nd okl- what
definltir n they h4d used Implicitiy. They tvwss iepaiirt
with the questfon. "bservin. 'r1eryohe known what a, t'xW4

r. 1The author porsistod, and -no of those pes•,ent d•,fere4:
'A rooVm izs a Stpace oncir'sed by fhut walil. a flc&vr. Intl a

coilirg'. The conversaton then prrceeded much 'as follows:

'5-
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The author asked, "Can't a room be triangular" ?
"Sure. It can have three or four walls".

* . "What about a circular room" ?

"Well, it can have one or more walls".
"What about a paper carton"?
"A room has to be large enough for human occupancy,'.
"What about a closet" ?
"It must be used for normal living purposes".
"What are 'normal living purposes", ?
"Look, we don't have to go through this nonsense; our

results good enough for our purposes".
"What were your purposes"?
"To get an index of living conditions by finding the number

of persons per room in dwelling units".
"Doesn't the size of the rocm matter" ?
"Yes, we probably should have used 'square feet' of floor

space, but that would have been hard to yet".
"Doesn't the height of the room matter" ?
"I guess so. Ideally, we should have used volume".
"Would a room with 10 square feet 0f floor area and 60 feet

high be the same as one with 60 square feet of floor cr-..t
and 10 feet high"?

"-Look, the index is qood enough for the people who use it".
"What do they use it for"?
"I'm not sure, but we've had no complaints".

Just as the function of description in a research paradign• suggests

the most appropriate mode of description, uo the purpose of the resokrcher

is central to producing odequate doinitions, which in turn depend upon

the theoretical ira-mwork emplovyd. M "surement too is bvat viewe in,

terms of the functions it is merant ti perform in a resdarch deszgn.

Measurement "9 not in•r iteI de-ir.•bk or undesitable it is Only ureful

at *xA useful. It has. however. a numbor of im~portant functionz ifi scian-

a'nd. as with other 1f-vtrnn of obslqtvawt&ýn. MOsurremetit Con bo !%;doso4

by atking M•w well it perfOrms the Parti•lliar tunt•.in tuire o iOf .It'

-A".The fuctio of msuva*e nto. etbor~ted by Harvey,. ilude (I) simple
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stadarizaion 01 serchforgreater degree of precision, and (III) sym-

bolization. Each of these functions of measurement Is useful in the task

of geographical description. Standardization,0 for example, pr'ovdes, the basis

for comparison of regional attributes which might be either tedious or Impos-

sible otherwise. Characteristics of places and things can bo more dc-inintive-

ly and conveniently discussed. So too the use of quantitative s-,easurementw

a'dds precision to geographical description. Terms such as temperate or

humid can be expressed in terms of numerical litaits, etc. And of course

symbolization, the "coordination of a particular set of events or attributes to

a symbolic system", has found application in cartography as well ais otholr

areas of g~eographic description.

There are In fact a number of alternaze syst~ems of measurement, each

with its own particuiar properties and ranage of functions And each Nis found

applic~ation In geographic research. Ther most gone-rat of thk~s systemns

include f)nominal scaling. 401 ordinal sihrq, 4.14O) to~rv-l nord. Itio sc-ilIing.

As the properties of these~ systoms are qi-ncrmlly wol. know-n ati4 lie- boon

the s'etof conscidoiable 4ttont~on elsewhoer. i" ~ t ir' Pf'Imblby

not acassaqrv to 04LKuti upon thon, 1-ro. suifice It to 2Ay thV Cxeh 0

those tyten S- hais bwr'n Usad Iti gewortphicrovc. 'O~though tho lItst cee*-

goty is usod mwote ffepuspntlt b#cause of !t qromt fer ifrbtt

in 60 -'dovlopmnvnt off twdtni g *gr~hy asw can &bse~ve 4 co~inuab I

c mnp Wa tOw types Mf rnethod and 1Angw,%*es usv in -,-Xng PU~vUt

This pogrn.-s Ot mathnmsat i'Ation of the ruiselplist has b-'en treawtod eplirelt

inl Chapter 1. Sý,ch evolutionl has br-c:A crWgIaI 131 ti-w M'=l'fýat
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every science. Hempel has commented on this point:1

In the initial stage of scien, ifIc inquiry, descriptions
as well as generalizations a,-e stated in the vocabulary
of every day language., ThW growth of a scientific discipline,
however, always brings witi Jt the development of a system
of sp-pectallzed, more or less abstraict, concepts and a
correspr~nding technical 'termnolbiogy.

The increasing reliancwe upon quantitative modes of expression in geography

can thus be seer. as a natural par, of the development of the discipline as

more adequate theoretical concepts are articulated. This again serves to

illustrate the point made in earlier chapters that the development of quantifi-

cation and the growth of a theoretical orientation in the discipline are highly

related. There is a certain reciprocity in the growth of these two elements of

mcdern geography-which suggests that substantial growth in the one is depe-,n-

dent to a certain extent on the growth oi the other. Such change might be

illustrated by reference to the function of classi1ficatory concepts in resejirchi.

Classification has held an important place in geographic research,

even if at times It was not entirely clear what function it was meant to per-

18, 19
form. The relationship betwoen the technical and inethodological aspecl

of classification and the alternate uses of classification methods in research

activit~cs arc discussed at length in the following chapter and need not be

elaborated on at this point. Suffico to soy that in miany cases the use of

ciiassifica tory concepts permitted the organization of obseR'ations into q,

conveniernt, ond r-t timies meaningful, order which formed the basts toi

criptions, and/or generalizations . In this regard, the classiffl--itory concept

f-inction!4 to sep'-ratce ob'sorvWdons on the basis of sornic charactoristic or

attribute of interest in the investigation. As Iliempel hii observedi:2
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Science uses concepts of this kind largely, though
not exclusively, for the description of observational
findings and for the formulation of initial, and often
crude, empirical generalizations. Bat with growing
emphasis on a more subtle and theoretically fruitful
conceptual apparatus, classificatory concepts tend to
be replaced by other types, which make it possible to
deal with characteristics capable of gradations.

The last point made suggests that the discipline increasingly began to employ

concepts involving considerations of "more or less" in place of the "either ....

or" type concepts associated with classification.

The increased use of non-classificatory concepts in research results

21
from several distinct advantages of these concepts (after Hempel):

(a) "By means of ordering or metrical concepts, it is
often possible to differentiate among instances
which are lumped tOgether in a given classification;
in this sense a system of quantitative terms
provides a greater degree of flexibility and subtlety".

(b) "A characterization of several items by means of a
quantitative concept shows their relative position
in the order represented by that concept".

(c) "Greater descriptive flexioility also makes for
greater flexibility in the formulation of general laws".

(d) "The introduction of metrical terms makes possible
an extensive application of the concepts and theories
of higher mathematics: General laws can be expressed
in the form of functional relationships between different
quantities."

It would appear from observing the proyress of quartification in

geography that in the early stages of its introduction the first two advantages

were more clearly recognized and that the latter two advantages were only

fully appreciated once the neeJ for theory was more widely felt within the

............................ '½-•
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discipline. Once it became evident, that geography wa: in need -of an.

articulated body of theory the advintages of mathematization encouraged

efforts in that direction. For the most part the discipline has only recently

embarked on that endeavor and it is therefore rnor.surpri sing that -at present

- the discipline ran boast of neither a solid formal theoretical basis nor

striking-progress in-mathematization. As argued in Chapter I, these are

clearly the dual ta.sks of the discipline in the future.

Quantitative Methods for Describing Spatia' Structure

In any discipline, certain objects or attribbutes come to hold an

almost intrinsic value. Within geography, a number of researchers have

been concerned with providing adequate descriptions of certain features of

spatial distributions through the application of quantitative techniques.

Aside from the use of numbers, and • a- certain extent arithmetic operations

(which for the most part we will not discuss), in statements such as "the

-average yield per acre is..." or "production in region A is twice that in

region 3...", the largest use of quantitative descriptive statements by

. geographers has been in the attempt to provide concise, and rit times more

precise, measures of certain properties of spatial distributions.

For the most part, it has been convenient to generalize distributions

to some extent so that one can define the elements as points, lines or ar',.

Characterizing (i.e. describing) spitlal distributions consisting of poi. -,,

line, or area elements has been thu focus of a considerable dmount uf work

in recent years. Attempts were m., e to provide convenient descriptions of

spatial distributions, even when the characteristics thus elaborated were not

~* ~- - - -' 14 ,
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of any known theoretical significance. At an early period in the quantitative

revolution, and in fact predating that revolution, there was a concerted effort

by geographers and others interested in spatial analysis to provide descrip-

tions of spatial or geographical series (i.e. spatial statistics) comparable to

those which existed for statistical series. The work of the centrographers

in this regard is of major significance. The work of these early quantifiers,

as well as the more recent work by R. Bachi22 and D. Neft23 provided the

discipline with a large number of quantitative descriptive measures of central

tendency (areal mean, areal median, etc.) and dispersion (standard distance)

in geographical series. Perhaps one of the best examples of the use of

quantitative descriptive measures of this type is the calculation of population

centers. Similarly, measures of dispersion and concentration in locational

patterns have been developed to provide concise descriptions which are

felt to be particularly revealing of "the nature of things".

The introduction of quantitative descriptive measures in geographic

research served two related purposes, In some cases the use of quantita-

tive measures was viewed as an attempt to provide more "objective", precise,

and parsimonous descriptions of features of Interest. In this sense the

introduction of quantitative methods of description wa2 of limited import in

the growth of a more theoretical qeography. A second, and mothodologicaily

mo:e important, function was the linking of these quantitative descriptive

measures with conceptual models and theoretical statements. In the latter

case the quantitative descriptive measures were used to test hypotheses

developed fiom concoptual models of the phenomenon or process of interect.
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The distinguishing features, then, was not the application of this or that

quantitative method, but rather the use to which it was put in the research

design. The same quantitative technique could equally serve either e-d.

The important development for the discipline was the recognitioni of the need

for increasing use of the second type of function. As the introductior 'f

quantitative methods proceeded in the discipline, there was an Initial interest

in the first use (i.e., being more objective) whereas more recently, the

second function has been recognized as the more important. An illustration

of these two functions and the change in viewing their role in research may

be provided by noting the use of a few techniqucs of quantitatively describinq

spc.Lial distributions in the analysis of settlement patterns.

A considerable amount of research in urban geography has concentrated

on the description of settlement patterns. Given a map of town locations,

represenited by a point distribution, numerous attempts have been made to

characterize the pattern exhibited. In attempting to describe the settlement

pattern a number of methods are available. Much of the earlie.l work depended

upon voeri-l, qualitative assessments of the pattern. In an 0;.rly attempt to

provide more precise and quantitattive methods of describing setttezntt Wlttern'.'

King arqued that U. i .tho greoter prt of the descriptive work to (Mt# Ihs hen

charactoltized by an almost unquestioning reliance upon termns as "orse",

"dispersed", ."agglomero.¶'ed", or "dnmse". Whil t|hese terms have m,..r•;

with reference to the context in which they are used, they lack ob-eMtivv

for mnore extended cornparative purposes. It appears desirable, therefore,

that a more precise connotation be given to these descriptive terms as a means

S~~~~~. ..- . - ., ..- , ,,, *. .;,v 2 4 **'iiii•,•h•, ,.± .• • • •-• • 'c%''• A• -•, ..
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of facilitating comparative analysis and the discovery of more universal

generalizations concerning the nature of settlement patterns." 2 4 Note that

the main argument presented in this statement is for the use of quantitative

measures as providing more precise and objectives measures of the charac-

teristics of interest; reference to their role in the development of theoretical

geography is made only in a restricted sense. In this context several

quantitative techniques are available for describing attributes of spatial

distributions. One such characteristic would be some measure of central

tendency in the distribution as represented by, say, the areal mean.

Similarly, calculating the standard distance of the distribution would provide

a measure of dispersion in the settlement pattern. Zach of these simple

descriptive devices would be useful in comparing the distribution with others.

They each describe features of the distribution which are of intrinsic value,

even though unrelated to any conceptual model or theory. In this sense

their use is strictly descriptive. However, it is also possible that such

measures maiy be used more explicitly toward theoretical ends. To illustrate,

lot us mesAre the d-stances between ea,:h point (settlement) oand the point

nearest to it (i.e.., its nearost neighbor). Sumlngi. these- and dividing by

the nurubo.: ut psoints results In the enna-egbrtsaio rf N

Aa•in, this oprcs-onts ono simple descriptivo quantit.iv. oxtp-; sslon of an

attribute o,.eogrqAphic Interest .•nd as such it could bo comp-ired to others,

etc. But the smte expres-sion could be qised in conmunctoa with i theoreticral

cnce:it to explicitly tost a :eseareh hypothesin. 1.1 the mean noer-neighbor

distonce f(r a theoretical distribution Is knowir the eapirically calculated
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value may be compared to it thus providing a test of whether empirical and

theoretical values are the same or similar. One such measure discussed by

King, which depends upon the Poisson distrlbution, is the ratio between

observed and theoretical distances (bas'.-od upon the Poisson) termed the near-

neighbor statistic (R = rO/IT). This statistic ranges from 0 to 2.15 and allows

for the comparing of an observed distributi..,n with a theoretical random

distribution. In this case the theoreticz.. random distribution is used as a

null hypothesis, i.e., that the pattern tvxhibits no discernilAe order. Here

the use of the quantitative technique goes beyond simple description to

comparison with a theoretical model. iiowever, even this procedure may be

of limited value theoretically since it allows only incomplete (subjective?)

specification of the nature of tie process operating to produce Lite settlement

pattern (e.g. more regular than random). In tests such 's these the

geographer hopes to ruject, the null hyotLesis of no discernibh, order since

his science is cowiernerl w•h disc' ininq y nd oxpliiniug spotial order by

reft.rence to spatwl proeoss. But this type o' techniqu, has often bLefl used

In a rathkir limited V, Thiori. 'I'O While Svetal stu~dies havt0 thtililwd n>r

naighbor methods to asssss us d re~ s in spati4 tribution, few prcvide

e11licat wodels to ,CoM .W 'iui Cleafy it is nat enouqh to

simply i-nply thnt order A-exists. txut rathos it is ntý'elssary to pnv.'idqe qOutW

theoorots.l ita-nents of Qw procs ý ing-. p. ri-cent wtpkt 1b-y,*

points out the need to qo beyod simplo qu.-in•itative desct-iption %tirf

recoqnizes the need for quantit-iljv,, methods to function within .- thwor•-tica1

context. tie iirgues th.it ".. .tIitittic-l tew-hniqtic i no substitute ftr theory.

i~
.--.,-... ... ..::• , .. . •, > , -. =. . , -: - .. , -> = _ :• •.- . --.-. o ,- -- . " ,• ; .=... ; o,.,:> :- -- , .. ... .. . .. : ,-. : ... - -I, _ ..... .. . . .
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The usefulness of theory and predictive models in geography is now a

matter of record. Theories of location explain the laws of spatial

distributions. Unless geographical explanations (or predictions) have

a theoretical justification, the recognition of sputial regularities is

of little value. ,,25

It is probably safe to say that a considerable proportion of the

attempts to employ quantitative methods has aimed at providing descriptions

of attributes and relationships of interest to the geographer. Despite

the increasing use of quantitative techniques, much of the work done is

still basically descriptive in nature. In some instances, however, the

function cf such descriptions is markedly different than the earlier

attempts at description in the discipline. Description is not limited

to "conveying an impression of what the landscape looks like", but

rather serves as i basis for subsequent scientific analysis.

Much of the work using quantititive descriptive measures has

coicentrkition on the description of whdst has come to be termed "spatial

structure". .ile this term Ims found widespread use among g rqraphers,

it ha. yot to be odeqwitely deft'nod. As noted in tho discussion of episto-

moloy in Ohw l,(at r•hpter. it ,appoanr tht just what is. meont by -ptta•

structure depervF. upon| the partlculur context in whieh it is used. In one

-. 4text it h~s c•me to be as -wcited with the n•otion of the manner in

which objects or e•,ýt•a are or qaMoed in geographic space. So that when

used, it gen'rally is -nneant to deftne o systeo of relationships (in this

case spatial.) existirv) between entities which is ordered aMn discernible.
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Most of the work on ths type of quantitative description has been

concentrated on the description of point patterns. Dacey and McConnell

have provided useful reviews of these measures and their application to

geographic research. 2 6 ' 27 A more limited body of literature has

dealt with methods of describing line patterns. Dacey reports on some
28

attempts to describe line patterns . which although not wholely satis-

factory, do suggest the types of measures which may be obtained. A

more satisfactory approach to the study and description of line patterns

has been through the application of graph theozetic concepts. Kansky's

analysis of transportation networks provides a number of descriptive

29
methods for describing certain feiture" of networks. More recently,

30
Chorley and Haggett have revie~wed much of this literature in their
book, Network Analysis in Gra o Geographers have had considerably

less success with developing dcequate methods of describing certain

characteristics such as the shape of ofn area. Some of the varlous
31 32

attenmpts are Liscuswed by Briinge. •nd Boyce atmi (21*rk.

While much of this work c•n be clbssied as essusiolly descrip-

tive in terms of use, it Is not always possible to draw ai cle,%r d4istiction

batwoer, those ~u~s which are W-sically descriptive in nature ,-m those which

are more ilntric.itely ivvolved with swme theoretical objectives It is s.'.

to suggest however, that the bulk of the wmrk using thase neiasurcs

essentially descriptive.
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This has also generally been true of the atternpts to obtain quantitative

descriptions of areal patterns or surfaces although the degree of quantitative

sophistication of so me of the more recent attempts has been increased.

The conventional methods of cartographic analysis have been supplemented

by the more analytical techniques of trend surface and Fourier analysis.

33
The use of the trend surface methods has gained considerable acceptance

in the treatment of areal data. Most of the applications of trend surface

analysis have been limited to the identification and description of regional

and local trends in areal data through the fitting of increasingly higher

order surfaces although the method also holds some promise for the description
34

of directional data. 4Other methods of describing variance in areally

distributed data such as Fourier analysis and spectral analysis have recently
35

been the subject of some geographical Investigations. But. despite the

increased sophistication of these methods, their use has been almost

entirely limited to description. Curry recently commented on this point:

The quantit ative description of the spatial distribition
of ,iny phen•me: non which ciln be re•ajrded ns contlnuois

s.i.s been attempted on tuJtntour • wineion • r
of difereni inothods have boon employed bt-A while their
eleo,-ncz is ,)d(mirable It is usually difficult to interpret
tho resltN. They are- qenerally to be re(larded as -pure
doi.rtptfonV'" ,• •ny Aaialytic P.'rit they enjoy is fortuitouS.
Until wo tw heas, which a'lhkws us to anticipate the

lmt•nQtn l tcrm of the surfac., the fitting of nrbltrarily
Schosl functionr, cannot be Its-Af provide Innlghts.

"";ven as -'ptre description", these techniques of quantitative measurc -

me,4. provided the discipline with mor accurate and more parsinionlous,

methanois 4f de,:;-thinq the phenomenon of intrinsic interest. the sub-

- . ... . ,- C ... ... ... •. . . . ... . . . ....... . .. :_ = • . . ,. •: . •. ... .. " . . •
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stitution of analytic tools such ..a trend ý,urface analysis for more conven-

tional procedures such as isoploting yield considerable gains. The fact

that the particular surface fitted to the area ily distribiuted data set is

specified by an explicit mathematical function means that:

(1) The value of the surface at any reference point is
determined In relation to all other data points to
provide a "'best fitting" surface.

(11) The degree of correspondence between such a generated
trend surface and the orlgtnaal observations I-s measurable
since the extent of the divergence between observed and
predicted (surface) values is quantitatively assessed in
a measure of residual vari~ation In the data which is not
"Mexplained" by the surface.

(Wi) Increasingly complex functions may be used to **fit" the
surfacee while the corresponding reduction in residual
variation is reflected In the residual sum of squares.

(iv) Alternative hypothesis regarding the nature of the surfaces
may be quantitativey assessed.

Their use has not, however, beeni strictly limltý,d to the first

conception of description. Severoil iitternpt,5 ha een madet s the

output of thase analyses in rlovawr relaitC4 to thceorte.ir~lco wepts.-

Ra her than as mea~sures of intvcrest in themsel-es, suich qu~rtatiati've

descriptions have been used trý test prditivns derivad from, theoretical

statemmuflts. GOUS, Uz;ewi nemr-neci1hbor and cloodrat wwhods- to test. fýr

ompec-ted distributions of telal.-I :;*Oros thfou~h UMVto bistsoi utxm i eorcejv'- ;1

modl f ovitinl trhimie in rel-il structurt. Qf urhan orwai. 14v-1--

has, use-i these Samte techniques to -itulyztv chanq.Žs in rural thr~i

pattern-s based upon- a com-pui~l nwirdel Poerziting an. evol-ition ft~m a



initially random pattern through a phase of colonization (clustering) and

finally to a pattern bWsed upon a process of spatial competition (rogular

58
spacing).

Here, the quantitative descriptions are used to compare observed

characteristics with those predicted by theory. Used in this fashion,

the quantitative descriptions are seen to W- important not in terms of their

intrinsic value but rather as comparisons with some expected value.

Partly owing to the generally sparse nature of theoretical studies in

geographic literature, examples of this type of use are somewhat limited

although this is clearly the primary use to which such techniques will. be

used in the future.

Even when primtarLly used for purposes of simple• description. it is

Ofte. Imlicitly wvAerstooed thait the function of q wintitatl-. o descriptiorw is

to provido the Wsis for dorivnigz certain Infrene~s ob-;,,t the oe~i

inero*#t o~r t he xrweos wvhich has r "ulto-4 in -he r~i'~~i~r'

or~re'~n ~~ e ~eto wner ctert-in Posbe-r !:~Lr~s' onrvktin

:;hips of Mo v.i~r 1 toe U f Mt býtn. In Oe~.r to insr;f that Zh

fercr' ~ ~ 3 4wn*r ~acIt iz; noce-ary to~ intro that ge

-tM k0"r|lry derived, out quite Apart fmrm isurinq thit thv f=1ernc "

lWcqlI, it Is firmot ý .1il necessary to b cotwin•Jed thit the ptl-r

e.self fa
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ThLs validity is itself related to the particular function that the

measure is to perform. Harvey suggests that it is "impossible to assess

39the validity of a given measure without considering its purpose".

"That is, having succeeded in describing some characteristic -- ttribute

by any of the quantitative methods discussed above, on what basis can
, 40

we conslder Its validity. Harvey, following NunraUy, discusses;

(1) Predictive validity, U Content validity, 1nd (Ui) Construct validity.

When dhe purpose of the- pOrticuliir measui'e Is to predict or estimate some

othi'ar characteristic or featxre, its predictive valid.*- really depends upou.

how well it performs. In this seie, it is not too difficult to assess tlhe

perforutfice of .1 pdrucular me.4st ro; either It serves as a useful predictor

xr it does nti. The other typ••s of val-dity flr n3icsures Ore so rnwkhat nwr,-

tificfult to asses:ý. V"Ur ex.ampie, t4-. Cf!%OJtut vkolidi1ty Ot a ntwooure ca.11111t

b~O eaWithi ruspect. Vt Its Virrjiitiorn to sZn thrvhs.A it i

M_-~~~~~ 11O-e .auik -m--'flu-tswvt kle Ottrilbutkc of te-hlve~

Itd.we caizAv~id-te 1t. by mf ttmýt;. oho;,oit . h~

n~nr I ewe~ r W ~ c~i ts Str 4a Me -Suc

f -SUM thalt the raI.W, r~yt the '41UU.h-Ae b>eI l r•

tItaFe#~ rfadog th~wes-i £I±-A f~hat thoe atuib-'Ac k& nM4S;&d Inat
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.41
unbiased manner. The final form of validity, construct vaiiaity, can

be even more difficult to assess. The reason .heing that rather than

evaluating a direct measure on phenomena, we are attempting to assess

some t...-iracteristic which is not directly observable. Despite the fact

that these measures are the most difficult to evaluate or validate, they

are perhaps the most crucial form of measure since they generally are

suggested by theory. Such theoretical constructs are essential to the

development of an ab..tract geography and we therefore require considerably

more off'ort to ascertain -the most effective methcds of obtainlng and evaluating

them. Coleman also distinguishes between these direct measures (content

42
gmeasures) and those which he terms 'dispositional" measures. T The

,3tter are mor difficult to assess, althvough they a'e atore "furdmental"

in the sense that su-ch constructs often are derived from theory and th -i,-

fore -proswntd gg•=•tor i .,sight th1i simle. i•4scdrptitv r•-trs .

4's *0.td in the, precdli-tg chpter, iti intoi thw, arqa of su.ch ctnstrt~e'

mo-ýIttWs ht rhi iikd ci s irenttly n'~i~.The incea!;nq

Of .irU4f,.dtu in gAVarophiz rv=hi nts-

thiv -(4td wl r co i ~tq . UnfotIM-40d1y, vh~'- 'q

IY1P~-t iini~ll- is qiven to the'" pri-4 :-ý--. wev-i -ill read Pv~i~

te ~ 4dvl~au~ce tho lqvel of our un"r-!'twil~ -1
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geographic problems. The reason for this is obvious. Even with the

most advanced methods of measurement, properly used, we are left at

best with accurate descriptions. In order to effectively develop a

theoretical geography, we must further be capable of ti insferring

this descriptive knowledge to the plane of explanation. This is

essentially a probiem cf inference in ,eographic ieseaxch. That is to

say, that measuring (even measuring well) =eo-tain propexties of some

spatial structure provides content data of a sort which is perhaps

descriptively usdful, but which in themselves are of limited value so

long as ihe nature 4f the relationships or processes which account for

',hose particuiar values provided by the measurement remain undefined.

Tk*• Is the cruciai role of theory: to provide rational explanations for

the values whicti occur or to suggest expected values against which

the empirically derived values may be compared, Without such

theoretical rationa,0, even the best of measures provide only interesting

empirical facts, or whor.! recurring, in empirtcal regularity for which

no real e planation exists. However, as discussed in the last chapter

some ba•tic problems exist in formulating geographic theory such

that its theorems are spacifically spatial an thus amenable to testing

by the methods discussed above.

This is perh-ips best illustrated in the increasing attem"pts

by geographers to doal effectively with t'oqe types of measure

Idertified above as "dispositlor:il" or construct measures. Here the

-difculties of both measuring and drawing inferences are becomlna

"--m --- - - - -.... .'
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increasingly apparent. In order to go beyond the first type of basic

description (whether quantitative or not) discussed earlier and to

provide theoretical insight, it is necessary to begin to define and measure

certain properties or attributes which are not directly observable. The

increasing interest in certain behavioral-type studies provides numerous

examples of the sort of measures unVr discussion. The growing body

of literature-dealing with these "behavioral" aspects of geography

abound v 'arms such as "action space", "place utility", "perceived

43
dis4l,.ce", etc. In certain of these studies it would appear the the

ability to "measure" certain properties has outpaced theoretical con-

ceptualization. We are not here concerned with whether in fact these

attempts at measuring such attributes are sound. (For an interesting

discussion of the problems of measurement in studies of the space-per-

ception variety, see Harvey).44 The point is that without adequate theore-

tical rationale, such "measures" are likely to he useful only in a limited,

descriptive sense, despite the application of quite sophisticated

quantitative techniques. Many of the attempts to study perception of

the "mental maps" variety are almost wholly descriptive in character

and often are not as meaningful as a simple map of migration streams.

The necessary theoretical work is only now being taken up at all

seriously. Attempts such as Rushton's recent studies of perference

structures begin to pcovide insight into the role of perceptual processes

at the behavioral level in a way in which the earlier descriptive studies

45could nut possibly contribute. One obvious difficulty for the researcher
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working in this area is that the often methodical, and somewhat slow,

progress in this approach is less attractive than the. "grand over-view",

and has less immediate impact than the brodd.generalizations even though

Smethodologically they are considerably more sound.

A Conceptual Basis for Geographic Description

Nystuen realized at a quite early stage the need to provide a sound

basis for the development and use of geographic or spatial constructs

Noting that many of the frequently recurring terms in the geographic litera-

ture such as distance, relative position, accessibility, -spatial pattern,

etc. seemed all to depend upon certain basic concepts. Nystuan asked

"What subset of these common words are necessary and sufficient to
"i4

employ the geographical point of view?". 46 In his discussion of the terms

which he felt were a necessary basis for the geographic viewpoint, Nystuen

included the concepts of (i) directional orientation, (ii) distance, and

(iii) connectiveness or relative position. Several years later Papageorgiou

suggested that ..... the word point must be added to the existing set

because ... it is necessary for the description of spatial systems and

because its meaning cannot be derived through the meaning of the words

M.n the basis". 47 Although both authors attempted to define concepts

which were necessary to the formation of a basis for geographic analys i:,

neither claimed to have defined a set which was sufficient for that

basis. Both, then, suggested that additions to the basis will probably

be necessary. Whatever the final outcome of such discussions, it is
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clear that the terms presently accepted as forming part of -the basis have

been the subjects of numerous geographic studies. Many of these studies

dealt with the problems of operationalizing these concepts and much of

the initial quantitative literature was directed toward providing means of

measuring them.

We have already discussed certain features of 'he work which

has neewunudrtaken in the analysis of point patterns. The other

elements in the basis described by Nystuen and Papageorgiou also

have interested geographers for a long time. Perhaps, the element

of distance has received the most attention having figured in geographic

research in a number of ways. This interest in distance is what prompted

48
Watson to term the field a "discipline in distance". One basic research

area associated with the analysis and use of this important concept

is the problem of definition and measurement. It was early recognized

that distance may in fact be interpreted in a variety of manners. Distance

has been seen to b.3 a concept which may be operationalized in a variety

of metrics, the particular metric which is appropriate depending upon

the type of problem under consideration. Thus distance has been used

in geographic studies in a numper of ways and the problem of effecting

transformations of distance has Rtself given rise to an interesting litera-

ture. 4 9 , So Ia its various operatio alized forms, distance has been a

central variable in many geographic studies. In human gengraphy it has
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held a prominent position in most studies dealing with spatial interaction

of whatever type. Much of the literature using distance in the study

51of human interaction has been reviewed by Olsson and we need not

discuss it at length. Harvey, has also recently discussed certain of

the measurement problems associated with the use of the distance

concept. 52

What Nystuen termed cnnnectiveness, or relative position, also

has featured in a large number of geographic studAes. Attempts have been

made to operationalize the term in a number of ways. In some cases the

purpose of such studies was simply to provide a way of measuring this

attribute -- essentially a descriptive end. In others, the initial description

was to form the basis for drawing certain inferences or comparing the

results with those suggested by some theoretical considerations. For

example, the efforts of Garrison, MarbLý and some of thair colleagues at

Northwestern during the early 1960's were directed toward astablishing use-

ful measures of such properties as connectivity, accessibility, etc., all

of v. .icch are based upon the concept ot rolative position. The work on

the application of graph theoretic measures to geographic research

which hos come out of that effort has provide-4 *he discipline with a number

of interesting and useful methods for descrioing spatial patterns in terms

53
of this basic concept. Employing such quantitative measures, otl.

have attempted to relate :he descilptions thus arrived at in testing certain

itheoretical notions. * his Is pcrhaps best illustrated with regard to the

I |t., --, -,.. -,•,..-
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concept of centrality as articulated in the Central Place Theory of Christaller.

The analytic methods provided the means for describing quantitatively

the attributes of certain towns in terms of their centrality to an urban system.

These in turn were used to identify certain hierarchical features of the

54
urban system or to predict certain other features suggested by central

place concepts. So, for example, Gauthier has relied on these des-

criptive devices to identify the degree of centrality of towns in Brazil

and these measures are in turn related to other features of the urban

centers, e. g. level of development, etc. 5 5

Both of the concepts discussed thus far have received greater

attention than the third--directional orientation. For the most part, this

concept has not been investigated nearly to the extent that others in the

basis have. An an example, one can cite the numerous studies of migration

that have been undertaken in geography. In nearly every case, the authors

have attempted to discuss the effect of distance upon the volume, composi-

tion, etc. of migrants. Any directional bias in migration streams is often

afforded only peripheral attention. There have. so far been relatively few

attempts to deal with directional orientation in an explicit fashion.

5(5
Wolpert Ms used simple descriptive statistics of central tendency to

portray the directional bias in certain migration streams for major metro-

politan areas of the U. S., and more recently Adams has attet,,pted to

analyze directional. bias in the pattern of intra-city migration. Some aspects

of those problems as they relate to migration streams were recently discussed
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58
by McNulty In a paper aimed at providing an example of the use of

trend surface techniques in the description of directional components of

migration streams.

It may be seen that with regard to each of the concepts discussed,

geogriaphers have attempted to provide accurate measures and to use these

measures for the purposes of description and explanation. The use of

these measures for essentially descriptive ends, however, is far more

common than attempts to relate them to some theoretical structure. This

primarily results from the general paucity of articulated geographic theory.

Quantitative Description and Theory Construction

We have had occasion, in several chapters of this work, to discuss

the interrelated nature of theory formulation and mathematization of the

discipline. One might well question this recurring argument and ask

dhe question recently posed by Coleman:

What is it about quantitative measuremr's- *)'•t 0- sc
Crucial for theory development? Essentially this: the
power of a theory to provide precise and numerous deductions
lies in its ability to, carry out transformations in fact,
chains of transformations -- upon the input data.

1t these data aire in the form of numbers, and maintain
their properties as numbers after the transformations,
thOn the powerful transformations of algebra, calculus,
a•d matrix algebra can be carried out upon them.

I��i�:�,�n� -j nce• in -eography, is discussed In Chapter 1, the powei ,,

cal(ýuli provided by mathematics was not utilized to the greatest extent

1x:. sii1e. Many early uses of quontitative methods were limited to arlthmetl;

,'peratiu,; n'ecessary for the comparison or description of geographic
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phenomena. It is true, as Coleman has noted, that there "has never been

such a simple correspondence between mathematical structures of relation

between elements in social science" as was true, for example, between

the relationships studied in the physical sciences (as in the study of

mechanics) and the structure of algebra. Coleman suggests that "one

of the reasons has been that no generally useful and easily measurable

set of elements (or 'concepts') has been posited in most of social

science". However, he notel that "In those few areas where such concepts

have been specified, particularly in economics, the use of mathematics
60

has flowered".

One of the major functions performed by quantification of the

discipline, then, has been to identify areas of weakness within the conceptual

apparatus of the field. In th. future, one can expect an increasing reliance

upon quantitative methods used within a conceptual or theoretical framework

of analysis. This recognition of the need for a more theoretical orientation

to research should result both in better use of existing quantitative techniques

as well as an increase in the number cAf theoretical models available to

geographers.
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CHAPTER V

REGIONALIZATION AND CLASSIFICATION:

AN INTERPRETATION AND EVALUATION OF RECENT

TRENDS TOWARDS QUANTIFICATION

Geographers have been traditionally concerned with regions and

systems of regions. The rise of a 'quantitaUve geograph7' has not led to a

decline In this interest but has rather accompanied It In a change of emphasis.

The regiona! concept no lcnger serves as a means of Investigation in Itself

but has taken up a role analogous to that of the class An• other taxonomic

study. This classificatIon-regionalizatton analogy has been most fully

drawn in two papers by David Grigg. However. in reviewing the second

Pxaper vy rG199,, Brian Rorry has commented:

"-A fine nstoienft on regions and cosssIfjcatory rocesses
is 3--1tvl. In ts rnenýtar of tho eoncv~pt .nd procnstses of
fuodefn nu oric,4 tax(MononY.

4-M; s I~ n z~ t crMt ttwt Griqi 4se~s t1w Parallel dvelopment of

to*du- ini 41voqcal k'11d tegglona taxofwmy as tmrt of his

'1410- an d Ituw i--ok, th'l% It i1letw .qu ic"tt~tgi ttenids thailvý

't* wh tAUh1 tM~#oly te- hk iw ot4rlnt. GWfqj cl-,inta to be cncerned with

~iai~ytthan~ tactk-s the la -ttooer-Lin -.owtad in thoe st-S~tanf~tv-'

.0tA ;ik-pt' 4nd tht, rýCt tivjw tev Spwne andi Tayo. fio~woer.~

11ve twotciC of comoutitatIw cI4oifle-vwo oe ha d m

ftricim MV ,rtj1* the~ pIM1c4-tonz; of numotical o~Iil for

.np~sclr0vrltosi ~emsqn4;ainýs h
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overall strategy oi developing a theoreLcal geography. This chapter of the

report attempts to fultill this rather ambitious role. The result Is an essay

that explores recent taxonomic thought in an attempt to find other than

strictly empirical answers to the question Owhy classify?* or 'why regionalize ?%

Taixonomic Practice

One of the peculiarities of classifir L. <at it has been domilnated

by the taxonomy of animals and plants. It\ :.-*cý term 'taxonomy' with

no prefix is commonly restricted to the study of classifying animals and

plants.. Even within biology other classification,* such as in plant ecology,

Is omitted from 'taxonomy proper'. In this essay prefixes will generally be

used when a particulitr set of classifications are referred to so that, In the

above case. the former becomes biological taxonomy and the latter occlogi1cal

taxonom-y. It Is worthwhile considering this dominance of biological taxonomy

a little further since it is later argued to have datrlmttmtal elffects- on taxonomy

as a Whole..

Tho pte~kvZ rostrie-ted use of the tetto tikxanmy does not always seem

t veappiekd it PT-Icutonvrz of classl-Iftatlon. Thu's Aritotle11 producod

clasillcaleg In choml~stty as wveil as biolg as did the famous aightrenth

4Century tono*dist. ltumneas. Hiowever. In~ Me po-PVt-Irwln ora biological

waxacnotinltes hay' tended Ito W-come s~oaewhot Inwardl kokinV so thatGiou

in p'articular tmiý )ofng denounaced biological taxotomY's ltolation Pairtucularl'V

with respect to philosophy ond logjic. th contrast many other dis-ciplines have
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looked to biological taxonomy as a model classification system. This

probably stems from the generally high reputation of evolution theory which

led to many imitations after 1859. The result has been a whole series of

genetic classifications. In the social sciences the Marxist's stages in the

evolution of society bcth parallels, and follows on from, Darwin's theory.

Gilmour and Walters mention Clement's developmental classification of

vegetation leading to a climax stage and the Russian school of genetic soil

classification. In geography the Davisian categorization of the physical

7'landscape represents another genetic approach. Even in more developed

sciences, such as chemistry, classifications have been based ondAirect

analogy with biological taxonomy an.d have related to theories of the origins

of chemical elements. An even more obtuse example is the attempt to

produce a genetic approach for categorizing knowledge in library classifica-

9tions. Thus biological taxonomy has, with just one or two exceptions such

as psychology, assumed the role of the basic paradigm for classification

studies.

in drawing the classification-reglonalizing analogy. both Bunge and

10Grigg draw heavily on bioloqical examples and this situation has now

extended into the quantitative era of taxonomy with Sokal and Sneath's text-

book on numerical taxonomy assuming the role as a basic text for quantita-

12* tive classification in many fields, However by no means all classiftV•#-.on

has waited for biological taxonomy tb, quantffy.

Tr-ends in quantification: biological and psychological classification.

Por the purposes of this essay 'quantification' is defined as not only
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the use of quantitative measurements but further the application of numerical

techniques on these measurements. Given this restricted definition we can

identify two disciplines that seem to differ greatly in the application of a

quantitative approach to classification - on the one hand biology has

experienced a revolution while psychology has gradually evolved a set of

numerical classificatory procedures.

The biological sciences have instigated and contributed to the develop-

ment of modem statistical analysis from Galton through to Fisher. However,

the application of numerical techniques to classification has varied greatly

within biology. On the one hand Fisher developed discriminant analysis in

13. 14the 1930's while at the same time the new systematics of Huxley was

largely unconcerned with numerical procedures. Thus Fisher's work found

-application in physical anthropology and the stratification of samples in

statistics but not In biological taxonomy itself. Similarly in the 194 0's and

15
early 1950's plant. ecologists were developing grouping strategies and

- 16
divisive procedures with little or no feed back into biological taxonomy.

Thus the development of numerical classification of the animals and plants

themselves had to wait until the second half of the 1950's. In 1957 papers

were published by both Sokal17 and Sneath which proposed new grouping

19
algorithrrs and this touched off what Simpson has termed an 'explosion' of

numerically based publications in taxonomy. One result has been the news-
20

letter Taxometrics who•,e bibliocraphic sections, brought together by Maisel,

give graphic evidence of the extent of this quantitative revolution in biological

taxonomy. The most interesting feature of this trend w-s. that it occurred
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several decades after most other biological research had accepted quantification.

Francis Galton, as well as contributing to the Biometrics school,

can also be identified as an early instigator of the psychometrics school.

The work of Galton on mathematical approaches to classification and the

identification of types led directly to Pearson's introduction of factor analysis
21

and the subsequent development of the technique by psychologists.

Directly associated with this work., some factor analysts also produced more

22
simple algorithms such as Cattell's ramifying linkage method and Holzinger's

clustering technique using the 'coefficient of belonging'. 23 Thus in contrast

to biological taxonomy, developments in numerical classification in behavioral

taxonomy seem to have been an integral part of the broader development of

psychometrics since 1900.

2. Quantification in regional taxonomy.

The question now arises as to whether regional taxonomy has

experienced trends similar to either biology or psychology. Grigg recognizes

three stages in "the sophistication of regionalization":

"First was the recognition that regions should be delimited
upon the basis of properties of the individuals regionalized,
and not upon the basis of some supposed 'cause' of the regions.
Second, was the distinction made between uniform and nodal
regions, and between generic and specific regions. The third
vital step in progress has been the use, both of descriptive
statistics in the establishment of regional systems, and more
recently of analytical statistical methods - particularly
factor analysis - which have brought a greater rigour to the
delimitation of regions." 2 4

It is this final stage that Is of interest here. Simple descriptive statistical

procedures were being used by the 1930's and these consisted of two major

"A•.:.•,.•,.,•••,•',,••:. •• •• •.````'.:`` `` `..j" .` r•. ¢``• •@ ': : . •,• - .. • • • • •'; 5. L ` a t• • • = ,• .,,•••-•
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,approaches. The first was the isoline method whereby regional boundaries

were identified from critical isolines. This technique was developed by

25 26
Jones and used by Hartshorne and Dicken "to put classification on a

scientific i.e., measurern.Nnt basis." The alternative procedure was to

compute 'indices' from several variables so that when mapped they indicated

the regional pattern of an area. These early attempts at multi-variate analysis

are described by Renner 27and would seem to naturally lead on to the application

of factor analysis to regional description. However, this development had to

wait for another generation of geographers despite the fact that statisticians 2 8

29
and sociologists presented early examples of the use of factor analysis

:with areal data.

More sophisticated statistical procedures were not introduced to

regional taxonomy by geographers until the late 1950's. At this time Zobler 30

was experimenting with the application of inferential statistics to regional
31

analysis and Berry was beginning to develop his three stage taxonomic pro-
32

cedure involving factor analysis, distance scaling and step-wise grouping.

However, with this new development of numerical regionalizing, there has

rapidly developed a very large literature on this subject in geography which,

33as Grigg has noted, seems to parallel the quantitative revolution in bio-

logical taxonomy. However, unlike biological taxonomy, quantification in

regionalization has not lagged behind the overall development of a quantita-

tive geography but has been an integral part of this development. Thus the

similarity with biological taxonomy would seem to be supurticial and regiona-

lization s quantitative development more closely parallels sinilar developments



• -152-

in psychological classification. The methodological comparisons that follow

confirm this conclusion.

Methodological backgrounds to quantification

The rapid rise of quantification in biological taxonomy since the late

1950's has often been related to the recent widespread availability of

electronic computer assistance for researchers. However, the fact that

numerical classification emerged in other fields in the pre-computer era

suggests that the differing methodological backgrounds between disciplines

35are the major determinants of the quantification trends. This section

therefore is concerned with these methodology backgrounds.

The behavioral taxonomy reviewed above belongs to the multi-variate

school of psychology as opposed to the bivarlate school of the Wundt-

36Helmoltz-Pavlov tradition. Galton has been identified as the first researcher

to explicitly recognize that simple bivariate analysis was inadequate for the
37

development of psychology. This school of thought, largely represented

by factor analysts, has gradually developed until today It is represented in

psychology-by the multi-variate behavioral research group and has diffused

beyond psychology into many disciplines including geography. This rather

smooth development contrasts with the more interesting variations in biology

which has produced the anomolous time-lag of quantification in biological

taxonomy. Thus this section concentrates largely on the methodological

background leading up to Sokal and Sneath's 'numorical taxonomy' before the

case of regionalization and regional geography is considered.

•"P•'"•, - " '•• :•,-:•"• ' ;• • :'''- ;'•3•)' ' ... " -r . ,.; .-•,, • •,• ••.. ...... . . .. -- •
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S1. The rise of empiricism 4n biological taxonomy.

38
Heywood identifies Sokal and Sneath's 'numerical taxonomy' as the

third revolution in modem taxonomy. The two other revolutions are asso-

ciated with Darwin's Origin of Species in 1859 and Huxley's New Systematics

in 1940. However, both of these earlier revolutions made little difference

to the 'Practice' of classification but related rather to the interDretation of

results. The point that is important in this context is that from prior to the

Origin right through to the new systematics, hypotheses have been confused

39
with the purely descriptive role of classification. Thus pre-evolutionary

taxonomy was concerned with affinity between organism not simply as

resemblance but as reflecting some 'creator's plan'. Evolution theory then

simply gave new interpretation to the concept of affinity. The mixing of

phylogenetic hypotheses with the practice of classification involves making

value judgments by the taxonomist about which attributes are important in

evolutionary terms so that the "experience" of the taxonomist is emphasized

in carrying out his "art".40 Such a mode of thought has two results. First,

the practitioners, in concentrating on their own theoretical problems, become
41

isolated from the concepts and methods of classification in general. This

development has already been noted above. Secondly, this situation is

obviously not conducive to developments of quantification.

However one school of taxonomists have long deplored the .iixing of

42
phylogenetic considerations with classification. At the most practical

level the argumont of this school is simply that "the available fossi evidence

is so fragmentary that the phylogeny of the vast majority of taxa is unknown" 4 3
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and therefore any speculations concerning evolution should be omitted from

the classification process. The problem in the past has been that although

these criticisms have seemed to many to be quite valid, the critics have

44been unable to offer any viable alternative to the evolutionary school.

This is where Heywood sees the numerical taxonomists fitting into the picture.

Sokal and Sneath's work belongs to this phenetic non-evolutionary based

taxonomic school. Thus in this quantitative revolution Heywood looks forward

45to a truely 'taxonomic' revolution as opposed to simply changes in inter-

pretation. Note that the numerical taxonomists are not criticizing evolution

theory or even querying that natural selection will usually be the reason for

phenetic resemblance between organisms. Rather they require that such

considerations be divorced from the descriptive classification process

although such hypotheses and their testing might constitute subsequent
46

stages of a research design.

Thus "the argument here centers on when, not on whether, phylogenetic

deductions are to be made." With classification categorized simply as

description, this approach is obviously more conducive to quantification and

so numerical taxonomy has resulted.

The time-lag in quantification in biological taxonomy would therefore

seem to be due to the classification process having to wait for a widely accsted

methodolroical liberation from the theoretical overtones of the tradition'.'

taxonomists. Thus the basis of the now numerical taxonomy school has boon

the rise of a purely empirical methodology. Since this approach lies at the

heart of much of the subsequent discussion, Sokal and Sneath's methdological
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position is described here in some detail.

Sokal and Sneath have defined 'numerical taxonomy' simply as the

"quantification of the classificatory process'48 or more fully "the numerical

evaluation of the affinity or similarity between taxonomic units and the

ordering of these units into taxa on the basis of their affinities." 4 9 These

definitions are general enough to cover all quantitative taxonomy and the

term has been introduced into geography on this understanding by Berry.

However, Sokal and Sneath go on to point out that "numerical taxonomy is

based on the ideas put forward by Adanson." 5 1 Adanson was a contemporary

of Linneas and produced an empirically based classification of plants in 1767.

Sokal and Sneath claim to be following in the "Adansonian tradition" and

their work has been called Adansonlan taxonomy or perhaps more accurately

neo-Adansonian taxonomy. Adanson's influence is embodied in the six 'basic

positions' or axioms. The first two are very important and are stated as:

"(1) The ideal taxonomy is that in which the taxa have the
greatest content of information and which is based on as
many characters as possible.

(2) A priori, every character is of equal weight in creating
natural taxa. "52

These two guidelines ensure the minimalization of the subjective element in

the classification process. Thus bias in individual choice of variables is

lessened by axiom 1 since many characters are to be used - Sokal and Sneath

suggesting "at least sixty seem desirable." Furthermore "all kinds of

character are equally desirable" and by axiom 2 each is givwn equal weight

thus further limiting possible subjective biases. However, this latter

53axiom has come under criticism from other quantitative taxonomists. Thus

:•. . . ....... •":" '" "• i '"' • ":-" • •s•-,.:c -•'.: :" -;, -• -'-• • -:•"°:-. -'•" -: ' ••-r : i
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Williams and Dale similarly object to a priori weighting of variables but

point out that weights calculated Internally "contravene only the letter and

not the spirit, of the Adansonian postulates." 5 4 Sneath seems to accept this

argument since he has recently written that "numerical taxonomy need not

necessarily employ the principle of equal weight for every character. "55

However, the approach maintains the fifth Adansonian axiom that taxonomy is

"a strictly empirical science."

This extreme empiricism of numerical taxonomy has been criticized by

traditional taxonomists as "typology" which they distinguish from "biological
56

classification", the latter incorporating evolutionary hypotheses. Sokal

haq directly answered these critics by agreeing that Plato's "idealized types",

with their metaphysical overtones, are untenable but that modern typology is

a new form of typology representing "an empirical summation of the infor-

mation available.

This last quote leads on to what seems to be the logical implications

of this new empirical school - namely that classification is merely a data

sorting method. This argument is best represented in Sokal and Sneath's

discussion of "efficiency in taxonomy." 58 They define efficiency in terms

of time, or operationally as costs, and argue that computerized numerical

taxonomy is the most efficient procedure for use in taxonomic Institutions such

as museums. Thus numerical taxonomy differs from traditional taxonom'." --'t

simply In terms of quantification but more fundamentally on methodological

grounds with Sokal and Sneath's view of taxonomy as Information storage and

retrieval being diametrically opposed to Simpson's view of the "art" of
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classification.

2. Regional geography and regional taxononmy.

Although it is possible to identify several schools of thought in

59 60regional studies they basically fall into two distinct groups. First,

there is what may be termed 'the regional geography school' where the region

is conceived as a method of study in itself. Examples are the 'pays' concept

61 62in French geography, 1 Whittlesey's compage concept and the regional
63

geography of the Oxford school. In contrast the regional taxonomists accept

regionalization as simply classification so that the regional description is

not an end in itself. The former school emphasizes the skill of the geo-

grapher in 'synthesizing' the disparate elements of an area into a coherent

regional description. The method is thus typically categorized as an art.
64

Grigg has drawn a parallel between the implicit environmental deterninism

of this approach and the phylogenetic basis of tradition biological taxonomy.

Certainly neither is particularly conducive to the development of qcantitative

methods. However, the analogy cannot be drawn too far since the taxonomic

school was well founded In geography by the 1920's and 1930's when simple

descriptive statistics wete beginning to be used but many years before the

recent quantitative revolution. Thus environmental hypotheses did not inhibit

tht develop;,,ent of quantification in the same wa7 as phylogenetic specu-

lations in biology. In fact the two schools were not particularly dist.nct

during the simple descriptive statistic stage in regional taxonomy with
65

Whittlesey, for instance, contributinq to both approachi-s. 6 How(ever, with

the use of more sophisticated techniques by the taxonomists the two methods
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have crown apart so that dialogue between the schools is strained and marked

with misunderstandings of basic methodological positions on both sides.

Examples of this sterile dialogue are Minshull's criticisms of Haggett's

regionalizing in a chapter on the mapping approach to regional delimitation 6 6

and Russell's subsequent critical review67 of Minshull's very traditional

Oxfordian statement of regional geography.

Having made this Important distinction between 'regional geography'

and the taxonomic approach the remainder of this essay is concerned with the

latter. The recent quantitatie revolution izi this field has -ccompanied a

methodological shift in geographic science as a whole rather th&n a methodo-

logical change in taxonomic thought in p&rticular, Thip fact is represented

in the quantitative trends described above by the lack of any time-lag in

regional taxonomy as related to other gew .raphxc studies. However, an

interesting paradox can be identAfted here. Whereas modem geography has

become more theoretically orientated, reqion". taxonomy has largely followed

an empirical line similar to, altl,". v;,)t as explicitly extreme as., that of

Sokal and Sneath. For instance, .iarveir considers regionalization simply as

an 'observational model' in his recent book, This paradox merits further

investigation since it loeds direct!y on to . alternative interpretation of

classification than that offered by trode., quantIztive taxonomists.

The porado_ of quantitative taxonomy

It is clear that the dse of ,a quantitative taxonorny haJ been th4,

result ol a conscious effort by jiractitioners In sverr•il fields to make cl.assi-

ftication more 'scientific'. This is particularly true in the case of Sokal and
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69
and 'repeatability'. However one critic has claimed that:

"A taximetric approach to classification may' be interesting
from the mathematical point of view, but in the majority of
cases It does not provide more useful taxonomnic information
than any other systsr~ of classification based on correlation of
Phenetic features".

Cortainly ft classification Is to be 'more scientific' it should have soma

ýpeciftc role in the development of the verious empirical sciences beyond

simple empirical data sorting.

1. Cilisses and Concepts.

The case for a role for class-4ficat~lon bi scientific explaniation has

been most ably argued bV Hlempel. - -H contends that closslifcatIon can be

74
viewed as one approach to concept formation, in empirical -science. lie

develops his case fullhdy In his papeor aptly titled "undamentals of

'61axononiy"7 whic oa h distinctIon of Weing laryely Ignored br taxonomis-ts

* including ill of thoso roiorred to jin this essay. The otgumeats, of this sectilon

.itf ýrimairlly based or. this hitherto taieztrd pa pe f

,Iempel r#V~ards overy cljas zis the extension offa more thuoewdiC-a

concopt. Thu-0 althOV91h he 49fr-0 thAt 0ifCCtiVltV 4an 'intu-subcLwtvy'

are important hie qees on to comment that:

Clea iod Ob 'CtIVO critetto are not oenough. ri be
scientifically useful n concept mui~t lend itself to the
f-orsmjtaltlon of goenonni lawe or thteoretical principles which
reohlg-_ unlformitlvý in the aubject "titer undtor study, and
which thus provide a basis fot explanallon. prodicti-on and
gonerally s-1ientif Sc understanding."7

This is% a far cty Itonr th! wenpiricism of much reconit taxonomy. Thus SOkal
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and Sneath's idea of efficiency based on time and cost are replaced by the

traditional criteria for judging the usefulness of concepts - what Hempel

terms 'systematic import'.

The examples Hempel uses to support his arguments are particularly

interesting and are taken from classification of diseases, animals and

chemical elements. In the former case, he notes how classification has

developed "from a largely symptomatalogical to a more and more etiological
74

point of view". For instance, Kaplan, who follows Hempel's paper in his

discussion of classification, notes how the class 'epilepsy', a purely

empirical descriptive class, has been an almost useless concept because it

labelled several distinct diseases that happened to produce similar symptoms. 7 5

However, in the context of this essay, Hempel's most interesting reference

is to Simpson's work. He uses an example from animal taxonomy to show how

phylogenetic classification is preferable to simple phenetic classification.

Thus Hempel agrees with both the objectivity aims of numerical taxonomy

while justifying the more traditional evolutionary taxonomy. This seemingly

conflicting situation is the same paradox we have identified as existing in

recent geographical research and may be generally termed the paradox of

quantitative taxonomy. On the one hand quantitative taxonomy attempts to be

objective and thus scientific while its procedures tend to produce classes r4

less theoretical importance than the traditional taxonomist carrying out h.s

subjective art based on some a priori theory.

The cause of this paradox can be traced back to the methodological

background discussed above. In regional taxonomy, for instance, it can be
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argued that the genetic classification of soils and landscape features have

more 'systematic import' than their generic counterparts since at least they

attempt to relate to scientific explanation even if the theories on which they

are based are weak. The situation in human geography is somewhat simpler.

Since the environmental determinism of early regionalization had been dis-

credited long before recent quantitative trends, the absence of any other

theoretical framework to take its place has led to a single empirical approach

to classification. However, in any case, as was noted above, a definite

paradox exists here, as in biological taxonomy, as between developing

scientific explanation and the practise of modern taxonomy.

Following on from Hempel's equating classes with a certain type of

concept, the paradox described above can be interpreted as a special opera-
76

tional case of what Kaplan has termed the paradox of conceptualization.

Quite simply "proper concepts are needed to formulate good theory, but we

need a good theory to arrive at proper concepts." Biological taxonomy clearly

brings out this po'Lnt where existing theory is not strong enough to produce

satisfactory inter- subjective classes. This is because evolutionary theory

has not developed sufficiently to distinguish homology, convergence and

parallelism among species without empirical evidence which, as Sokal and

Sneath note, is most usually lacking. Thus the researcher is either forced

into the pure empiricism of the numerical taxonomy school or subjective

'theoretical' classification of the more traditional taxonomy.

2. The method of successive approximation.

The way out of this paradox seems to be a mixture of these two approaches.
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Kaplan writes:

"Like all existential dllemm;s in science, of which this
is an instance, the paradox is resolved by a process of
approximation: the better our concepts, the better the
theory we cý.n formulate with them, and in turn, the better
the concept available for the next tmproved theory. "77

Lanzen78 terms this process ' successive definition' and in the taxonomic

context this is equivalent to Hennig's "principle of reciprocal illumination" 7 9

whereby phylogenctic and pheneti.c consideretions each have a place in the

classification process as a system of classes are progressively refined. 8 0

Although Sokal thinks this approach is 'questionable' the extreme empiricism

of numerical taxonc(my does fit into this scheme as a necessary appr..ach at

the lower end of the ladder le.uirg towards more sophisticdted theory.

This interpretation now raises an interu.ýdng point conc.,rntng classi-

fication in general. The taxonomy usuaily taken as the basic paradigm is

itself in a state of some confusion81 since it has not progressed far in the

'reciprocal illumination' of classification and theory process. This being

so it is natural to question whether biological taxonomy presents a suitable

paradigm for other classifications to compare with or even emulate. Ideally

a classification is needed that has c.ontributed to and is part of some

theoretical structure and. is thus some way along the path of successive

approximation. The. taxonomy that meets this requirement is the chemist's

periodic system of elements.

An alternative para digm: the periodic system of elements

"lUndoubtably the most successful classification in science has been

the periodic system of elements. Despite this fact, one hundred years after
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its discovery it is still largely ignored in methodological discussion of classi-

fication with the notable exception of some references to it by Hempel, noted

above. For this reason this section begins with a brief description of

the system before its development is discussed and it is related to other.

taxonomy.

The periodic system consists of an arrangement of chemical elements

in an n spac 3 in terms of their atomic number and mutual affinities. The space

is typically two dimensional and is thus often referred to as the 'periodic

table of elements' although several three dimensional models have been

proposed. In a two dimensior-, table, elements are arranged according to the

'periodic l1w' which states thL.. "'the properties of chemical elements are a

,82periodic function of the atomic number. Thjq means that the properties

are repeated at fairly regular intervals (or periods) in a listing of the elements

ranked according to their atom•c numbers. Thus elements are laid out in the

form of horizontal and vertical relationships and the classification can be

defined as "a system in which all the elements are arranged according to

increasing atomic v eight and elements with analogous properties occur in

colurmis or grou;;s.

1. The history of the syýtem.

The historical development of the periodic system of elements has been
84

*tiaced in deta.l by van Spronsen and this section is largely drawn from this

)ource.

Thy.: discovery of the periodic system followed on from two parallel

85developments in chemistry. F'irst there was the traditioni of classiflc,-tlon
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of chemical substances from Aristotle through to Linneas and into the nine-

teenth century. The second trend was one of deriving numerical relationships

between elements which was largely a nineteenth century development. In

particular the periodic system had to wait, first of all, the definition and

discovery of a large number of chemical elements to act as the basis of the

classification replacing the compounds used by the taxonomists such as

Linneas. Secondly, once a sufficient number of the basic units were known,

a knowledge of the quantitative relationships between them was necessary.

It is these experimental laws that form the rationale of the system. This led

to the development of several smaller systems of elements in the 1860's al-

though the discovery of the periodic system is usually credited to Mendeleev

in a famous paper presented to the Russian Chemical Society in March 1869.86

This was, in Guerlac's terms, "the final triumph of quantification in the older

chemistry.

In contrast to the sophisticated multi-variate techniques employed in

modern taxonomy the procedure used in classifying the elements has been

termed 'a groping process. 88 However, researchers here had the advantage

of a set of known 'experimental truths' so that the periodic system was

"the product of chemistry in all its aspects, and all chemical laws influen-

ced its discovery. ",89 Thus the classification was not based on mathemati--i.

axioms• or theses or on theoretical hypotheses but rather on empirical iawJ.

Mendeleev is explicit on this point and states that he introduced no hypo-
90

theses In his system of elements. However, the system was not a 'once

,ind for all' classification of the clements. In the priority conflict between
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Mendeleev and the Gerrnan chemist Meyer, for instance, Mendeleev contends

that Meyer did not appreciate "the deeper meaning" of the system. 91 By

this he meant that Meyer had not originally appreciated that the system of

elements could be used for more than mere classification. In fact one of the

most celebrated aspects of Mendeleev's original paper was that it predicted

the existence of new elements not known in 1869 and was even able to predict

their properties on the basis of his system:

"From the very beginning, Mendeleev took the existence
of still undiscovered elements into account and arranged
his cla ssification accordingly. "92

Thus in his 1871 system he left a large number of vacant spaces and predicted

properties of elements that were subsequently discovered. However, Mende-

leev's system was never considered a rigid framework so that when new un-

predicted elements were discovered, such as the noble gases in the 1890's,

these were finally able to find a place in a revised system. Similarly the

replacement of the Dalton atom by Bohr's atomic theory meant replacing atomic

weight by the ordinal atomic number but this led to no fundamental rearrange-

ment of the system. Thus the periodic classification has survived into the

era of modern atomic ti-.,ory de::pite its nineteenth century antecedents. In

fact, its most notable and, perhaps most important, characteristic is its

93
flexibility within a single basic structure. ror instance, Mazurs is able

to Identify a total of 110 different forms of table which fall into chirty funda-

mental types. However, all these systems are based on the periodic rela-

tionship betwecn atomic number and the properties of elements. As van

Spronsen states:.
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"In the end it became apparent that this method of classi-
fication was not artificial; every element received a place
in the natural order. The many empirically established
properties of elements finally became part of a general law,
the periodic law, as a 'natural classification of elements'."

2. The periodic system and other taxonomy.

Obviously our basic interest here is to compare the development of

the 'natural classification of elements' to other classifications. In this

section the discussion will be of a general nature with examples drawn

largely from biological taxonomy since specific consideration of regional

taxonomy is left to the next section. The general comparison is introduced

by dealing, in some detail, with the purposes these classifications have

assumed.

Mendeleev emphasized the many applications of his system among

which the following stand out:9 5

(1) to classify the elements;

(2) to determine atomic weights of elements not sufficiently analyzed;

(3) to examine properties of unknown compounds;

(4) to correct erroneous atomic weights; and

(5) to collect information on properties ol compounds.

Mendeleev himself made use of all these properties. Thus Ihde96 has noted

that the system has been "much more than mere classification" it has been -

"conceptual tool" in the scientific structure of modern chemistry.

This explicit multi-purpose role of the periodic system contrasts

markedly with the recent approach of numerical toxonomists. Thus Sokal

nnd Sneath criticize the traditional tnxonomy because it attempts to achieve
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97too many purposes and as a result does none of them well. Thus numerical

taxonomy attempts only the first application Mendeleev mentions - simple

descriptive classification.

These two contrasting opinions regarding the role of a classification

system can be traced to the very apparent differences in the sophistication

of the two respective sciences. Thus whereas "the periodic system rested

on a solid empirical basis" there are no equivalent empirical laws in other

taxonomies to produce such a useful classification. This basic difference

between the proposed paradigm and other classifications does mean that the

* paradigm can act only as a possible model towards which to aim and not as a

system that can be directly, or even indirectly, emulated in the less developed

sciences. Thus the divergence between Sokal and Sneath's single descrip-

tive purpose and the more ambitious role of Mendeleev's system are quite

compatable given the respective levels of knowledge in the two fields.

However, this section will be concluded on a more optimistic note by

pointing out some of the similarities between recent taxonomic work and the

pericdic system. First of all, it should be noted that the development of

the system was not as smooth and logical as the simplified account above

might suggest. Obviously this section has emphasized the successful, con-

structive contributions in the history of the elements. However, van

Spronsen, in his introduction to the system, assures his readers that they will

"be astonishod at the nonsensical hypothoses, :,icomprohensible errors, and

faulty •nterpretatlons made, before and after its discovery, by many investi-

gators." Ot much more relevance, however, is the fact that the development
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was largely empirical in nature. Thus Sanderson goes as far as to state that:

"Like many another great scientific discovery, the Periodic
law was discovered entirely empirically, and long before its
fundamental basis was understood. "99

The laLer part of Sanderson's statement refers to the fact that the periodic

system was able to develop when the current atomic theory was that of

Dalton. This theory was inadequate for giving a theoretical basis to the

system so that for nearly half a century after its discovery the periodic system

was not fully understood. This had to await the replacement of Dalton's

theory by the Bohr model in 1913.

All this latter discussion seems to justify an early empirical emphasis

for developing scientifica,'y useful classifications within an overall

strategy of successive approximation. The numerical taxonomy school of

b.ology certainly fits this role even if the practitioners do not favour Hennig's

reciprocal illumination.

Regionalization and theoretical geograp~h

This final section attempts to assess the role of regionalization in

modern geography by relating some of the themes and ideas from previous

sections to regional classification.

The first question must be whether the region has any worthwhile con-
100

tribution to make to modern geography. Turnock has recently answered

this question with a very emphatic 'yes' ,lthouqh this. inswer seems to be

largely bWsed on practical grounds with no discussion in tomims of modern

trends towards geographic theory. However, this roluctance to relate
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regional classification to geographic theory can be found in the work of more

theoretically orientated geographers. Thus both Schaefer' 0 1 and Harvey10 2

are concerned solely with an empirical role for regions. In the former case,

the region is to act as a 'laboratory' in which the geographer empirically

tests his theories and in the second case Harvey discusses classification as

an 'observation model' for conveniently arranging large data sets. In fact

Harvey explicitly follows Sokal and Sneath's criticism that traditional

103
taxonomy tries to achieve too many purposes, an argument leading directly

onto the extreme empiricism of numerical taxonomy since it is the theoretical

purpose of classification that is dropped. Thus, taking this view, regiona-

lization is just one of several multi-variate techniques employed in modern

geography. If this is the case then the region idea has lost much of the

importance it has traditionally held in geography as, in fact, Gould's review

of recent methodological developments would seem Lv buyCest. 104

However, not all recent discussions of regionaliation have defined it

as a pLrely empirical exercise. Grigg, in particula:, stresses that the most

important function of a classification Is for it to be used for making

105
generalizations. This point is largely ignored by Harvey.

Ot course Harvey is by no means alone in omitting to incorporate

classification in methodological discussions of theory construction. The

problem can be traced back to the fact that the conventional paradigm for

discussing theory is bosod on practice In physical science whereas classi-

!Ication is usually related to biological research activity. Thus classification

do,.; not fit ne:atly into standard discussions of theory construction. I'or



-170-

106
instance, jevons, in his nineteenth century treatise of scientific

methodology, includes a section on classification as the last substantive

chapter of the book so that it is not integrated with any of his previous

discussion. However, the fact that classification has less importance in

developing physical theory by no means precludes the possibility that it may

be relevant to theoretical geographers given the present level of geographic

theory.

1. A chemical analogy?

The example of the periodic system of elements shows that classi-

fication can have a place in the more developed sciences. Thus, the specific

question arises as to whether this most sophisticated classification can act

as a model for researchers for regional taxonomy. Although this possibility

has been doubted for other taxonomy above, there can be found in geography,

an early attempt to draw an analogy betweern chemical classification and the

region concept. Weaver, 1 in 1954, equated crop types with chemical

elements thus suggesting that the agricultural region, as a cu,=bination of

crop types, is directly analogous to the chemical compound. However, no

mention is made of the periodic system of elements where emphasis lies with

the elements, and compounds are used merely to give information (e.g.

valency) about elements. Taking Weaver's analogy to its logical conclusior

would therefore seem to suggest that it is not the regions thit are impor

but tho abstrict Ut 1mernts IIf which they ,:;c m.d' up.

Itowever, a. .. )gical taxonomy, regional taxonomy has no body of

""..iicl•- taws compcirable to those existing in nineteenth century chemistry.

MJ,
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In fact, only one such law can possibly be claimed - Tobler's so called

'first law of geography' that near objects tend to be more related to one

108
another than distant objects - so that the development of any scheme even

remotely approaching the chemical model seems to be a possibility that can

be largely ignored here. Thus instead of developing any direct analogy with

chemical classification the emphasis must unfortunately be concerned with

Kaplan's paradox of conceptualization and the early stages of successive

approximation or more hopefully 'reciprocal illumination'.

2. 'A priori' classification.

Thus far discussion has been related to the recent multi-variate

classificatory techniques associated with the new quantitative taxonomy.

With these techniques the classes are not known beforehand and the technique

'produces' a system of 'objective' classes from the data. This is termed

109
'typology' by Gllmour and Walters. Since some 'reciprocal' approach is

assumed to be relevant to this discussion it is necessary to briefly consider

the alternative 'subjective' approach to classification. This is the
110

'definitional' approach of Gilmour and Walters whereby a systeti, of

classes is specified beforehand and thc.n objects are allocated to these

known classes. Obviously such an approach enables classes to be directly

related to concepts as envisaged by iHempel. The mott explicit use of this

method can be found in ihzarsfeld and larions ill discussion of classifying

responses to questionnaires. In geoqliaphy, climatic classificf teonm- hcivve

usually been ot this form. 1 1 2 lHowever, when this approach is linked with

weak deductivw theory a.i in biological taxonomy and I .vlsMan geornorphl)log y
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then the result has been the phylogenetjc, or simply genetic, classifications

so strongly criticized by recenW researchers.

In this situation, when .'-•ere is very little empirical evidence to

support any hypotheses, a possible starting point would seem to be what may

be termed 'combinatory' a priori classification. In this approach no theory

is involved and classes are defined by using all possible combinations of

variables. The fact that many classes will be defined in which no object

fits can be taken as being the first evidence for rudimentary theoretical

explanation.

This approach is explicitly used in Golledge and Amadeo's short
113

discussion of set theory and regionalization and is implicit in Weaver's

114
method of defining crop combination regions. Thus Weaver's combination

type regions are not initially cestricted in terms of crop combinations so

that all possible combinations of crops make up the a priori set of classes

into which counties are allocated.
115

Since King has recently used Weaver's original land use data to

illat.Tate one of the more rocer* -;;ult1-vatJato typological approaches, 116

Weaver's approach will be used to illustrate the 6asic advantage of the

definitional method in terms of conceptual clarity. Althuough King points out

that his typological solution for four regions in very stiillivr to Wetiver's

four crop combinaion regions, the tact remains that dofinite statements c-i".

b, madi -itx)ut Weaver's regions that ,'sr4 not m.cesusrlly true about Klnq.'n re-

qins. Thus if a county falls into Weave.'" three crop Wheat-Barl,.,y-(^Vats

,'muo it is known that this county rionm- to ,a p.irtiul.ar ideal modl In
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King's roughly equivalent region, no specific statemen~ts can be made about

the county except that It occurs near various other counties within a n four

dimensional factor space, This same argument can be used with respect to

comparing Koppen's climatic classification of North A'nerica~ with Casettu'

iterative improvement 18and of course traditional znonothetic biological

119classification and numerical taxonomy. Thus the a priori -approach, des-

pite a great deal of criticism in recent years, automatically leads to les!;

'fuzzy' classes and therefore, ultimately, clearer concepts. This basic

advantage must be weighed against the disadvantages enumerated In detail

above. However, the argument here is not for ona method or the other but

rather for a combination of the two.

3. Suiccessive approxiniation: central place theorv and urban ex 3Ioqy.

In the past regional taxonomy has not been closely related to 90u)-

graphic thevries or muodls. This is Inspite of the itact that contr~al placo

thtooty. for instance, predicts systenis of regions its it.-# resulting spaUtli

structure. Horo we (0-nsidv'r twoý aeas of g4i4o)rdphic model buildhin, oni-

WhojrP regional,) tjXonomtY' Juts imade little or no contrirturien and aviother that

Seems, to fit raplanl's ".u'rCtsusive approximation potttri~ quite well.

In central pince studies functional wqlions have been Ptoduvel ',,y a1

definitional .1pproach ba:st'd on one of tho theory's poiulates (consumet

120*i~stance minIist.;ation) in the method of Th~essen polvqonz, and typologicoiI

Ipptorohs have I-een ipplied to I l',w clat.a to produce (un;,-ional regionn.12

11owevet despile the vxi stf-ice, of both .~'ah~III ":.1titral Place .tcez
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there seems to be no sign of.any 'reciprocalillumination' and regional

taxoiomy studies seem to have contributed little ot nothing tc the dev-

elopment of central place theory. This is a disappointing conclusion

from the taxonomic viewpoint so that it t encouraging t.ht a.t we can

balance It with something of a contrasting situation.

This section is concluded with a case study of an area of regional

taxonomy which has progressed in a manner not uralke Kaplaik's successive

approxirrntion. T~h exarripW that seems to fit this pattern is the develop-

ment of regional urba•, ecology from Park and Bu'qess through to the recent

factorial ecoloqy studies, On ,,the barest outline of this research is

presented here siace these dovelopmoents are discussed in more detail

elsewhere In this report.

ThU lirst stop hV. this seque•ce is tho P2stuiatse of Butoi., Hoyt

122
aid Ulh-an and Harris that were Jarqgiy b ased oin nspo•tIon of em-

pircl m-a-p evidence. These tnd0,id td spztol atrudture rui)rv..•nt the

iirst eMpITriC! Stdge.

The. so-otxd staoge in'Avvo- tht uzm of urban .isCtwl thtc.ry tl 14vVVOP

Snfevky ant! sdl's socIl or, an•.'ysis. Thls i• the ftirs d¢iln'8t1l -,

classification it;qe, whereby threq bh..g tw idt.~r" disiors • letted

4rltj ce nsus, tracts a llcsitet. arrcfInHllqy.

The ý,ocond .,.]tof- iz r1-py the

!actur -.-Mlyses recent1v c-arried4 ua~tv* t-nt Cw -i4LAt'.31t d,114r. Iw

resuls.-, have enabled bery" ryt,. bt.?t ihrtep'. S H,•4 'oyI't ' p,! 14

the ,h-vkv-q,!2! 1CA viificttore. Thi:ý , .... an r!a(htiy l.i t.
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be a culmination of both these previous research efforts. The stage would

now seem set for second definitional stage based on more sophisticated

theory incorporating the findings of the recent factor analyses. How-

ever, leaving aside predictions of future research advances, urban ecology

does present a neat example of successive approximation and even 'recipro-

cal illumination' in the development of an explanation of urban spatial

structure.

Concludint Remarks

The debate over the validity of the taxowttrics approach has Lended

to centk'r op a radher •torile dialoue conce-minq the 'ob ectivity' of num-
127 8

eric~d --ro-edures to which •everl g'eographers have contributed.

This essay has ,,tmpted to go beyond this concern over procedure 4nd

eiv'onrate rathiur on rps.Thus it senis logical to cottclude thir.

rvtor O"in 1ucKni 4 typoq o-y of AA Seunni p~tiuhesýS

~ L ~tI4 XktytotnV wc varlobl" !Om t *tuarpoy v 'aeft

~~ ev thc-- i.1u~1 J* n..$ b re~tnpt4 -IS

s !.n 'IvI sim' lfwre 4ro i - ~ j nt:e4 fot %uch

•I i.-j'.eft=-•:,- sm.,••-,~t;-~~: h 4~~l4~ft~
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'applied taxonomy' and "phylogenetic speculations" (evolutionary tax-

onomy) which we can generalize to 'theoretical taxonomy.' Pure taxo-

nomy is concerned solely with the processing of information and would

seem to encompass the numerical taxonomy school of Sokal and Sneath.

Applied taxonomy seeks to classify for a specific purpose at hand and is

often referred to as 'special purpose classification' while theoretical

taxonomy is more general and has been what we have concerned ourselves

with here - the use of a classification as part of the explanatory apparatus

of a science.

This typology of approaches has much to commend it beyond its

transcending the quantitative-non-quantitative debate. Usually special

purpose classification is considered as simply the opposite of general

purpose classification often referred to as 'natural.' This dichotomy has

been plagued by two interpretations of 'natural' classification - Sokal

and Sneath's multi-variate definition 131 and Simpson's 'non-arbitrary'

definition based on clear 'gaps in resemblance' indicating evolutionary

132separation. By converting a previous dichotomy into three types of

approach Edwards and Cavalli-Sforza would seem to have avoided the

'natural' classification debate by including the multi-variate approach as

pure taxonomy and the non-arbitrary approach as theoretical taxonomy/.

This three way typology would also seem to be a useful complen:ý,,4 t

to the usual discussion of regions as either formal (homogeneous), functional,

133and programming or applied regions. The latter is identical to applied

t,3xonomy as defined by Edwards and Cavalli-Sforza and would seem to fit
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into the latter's scheme much better since it is defined in terms of the

purpose of the regionalizing and not the method of defining the regions.

Programming regions can be either 'formal' or 'functional' in character

for instance so that the traditionally triology does not conform to basic

134taxonomic principles. Combining the Edwards and Cavalli-Sforza

typology with the formail-functional dichotomy produces 'pure regional-

izing' (locational classifications for information storage), 'special

puypose reg ionalizing' (definition of experimental and programming regions),

and 'theoretical regionalizing' (identification of regional cl.: sses as em-

pirical extensions of theoretical concepts) each of which may be formal

or functional in structure. The final comments in this essaky will concern

the current trends and future status of the two contrasting 'pure' and

'theoretical' approaches.

The current trend in publications in quantitative taxonomy is for

135
more and more contributions to appear in computer science journals.

Such a situation can he viewed as a logical extension of the extreme

empiricism of Sokal and Sneath and has led to the suggestion that pure
136

taxonomy is not really 'taxonomy' at all but rather part of the ex-

ploding realm of computer science and its associated disciplines. A recent

symposium on nrmerical taxonomy under the auspices of a computer science

institution rather than a niological school would seem to add support to this

137
view. Thus we can expect a future pure taxonomy consisting of systems

of algoil thms for efficiently storing information so that it is readily avail-

138able foz subsequent processing. Such a scheme will be independent oi
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theories relating to the subject matter being classified and stored.

However, not all the evidence points to the development of a

pure taxonomy out of the quantitative revolution in taxonomy. Several

examples can be quoted where computer scientists and researchers in

139
other fields have combined to co-author taxonomic papers. Geo-

graphy has recently furnished two such examples 140 and this interdisci-

plinary work suggests quantification in taxonomy may yet have something

to offer to successive approximation procedure in theoreticai taxonomy.

The urban ecology example is particularly instructive in this context.

. i 5,
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CHAPTER VI

LOCATION THEORY -- DEVELOPMENTS ON

BEHAVIORAL FOUNDATIONS

Quantitative Character of Classical Location Theory

At the time of t.he "quantitative revolution" in the 1950's there already

existed a rich location theory literature the authors of which used quantitative

approa.ches both in the development and in the testing of their respective

theories. The classical- literature was primarily deductive from either

postulates of behavior long used in economic theory or from new postulates

of spatial b!havior consistent wich the assumption of cost minimization on

which the former group of postulates were based. A large literature in

agricultural and industrial location theory had been developed in the nine-

teenth century, while the literature relating to the location pattern of

service activities (central place theory) was developed by Christaller and

Lbsch in the nineteen-thirties. In all three cases the broad methodological

approach was similar. This can be categorized as:

1) make assumptions about the character of the environment
in which the locational pattern of activities is to be developed -

the initial conditions of the theory;

2) declare some bchavloral postu!ates which the 'ivarious
"actors" in the system tre to follow;

3) define constraining conditions -- often inductively derived,
to control the way in whicL the r7patia] system will be develop--?-

4) apply 2) and 3) to 1) and '-c:duce expected characteristics of
the spatial pattern In terms of both locaition and mix or type of
activity -- the theorems of the theory.
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An Illustration: Deriving Spatial Patterns from Behavioral Prepositions

Agricultural Activity Patterns

From quite simple decision-making rules, spatial patterns can be

derived that quickly become complex whea the choice rules are applied to

environments In which relevant variables vary markedly through geographic

space. For example, the choice rule that a farmer will engage in those

activities that will give him the highest return has been interpreted as the

statement that the farmer will choose the activity that maximizes the value

R in the expression 3

R =E(p-a)-Efk ------------ (1)

where: E is yield per unit area
p is price c- unit of cc.nmodity
a i, cost of production of unit of commodity
f is transfer cost per unit distance per unit of commodity
k is distance to market

Von Thtinen 4 showed how in any area where productivity and costs

(other than marketing costs) 4o not %ary through space, activities will assume

a concentric zone arrangement. tDowever, when yields and costs of production

vary thruugh space, the spa.tial pattern that rebults can take on an infinity of

forms. Insofar as the pattei,.- of yields and costs repeated itself from one

area of space to another, so paýterns of activities could be founa. Geographers

of the "spat!al analysis" school were thus able to identify some rncurring

5
patterns. Chisholm, for example, reviewed many studies that had reached

the conclusion that Intensity of land u3e declined systematically with distance

from local villages and, at a larg.•r scale, with distance from major market

6* centn'ws. :~~~recently, Blaikie has investigated the same relationships
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in India.

Before the widespread availability of computers, the application of

equation (1) to a geographic area where the variables in question varied in

unique ways, was, practically speaking, impossible. This undoubtedly

fostered the attitude of many that such location theories were interesting

pedagogical devices without the potential for application to the real world.

However, while this attitude is still prevalent, three developments have

made it obsolete. First, developments in mathematical generalization of

statistical surfaces allowed unique configurations of spatial patterns of

variables to be expressed as a function of the locational coordinates of the
I 7

area. (See Chapter IV for a discussion of these developments). Second,

the development of regional data banks has raised the likelihood that large

areas of the world will soon have related to them a wide range of informatiou

on current and past levels of economiu activities In quick, machine-accessible

8form. Third, it is now possible to computerize the application of geogra-

phical models, as illustrated in equation (1), to earth environments.

Summary of Classical Approach

In this illustration of the location of agricultural activities, the

Alassical treatment of equation (1) will be shown first and this will be followed

by an illustration of how the theory may be transformed in both its generality

and in its potcntial for application to real situations, aft r the three dc";,p

ments descrtbcd above have been incorporated.

In the expression: !R = [(p-a) - Efk described above, where all

variables are c.nstant except k (distance), R will always decline as a linear
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function of distance from the market (Fig. 1). if we hypothesize that there

is no competition with a particular activity and that that activity wili be

found wherever economic rent is greater than zero; then R=O where E(p-a)

Efk; i.e. where k =i.e., where k = Thus, at all distancesEf f

less than k(where k = f) economic rent will be greater than zero. Since

we have hypothesized yields, prices and costs to be constant through space,

total area under productivity (A) can be calculated as A = V(27) 2 and total
f

supply to the market (S) as S = E 1r(p-a) 2  Where several activities exist,
f

computation of areas under production is not so simple; however, Fig. 2

shows a graphical solution for this case.

An interesting question is that of how spatial patterns of production

9change in response to changes in product price. Dunn has shown how the

analysis just described leads to results that are consistent with classical

(aspatial) economic theory for the equilibrium conditions of supply and demand.

Clearly, if price increases, all other variables remaining constant then both

the area in production (A) and the total amount supplied to the market (S)

will increase, This result leads to positive sloping supply curve, and if we

postulate that local demand will be negatively sloping thnn we see that there

Is a point of equilibrium for which there 's a corresponding spatial pattern of

production. In Figure 3 both the activity supply curve and the local dem-Ind

curve are shown. The equilibrium point represented in Figure 3 is known as

the space-price equilibrium. It is an equilibrium point because any departure

from the point will be accompanied by forces which lead to a return to the

point. If, for example, In Figure 3, P1 is the prevailing price, then S
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would be the amount supplied whilst a smaller amount (D1) would be demanded

by cosmer. This position is obviously not in equilibrium for it would

lead to a surplus o~f the commodity in question. The most common method

of disposing of a surplus is to offer -it a lower price and, as we have saen,

a lower price would lead to a smaller supply by producers; marginal producers

either going out of business or switching to some other activity.

Changes In Space-Price Equilibrium

The process which leads decision-makers to switch from one activity

to another is of central concern to us. Suppose two activities -are in space-

price equilibrium as defined in Figure 3 and are distributed according to rent

gra-dients shown in.Figure 2. Consider the circumstances which mighit disturb

the space-price equilibrium of one activity and let us see how a new space-

price equilibrium might be expected to evolve and also how this new oquili-

brium point would in turn disturb the space-price equilibrium point of the

second activity. The world we live in is, of course, made up of more than

twor-activities and, unforttinalbly 16r ou~ attempts a~t comuprehension of the

u~nderlyling oldor In It: is a world in which there Aire very many disturbing

forces. Hlowever., using von Thtinen's method of Odislvaiation it is possible,

4y cohceptualzizng the essence of the problem and rducng oh nubrf

v.~tak~at work, to discover the way in whirch Uvse forces ýire tutually

r elated and resolved.

The circumpstances we might postulate 4s chainging the space-price

equ}.librium t -te ctivity might. be 4 OhNg admd at 91 gie 0rce

There are inany diffarent circumstances wbich might bring '.hit; about; suffice
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at this point to say that an increase In the population of the area or a change

in tastes and preferences favoring the product of the activity in question would

be sufficient for this postulated change in demand.. Such a chinge Is not to

be thought of as a movement along the demand c'.rie but rather a3 a movement

from one demand curve to another. In Figure 4 this is shown as Dt - the

original demand curve; and, D - the revised demand curve following from
t+ I

the changed circumstances which were postulated. In that figure the new

demand, D1 , exceeds the supply at price P which is still S . Only at the

new price of P1 . would the supply (Si1 equate with demand at price P

However, at the new price of P1 . the amount is Do, which is less than D

Thus the forces described in Figure 3 are the ones which would lead t o UhI

now space-price equilibrium point with price I? . supply S3 . and .demand D"

The accompanying spatial changes in this hypothetical example still

have to be demonstrated. The question to be answered i.• what will be the

effect of a price chanCe on the economic rent gradiee~ts of Figure 2? This

question can be answered by substituting the new. lncreased price--,Ill

other values constant--into the eqmtion which dwicribes econcnlMc rent"

(l=V(p-,)-C'3k). Die new values for econ omic rent which would. r.sult would

le-ad to -i new ran? gratdient line of identicAl slope as biot.a. •ut with an

incre-aed vlevAtion.. rioure S shows the nw rtent orAdlon• (A, I and

illuutrvtos how the new spntial pattern of production evolves by exenslon of

the outer mirgin.

Interdependence of Space-Prtce L• ifi brium Points

The expansion in activity A occurred by decision-makers who to, edly
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produced activity B and who switched to producil.- A. The supply of activity

B at its old price must therefore be reduced. In other words, if activity B

were at a space-price equilibrium~ point before the change In price or A, it

wi'! no longer be In equilibrium after the consequences of this price Increase

have had their effect on the spatial pattern of production. Figure 6 shows

* ~~how the new equilibrium~ point for activity B wMif be found. Under the pre-

vailing equilibrium price for B (P )*the amounts supplied (S )and demanded
0 0

WD are Identical. Following the spatial adjustments shown in Figure 5
0

there is necessarily a new supply curve for activity B; i.e., S t in Figure 6.

The similarity between Figures 4 and 6 should be noted. The process of

rt%4hinq a now equilibrium point is Idozrtlcal even though the cause of the

disturbwai!e postulate. in Figure 4 Is quite different from the cause of the

disturbance in Fiquire 6i. The figure showb, that after the spatial expansion

of activity A. S1 of 9 would be supplied at the previous price of P C whilst

Sprice of P -- higher Wtha P -- wokild still result in.1 til nhe wv pyk-duction of

l4 being consumed. Tho now price 11 would not. how4ovor. be 4n q.1iu

price- since it. would reopsjt in the. old lovel of supply (S being ntiv.ntainod V&CA;

the dom.4nc6 4t tho nme prica would We iniutficient ior that levoi qt production,

Thti equilibrium point wvould We P3 which would bt- bM-wvwn the. ol-d price of

P and P

SpMttal Inhterdependence of Activities

Tis cannot be the end of the atmlyasis fl&- the re-adjustment an. the.

producton ~f filwno an inctreas in dealand for It and ii! (

Increase ini its price wero deducod. on the basis that all other var v'ý.1ýez iouid



-200-

remain constant. But it hais just been shown that one of the effects of the

expansion in production of A would be an Increase in the price of B. An

increase in the price of B leads to an increace in the elevation of its economic

..... ---- rent curve, just as an increase in the price of A had previously led to the

increase in elevation of the rent gradient for A (Figure 5). This increase In

the elwumtion of 8 wouki push back some of the zpatia1 gains made by activity

A. Now the spatial pattern for actlivity A is once again out of step with its

space-price equilibrium and re-adjustments are brought about which once

again will affect the pattern of production of other activities.

In this simplified hypothetical 1morld we have demonstrated the meaning

of space-price equilibrium and also have~ demonstrated why we must regard the

spatial patturn of production as an expression of t-ie simultaneous spatial

solution of all tapct-prito T~qvilibriumi points. in the Ym~l world we m'~ight

expect disturbancos to continually.distott the 1me equilibrium pa-ttern but we

* S -should understand tho naturv of thv spaitial equ!.Ubrium pi'oduction pattern

efor we oxtnn Ofactrofion in more -itita 11.

Spatial I edeedirew '~Wny lc

A wor-ld with only nwmo _-viir t -IC~ vrythwth Sip11ffid world. It

fr. 04SY to see~. thouqh. t." - "hq cotnr'l wnon deivec Iv the 4 itlyi .1, v~ ~

in no %" rot-triCetd to 't iwo--Pfoduct wMiVd. 141 iqUtcŽ I tout 4alants lot

four 4ctiU10 4*x !;ý hi~n with ý i change in 'qovation for

C. Satil eani.oriin his ~ n~~~s u~t.in~-,s iei';llo nitiw

StpkCC 1or bothi activ!ty 21 ý1 nd 'f.' v" t1e seý ph'.Sv of Ow~ re-

a.djustnenvt Pruc-0: both th11*` Art-tip'isJ will icvn~a o ntho eliev~,tot
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of their rent gradient leading to an expansion of the agricultural frontier in

the case of D and a reduction in the space devoted to activity A in the case

of Bo-

The Process of Spatial Re-Adjustment

As we have seen the process of spatial re-adjustment which follows

from only one diaturbance is Intricate. It is a process in which the effects

of changes in one activity pattern affects a second activity pattern in such a

way that the changes induced in it are themselves the causes of further changes

in the first activity. Stated more briefly we may say that it is a process in

which A affects B which in turn aiects A and so on. The successive

adjustments in this cyclical process become smaller and smaller as all

activities apdroach their space-piice equilibrium point. However, this

cycle of causation is almost certainly never completed since before one

disturbance runs its course out, some new one will most likely ha. e entered

the system. Indeed, many disturbances are, by their very nature, continuous

through time and therefore a spatial system in equilibrium is more likely tc be

an exception than a rule.

A Compute ri.,ed Model for Spatially Variable Envi rmen . ts

• 10
in this modkl, the veriŽAbhle- in equation (1) are described as simple

linear t,-end surface functions of change with .espoct to one locaati<)n in th'

case of crop yields, and with respt.ct to ;i linear feature in tho cas-(e of

prcluction costs. Prices vary betweenr markets. The model cnmpu ,es the

values of R for a checkerboard simple of locations and prints a map showing

Whl expected distribution o! activ'tivs;.
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Figure 8 is an-extremely simple case where neither yields nor

production costs nor transport freight rates vary through the map area (see

coding sheet data on Table 1). Yields are different for the different activities

as also are the market prices. -The zonal arrangement of land uses is the

result. In Fig. 9, yields for each activity vary-with distance from the center

of the map and in Fig. 10 the rate of decline in yields is increased. In the

two cases one can observe the progressive disto!rtion of the-zonal pattern of

Fig. 8 resulting from the .nclusion of spatial variability in yields. In Fig.

11, to the data of Fig. 8 is added the locations o! five new markets that

purchase one of the four commodities produced in the area. The degree of

intrusion of these new markets on the previous land use pattern is indicative

of the degree of competition between the activity and other activities that can

be marketed in the two original markets.

Table 2 shows the input data for Figures 12 through 15. Figures

12 and 13 portray an. area without transport costs to market but with yields

of activities varying systematically with distance from the white squares

within the map areas. This simple case produces the "proimal" map with

activity areas as dirichlet regions with reference to the locations of highest

yield. In Figure 13, the rate of decline In yields is greater per unit distance

for activities one and four (see legend In Table 2). In Figure 14 transportation

costs are introduced to the two markets and in Figure 15 production costs are

varied with distance from the river. The similarity of land use patterns of

these two figures despite the obviously different causes involved, may be seen

as a warning oL the dangers of inferring causes directly from land use patterns.

gza -.
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Table 2: Input Data for Figures 12 tirough 15

FIGURE 12

Nlarket Prices Activities
Markets 1 2 3 4

1 .... 100.00 100.00 100.00 100.00

Froduction Costs
At the River 50.00 50.00 50500 50.00
Rate of Change from River 0.00 0.00 0.03 0,00

Transport Rate Functions
Initial Cost 0.00 0.00 0.00 0.00
Transport Rate 0.00 0.00 0.00 0.00

Activity Yield
Optim. Loc. 120.00 120,00 120.00 120.00
Gradient foz Yield Decline 0.10 0.10 0.10 0.10

FiGURE 13

"larket Prices Activities
Markets 1 2 3 4
1 .... 100.00 1004000 0.0.O0 100.00

Production Costs
At the River 50.00 50.00 50.00 50.U0
Rate of Change from RIver 0.00 0.00 0.00 0.00

Transport Rate Functions
Initial Cost 0.00 0.00 0.00 0.00
Transport Rate U.O 0 .00 O.0.0

Activity Yield
Optim. Loc. 130.00 120.00 120.00 150.00
Gradient Lor Yield Decline 0.30 U.i 0.10 0.30

Act vi ties
1 2 S 4

tttttt i/--/f
tttttt ///f - .

• .. .. .tttt, II I ; --
.tttttt III

,. tttttt I/IIII.

ahere •** Appoars. on N'apo All Activitie:s aave aegative Hlent

A"i • .- _ _:-.• -_-o .. .. ::.. . ._: .... ••.... .. : -. ..= .' .. .. : .. : •-v .:, ... ".. .•.: , .... .. . •:L!• -,= •::-



contd. Table 2 208

V Table 2: Input Data for Figuresl2 through 15

FIGURE 14

Market Prices Activities
Markets 1 2 3 4

1 .. o, 100.00 100.00 100.00 100.00
2 .... 100.00 100.00 100.00 100.00

Production Costs
At the River 50.00 50.00 50.00 50.00
Rate of Change from River 0.00 0.00 0.00 0100

Transport Rate Functions
Initial Cost 5.00 5.00 5.00 5.00
Transport Rate 0.10 0.10 0.10 0.10

Activity Yield
Optim. Loc. 130,00 125.00 120.00 115.00
Gradient for Yield Decline 0.10 0.10 0.10 0.10

FIGURE 15

Harket Prices Activities
d1arkets 1 2 3 4
1 *... 100.00 100.00 0I0.00 100.00
2 .... 100.00 100.00 10U.00 10.O00

Production Costs
At twe River 50.00 50.00 50.00 50.O
Kate of Change frow •iver 0.10 0.10 0.10 0.10

Trwtisport X-ate Wnctinu,Initial Cost 5400 5.00 5.OO 5.00

Transport Rate 0.05 0.05 0.05 0.05

Activity field
Optim. Loc. 120.00 120.00 120.00 120,00
Gradieut for Yield ecline O.20 0.20 0.20 0.20

S 2 3 4
*ago**. tttttt ! 11 .• ..- ,.

...... tt•tt !11 •t+

... .. ttttt 4I1 1 +••+-
,,.,. .+ttttt ti !1 " -
...... ttttt++ .I II -

•r * Appeara on t'ap. All A4ttvitLers Aave We•4tiv. '-.it

-¾. -" ' '-::" ." : .:' ' - : ' '• - + t + '; : " ":• •: "• "•'• + • - • ?,'-t • ' •v % :q,3!'. :? S " :,% : '~ ••;''•',: .? , •=]• '+i



Table 3z 1xput Data for Figure 16 thtrougli 19

FIGURE 16

; Market Prices Activities
Markets 1 2 3 4
1 .... 100.00 1UO.00 100.00 100.00
2 .... 100.00 100.00 100,00 100.00

"Production Costs
At the River 50.00 50.00 50.00 50.00Rate of Change from River 0.00 0.00 0.00 0.00

Transport Rate Fwictions
Initial Cost 5.00 5.00 5.00 5.00Transport Rate 0.i0 0.l0 0.10 0.10

Activity Yield-
Optim. Loc. 120,00 1ZU.00 120.00 120.00
Gradient for Yield 0.05 0.10 0.15 0.20

FIGUlR 17

Harket Price3 Activities
i•r~ets 1 2 3
1.00 .... o0u.oo 1O0.uO 100.

P2 ,,. 1u.0,i 100.00 100.00 100.00
Productoa Coats

At tho kiver 50.0U 50.Uu 50.00 50,00Ratu of Qlazge frout River 0,0 0.0 0.00 0..u

Transport t.€ FutjctsLna
- ixiaiLk t'oS '0 StO ý.0J 5.00STra~ort Rtu U.slu U0,1 0.10 0.10

* Actl±vly y.ptc Lou, ----. 12U.Uo 120.O 12U.0uO 120.00
Gradient for- Yield 0.20 001 o10 0

LLC.... tttttt I/

tttttt I/I

.lro ~ p ai .. . t t IIIIII�rAve ttS• .... , t~~~ttttt I / / •.. :

AIr• " - ars oa ýUp. All Activities• Have Neigative *wnt

... , . . .. , .,,-'..•:- •.. .. - • i•" - .L . •t", "IT"•• : • " :•?" ;'" '-,.'..-••' ,.2' L•"•';



contd. Table 3

fTable 3: Input Data for Figures 16 through 19

FIGJRE 18

Market Prices Activities
Markets 1 2 3 4

1 .... 100.00 100.00 100.00 100.00
2 .... 100.00 100.00 100.00 100.00

Production Costs
At the River 50.00 50,00 50.00 50,00
Rate of Change from River 0.00 0.00 0.00 0.00

Transport Rate Functions
Initial Cost 5.00 5.00 5.00 5.00
Transport Rate 0.10 0.10 0.10 0.10

Activity Yield
Optim. Loc. 130.00 125.00 120.00 115.00
Gradient for Yield 0.20 0.15 0.10 0.05

FIGURE 19

Market Prices Activities
Miarkets 1 2 3 4
1 .... 100.00 100.00 100.00 100.00
2 ,,,, 100.00 100.00 100.0C 100.00

Production Costs
At the River 60.00 55,00 50.00 45.00
Rate of Change froa Liver 0.10 0.10 0.10 0.10

Transport Rsue Functious
Initial Cost 5.00 5.00 5.00 5.00
Transport Kate .010 0.05 0.05 0.05

Activity (leid
Optif. Loc. .120,00 120.00 120.00 120.00
Gradient for Yield 0.20 0.20 0.20 0.20

",",,b, tttttt I/I/II

tt~ttt IIII

.'he.e A atttiNt !l/ll-

w1aere e** Appears an ,•ap, AIX Activities thave SegaULve Rat

[-
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Table 4 Input Data for Figures 20 throu& 23

Ni, FIGURE 20

M~arket prices Activities
M~arkets 1 2 3 4

1 ... 100.00 100.000 100.00 100.000
2 .400 100.00 100.00 1WU.00 100.000

Production Costs
At the ktver o6.1• 55.00 50.00 45.00
R"ate of Change from River 0.10 0.10 0.10 0.10

T naport l~ate Functions
Initial Cost 5.00 5.00 5.00 5.00
"Traisport Rate 0.05 0.05 0.05 0.05

Activity Yield
:Optim Loc. 1Z0.0G 120.00 120.00 120.00
Gradient for Yield Wecline 0420 ()20 0.20 0.20

-FIG•RE 21

Mark~et pricesi Activities
S.-rkots 2 2 3 4
1 a-.. 130000 100.00 100100 10.0.00
S2 ... 100.00 100.00 100.00 100.00

Pnw5ucti~m couts
At the L* t ivrtU0,00 551W0 50.00 45.00
-U tao. of Otan, how a ivtr ,05 u0. 10 0.15 0.240

.. " . .. c.•. .....Transport R au Functiai

17U ;Z atWAt~ C U.05 0105 0.05 4.05

vpt~m.LOC LU40 2.0 0.20.u 10o
-ML~ for Utid ikcluw~ .0 4 0420

"1 3 4
.. ttft III l

... ,.. •,t~t IIll/l + +-

• ..... t•.•t .Ill/ll -

t'ft It t

~~ ~ Aopaareon H&aV All ArA iV 00 KAe 409BLk eU~o



contd. Table 4

P Table 4: Laput Uata for Figures 20 through 23

vn~u*; 22

M arket Prices 
Activities 

-"H•rketa 1 2 3 4.1 .... 10000 100,09 100.00 1U0,002 ... 100000 100,00 100.00 100,00Pro4ucw£€o Costs
At the idver 60,00 5.,o 50.00 45,00Rate of (2ange frou RIver 0.05 0,10 0.15 0.20

Transport Rate Functiocs 8Initial Cost 5.00 5.00 5.00 5.UOTranuport xd,•_e 0.05 .00 0.05 0*05

Activity YieldSo~~p:tim. Luc. 12.0 ,20-00j , 2•0.00 12o.00• •-Grýmun. for Yieli aeclin0 0. 2) 0.20 0.20

FIGUA 23

a rktt cesAci-te

19U.00 'Auk).0..

At C14C ýUvgr .WOW. --.. "

i4:. F-, .. -.. 4.::,# .U4 •

~1~t uL 4 ~ ~ ro~ v u e d.01.20

4r ....l'4i :'"J""',-' JY 0.20 ""

•~pe~r -on 
,,ap -~ .Uiite ,aeRgti

.•:• •• t • ,•:•••• . .

, o~ >: .u .

, .; . . , ")

: .; ,~~~~~. 1'. :.. .,..' ::.
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.... .. Table 5: Input Data for Figures 24 through 26b

viGum~ 24

darket Priccs• Activities
Markets 1 2 3 41 *... 100.00 100.00 l0,hCO 100,00

1 .... ls100. 100.00 100.00 :100;00
Production Costs

At the River 50.00 5.00 50.00 0o.0o
Rae of Cawnge fromn River 0.20 0.20 0.20 0.20

Transport Rate Functions
Initial Cost 5.00 5.00 5.00 5.00(
Trausport Rate 0.05 0.05 0.05 0.05

Activity Yield
Upting. Loc. 120.0O 120.00o 120.00 1ý20.00
Gradgent for Yield Oecline 0.10 0.10 0.10 4.O0

noGUIk 25

2 *.. U0.00 lQU.(1Q 1.0.00 0 -. f

of0ui roMer 42 .0U2

% -. .-.

S..... • /Id j-cl- ....

i/Jill
lht Appe4ra oa ILV* All ActLvit~~ isa Aa aatv W
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contd. Table 5

Table .5 : Input Data for Figures 2 4 through 26b

FIGURE 26.-

Market Prices" .. Activities
Markets 1 2 - 3 4

I .1,, 110.00 100.00 90.00 80.00
2 0.. 1IWO,0 100.00 90,00 80.00

Production Costs
At the River 50.00 50.00 50.00 50.00

-.Rate of Change from River 0.00 0.00 0.00 0.00

Transport Rate Functions
.Initial Cost 5.00 5.00 5.00 5.00
Transport Rate 0.1O -. 0.10 0.10 0.10

Activity Yield
Optim, Loc, 120,00 120.00 120.00 120.00
Gradient for Yield Decline 0.10 0.10 0.10 0.10

FIGURE 26b

Market Prices Activities
Markets 1 2 3 4

1 .... 110.00 100.00 90,00 80.00
2 .... 110.00 100.00 90.00 30.00

Production Costs
Sat the Ri.ver 50.00 50.00 50.00 50,00
Rate of Change from River 0.00 0.00 0.00 0.00

Transport Rate Functions
Initial Cost p.30 5.00 5,00 5.00
Tir.Asport Rate 0.10 0.10 0410 0.10

Activity Yield
Optim. oc,. 120,00 120,00 12C.00 120.00
Gradient for Yield Decline U.20 0.20 0,20 0.20

.ttttt Illi U•~~~LGEND .... ti"ti III .f:

. .t.ttttt III

.ttitt I//II-

Whe.c * Appears on Maps All PctivitieR Have legative Rent
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supporting the conclusion that land use patterns are most sensitive to small

spatial changes in relevant environmental characteristics. fn Chapter II we

saw how the early issues of the new journal Economic Geography in the 1920's

published the works of O.E. Baker which emphasized the general principles of

location of agricultural activities. In the above example we see how quantifi-

cation became the vehicle whereby many of these principles became formalized

and made operational with respect to the spatial patterns of relevant variables.

This is a common first step in the quantifying of a theory which previously

has been stated in verbal or graphical terms. A later step is the application

of a model -- which is a quantitratively interpreted form of a theory -- to some

realistic situation. Here the intent is to apply the model to realistic initial

conditions and to deduce the expected consequences. Comparison is then

made between these and reality to determine whether the theory yielded correct

"prodictions".

Comparisons of Derived Patterns with those Observed

Attempts to implement such models as that described above have

tsually floundered on the problem of data collection, data availability, and

data analysis. That Thfinen himself wished to move In this direction is clear

from Johnson's critical analysis of the role of Thf~nen's circles in his work.

Thtlnen envisioned a second, larger state where the diameter
of the cultivated plain would reach from Calabria in the
south to lutland In the north, where height and fertility are
the same, no navigable river exists, and where a railroad
net covers the circular plain uniiormly. Here, climate is
to be the variable. lh¶hnen wrote: "Thus we have the
tableau into which we must enter our data. Nobody,
least of all the author, is ready now to design such a
painting since all data for it are missing. " 1 2
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Though Johnson showed how Thflnen had not intended the illustrations
13

of land use patterns in his hypothetical area to be interpreted literally,1 3

and indeed that errors in the famous diagram had been introduced so that all

activities would appear in the octavo size of the printed edition, the literal

interpretation of von Thflnen's work continues. 1 4

In the illustration described below, the original data from Der Isolierte

Staat has been input to the computer model used in the previous illustra-
16

tions. Employing a single market and uniform transportation rates, a

common point of maximum yield (the market), and the assumption of only one

marketable commodity for each activity, five activities were input to the

model. The activities as they appear in Figure 27 are: 1) rye production by

the improved system, 2) rye production by the three field system, 3) forestry,

4) vegetable-potato production, and 5) butter production. Conceptual and

perceptual difficultius encountered in detailing each of the activities will be

presented below.

The inner-most ring was forced to be present by establishing high

yield and a high gradient for yield decline, (see Table 6). This measure

was necessary because the inner ring is determined by the combination of

manure hauling rates and prices, vegetable yields, prices and costs, as well

as being closely determined by the perishability of the goods. It was not

possible to derive a single price, yikld, or production cost from the data

presented in the book. This Li m) of the many cases encountered in which

the popular misconception of the output of von Thdnen's work being a few

distinct concentric rings was seen to be a great over-simpiification. It

* .4.
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Table 6: Data Input for Programmed von Thlinen Model
(Fig. 27)

"Market Prices Activities

Markets 1 2 3 4 5
1 .... 36.00 36.00 15.50 40.00 245.00

Production Costs
At the River 13.70 11,75 1.04 2.00 51.00
Rate of Change from River 0.0 0.0 0.0 0.0 0.0

Transport Rate Functions
Initial Cost 1.00 1.00 1.00 1.00 1.00
Transport Rate 0.69 0.69 0.71 5.00 0.83

Activity Yield
Optim. Loc. 132.00 114.00 240.00 300.00 1.00
Gradient for Yield Decline 0.0 0.0 0.0 70.00 -0.10

Symbols Used in Activity Map 1 2 3 4 5
Rye Rye Forestry Vog-Potato Butter

...... . .+++++ / . & &
LEGEND .. +++++ &&&&

...... ++++++ &&&&&
S++++... &&&&&

+4-++++ &&&&&

Where * Appears on Map, All Activities Have Negative Rent

i .•• • . .• . ... ,..,.•;:u>••.-• .. •-.. ,--• •; • ... .. •.•, -•,,•, ,•$:••' .•'.,L -. •- .. • ':•v "•'.•''•.•:"- : z.". •--",:..• *" .,•'•.'-,-F•"
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would be hypothetically possible tc, generate a separate ring for each vege-

table, tuber, and dairy product.

17
The data for rye production are taken directly from the book assuming

a market price of 1.5 thalers per bushel, fertility of 8 bushel crops, and the

"ideal" procedure for the two methods of farming. It should again be

stressed that this represents an over-simplification of the pattern deduced

by von Thtinen. In fact, a continuum for rye farming from the pure improved

system to the three field system with numerous possible modifications between

is presented in the original work.

Fcrest production data are also taken directly from the text with the

provision stated by von Thfinen that price will be determined by the activities

on either side of the forestry ring.

Butter production was calculated from the data in the text except for

the difficulty presented due to the fact that the activity is functionally

related to on-the-farm rye price. When rye is worth too little to ship to

market, it is fed to caittle thereby raising butter yield. In order to simulate

this tincrease in production outward from the center, a negative gradient of

decline was assumed, (equivalent to an incrcase in yield with distance from

the market). The calibration of this gradient was achieved through trial and

error,

This illustration shows how the computer has rovolutionized spatial

analysis. Related to the actual datit usvd by the nineteenth century

originator of location theory, the example. shows how contemporary quantita-

tive geography is released from the dnrdgery of repetitive computation for
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new locations in which, though the formulas developed remain unchanged,

the values of the variables often vary in a cr ,ricious manner through earth

space so that no simple spatial functional form for the activity pattern can

be deduced. In this sense, each epatial pattern is unique as a mcrphological

pattern. Only when the spatial pattern Is regarded as the outcome of a

decision-making process applied to the vlues of the variables, Is generality

achieved. In such circumstances, ai.,. .ysts of spatial form not unexpectedly,

find difficulty in identifying spatial i'morphological) generalizations.

A study by Wolpert1 made observations on the farming decisions and

resource availability of a samp!e of Swedish farmers and comnuted the optimum

return that each sample farmer could have achieved by using his resources

differently. The optimum productivity values were determined by means of

a linear programming analysis19 for representative farm situations with inter-

polation of the results to the circumstances of each sample farm. A com-

parison of actual productivity vith optimum prodictivity "revealed that the

average fariemr achievod only two-thirds of the potential productivity which

his resources wo U allow."40 Wof!;-,.'rt concluded that rather than reqarding

men as -ptlmiors, they ahould be reqardd as searching for satisfactory

21outco,,;ow wid., hv arutd. thuy minjht better be called "'ttsficers".

I'urthet study by Wollw,.t imdicated tht togiowil variations existed in the

it mount of knowl,.-dge po03se:-s-d by the simple (arrners and that vat i0bilit, in

poten;it•.•i proJuctlvity tu to vaq.-wrie:; in both climatic anmd economic factors

midiht lead the rvrimple population to diversify their activity even at the risk

of incurring ,smaller profits. flowever, these differences did not appear strong

-. o incu rin .n pp rS -........ .. ___________
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enough to explain the large discrepancy between potential and actual

productivity on the sample farms and this led Wolpert to conclude that:

The concept of the spatial satisficer appears more
descriptively accurate of the behavioral pattern of the
sample population than the normative concept of Economic
Man. The individual is adaptively or intendedly rational
rather than omnisciently rational. 2 2

Wolpert's study was a sophisticated quantitative analysis at the level

of the individual decision-maker. It was influential in a number of respects

in that it focused attention on the applicability to classical geographic

problems of decision-making models developed outside of geography; it

illustrated the utility and power of mathematical programming analysis

within the discipline; it focuscd attention on particular spatial biases in

behavior deviation from model-norms; and it connected spatial biases in the

communication network with variations in behavior patterns. In short,

Wolpert's originality in that work was to combine place specific variables

of the environment with a behavioral. dacision-making process to derive a

spatial configuration. In this respect his work, though widely cited, has

been rarely vmulated in its most fundamental characteristics.

* (~~otnparattive Sulvoy of INL jor octn h'rescirca 1955

Discussion of tho impact of quaintifcation on location theory should

acknowledgn the state of development of location theory in the inid•l9SO's.

The first Impact was undoubtedly the revival of Intorest -= which had not

b "-. gre,-t in the previous two decades -- in thi. tiwories. flowever, after

the raiddle 1950's a strong interest developed in these theories for, as
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discussed elsewhere, (Chapter II) the early quantifiers of this period

frequently emphasized the relationship between quantification of a discipline

and theory development. This interest however, far from being an integrated

approach to theory development, took the form of quite separate approaches.

First however, we will consider the state of those theories in the mid-50's.

The four major location theories can be described in terms of the four elements

of the methodological approach with which this chapter began, (Table 7).

There was an early recognition that these theories would only satisfactorily

relate to real world conditions when the simplifying statements of the first

23three elements were made more realistic. Schaefer's methodological

statement had, however, described a different kind of theory than this

classical theory. The image of the nature of geographical theory that he had

conveyed was of a body of empirically derived spatial generalizations. In-

sofar as these were derived from the classical theory, they originated from

row four of Table 7: that is, from thce theorems of classical theo-y. One

such inductive approach. areal association, has been disc~ussed in ;hapter

I1. As was noted there. some critic1ims of this approach referred to the

fact that the approach was, in most of its applicatit ns. aspatial In the sense

thitt sptial Arrangvinent wa-,' not explicitly studied. This, of course.

related to a second h,�i�wnt of Schaefr•rs m-etiodological apprach which

was that Vroqraphic t'heory should bp i body of empiri.lly testcd gcor•,'i

;-ations relating to spatial arrangement. it is hare that a connection with

cla-,sical location theviy -',as attempted. The connection between these two

quit" different groups ot 'iterature each using quantification--- the older
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Table 7: Characteristics of Classical Location Theories

Central Place Industrial Agricultural Spatial Diffusion
Theory Location Theoiy Location Theory Theory

1. Initial Homogeneous Locations of One market, Distribution of
Conditions plain markets, and raw homogeneous opportunities for

material sites plain, uniform acceptance;
uformtsurfan given; transport sur- uniform trans-

actual transport face, no varia- port surface

system tions in factor
costs

2. Behavioral Entrepreneur: Entrepreneur Farmer will Number of accep-
Postulates will enter system will locate at engage in that tances directly

when threshold point of minimum activity which proportional to
purchasing power total transfer yields highest number of oppor-
exists and will cost for assemb- economic returns tunlties and
leave when this ling raw materials and will transfer inversely related
no longer exists, and distributing in or out of given to expected rate
Consumer: will final product activity accor- of interaction
patronize nearest dingly
center offering
the good i.e.
distance minimi-
_.,_ ation

3. Constrai- f1ieratchical Constant returns Closed local Symmetrical mean
ninc- bundling of to scali and no system prices information field

Conditions goods, (Chris- substitutability known
tGller); no between factors
excess profits. of production

4. Theorems Triangular Orient-ations of Concentric A spatUal pAttein
lattice of production (2ona) simulated by
setvice points centers to r.iw trrangement of Markov chain
with hierarchy 0mteriAl sites land uses process or by
of iwrvices or market 3ites monte-carlo
(Christ•a li-r), techniques
and mixed
grouping



quantitative literature emphasizing mathematical deductive approaches from

behavioral. premises; the ne~wer quantitative literature emphasizing mnathe-

matical Induction from given spatial paten, eylsted only in the opportunity

afforded by the spatial theorems in the older literature to be tested by the

developing methodology of both descriptive ana inferential spatial statistics. 4

-It is this area-, -therefore, that most-of the quantitative literature in the period.

1.955-49.65 is to be found,

-The early location'theories, however, differed in the degree to which

each was conducive to -being tested. bsptlsaitis-Ineed I ssrl

Interesting that the metsr owihteetere received attcntion in the

querntitative literaturv of the decade from 1955 on. appears to correspond with

the degree'to which each was conducive to being tested in this manner.

Thus. agricultural location theory its daevelope-d-by von T.ih~nen produced

Spatial patterns of a cwtitinuous. nature over spa-ce whereas most of the early

daevoooments in Sipatial statistics were concorned with the analysis of

discrete (poin't) patte as4 'Perhaps m~ore~ lundamonwl is tho -faitt that the

spatial theoreals of von Th~lne~n had no relotion to tpky qivat-Wrth Space adu

tliwfre could not be* testod by tidstAtiSt4c "exCePt -in un~usuaI

Sitadarly. Induatrila Location Theoty (ýOet TAWI 7-) could be us-ed to

gonerinto ftpýcted loUcton~l pitfr only thrt'u*. dificult ptocesl; of

qatnetinq and Anal isis. erimpls not extIlmply. o~te f zWt udwtavý

tive emom"eI studies WOere few.' Ukewiso ~iltb t0iflusion Tbeoriy model

calibration and spatial simulations were so tinme consuming that implemeUgt;7 lon



haid to wait for developments in computer analysis. CentI" Place hoyI

contrast, seemed ernutantly suitable a ti the theoreticafl b~asisof'quantitativo

studies of spatial stauicure. Although it was rejectted by some toy its

simpl ifying a ssumptoions a bout. the initialI conditions a nd a bout the form of

2sbehavior in the system, virtually every formn of spatial. analysis use4 in

geography, was applied at some time or another tor.wad the recoqnitlosu of

central place pa~tterns. For a time, such wo~rk beaevrulysynonymous

30with theoretical geography. Thus our conclusioný Is tint rho w*of the

early quantifiers -recoignizod the*- inport4 nc. of butld'Inq ii body of Qt0Ogrflnh.

theory but that in the -early period- gl quant.Ification (19$S-19a3). 0h" work.

completed eitheir negle0cted traditiofiid tfheoryi!n its .uoarch fort- mpIrical

ge-neraltlzathnIS; or it s&A ected those _-SPrCýts of1 100-tion thoory. tha r_'Nrrod

to explicit Spatial'stnuct.wo$ Ifl conditions !iat wccre folt to be comparable to.

4oteorminet whothror si~qniiic.~ct i "A1,rr s *Pt¶tote ihoorin WOwO to bell

in thg wdy4r4s

ThtW 1'r%&wi' _choot)

Thfis scwhor4l 4M vnt~iflr wrre" 'Inwss-t'd 'with vhw- posm~ibty o!_

4~a~n;~e~I±at~6 rdtes edc-'1704ipe Wh Caetotfaubns t~oýSetch to -the

"Aln
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Soluton o loctiona prolemh of economic location theory had

also been founded on the promise that whichever locational pattern was mist

efficient is the one that, shduld exist. Thus algorithms were developed or

mathematical programmingJ techniques applied to a range of problems that

had reilouly bon onndered by classical location theory. 3 o2xape

33
%uhn. and Rudrine developed an efficient algorithm for determining the least

xctl "transfor codt location for constructing an industrial plant titat used

- . -.. Axed proportions of raw materials from various locations and served markets

located aicross someo defined ragion. Elsawhere,, an algordithm was developed

zoir the simu.ltancou-s lmotion of savemal prodt.ct~on sites. Yae4 ue

th s t rtton solution ul !!n'ar pro'tamming to locate schioof boundaries

so as -to adniniize total tiavel dlstancto subject to the constraint that schPOls

-rew, ~p~cltos ani Cqoat. fi used Une-ar pro-

grmming to deterwi*ne which rogm.is shuld- go ou~t o, _rdt..tion sorslocted

qrm t' total detrAnd wvre' to W~ taot 4t itie v~vtrous ri~rk-s Itumi thu mout

ofilciu-nt paoducin4 aros. lWy .u41I TIincy3 c'~vtwwda ps-7rm

30Alut~m of the om~tc~ulitunsbkl o 4 (discwt v4¶r~nti

clvfPter) an~d in so -d.0iig -rowu U*4Lt saek,-PtIC-e ~act~wity OuiltbIUM4 could

Connr -4~ PogtUlawOt~ C"C11s , t l b~roy thal 5z Cie014Vt c~owt-ry to

w~ onuat the d-If'oleat P040405kl1s of var!ous "'ortFOOn Ito O~ituda lot ne

ItonandStoo M11. oo-, tectihtly, Scott -has adjpled dyn*mmc Intete.
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programming to the problem of determinLng an optimal location of facilities

to serve a given population and for the optima! sequencing of the location

decisions. Elsewhere, he has r( dewed the large literature which applies

programming approaches to the location-allocation problem. 3 9 The literature

in this irea continues to expand fast, and give'. the predilection of researchers

to address themselves to specific location problems, this trend is likely to

40continue. :

The Stnactural-Probabillstic School

A second group of quantifiers emphasized the stochastic nature of

most behavioral processes and the Inability of the researcher to trace back

every influence affecting location decisions. Accordingly, reality was seen

as the outcome of a probabilistic process operating over space which could

be callbmted from historical data in tho area Ia question rather like gravity

models had traditionally been calibrated. One of the boldest attempts to

41moded an urban syztem from this approach was the study by ,-orrill in

which dýrc* compoaonts of uranr* growth wure treated conscvutively ovor a

snmal eiroa of Swed"n. Likelihood of Industiial development was seen to

be a (unction of distianc fom ttan.;FportaUi'n routo and of the pre-ex-isttngt'

pattern of I dtrlkliatison. From the historiCal d&ta this compon•mt w'

calibrated. The chancvs for "e develoment of a ponnt as a contr..l pla.e

ws mid a function of accessible popuW1ion acccrding to the clsic logic

of coatral place Utwyr and was calibrated from the histwic da;. T'he

1g9ratsou of people In the area was modei-ld as a gqvity model process

accordg tW cotiventional quantitative migration theory. Ior consLcUtlve

i - - -



.,,.. .

S -232-m.

-. periods these three components were collectively modelled in-the study area

in a monte-cai .o simulation model. The outcome was a sp.ktial pattern that

was similar in. many important respects to the historical data. Although this

ambitious attempt to model the spatial elements of several aspects of a socio-

economic system received many favorable rev!Fk,v-, examples of similar

studies were few. The. difficulties of model validation were present in that

such models provide no unique outcome but rather a range of outcomes consis-

tent with the stochastic nature of the nodels. The statement that reality was

to be regarded as equivalent to one of the outcomes of the model--but not

necessarily the outcome that occurs with the highest probability--left the

researcher without criteria for adjudicating even different versions of the

same model. Criterion for accepting such models was thereiore the weak critericn

of judging whether reality ,;ontained spatial-ordering principles that were not

contained in the model outcome. Several techniques of 3patial statistics

(reviewed in Ch. IV) originated with this problem of identifying significant
42

spatial structural features in any spatial distribution. A further problem

with such models (and many other types too) is that of identifying the degree
43

of meaning variance in the inodels themselves. When the models are

calibrated with empirical data, the values of parameters are often seen to

fluctuate greatly from one study area to another and from one time period ,n

another in the same study a.'ea. With some models, this variability h~s

been studied (see discussion of the gravity moael below), however, in most

of the simulation models of changes in economic or social activity through
44space, such problems were ignored.
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In Chapter II the influence of the gravity model on the work of the

-' early quantifiers in geography was discussed. In this later period some

work continued. An excellcaL review of the relationship between distance

45
interaction and location theory through 1965 is found in the review by Olsson

* .and, specifically with reference tn research in diffusion theory, in the later

'46review-by Brown. Applications of the gravity model to the study of spatial

inter, -. received comparatively little attention in geography although, in

47,.'irketing its practical utility was recognized and it was extensively used.

In geography, however, the concept of distance-decay -- an offspring of the

gravity model -- received attention in relation to more general efforts of

location theory development. Thus distance-decay was central to the early

48work of Harvey who attempted to prove that a distance-decay effect was

operating in the determination of agricultural activity patterns. He showed

that the degree of concentration in hop-growing in his study area in S.E.

England was related to distance from the hearth region of hop-growing, not-

withstanding the fact that all clearly measurable economic and physical

variables that were related to the profitabilJty of this fo!m of enterprise did

not particularly favor concentration in the hearth region. Harvey concluded

that accessibility to the supporting services found in the hearth regiorn

appeared to be the primary explanation of this pattern centered on a point

that could have easily existed elsewhere but w.kh, for a variety of

historical circumstances, happened to be located in mid-Kent.

In industrial location research, distance-decay functions were incor-

porated in the market-oriented study of Harris 4 9 and later in the work of Ray 5 0
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who showed how the location pattern of U.S. industrial subsidiaries in

Canada could be modelled using the principle of a distance-decay rate from,

in each case, the U.S. city with corporate headquarters to the cities of

Canada. In central place studies, interaction models were used to predict
5±

the spatial form of tributary areas.

An early study, which despite its importance appears to have remained

unnoticed, 52 apart from a largely irrelevant criticism53 investigated the

systematic variation in the exponent parameter values of distance in the

gravity model. This problem of parameter invariance was raised again much

54 55
later by Marble and Nystuen and by Morrill and Pitts. Both studies

concluded that, when other things are equal, the greater the density of

opportunities for interaction, the greater the distance exponent in the gravity

model after calibration with empirical data. The best fitting statistical

curve for the normalized distance-decay rates received much attention for a

time before it was recognized that no one functional form consistently fitted
56

best empirical data. In other words, researchers reconciled themselves

to the notion that with gravity models meaning variance was high due to

57
parameter instability. This evidence led to the suggestion that spatial

interaction might be more appropriately modelled by viewing spatial choice as

the result of the application of a personalized space preference structure

to a unique set of spatial alternatives, resulting in choice of the alternative
58

with the highest preference. Thus, identical preference structures could

generate spatial choice patterns that would have variable parameter values

59when distanee-decay models were calibrated to them. This observation
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led to the conclusion that the distance exponent on the gravity model may

not be interpreted as a preference index--a "degree of friction of distance"

60
as it is commonly referred to. Further discussion of preference structure

identification is found later in this chapter.

Varying the Behavioral Conditions in Location Theories

Naivety of Current Postulates

There appears to be a tendency in all areas of social science to

periodically question the usefulness of the postulates from which theories

have been built. The most notable example is probably the debate in

economics concerning the usefulness of the postulate of economic man on

61
which so much of micro-economic theory is based. Elsewhl%;,, (Chapter

III), we have discussed the epistemological issues involved in the search

for "realistic" postulates in the construction of geographic theory. Here we

focus on the effects of this argument on efforts to construct theory. The

effect has been to dissipate the efforts of workers in this area in many quit(

different directions. Several such streams of effort are identified below.

The Normative Nature of the Postulates

Some emphasize that most behavioral location theories were never

intended to be descriptively accurate but rather function as normative

theories; prescriptive of what the world would be if people behaved according

to the basic postulbtAs of the theory. Those who are most true to this

approach are no longer interested ir. the appllcatiot, of any theory they might

develop to explain reality but rathei become eng,'tjsed with the problem of

J
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satisfying the optimality conditions they have specified. The emphasis

on scientific rigor and the social engineering approach to social problems that

frequently accompanies their work, draw this group into the pure locational

analysis viewpoint. Some who acknowledge the normative nature of the

postulates argue that they expect reality to approximate the theory. In

Central Place Theory, fo, example, L~sch belonged to the former group and

Christaller the latter group. Explaining that he wished tn develop normative

theory, Ltsch concluded his work with:

"Life consists not only of development in time but of spatial
diversity as well. Space stimulates the creative forces.
And I see in my minds eye an economic science that, more
like architecture than like the history of architecture, creates
rather than describes! ,62

And with respect to explaining reality, he explained that the purpose of his

empirical work was not to test his theory, but to test reality:

"No! Comparison now has to be drawn no longer to test the
theory, but to test reality! Now it must be determined
whether re lity is rational. In any case, this, and not
verification of theory, is the purpose of the following investi-
gations.

"For the lack of confidence in reason it must not choose
reality for its judge .... In a word, it must not become a
science that describes chaos !n'tead of preaching order. ,,63

In contrast, Christaller concluded his book by claiming verification
64

of his theory on empirical grounds.

Rejection of the Postulates

Rejection of the postulates in any theory is followed by a variety of

actions. An extreme case is a relapse into study of the descriptive charac-

terization of individual areas; but, more commonly, alternative postulates
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65

are offered and debate commonly ensues as to whether the alternatives

proposed are superior to those which they are intended to replace. 6 6 A

second strategy in the face of the complexity of behavior is for the

researcher to move the scale of the research to a more aggregative level

and often to apply probabilistic allocation rules for behavior from data at this

level. Much of Morrill's research follows this strategy. 6 7

Restrict Evaluation to the Theorems

To some writers it has been self-evident that viable theories can only

be built upon behavioral premises that correspond with observed behavioral

patterns. Olsson and Gale, for example, in pointing out that traditional

location theories in economic geography are extensions of the theory of the

firm, and that the theory of the firm is built upon the two rationality assump-

tions that firms consistently seek to maximize profits and that they possess

perfect knowledge, concluded that:

"It is only if these assumptions are fulfilled that traditional
spatial theory is valid, and it is only then that it is meaning-
ful to employ It in the co~mputation of optimality and
equilibrium solutions.I

However, M. Friedman, has argued that there is no merit in evalua-

ting the "realism" of azosumptions in a theory independently of the validity

of predictions:

"Truly important and significant hypothesis will be found to
have "assumptions" that are wildly inaccurate descriptive
representations of reality, and, in goneral, the more signifi-
cant the theory, the more unrealistic the assumptions (in this
sense). The reason is simple. A hypothesis is important
if it "explains" much by little, that is, if it abstracts the
common and crucial elements from the i-,ass of complex and
detailed circumstances surrounding the phenomena to be
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explained and permits valid predictions on the basis of them
alone. To be important, therefore, a hypothesis must be
descriptively false in its assumptions; it takes account of,
and accounts for, none of the many other attendant circum-
stances, since its very success shows them to be irrelevant
for the phenomena to be explained."

"To put this point less paradoxically, the relevant question
to ask about the "assumptions" of a theory is not whether
they are descriptively "realistic", for they never are, but
whether they are sufficiently good approximations for the
purpose in hand. And this question can be answered only
by seeing whether the theory works, which means whether
it yields sufficiently accurate predictions." 6 9

Thus, Friedman concludes that criticism of a theory based on a

criticism of the falsity of its assumptions is:

"largely beside the point unless supplemented by evidence
that a hypothesis differing in one or another of these respects
from the theory being criticized yields better predictions for
as wide a range of phenomena." 70

As Cyert and March have pointed out; to Friedman, "The only crucial

test of a theory is its predictive power. 71 While concurring with Friedman's

refusal to discard unrealistic hypotheses, Cyert and Grunberg nevertheless

argue that it is:

'... .legitimate to keep unrtahistic hypotheses only as long
as nothing better is at hand. Such unrealistic hypotheses
should be "retained" in the theoretical structure until a
better hypothesis can be formulated. The situation is considered
to call for a search for a more sat!.sfactory hypothesis. In this
context the fact that the disconfirmed hypothesis yields cortect
predictions for a given class of events must also be considered
as a problem that requires solution." 7 2

They arque further that a more "positive economics" would be one In

which the "empirical laws of economics should be based on propositions of

behavior that can be disconfirmed Independently from the economic
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73
situations."3 Samuelson also took issue with Friedman in saying that:

"The fact that nothing is perfectly accurate should not be an
excuse to relax our standards of scrutiny of the empirical
validity that the propositions of economics do or do not
possess." ......... "If the abstract models contain empirical
falsities, we must Jettison the models, not gloss over their
Inadequacies. "174

The American Economic Association devoted a session to thl issue in its

1962 annual meeting and invited Ernest Nagel to "referee" the argument.

75
Nagel concluded that, while he found Friedman's argument inconclusive,

nevertheless he viewed his conclusion as sound.

Between the two extremes of those who hold that all behavioral

postulates muat be "realistic" and those who profess unconcern about the

accuracy of postulates and who, rather, confine their interest to an evalua-

tion of the predictive utility of a theory, are those who argue that the whole

issue is irrelevant. They would argue that, although all decision-makers

may not behave as postulated in the theory, in the long run only those who

so behaved would survive, and therefore, the theory predicts the behavior

of viable units. 7 6

There are also those who argue that we must start fiom propositions

with which we can deal analytically. They would argue that, even though it

might be desirable to subjtitite other assumptions toi those of conventional

theory, it Is not analytically possible to do so.

Independence of Behavioral Postulates

In a wide range of liLerature th(o point has been made' that behavior

in a spatial system and the spatial distribution of el'mrnts in that system are
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inter-related. That is, spatial behavior varies according to the charac- '

teristics of the spatial system while those characteristics reflect, in part,

the kind of spatial behavior that occurs in the system. Given this inter-

dependence, it became clear that behavioral postulates from which theorems

of spatial structure had been derived might inherently contain at the outset

the deduced properties of the system to be derived. Curry first pointed

out this Implication, though it is questionable whether he successfully

avoided the problem in his work since a distance-decay function was the

allocatin r n cchanism for spatial interaction in the system he deduced, even

though it is wellknown that the parameters of such functions vary with the

characteristics of the spatial system in which they are calibrated. Elsewhere,

we have reviewed other discussions of this issue, and have noted that the

problem of finding behavioral postulates independent of the spatial system

they are intended to generate, is extremely difficult. The conclusion was

that the first step in the direction of finding independent postulates was to

make the distinction between "spatial choice" and "spatial-preference

structure."9 Postulates of spatial behavior that are direct generallzations

of spatial choice patterns, most commonly will not be independent of the

spatial system in which they were observed. However, it was argued that

where spatial choice patterns have) been vi:alyzed to recover the underlying

preference structure which, when applied to the local distribution of spatial

alternatives generated the spatial choice patterns, such a preference

structure is an admissable postulate for the construction of theory. A

later work clarified this point by showing that a hypothetical space-preference

; .... 
.-. . . -
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structure that had been applied to a complex distribution of spatial alternatives

to generate spatial choice patterns, could be successfully recovered from

81
those choice patterns. Since alternative preference structures could

have generated different spatial choice patterns, the distinction between

choice patterns and preference structures in spatial behavior was demon-

strated. However, while a proof that these are different may clarify the

situation, it is no proof of independence. The argument for independence

rests on an intuitive level though some empirical corroboration will be out-

lined below. At the intuitive level is the notion of the impossibility of

conceiving of a person moving from one area to another and making choices

without having general rules (rather than place-specific rules) to guide his

behavior. What are the origins of these rules? We may postulate a trial-

and-error proceJure whereby they are learnt in a given environment. Conse-

quently, like most rules we may expect themi t have a domain circumscribed

by the range of experiences previously encountered. In the sense that this

domain will not include all kinds of environments that may be encountered,

such rules of behavior are not independent of environmental characteristics

and it would be quite inappropriate to apply them to an environment outside of

the ortgigll domain. Thus the apparent contradiction: we z•y that the

preference structure is independent of the environment in uhich it is measured

but that its use is restricted to environments ini a particular dortatn.

Interost should therefore center on the time and place restrictions that delimit

this domain and thus the problem of Independence of behavioral postulates

is not a problem that is resolved by formulating ; set of criteria to be %ised
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to define independence. The problem therefore lies in defining the domain

and in some respects th's becomes a problem that can be solved only with

reference to empirical knowledge. The goal is to discover the laws of human

behavior relating to spatial choice that are neither space nor time specific

and some criteria can be suggested to assist In reaching this goal. The

problem, however, is a measurement one and will be discussed in section

four below. At an empirical level, however, one attempt has been made to

show that spatial choice patterns in two areas (Iowa and Michigan) although

superficially different in terms of aggregate descriptions of behavior, ca-n

nevertheless be shown to have been generated by the same space-preference
82

structures. The inference here is thus that a behavioral postulate

derived from Iowa would be appropriate for developing a theory of urban

activity patterns (based on projected spatial interaction patterns) that would

be applicable to Michigan. In a world-context. of course, a behavioral

postulate applicable to the American mid-west may well prove dependent. in

itu application, to areas similar to the mid-west. Thus the domain of the

spatial-interaction rules of this example appear to be the mid-west and all

such areas. This is not a satisfactory definition. however, for It does

make clear what is meant by the mid-west nor. indeed, what Is meant by 'all

such-areas. The latter may be def ned as area in which people react to the

stimuli, as they are operationally defined In the Preference structure. in the

same way as in the area where the preference struwture vs originally

measured. Furthertzore, such areas must not cor.t,ain stimuli to be evaluated

that are not replicated in the source area.
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An example may ckert•y this -point. -A preference structure for the Iowa

rtral population was used in an attempt to predict the trade area torrttories

of towns in Saskatchewanu However, the attempt proved futile because it

was soon found that hany of the Saskatchewan rural populatin were so

located with reference to survice towns that they were choosing between

towns at certain distances the stmuli) that were.neve seriously considred

in the Iowa context. Although such sized towns .at these distances existe

in Iowa, more satisfactory: alternatives always extsted. (owing to- the greater

density of towns in Iowa)., so that -the Iowa population -never revealed how

they would choose betwveen such. striult. iLpx'esse dwfeently, many of

the Saskatchewan stimuli e•r*e outstde the doutatn of the Iowa spacre

preference w tructurn. The ,robms tson of rouanews••. By hiow much

may the environment change •efore -new ettrulV 4mr encountered, rather

than the Situation wiwere dtfiorent e~witfonmeat simply meanu dtifferent

proportnion of the various stmut li'

To this point In -puM.e.ne Of potulAw, h,.s ci-,•,n sc.. 4.o- with

refervncnv to ,ne~$>w Nf th'e: itcatdcht 'e1~U t the

doducttww systtm; rV-ntamtnw !½ rso4tdUlat~t- Out~~~nt ibotns

thore is 0 **oM ýnvq 411 w4sct lrideevnc ttrgsvrt ~4tw thaI i:5 with

?es-PWt 01 onno 10-~ I4n intr ýIrv wi4th 4espeift to, their r-utwi ConS Is-

~ ~mzst ct'w~tsnt: tww at4cthr ezu*4 o

ca'itb4 rqpl Iny tht* sare ytero.A ctircfa
COM Itlon Is that th, e zkxlo#t be ninne. tt "t.A?¶ Wth
ino o~A~~~in. .1 Glven !r.;ýtert Shoul b4e dennble~c frovr

otes in the 4amtevctr i
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85 86In reviews of Pred's Behavior and Location, both Adams and

87Harvey were critical on this point of the two postulates advanced by Pred

as providing the "Foundations for a Geographic and Dynamic Location Theory."

Pred had postulated that deviation from behavior expected from models of

classical location theory could be explained in terms of Lnter-individual

differences in the amount of information available to a decision-maker and

in his ability to use this information. However. the reviews point wut that

the two postulates are not independent: that, 8 8 "he ability to use information

is a function of its quanUty and quality and vice-versa.

Measurement Proble.ms U.i Constructing Behavioal Postulates

A nmw type of quantification problem follows the decision to construct

lcation theory on a sounder behavioral foundation. Inttrest in behavioral

propositions leads to the formulation of now conceptss and to efforts to define

the-so concepts intan unarmbigot -Ay. ony bne t a

ment of '"slicing bahavloC in Nccnt gogrhical work hwa Illustr4 tod

the confusion that results when bvhaiviord concepts ote tet rigorously

dei 9d -owlnt concerpts. ttquirinq the doevelogmnnr al sopuhci 0, d

zasutemftt approi-ches include: evtrnal im~;e; of 4ro~- anid of .trbue

of area4s: subjective prgefernce atttctufes lot a1to-4s qr4 tot autrt2~gtes of

.w-t; lea4 ng Obovt areas anid the ftw#zatot on 0!e-tv ntc$ioE5 ib*Ai

areas: choice sttateieas acong privditfbts;treatraent of envitron-

m~enialI U.*tCetany f ation Of grOUP atitde nd tg C--tý,=¶4Iner

group differences with respect to Spatin Pte".eflbs. rut each of these.
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problem areas, the task of developing adequate measurement techniques has

barely begun. The most generally useful approach may well prove to be in

the area of multi-dimensional scaling with its versatility in terms of data

input forms and basic characteristics and with the recent developments in the

scaling of inter-individual differences.

The section below reviews the approach of multi-dimensional scaling

and discusses some examples where previously intractable measurement

problems hale been resolved.90 Although a review of applications in

marketino n, -w exists, 9 1 very little discussion of scaling has yet appeared

in the geographical literature.

Multi-dimensional Scaling

Scaling

The fundamental idea of scaling is to produce a range of scores that

have meaning either with respect to each other's values or to some arbitrary

or absolute value, set or accepted by the scale. A scale generally consists

of a system of numbers related by correspondence rules which enable meaning

to be attached to the objects possessing them. For example a number system

is a scale which can be normal, ordinal, inierval or ratio in nature.' The

explication of any number system involves itemizing the correspondence
93

rules which give meaning to each number in the system. Generally, the

scaling problem reduces to one of devising rules for the measurement of a

construct or phenomenon such that the resulting measurements provide an

easily interpretable and admissable transformation into numerical form of the
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to rate objects according to the magnitude of some specific attribute. Specific

examples of these procedures are discussed later.

Recognition that any object may have a number of attributes, and that

different attributes may be used by different individuals in their attempts to

scale the objects in some way, led to the conclusion that any given object

could be regarded as existing in an n-dimensional space, where n represents

the number of perceived or actual attributes. The quantity of each attribute

belonging to an objeci can then be interpreted as a geometrical coordinate

which, when used in conjunction with other qu&ntities (coordinates), allows

one to pinpoint the location of eacn object in the n-dimensional space.

There are, however, some very fundamental and important points to

consider about this geometrical interpretation of the multi-dimensional scaling

process. First let us consider the case where objects are located in an n-

dimensional real Euclidean space. Here each number associated with an

attribute would give the projection of the object on one of the coordinate

axes of the space; in other words it would allow us to determine the distance

of the object from an origin along a given axis. Using basic geometrical

principles, distance between points located in the spaces can consequently

be determined as follows:

[n
djk r1 (Prj _ Prkj

where J, k are any two points in the space
r is an index of the axes
n is the number of orthogonal axes

Pri is the )jection of point j on axis r
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What is even more important however, is that given the distance between all

pairs of points in the space, the projecticns of the points on an arbitrary set

of orthogonal axes of the space, can be determined. In other words, given

interpoint distances, we can recover the number of dimensions in which the

points exist. For any set of interpoint distances there will be a space of

minimum dimensionality in which a satisfactorily large number of the inter-

point distances hold their relationships. One of the aims of the multi-

dimensional scaling is to identify this space of minimum dimensionality and

thus to allow some interpretation of each dimension in terms of stimulus

attributes.

The second critical feature of multi-dimensional scaling is that it is

not necessary to have, as input, metric information on the interpoint distances.

Because subjects are not asked to make decisions with respect to a given

number of attributes, they are free to choose any number of attributes they

desire in order to make a distinction between objects. Thus, instead of

imagining that each stimulus object has a location in a real Euclidean space,

the subject locates each object in a "psychological space". In addition,

subjects locate points in the space merely in terms of being "nearer,"

"greater than," "more similar, " "more preferred," (and so on) to any given

object than it is to others. The aim of multi-dimensional scaling is to take

the data collected with respect to stimulus objects and to recover from it a

spatial configuration of points in an identifiable space of minimum dimen-

sionality.
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Data Requirements and Collection

Coombs 9 7 argues that there are four basic kinds of behavioral data;

preferential choice, single stimulus, stimulus-comparison, and similarities

data.

Assume that we have a sample of individuals aud a collection of

phenomena and that the individuals are asked to state their preferences for

the phenomena. The instructions may be of the following types:

a. "Choose, one out of a set of n phenomena."

b. "Choose k out of a set of n phenomena."

c. "Choose one of the a series of subsets of the n phenomena."

d. "Choose one out of every possible pair of the phenomena."

When sample members perform one or another of the above tasks they state

their preferences for the ,henomena chosen and the type of data collected is

called preferential choice data. With such data we regard individuals and

stimuli as points in a psychological space. A preferential choice of an

individual between two stimuli is interpreted to mean that one stimulus point

is nearer the individual's ideal point than the other stimulus point.

The second type of data that Coombs defines is single stimulus data.

Here we assume that our sample individuals are presented with r set of

homogeneous stimuli (i.e. stimuli from a single population such as political

candidates, supermarkets, etc.), but this time the individual is asked to make

a judgment about each stimulus in turn.

A third type of data arises when we ask individuals to determine an

order relation on pairs of points from the same data set: this is called
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stimulus comparison data and the method of collecting it is generally known

98
as the method of paired comparisons. When the stimulus are not explicitly

identified, but are combined in multi-attribute objects, comparisons of objects

yield the fourth type of data-similarities data.

Of the various types of data available, geographers have experimented

to some extent with each type. The use of paired comparison procedures

for collecting data is becoming somewhat more popular. Examples of such

experiments include asking consumers to select one of a pair of shopping

centers, brands of goods, towns to visit in order to purchase a given good,

or towns which would be selected for purposes of migration. The frequency
99, 100

with which any given pair member is chosen over others is then recorded.

For example, Rushton interpreted the movement of farmers to towns in Iowa

as the outcome of a choice process which could be inferred to be a paired

comparison type procedure. Visits to each place were transformed into dis-

similarities measures first by recording the number of times town type I was

chosen (for a specified shopping trip) over town type j when both I and j

were present in a feasible area then, regarding a proportion of 0.5 as being

maximum perceived similarity, finding the difference between the derived

proportions and maximum perceived similarity:

i.e. dt = -Ppj " 0.5

where dij is a measure of dissimilarity. Here a small value for d11 represented

small dissimilarity between towns, and a large value indicated considerable

dissimilarity. Town types referred to towns in combinations of size classes

and distance classes from the farmers.

J,,
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Approaches to Non-metric Multi-dimensional Scaling

It was previously hypothesized that, implicit in every collection of

proximity measures (such as measures of similarity and dissimilarity) is a

kind of spatial structure. The basic problem of MDS is to uncover this

structure. While it is generally agreed that greater degrees of similarity

infer closer distances (and vice versa), the former are only implied distances

and may not easily be transformed into metric form. However Shepard has

argued that:

"If some monotonic transformation of the proximity measures
could be found that would convert these implicit distances
into explicit distances, then we should be in a position to
recover the spatial structure contained only latently in the
original data. "1 0 1

The various approaches developed by authors such as Coombs,

Torgerson, Shepard, Kruskal, McGee, Guttman-Lingoes, and Young

represent attempts to recover the latent spatial structures contained in
102

proximity-type data.

The relative advantages of the non-metric approach in searching for

latent spatial structure have been summarized by Lingoes and Guttman:

"One of the chief benefits to be derived from constraining
the solution non-metrically, is, of course, that In general
a smaller space is required to reflect order than to reflect
metric. Of greater importance, however, the dimensions
themselves may well aid our understanding of the ,,nderlying
lnterdependencies free of the attenuation that can result
from non-linear relationships. Furthermore, whon some
lawful structure or pattern is present in the data, e.g. , a
simplex, a circumplex, or a radex, a non-metric analysis
will reveal the configuration whereas a metric approach will
obscure the lawfulness. "10 3

t•• •!&.•:: .... • .•..,r.o¢l• • ., "' : •--, °'A .*':: " ' ' ' • :• ""''? " • • •
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The Basic Elements of Non-metric MDS Algorithms

Although there are differences in the variety of non-metric MDS

algorithms currently in use, there are also broad similarities in terms of

their construction. Features common to the majority of the techniques

include:

a) an initial set of input data, frequently generated by a paired

comparisons experiment, within which is comixaned a latent

spatial structure;

b) an initial configuration of interpoint distances which is

manipulated on successive iterations in an attempt to define

a monotone relationship between ditstances measured in the

configuration and the corresponding distances in the original

data;

c) a computing algorithm (a non-metric scaling method) which

incorporates the strategy for achieving convergence of the

data and the configuration;

d) a loss function (or "goodness-of-fit") function which is used

to guide and/or terminate the iterative procedures;

e) subroutines for handling missing data and tied data, and for

determining step size motions within each generated configuration;

f) techniques for estimating the configuration deformation as

the number of dimensions in which the configuration is plotted

are changed.
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A generalized format for a non-metric MDS analysis of complete data
104

has been provided by Lingoes and Roskam.

joint-Space Scaling Solutions

The same principles we have already described can be applied to the

problem of locating m + n points in a space such that the order of the distances

between the two sets of Points corresponds with the original ordered data.

A simple hypothetical example will illustrate the model. Suppose the ranking

of five locational stimuli by four individuals is as shown below:

Hypothetical Ranking of Stimuli by Four Sample Groups

Stimuli Groups
Locational
Types A B C D

1 3 3 1 1

2 1 2 4 5

3 2 1 2 3

4 4 4 3 2

5 5 5 5 4

Geometrical Model: Legend:
1 Stimuli

_ U X Groups

The distances from each of the groups to each of the five stimuli, when

rank ordered for each group, have the same order as in the Table shown above,

(n + m coordinates are sufficient to recovet n x in original data values). The

model also allows generalizations to be made about similarity between groups

as they order the stimuli. For example, distances between the groups in the

model space may be used as a summary of similarity of point of view.
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Interpretations of Scale Dimensions

While the use of MDS has considerable potential for geographic use,

one of the most fundamental problems is that of interpreting the dimensions

in which configurations are mapped. In some cases this particular problem

ceases to exist because the researcher is interested only in the position or

relation of the configuration points with respect to each other (for example

in determining clusters of stimulus points). However, in other cases the

scale value derived from projecting any given point on to an appropriate

dimension of the space is sought after. Under these circumstances the

interpretability problem arises.

The problum of identifying the dimensions of any configuration has

been solved in a number of different ways. For many geographical studies

some information is known about the location of stimulus points in an

objective space prior to the bil.dilng of d configuration. When this type of

information is known constraints can be placed on the number of dimensions

in which the output configuration is produced such that one attempts to

replicate the spatial str,:ti ,, ,:n the oticjirial objective configuration. Thus

in Tobler's use of multl-dimern.ion,,l scaling algorithms ,..s map transformations,

we find that he is able to -)rlrpW cmflquratious in the same way as preselected

f111p 1 rc jections art u mt!tri ,i t -n d to iriltrpriet distanco:s according to distances

11measured on th,"e S projctlon. .l ot S-imilarly In arki n distanice perception

studies the loca tlons of the !olhwnriwi,' t .,inq tnv1 stiaati ed are known prior to

thu beqrnnl'n, !f flith study. , t ' -:iiiiquratotins c.an thoewfore be rotated,

reflected and ir nslnted ,intwl h We po-;itItlomi. re l.t ions in the output configuration
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have the same directional components as in the original data. In both

these cases the problem of identifying the dimensions themselves are

trivial ones.

In cases where the configuration of stimulus points is not known,

then considerable ingenuity has been used in order to interpret dimensions.

For example in one study a large number of personal, social, economic and

attitudinal characteristics were collected for each sample respondent, and

various types of characteristics were collected for the stimulus points.

By investigating the scores of stimulus points and individuals on uni-

dimensional scales of each attribute, the author was able to interpret his

dimensions by choosing those attributes which appeared to be most highly

correlated with the derived scale values. In another study dimensions of

the configuration were interpreted in terms of qualities of the stimulus
106

objects that had been derived from independent sciling analysis. 1Thu;

when the configuration of stimulus points is unknown it appears that the

most appropriate method for dentLifyinq dimen,;inns is to compare the scores

of each stimulus point on each dimnsion with si,, (, prior selection of attribu,

of the stimuli. Those ittributt-, havinri th: highcst coneliition with scale

values then lend themselves to use in interpruting dimensions of the configuria-

tion.

A Worked Example of tho Non-M,:tric Al poi th I

Our discussion to this poent h.is centfreda on tuie objecti,,es bchitnd

multi-dimensional scalling -)ppro,•whf.s and on the q.e-:w lnn of the .'ipproprfatc

S. ..... ... • . . .. , . . ..... . . . . . . • -: -
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criteria for evaluating goodness-of-fit. Several algorithms have been

developed to meet the stated objectives and only recently have any systema-

tic attempts been made to compare the relative performances of the different

algorithms. 1 0 7 In the following discussion we will explain multi-dimen-

sional scaling through the mechanism of a hand-worked example. In so

doing we will apply one of these several scaling algorithms.

The algorithm chosen is that developed by Young and Torgerson1 0 8

and it is applied below to a very simple, hypothetical problem. Later we

will discuss realistic examples.

In this example, the similarities between points with which the

scaling begins are derived from field questionnaire responses. The existence

of a configuration is thus a hypothesis and its true dimensionality is also

unknown at the outset. The similaritle- date with which the example begins

is the result of a paired-comparisons treatment of the towns chosen by a

random sample of Iowa rural households fo; maior grocery expenditures. 1 0 9

Specifically, the data Indicates the absolute value of the difference from

0.5 of the relative freque, - ith which towns at one range of distance and

belonging to a town-size-distance classes are regarded as stimuli, and

since the stimuli can be decomposed into the two component parts of town

size and distance, the purpose of "Kiu scaling approach is to dotermine the

,tlative tradeoff between the two components. Thus, we wish to answer the

question for any and all comparisons: by how nearer or farther should a town

of a given size be in order to be Just preferable to a second town of a given

size at a given distance.



The multi-dimenslonal scaling problem is essentially one of finding

the locations of points in a space of any given number of dimensions such

that an o.dering of the distances between points in this space boot corres-

ponds to an ordering of the points in the original Input data. Thus, lt is

Implied that the researcher possesses knowledgo on the order relations

between a set of points (usually from experimev*al data) and tiit he hypo-

thesizes that these order relations are derived irom a mental configuration

of the points (unknown, of course, to the researcher). The purpose of the
scaling, then, is to construct a conflquration oq points ,rom which m4sure-

ments can be made between points on which the order relation corresponds

to the ider relat'on of the Intertonint distances In the uxperimental daw.

Overa.' Strategy

The problem is solved in a senrir•s o> i,,r oi. ofch ome of wnich

comprises four suwgcs. Wo begqin with fl r4'rid'nni -fk~i~tirf tho six

points in two din, nsions (the iravo~ 8Wn ýtni tho

stratevy for soltution irs to m,,' !4uee osv! riN - of r sN:iCn h

iteraioti stoping whon thiv' indiex TA9fi lo thJvdý 4 ;'v; r4t

Ila's repu.lt-ld In anow th' ýri 11Wl rzLp'!-

previous o0e.

The F'utr Stag,

Step li. ýj otalo mny-~~ ~

configuration are computed frost, thý tfarml;.

d " x ------
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The original similarities are shown in Table 8.

Table 8

ORIGINAL SIMILARITIES

1 0.0 0.430 0.330 0.140 0.400 0.340

2 0.430 0.0 0.500 0.410 0.500 0.470

3 0.330 0.500 0.0 0.370 0.300 0.120

4 0.140 0.410 0.370 0.0 0.500 0.390

5 0.400 0.500 0.300 0.500 0.0 0.500

6 0.340 0.470 0.120 0.390 0.500 0.0

Computing the scale in one dimension the initial (random) configuration

had the coordinates:

Random
Point Coordinates

1 0.626

2 0.940

3 0.493

4 0.713

5 0.497

6 0.907
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where i and j represent any two points in the configuration: xia and xja

represent the projection (coordinate) of points I and j respectively on axis a;

r is the number of axes (dimensions) for which the solution is being computed;

and m is the minkowski constant determining the type of distance metric for

which solution is being determined: e.g. , euclidean distance has the

110
minkowski constant of 2.

Step II. Computation of monotonically transformed dis t ances (disparities):

The purpose of this step is to constrain the distances from the given configura-

tion so that they do not violate the order relation of the original interpoint

distances (in this case, Table 8). This is achieved by ensuring that if one

were to plot the values of this table (y axis) against the monotonically trans-

formed values of Table 9 (x axis), the "curve" joining these points would

never move to the left, but only vertically or to the right. These monotoni-

cally transformed distances are known as "disparities"; they are not distances

from any known configuration but rather, are a monotone sequence of numbers

as "nearly equal" to the distances in the given configuration as is possible

without violating the original order relation of interpoint distances. The

purpose of non-metric multi-dimensional scalinig is, of course, to construct

a configuration of points in any given number of dimensions such that the

Interpoint distances and the monotonice. ly constrained distances (disparities)

are as similar as is possible. 1I 1

The disparities are computed by taking the interpoint distance from

the configuration (Table 9) corresponding to the two most similar points

(smallest distance) in the original data (Table 8) and comparing it with the
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The distances and disparities for this initial configuration are shown below:

Table 9

Initial Distances

1 2 3 4 5 6

1 .314 .133 .087 .129 .281

2 .447 .227 .443 .033

3 .220 .004 .414

4 .216 .194

5 .410

6

Initial Disparities

2 3 4 5 6

1 .199 .160 .160 .199 .199

2 .447 .199 .443 .199

3 .199 .160 .160

4 .216 .199

5 
.410

6
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distance that corresponds with the next two most similar points. If the

first distance is smaller than the second, then the order of the distances

co responds with the order of the original similarities and no transformation

is necessary. However, if the first distance is larger than the second, then

the original order relation of interpoint distances is violated, and since the

disparities must not decrease in value when the similarities increase, the

arithmetic mean of the two distances is substituted for the distances and this

mean becomes the first two disparity values. The interpoint distance from the

configuration corre: nding to the third smallest original similarity ('Table 8)

is then compared with the second disparity (which might be the second

distance or the mean of the first two distances -- as discussed above). If

the third distance is larger than the second disparity, it becomes the third

disparity; otherwise the mean of it and Ehe previous disparity (weighted

mean if the previous disparity was composed of more than one distance) is

computed, and this mean becomes the disparity value for the third distance

and se mnd distaicc (also for t:e first distance if the second disparity was

itself a mean value). In the first iteration of the problem described below,

the disparities will be computed step by step following the procedure outlined

above.

Step Of. Computation of goodness-of-fit (stress): The measure of goodness-

A

of-fit is a measure of how far the disparities (d ) dcpart from the distances
ij

measured from the derived configuration (di). The larger these departures

are, as compared with the distances themselves, the greater the error in

roproducing the order relation oi the originial :-3imilarithes fronm the derived
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configuration, and therefore, the poorer is the fit. One frequently used

112
measure of fit is Kruskal's "stress" value, defined as:

SyA 2(d ij
stress S i 2------------------------(2a)

2

Roskam points out that, while formula (2a) is independent of the scale of d,

it is not independent of the scale of and that in cases where d would

be an interval scale, the more appropriate stress formula is:

stress2 = ___ 2 1-------------- (2b)
2 2 •_(di _d 2

i<

Where d is the mean of the dij.

The smailer the stress, the better the fit. In the example developed below,

stress will be computed from both formulae.

Step IV. Computation of a new (improved) configuration: The greater the

discrepancy between the distances and disparities from any configuration,

the poorer the configuration. Therefore, to improve any given configuration,

each point should be moved so as to reduce the average discrepancy between
114

the distances and the disparities with respect to the other points. If

d > ý, then point i should be moved closer to point j by an amount propor-

tional to the size of the discrepancy. Thus, ceteris paribus, after this

adjustment, the discrepancy dij - d ij should be smaller on the new configura-

tion tha:i on the previous one. However, since for each of n points there are
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n - 1 distances to the other points, there will be n - 1 possible adjustments

for each point. The mean of these possible adjustments is the actual

adjustment that is made. In the worked example that follows, the formulae

115
used are from Young. The displacement of point i with respect to point

j is given by:

c (d. -j ) (X -x )/d---------------------- (3a)
Cija ij ja xia ij

Where di, are distances computed from the previous configuration

are the disparities (monotonically transformed distances) from

the previous configuration

xja and xia are the coordinates of points i and j respectively on

axis a

0 is a constant of proportionality.

The new position of point i on axis a is the coordinate on the previous

configuration plus the means of the correction vectors defined in (3a) above:

nAc=0n -d(dx - x )/d --- (3b)ta •n J i dj iJ (ja a i

Ia 1~ x +d1  i--- I ---------------- (4b)
1
,a ia Ia (4)

Alternative formulae for reaching the same goal are discussed elsewhLere.

In the literature of multi-dimensional scaling, alpha is commonly

referred to as the "step-size parameter". Much discussion there has

centered on the question of modifying the value of alpha as the iterations
117

converge on a solution. In the method of computing revised configurations

used in this example, larger values of alpha would speed up convergence

(that is, lead to a given solution in a small number of iterations) subject,
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however, to the constraint that if alpha becomes too large, we run into the

danger of moving the points in any revised configuration too far. In this

example, for the sake of simplicity, alpha has the value, 1.0.

In computing the disparities, a problem resulting from ties in the

original similarities is encountered. It is solved here using the "primary
118

approach". In this approach an order relation within a tie is determined

from the numerical order of the corresponding distances from the configuration.

This is in contrast to the "secondary approach" in which the distances from

the configuration are first averaged into a block corresponding to any tied

values in the original similarities data. Since the primary approach may

result in disparities that are different for tied values in the original data,

whereas this cannot happen with the secondary approach, the former is known

as the weak monotonicity approach and the latter is known as the semi-weak

monotonicity approach. 1 1 9

After five iterations, the value of stress was .230 and no further

reduction of this value took place during the next twenty-five iterations that

were computed. Substantive interpretation of the resulting configuration is

facilitated by Figure 28 where the scale values are isoplethed for graphical

display of the tradeoffs between the two conflicting stimvli of distance and

town size of consumer movement. From this figure it is apparent that for the

purposes of making grocuzy expenditures towns of less than 1 , 500 population

owe much of the patronage which they receive from the rural popuiation to

their proximity. In a rather regular fashion, the Iowa rural pgpulation sub-

sLitutes stores in sina-l towns at close distances for stores in larger towns
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FIGURE 28

Scale Values after the Fifth Iteration

Interpolated Preference Structure
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ITERATION 1

i-'OINT 1 on AXIS 1

2 (0. 31- 0.20) X (0.94 - 0.63)/0.31 = 0.12

3 (0.13- 0.16) X (0.49. 0.63)/0.13 0.03

4 (0.09- 0.16) X (0.7iA- 0.63)/0.09 -0.07

(0,13 - 0.20) X (0. 5J - 0.63)/0.13 0.07

6 (0.28- 0.20) X (0.91 - 0.63)/0. 28 0.08

0. 94 is mean move (alpha= 1. 00)

POINT 2 on AXIS 1

1 (0.31 -0.20) X (0. 3 -0. 94)/0.31 -0.12

3 (0.45 -0.45) X (0.49- 0. 94)/0. 45 = 0.0

4 (0.23 - 0.20) X (0.71- 0.94)/0 23 = -0.03

5 (0.44 - 0.44) -X (0.71- 0.94)/0.44 L- .0

6 (0.03 - 0.20) X (0.'4 - 0.94)/0.03 0.17

0. 00 is mean move (alpha = 1. 00)

POIN T 3 on AXIS I

I (U.13 - 0. 16 X (0. 6 - 0. 49 ;. 13 0-. 3

Sto. 4-.# U. 45) X (0. 71 -0. -.I/t.45 ti. U

4(U.22 - 0. ;0) X (0.9; - 0. 44 't... 2 2 .

(0.0 - 0.1,U) X (0. 5 - 0. 4'!/. 00 - . I..a

(0. 41 -0. 16) X i0. 9 - 0. 4)/o.41 0.25

12 •i2 s n:•rictn Movu. (a ,hi 1. 00)
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POINT 4 on AXIS I

1 (0.09 - 0. 16) X (0.63- 0. 71)/0. 09 = 0,07

2 (0.23 - 0.20) X (0.94 - 0.71)/0.23 0.03

3 (0. 22 - 0. 20) X (.0. 49- 0. 71)/0. 22 -0.02

(Q.22 -0.22) X (0.71 - 0.71)/0. 22 0.0

6 (0.19 -0.20) X (0.91- 0.71)/0.19 -0.00

0. 01 is mean move (alpha 1. 00)

POINT 5 on AXIS 1

1 (0.13 -0.20) X (0.63 - 0. 50)/0.13 -0.07

2 (0.44 -0.44) X (0.94- 0.50)/0.44 = 0.0

3 (0.03- 0.16) X (0.49- 0.50)/0.00 )0. 16

(0.22- 0.22) X (0.71- 0. 50)/0.22 2 0.0

6 (0.41- 0.41) X (0. 91 - 0.50)/0.41 0. 0

0. 01 is mean move (alpha 1. 00)

POINT 6 on AXIS I

(U. C' - C'. 20) X (U, L3 - U. 'fl/,. .•; - - . ,

(. -U .u) X (W.,I - ,, .i Q ,, -u. 17

S(0.41W -1 0.1 t, (0,.7 0P - 0. Z5, . -0.00

S(0.19) - 0, 20) X (0. 71 -0.. , IN 0.00

•,(0. 411- 0.41.) 'A (0, 50 - . 1),,l•O U. 0.
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CONFIGURATION

1

1 0.663

2 0.944

3 0.508

4 0.725

5 0.511

6 0.824

£1 DISTANCES

1 2 3 4 5 6

1 0.0 0.281 0.155 0.063 0.151 0.161

2 0. 281 0. 0 0. 436 0. 218 0. 432 0. 120

3 0.155 0.436 0.0 0.217 0. 003 0. 316

4 0.063 0.218 0.217 0.0 0.214 0.099

5 0.151 0.432 0. U03 0. 214 0.0 0. 313

6 0.161 0.120 0. 316 0.099 0.313 0.,0
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/IU DIS PARITIES

2 2 3 4 5 6

1 0. 0 0. 026 0. 155 0.127 0. 157 0. 157

2 0. 206 0. 0 0. 349 0.206 0. 349 0.206

3 0. 155 0. 349 0.0 0.157 0.127 0.127

4 0,127 0. 200 0,157 0.0 0. 349 0.157

5 0.157 0. 349 0.127 0.349 0.0 0.349

6 0. i57 0.206 0.127 0.157 0. 349 0.0

IV STRS . 11 S 0. 3497

ITERATION 2

CONFIGURA T"ION

I

0. tA6

* u. .51) 0. 4
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11 DISTA NC ES

2 3 4 5 6

1 0.0 0.249 0. 123 0.075 0,150 0.127

2 0.249 0.0 0.37Z 0.174 0. 399 0. 122

3 0.123 b.372 0.0 0.197 0.027 0. 250

4 0.075 0. 174 0. 197 0.0 0. 224 u. 052

5 0.150 0. 399 0.027 0.22 4 0.0 0.277

6 G. 127 0. 12Z 0.250 0.052 0. 277 0.0

III DISPARITIES

1 2 3 4 5 6

1 0.0 0.186 0.123 0.117 0.150 0.126

2 0 .1. 0.0 0. 318 0.174 C. b 0:o.6

3 0.123 0.318 0.0 0.126 0.117 0.117

4 0.117 0.174 0.124 0.0 0.318 U 126

5 0. 150 0.318 0. 117 3. 318 0.0 0. 31b

S L ............. . . . ... . .. ..... ... .. . . .. . . . ... .. .. .. . . .. .. . .. ..
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ITERATION 5

STRESS - .230

CONFIGURA TION

1

1 0. 681

2 0.873

3 0. 617

4i 0.733

5 0. 5003

6 0.764

II DISTA NC ES

1 2 3 4 5

1 0.0 0. 192 0. 0 4 0.053 0.172 0.083

2 0. 1)2 0.0 0.256 0.1,10 0.365 0.109

3 0. t)64 0. 256 0.0 0. 117 0. 108 0. 147

4 0. J53 0,140 0. 117 0.0 0. 225 0. 031

5 0.172 0. 365 0. 108 0.225 0.0 0.Z56

6 0. 083 0. 109 0. 147 0. 031 0. 256 0.0

Iii DISPA RITI ES

2 3 4 5

1 0.0 0,153 0.086 0.068 0.153 0.0;,6

2 0. 153 0.0 U. 275 0.153 0.275 0.153

3 0.086 0. 275 0.0 0.036 0.086 0.046

4 0, 0;.,6 0, 153 0. 081', 0.0 0. 275 0. 0os

5 0, 153 0,275 0. 066 0.275 0.0 0.275
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at larger distances. The advantage of the results of the scaling procedure

is that, for the first time, we are able to state in an exact fashion the cir-

cumstances in which one town will be more favorable than another for any

and all rural locations.

There is evidence, however, that local minima problems were encoun-

tered in this illustration. The example: started with a random (initial) con-

figuration even though, as discussed in the so,"•!on above, beginning the

non-metric algorithm in such a way increases the likelihood of ending in

local mvinli- tvaps. Professor Lingoes from the University of Michigart.

,nly~e•i this data with MI.NISSA-! and obtained a stress of .119 for the

six points with coordinates (approximately) o.f S, 100, -41, 15, -100 and

-19 respoctivy for the six points.

nehit; ahion ofh o DS Analysis

Tho vre-ty of actual and ix×tontlal appli -ions of MDS 14 large and

rangws over r•'•ny subsots of the •l•tld of gqeraphy. Po.rhaps the 3implem

wyto otirnqe. ip.~s ~tro divlde xthr-w. ln thosr thi uso s~Umple stct

$tlor fie_ t Which rni it |boti

i~~~~~~~~~~1 uJ 'a 1,u U .1 nn Jil S tlrml M U Inr mu o l b Ir e F t m mJ l=llll e i •ill~l lIilI

1niv h~ ive arop multi nbt4ottr)

'Ji(I non-flwtlic input: it .4ib'ft'r ~I"" 'cj
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Map Transformations

Probably one of the most quoted examples of metric input to a MDS

i20
program with simple space output, is Greenberg's "Poadmap'" problem.

The basic data here was the intercity road mileages between all pairs of 1.5

cii:Je3 in hv U.S. thus 105 or 2 intercity distances were taKen from a

road itlas and comprised the metric input data. The data was interpreted as

similatit~es dE.:a by ranking distances from 1 - 105 on the basis of magni-

tude, with the shortest road distance represented by rank 1 and the largest

distance by rank 105. The output consisted of a configqirotion of points in

two dimensions (north-south and east-west). Discrepancies bciween

predic tcd c(onfipjra tiorjs - obtained from a non--metric multi-dimensional

,3caling pr)cgnm - and actual configurations were for the most part small, and

could be accoun0ed for by the simple fact that road distances are frequently

niot the shortcst 'Jistarices between places, but reflect detours ;iround natural

:,,,j rman,, idec barriers. In other words, locations outputed by the program

repreiVrn- "true. oca tions If all road connections between the pairs of cities

we're .tralqhl: lines. The solution here represents a type of map transformation

similar to that which would be achieved if places were located on an elastic

iwip, Joinen, by lines representing actual roadways, then the elastic was

srr,ýtched in c,,ch directJon until all road lines were straightened out.

Note thi! in this example where metric input is used, the fiArst step in

tdp Kruskal alorithinm Is to convert the metric data to non-metrlc (ranked)

form. Thus the,- finol con[lguration of points is obtained fr-m non-metric

•rfoyr';a t1n. 'Tid i s true of all analyses In non-metric multti-ddimensional



-274-

"scaing.-1 However, -whiere the researcher can have confidence in the metric

.4nformatian he begins with, it is often advantageous to resort to a metric
" - out1'21

- multi-dimensional scalng. Tobler has pointed ou that the problem of

• corrstuci:rng map projecti•onsis one In which the final metric is usually

known to -be euclidean and the number of dimensions known .o be two.

Accordingly, he argues that empirictil r.,ap projections might be designed to

produce, from a matrix of empirical distances between poirnts, the "best"

configuration of the points in two dimensions such that the sum of the squares

of -the difference between-the original distances and the resulting configuration

(map) distances are minimized. In other words, instead of beginning with a

definition of properties in the abstract tha-t must be preserved, his procedure

would begin with observed -distances between points in the space and design

a projection. to best replicate these measurementso After he had computed

the 2,080 spherical distances between a set of 65 regularly spaced latitude

and longitude intersections covering the United States, Tobler used metric

multi-dimensional scaling •c, derive the plane map projection coordinates

for the 65 points. Comparing the distances measured from this recovered

configuration with the original spherical distances, he showed that the

distortion values were generally less than two percent. These distortion

values, he concluded, compare favorably with those on Albers' and Lambert's

conical projections with two standard parallels.

In a second example of the use of scaling procedures to construct maps,

Tobler, Mielke, and Detwyler scaled the geobotanical distances between

New- Zealand and some neighboring island using inter-island distancee, inferred
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123
from a model. of the diffusion of plant species. Basically the authors

attempt to examine the degree to which floristic similarities between New I
Zea.land and its neighboring islands (of which there are eleven in all) can be

explained by two geographic factors; (a) the relative position of the islands
-1

and (b) the Ize, of the islands. The critical ques;tion is, what proportion

of the commonali.ty of plant species can be explaitned fully by these two

factors ? T.he nrod,--; they construct attempts to answer this questJon by

using fRori.stic e.?lat.ons to de-fine geobotanical distances which are then

compared stati-3P'Jcally with the islands' relative locations on the surFace of

the ca)t .-. Tn other words they attempt to identify quantitatively tLe .ioristic

relatJonsr of looail:_•. They then use these ,'elations (expressed by the

number ow sper;!e::; c, ,mmon to pairs of islands) together with island size and

assumed Interaction between islands, to draw thei, geobotanical map. The

di,•I:rncer: hetwe,_,:1 i:;!ands on the map are then compared with great circle

4listanc'er; :o give some measure of the model's worth. Both the geobotanical

disl:anes cin,] th- e•-at circle distances are input inmo a multi-dimensional

scalJig prograim (Gutitnn-I.Ingoes SSA-..) and ,output in. a 2--dimensional

Euclidoan space. In this way the authors obtain art empirical map projection

optimized for th.. representation of the data. This projection preserves

positional riati:otu s in ihe lea st squares sense more accurately than any other

p•,:,bl! rap, •,rPVe--c:rr-' The octual. fit. of the rnaps io te Ci s~arcer; ls

approximately .'9%. hi specifying the output configur-itjon In these terms

the authors simplify the Interpretation of the dimensions of each configuration

for the, y reprosen1: iniroly the north, south, east, and we-st dimension common

)
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to any other map projection.

Applications of Scaling Principles in Central Place Theory

The same principle of finding a configuration of points that best

represen. s a set of interpoint distances has been used to solve the problem

of predicting the location of central places in an area of non-uniform population

density. As was illustrated in the first example in this chapter with the

case of agricultural location patterns in areas of variable environmental

characteristics, adapting classical location theory to fit such cases is only

possible by resorting to computer algorithms. Such is the case with this

example.
1 2 4

A system of central places can be construed as a pattern of points

from each of which a group of entrepreneurs serve ; surrounding hinterland.

There are expected to be uniform in population size for any class of center.

Where environmental conditions are uniform, the point patterns of producers

are typically uniform. However, where relevant environmental conditions

are spatially variable, corresponding point patterns become distorted. In

the case of central place patterns, empirical proof that such distortions occur

125
were provided by King who showed that patterns of central places were

most uniform in those areas of the United States where manufacturing

activities were largely absent and where population densities were most uni-

form. More sensitive tests by King126 confirmed the earlier study by

showing that, among randomly selected towns in the U.S., the distance

sepirating a town from its nearest neighbor of the same size or la'ger was

inversely related to local population density. Though these results are
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consistent with central place theory, no satisfactory re-formulation of the

theory had been made to take account of the non-uniform environment in a

formal sense. Rushton proposed a computerized iterative algorithm to solve

127
this program. The algorithm makes successive adjustments to an initial

(uniform) configura*.Lon of points until it derives the best two-dimensional

configuration that satisfies a set of computed expected interpoint distances.

In this respect the algorithm Lelongs to the general class of multi-dimensional

scaling algorithms. It may be regarded as a transformation which maps each

trial point into a new trial point.

The expected distances are estimates of what the distances between

neighboring points would be if the local population density prevailed through-

out the area, the points were located in a triangular lattice, and the natural

tributary areas around each point contained populations that were equal to

threshold demand. After the configuration of points has been adjusted to

reflect thesc distances (by the convergence process described below), revised

estimates of the interpoint distances are computed. it is necessary to

compute revised distance estimates as the iterations proceed since the points

move across the density of demand surface during the iterations. (In this

respect the algorithm appears to be quite different from other multi-dimensional

scaling approaches.) Since the goodness-of-fit measures that are used rely

on the degree to which the distances in the resulting configuration of points

correspond with the estimated interpoint distances, were these not represen-

tative of the local population densities where the points are located at the

close of th-, iterations, such measures cou d not be used to evaluate the
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performance of the algorithm. Iteration proceeds until the distribution of

points is most optimal with respect to the non-uniform population distribution.

Criteria for ensuring that the optimal pattern is reached are discussed below.

Estimating the Number of Service Points

The first step in the algorithm is to estimate the number of points that

will be needed to service the study area. It is assumed that a population

density function over the space of the study area has been defined and that a

given number of people (threshold) are to be serviced from each point. In

this step the total population of the study area is estimated by computing

populat'on density for small units of area and thus the population of those

areas and summing over the study area. Dividing this total by the threshold

size gives the number of points to be distributed. This number of points is

then located in a uniform pattern according to a triangular lattice in which all

interpoint distances are equal (Fig. 29).

Deriving the Estimated Interpoint Distances

The object of the estimated interpoint distances is to express the

expected distanzes between neighboring poits that would leave the points

with a tributary area surrounding them with purchasing power approximately

equal to threshuld demand. These distances can be derived from some of

the elementary properties of hexagonal lattices. These have been reviewed

by Dacey128 who has also stated the relationship between distances between

adjacent centers and the area of the dirichlet regions in such lattices. 129

130He states that.
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On the hexagonal lattice the area, H, of Dirichlet
regions with distance týbetween centers of adjacent
regions is H = t 2 (3/2). - -------------------- (1)

If, for any location, the population density is known, then the area of the

tributary area nee6,d to supply threshold can be computed (assuming that

the population density is constant over the local area surrounding the location

in question). The area required to support the mth good is:

H Ti/( (p, + p )/2) -------------------- (2)
m ij

where p and p are respectively the population densities for locations I and

j for which an estimate of expected interpoint distance is required. Wolden-

berg has pointed out that formula (1) above it incorrect and should be: 131

H 3/2t 2  - - - - - - - - - - -  (3)

and thus

t H. 2 / 3-------------------------(4)

The estimated distances (d* ) between market centers in the area for
i'

which average population density is (P + P )/2 is thus:

II j
d~1 =/Tmi((Pi+ pj)/2) . 2/V• - 5

For a plain non-uniform population density, the lattice of the configuration

of points being constructed is, of course, not hexagonal and therefore

equation (5) does not apply. However, the intent is to construct A •-n .,,•rd

tion of points that is as close to a hexagonal lattice as possible in the local

area--even though over the larger region distortions of the lattice may be

pronouti'ed. ror this reason equation (5' gives the most suitable approxima-

tion to the required distances.



-281-

Calculating Local Population Density (p)

Assume that a continuous function exists for population density over

area g(x,y). For any set of locations in this area, tributary areas may be

defined by thiesson polygons (the classical distance-minimizing postulate),

by geneialized distance-decay functions; or bý space preference functions.

For all tributary areas so defined, both areas and population may be estimated.

Thus p1 and p may be computed for all places. From the computed values of

interpoint distance (d*) the locational coordinates of the towns are derived

from the method described below.

Deriving ihe New Configuration

The role of the d* is that they are target di:-;tances to which , two
lj

dimensional set of points should be fitted. Of the several methods available,

the one proposed is adapted from the literature of multi-dimensional scaling.132

in this di-cussiun the d_ distances are referred Lo as the estimated inter-
ij

* iut distances and the distances computed from thc location cordlnates of

the towns arc referied to -is the configuration distanices (d ij).

At (vich itration each point is mo.,:,d to . now position. The amount

and the direction of the move Is made to depend opon the differences between

the config(jii tion Interp-s.!nt dt . i,' n' ,nd the c•ti:i•,aid interpoint distances

(d4j) th,.t- tNik; .oc:count ot the viriaible population d.,nsity surface.

Goo(th urntion distances are:

d /- --x 2 2.. ----------- (6)

where x1. in- the projectlon ot the ith point on axis a.
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For example, if d is larger than d* then point i is moved toward point J by
ij ij

an amount proportional to the size of the difference--and vice-versa.

Each point will have associated with it six correction vectors, one for each

of the six neighbors. The mean correction vector for any point on any axis

is then added to that point on that axis. When this process is completed

for all points on all axes a new configuration exists.

The correction vector is defined as:

a=(dtj - drj) (Xja - Xa)/d -------------- (7)

where cl is a constant of proportionality, and xia is the projection of point

i on axis a.

The mean correction vector is thus:

k
c1  : (d - d*) (x - )/di - -(8)ii J ~a It j -- -- - - 8

where the J subscripts reeor to each of the k near neighbors of point 1.

The new position of point I on axis a is given by:

1
x = Xa + c - .-------------------- (9)

1
The projections xia describe a new configuration, one that should fi.

more closely the estimated interpoint distances that show the configuration's

adjustment to the non-uniform density surface.

Goodness-of-Fit Criteria

One index of goodness-of-fit is the extent to which the di3tances in tho

new configuration compare with the estimat'ad distances. An index (Sd; can

be constructed that will systematically dectease with each iteratun Itf the

confi-"4-"-4',Z etances f!it morr clos.ly to thp e.stinvsted distarnes.
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n k
S(d d*

Sd 1=l 1=1 --- (10)
k 2

n k d
J=1 i=1

where the j index refers to all n points in the study area and the i index

refers to the k near neighbors of the jth point.

While Sd is a useful index for controlling the iterative process, a

more appropriate final goodness-of-fit criteria is the degree to which the

populations of the tributary areas differ from Cic- specified population norm

(Raw D).

FnP I

where P is the population of the tributary area of the ith polrat afcr the

jth iteration; T is the threshold population norm lot the mth good and n is

the number of tributary areas completely contained in the study areia.

In so far as th,. tributary areais surroundinq pohits on a final conigura-

tion developed In a hetei qeneou s ar'•i deviate, in ,,hap oin the hqagorml

figure. the estimated disttnrce:; bte•.n polntz; will b+, sstmttic)ly under-

estimated since their estinuntlor assmumd a porfect triangular lottice. When

the lattice is diutorted int -tpoint diz 5nr-s h ..e to 4c -.Om.whp, t lar thti

ar-.cted from theory (n o••dr for tho tribut~ry zas to rlfli.e thtAhold

population. this systmiatic biai will yield the trd:-tion.hip (tha catt be

empirically confisms, d):

n
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In view of this bias, the variability of the population sizes of the tributary

areas may be measured directly as:

n
St. Dev. D p ( P) - - - - - - - - - - - - - - (13)

n p tc1

n

Only when the final tributary areas are compact in shape will Raw D -On St.

iPP• 
1Dev. jDP Always Raw jDp St. Dev. jDp In the classic central place

solution (on a uniform plain), both Raw D and Sd will equal zero.
i P d

Though the variability of tributary populations after the final iteration

is a measure of goodness-of-fit, it is nevertheless a raw measure of fit

since it is unrelated to the iLitial population variability for the uniform JUs-

tribution of points. Traditional goodness-of-fit criteria requires a stat 'ment

of the degree to which the initial varianc," is reduced by the employment Q!

the model. Thus the square root of the ratio of the remaining variance -o

original variance may be computed and called normalized D

Normalzed D ------- (14)

IP

In addition to the desire to minimize the variability of the tributairy

population we a|go rich to achieve n..imum picw!icg density of the priiltive

Dirlchlet regions. Decoy has dozined doensty of packtng as: 1 the ratio

of the 4rea of a cirGe ko the area of the polygon in which the circle It

inscribed .... the tossellaton of regular hexagons has the mnximurt ,MckIng

dens ty, the density beirn Ty//12 .9069.... Thue (10921).



Computerized Version of the Algorithm

The five steps described above were prog-raniined for computer solutior-

Tests wore made for four trend surfacc, functions uf increasing degrecs of

complexity. The results- are -iummarized in Table 10 and in 11gs. 29-38. q

On all trials the change in stress value (Fig. 38) sthows a systematic derý e

indicatin, smooth convergence In the adjustments to th-i lfIntr!.i config itio~n

in the direction of the final goal. The results show that the inf-re .jial

complex the trend surface functions an'd the cjrea~tpr the variability of Popula-

tion density in the area, the higher the st~ess values after a. compaxrable

number of iterations. Figure 34, for exanipleo. shows the distribution of

1oNO#Vton density peaking in two areau of the rt,ýip from -7 nigh of ten persons

per unit area to a low of 1. 5. The high stress values shown in rig. 38

(third tri~l) illustrates the difficulty of solving th. piroblein for suich -

complo"X oensity surlace. In alt casos tht populat~oa sires of the 'ribur-.+j

areas are close to the respectivo thr-!sholcl v--Ote; though it .t- ,ted' '.hA

the more dis-torted the tribuary otr~-s (:;ew t-m- -,t ac-kino &nsity)

tho smaller tho pocpulation of tilw ot-i ltlrt'q *o rt

As is commnon w~it hourimi 0 llouda4 Pý Iia -VmIpro

conv-Tr~ence in All ciusaesctnt b rah4 -~e siptecaq

the con"vergenee ~rnocet by fWaill 9thcK 1-0lu ~dtpi- ejsdoa

the Iter~tln 0,11S e arO~t bIng Insj >i

'This ex.)mplo ha-4 r~~ hcnv Avot~i"-i . *,'1

Interest. in i~~iphy. M~-*y %Urh t-xr' 4 wilt T,117bly
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TABU.' 10: SUMMARY RESULTS OF TESTS OF THE MAP TRANSFORMATION AIGORIT-M

I rial Nuaber 1 2 3 4

Function Tested z=a+bx~ 2 z= a F a \ z=a+b Isin xI~b jsin y4
1 b~ ~z=niaxl 1* )2I

I 2 2
1+ (x~b) *(y•c)

1. z=Pop, density
x,y. Cartesian
Coords. shed roof peak cone double-cone .in wave

.2, _,e. of ts. "204 247 4:42 384
3. Number of itera-

tions 15 65 45 47 40
4. Initial stress t

valne .2679 .2679 .1660 .3723 .2082

5. Final stress
value .1126 .0357 .0532 .1651 .0575

Level Cne 'enters:

,. Target 2 Pop. 16o0 1800 3000 2J0<) 4500
7. Mb., Area Pop. 1641 1793 2970 1818 4346
H. Raw Discord

(Rpw D ) 220.4 65.3 186.P 435.67 3;2.0

9. St. -,av. Area
Pop. 153.2 65.1 184.9 396.3 283.4

10. Normal ized
Discord .5985 .8811 .7530 .5181 .7299 .........

11 Mean Packinq I
Density .7129 .7629 .7236 .6393 ... .... ..7342 ..

I-evel iwO Centers:
* 12. Target Pop. 5400 5400 9000 6000 13500

13. Mean Area Pop. 4902 5382 8938 5453 13034

14. Raw Discord 686.7 133.6 538.7 1309.3 ....... 984.7......... .
* 15, St. Dev. Area

POP- 472,5 132.9 535.3 1189.9 868.9
16. Normalized

Discord .5960 .9214 .7587 .5158 .7280
17. Mean Packing

Density, .7077 .7568 .7211 .6404 .7312

'-.. . . .-);
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research strategies in the future. The basic technique used was multi-

dimensional scaling - a technique which we have seen was developed quite

recently by psychologists and adopted by geographers primarily for study of

behavioral problems. A second quantitative thread in the example was the

computer modellikig strategy of working with a distorted point pattern.

Geographers have gradually acquired expertise in such matters primarily by

working with urban forecasting models and with spatial simulations in con-

nection with spatial diffusion studies. Evaluation of the model's goodness-

of-fit clearly applied principles from time-honored techniques in descriptive

statistics and from the recently developed area of spatial statistics. Finally,

the example shows how in solving an old problem in location theory, a model

is developed that has many interesting planning implications.

Perceptual Studies

Perceptual distance is another area of study that appears eminently

suited to analysis by MDS techniques (with simple space output). Two

specific examples consist of the Golledge, Briggs, Demko study of intra-

urban distances134 and Whipple and Niedell's study of Black and White

135Perceptions of Stores in Buffalo (N. Y.).

In the study of intra-urban distances subjects (all located at one
n (n-i)

point) estimated distances for the 2 pairs of locations selected for the

study. The estimates obtained in this way were interpreted as dissimilarities

data and the Kruskal IV MDS program was used to produce a configuration

based or. interpoint distances. Figure 39 shows the configuration of points

derived from the subjects' estimates of location. Since the scale of the
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Stress 1.2%/

Fig. 39: The actual map is compared
THE REAL MAP to the configuration derived from dis-

similarity measures consisting oft aerived canfiguration actual distances between points on
a "Actual tocatlon the real map.

VS

400

0 0:

U

; Fig. 40. Perceived distances to places
•" Subject.

r ,our~u along a mnijor north-south arterial
a• " North of C•mpus Passing through the campus.

•J" So u s o f, c ampus

"C - C _ ..

• Actual distaonce

Souroe: R. G. Golledge, R. Briggs and 1). Oemko, "configurations ofDstnsIn Intra-Urban Space., " Proceeditnms A~s.orlation q! Arn.~a •or~er. Volume1, 196A, pp. 60-65.. .... v.d.
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analysis was quite small, considerable accuracy of distance estimates was

obtained by some sample members. Breaking the whole sample down into

two groups based on length of residence, and the distances into subsets

"toward the CBD" and "away from CBD" revealed some interesting trends

(Fig. 40). For example the newer of the two groups was typified by much

poorer estimation of distances, indicating that lack of familiarity with

locations distorts the estimates of distance to them and can obviously

Influence behavior with respect to these locations. Members of the second

group improved their ability to locate all features accurately. The variance

between the two groups was seen as an indication of different familiarity

levels with the city, with corresponding differences in the rates of forming

travel habits, and differences in the choices of orientation nodes about which

mental Images of the urban area were built up.

The other significant feature derived from this analysis was the

tendency to exaggerate distances toward the C. B. D. This in turn suggests

that increasing congestion (and travel time) tends to increase the perceived

distaitues between places, that the denser packings of land uses around

the C. B. D. makes distances appear longer, and individual places harder to

locate precisely.

Conclusions drawn from this study were that interpoint distances

which are over-estimated probably reduce the likelihood of interaction bet-

ween points. Suggestions were made as to the likely efiect of distorted

distance perceptions orA things such as places chosen to shop, recreate,

and establish residen;;e. It seems reasonable to assume also that further
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studies of this type will throw considerable light on the relationships between
perceptual accuracy and movement, and the effects thac changing configuration

(resulting from information changes) have on urban spatial behavior.

Whipple and Niedell's study of black and white perceptions of various

stores in Buffalo (N.Y.) provide the geographer with an int•Eresting framework

for the analysis of perceptual distances. The authors initially used a

semantic differential scale to obtain a ranking of ten department stores

(based on "favorableness") by black and white respondents. Frequencies of

visit to each store were also collected and again stores were rank ordered

for the whole sample. Individual semantic differential scores were trans-

formed to a "distance" measure using the following formula:

n I
d = x - x.

a=l

where d a=bsolute distance between a pair of stores

x id =semantic score of word pair a for store (i)

x. ' senantic score of word pair a for store (j)

The result was a distance matrix of perceived similarities for the

2 pairs of stores - this constituted the basic input to the MDS

a igori thin.

The resulnt of this analysis were most revealirng:

a) stores that cluster together In the final configuration are more

"competitive" than those that are fAý apArt.

b) black and white perceptions of the favorability of stores varied

so~newhat but overall the perceptions were quite si.milAr.
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c) both samples did not necessarily shop at tha places with the

"most favorable image.

d) further study based on social and economic class differences

showed very little variiption !n the perceived favorability C' stores.

While the study was undertaken in an integrated neighborhood, and

would therefore not exactly mirror variations in perceptions resulting from

locational segregation, the methods and results indicate that perceptual

distances between competitors may be a useful variable in consumer behavior

studies. A modification of this is to find the perceptual distances of stores

from consumers (using Joint space procedures) would probably be even more

useful to the geographer.

A further example of the use of multi-dimensional scaling in the
136

simple space sense is providad by Schwind. Schwind's interest is in

the rigration distances between states in tWe United States. The basic

input data Is dyadic in nature and the algorithm used is the Guttman-Lingoes

smallest space analysis program. Schwind generates interregional dissimi-

l-ritiei, data on the basis of migrant moves and produce3 a configuration of

the states of the United States in which proxtimty relations are transformed

somewhat on the bases of the migration Inputs. Schwind analyzed both

dyadic streains of movement (i.e. the not migration rates between every pair

of states) and dyadic rates of movement (i.e. the ratio of not dyadic to gross

dyadic migration (m NI - NI) where: n. is the dyadic ratio. and M

ii i
k41 represent the directionally oriented flows between any two state- I and 1).



-297-

He concluded that a 3-dineonsional solution o.s most appropriate bDy

examining the Sheperd diagram of the result). Interestingly enough Schwlnd

found dyadic net migration streams to be negatively associated with geographic

distan.e. fie argues on the basis of these re.uits that it is Justifiable to

treat dyadic net streams as similarity data and dyadic net rates as dissim-i-

larity data. The output from his study included: matrices of derived inter-

stAte migration distances in a space of specified dimensionality; the geo-

metric coordinates of each state on each recovered dimension; the distance

,)f each point or state to the origin of the r-dimension space; and graphic

presentation of the position of states in the mingration space.

Sichwlnd's paper is an inZcrestlng oiie for it emphasizes one of the

major proble.os ýnvolved in multi-dlmon3lornl scaling analysis -- the inter-

pretation of dimensions. Upon examining the. geometric coordinates of states

on the recovered direnns-ions, Schwind argued tiz the- coordinates 4id not

soe'm to i-eilect any obvious scaling of stqutes on th, bases o• -income.,

urbanization, climIto a.iod so on. Hie di~d rtot bcvvvver. atlwmpt to ~Qr!Orr%*AtO

the coordinate, vh1h'. witi -nv rc-l4 vIlues derived !or th1 1W pr~at.

explarvtory vwtrib4--s. iie did azl empt to ',ntvrp.W the gwit:;co of dersved

dis~ncu v at~es fro; P~ho origin of the wr inigrto Aqgkln h.tt Intitive

Int~rtatot qstc tat~diL~ceto Ofiginr V-tlui~s sevmed to suiqqea

W-it states known tor high rates of in-rlgration arp close to the cunter of

migrant's ion $;MCC. tnd'stntes known for .•h:•;r of oue, -ration

"'rv far towar3s perlph..Nry of the mt , Mn-'•S percep:4on spa~ce.
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Another application of multi-dimensional scaling analysis, this time

using a Kluskal-type algorithm, is seen In Gould's analysis of space prefe-

rence measures with respect to the residential desirdbility of various states

"137in the United States. Whereas Schwind used net migration rates between

states to give him some Indication of the similarity and dissimilarity of states,

Gould obtained preference orderings of the states from a sample of 25 resi-

dent graduate geography students at Pennsylvania State University. As well

as obtaining this ordered data, Gould also collected Interval-scaled data on

the relative advantages of states. IniWtally Gould considered the point

configuration of Si states In a 2-dimensfonal E-clidean space. The arrange-

ment of points in this space was interpreted as Indicating the similarity of

statca over tix range of subjects, The stress value incidentally was .224 in

Z ditaensions. The scaling devices produce inorestIng clusters of states

with perceived similarI•tles. The ordinal scale produced a more circular

distribution of points and consequently one that was comparatvely, G-asier

to Inta.rpret. Gould suggosted that tho configuration resulting from the intorvat

scaled data might be interpreted as a map of Amorica after it had been trans-

formed into "some highly distoi-ted parce tu~l space. tie argued that it was

rocovniablo as a map because -•tteS occur close together in georaphic

-pace tcnd to be aimilarly perceived In Xorms of residential de•rsability.

Gould then ecmined the problem of ,tethet or not the- Int.rval scale

configuration is simply the ordinal scale configutntion which had been

randornly disturbed. In order to examine this hypoWlhesms he measured the

locaUonal shifts betwem., the interval and ordinal point configurations. collect-,e
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them at a common origin (similar to the collection of migratory movements

for the purpose of estimating a mean information field), and examined the

angles of orientation. His conclusion is that the distribution of angles A

can be considered as having been drawn from a rectangular distribution. He

then regressed an index of social welfare for each state against the per-

ceptual score (scale value) of each state. His conclusions (R 0.61)

indicated that the overall mental map of the group reflects the variation of

relevant welfare measures to a high degree. Continued analysis of this

regrassion provided some interesting comments on the nmajor residual values

in terms of the under-estimation of the images of certain states. rinally,

by finding the configuration of inlividuals in the sample he was able to

check to see wh. t ther or not individuals located close togeth4,r fit his

configuration hoc' similar output conffaitra tions for their preference for states.

Again he found a high degree of corrcspon4ence between the proxihity of

individuirils In the configuration space t imd the conflguration of states in the

state configurntionl sac-r.

oN i the siqnilfcant cc'nciuszontz from thisr- 'tL;dy wits i~li thet ordinal

pnoducrion of uvti~a proviqded i -- pore tetislly Incwial nd clinrer canfigura-

tton Owen did. ttbr amu tt roro-1unlrrval s-c l dmtA.

Thy on 0 SfihlrXq:-bPli$ f t pie tpce output we' can acgain rtusxrn to

the wok of. Tobler. 13 "sng the GuiNnn-Lioqoes swmllest S Ac ilyas.

prnqm Toblit prducMd -i map of prr-Uiritq cities "sed on information

ebb tiwt itOah )milyses of cuneiform tall.Using some of. Cwl -Issrwnptions
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inherent in the wellknown gravity model, Tobler hypothesized that the more

frequently a place was recorded on these tablets the larger would be its size.

Furthermore, the more frequently pairs of cities were mentioned together on the

same tablet the greater the link between them (either in a trade or spatial

sense). Based on these frequency counts he compiled a set of dissimilarity

measures and, using them as input, reproduced a configuration of the towns

themselves. Since the locations of two of the towns were known he was able

to orient his output configurations in terms of latitude and longitude and

to suggest an approximate location (within a radius of about 50 miles) for

the remaining (and hitherto unlocated) places mentioned on the tablets. The

essence of this study is to reproduce an archeological or historico-geographic

map of the location of places based on information inputed from a geographic

model on their proximities. Information derived from the configuration may

possibly then be used to choose among a large variety of alternative locations

for archeological expeditions. Incidentally, a similar experiment attempting

to reconstruct the locations of for.mer pla(.es was conducted by Kendall who

used standardized inter-marriage rates for eight parishes in the Otmoor district

of Oxfordshire, England between 1600 and 1850 as an index of sindlarAty.

Using the Kruskal MD-SCAL program he obtained a very accurate map of

139
Otmoor.

While the above examples by no means exhaust the range of uses for

simple space MD10 in geography they do give some idea of the types of

problems that can be examined and refer to a variety of techalques that can

be used in compiling input data.
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joint Space Output

The use of joint space output appears to have equally as much

potential use in geography as does simple space. The essence of joint

space output is that boLh individuals and stimuli are mapped into the same

dimensional space, In this way one Can bbtain the subject preference

rankings, and at the same time give metric meaning to the distance apart of

individual stimuli. At the same time one can see how close to an individual's

"ideal", any particular stimulus comes.

Inter-urban Migration Choices

One of thie more interesting uses of joint space output can be seen in

the work of Demko and Briggs in their attempts to operationalize the choice

140
behavior of migrants. They argued that inter-urban migration is the out-

come of a choice proco;'s in which perceptions of the favotability of each

alternative destination is a significant factor influencing final choice. Using

a sample of individuals in southeastern Canada, they generated similarities

data concerned with the perceptions of alternative urban places and preferential

choice data concerned with preferences for these places as migrant destinations.

Each individual was assumed to perceive each city as a union of

attribute valuce,. By initially mapping the cities into a perceptual space

(based on similarities criteria) each place wAas given locational and distance

characteristics somewhat different to those it possesses in physical (objective)

space. In other words, places which have similar combinations of perceived

attributes close together in the selected r-dimensional space, even though

they may be far apart in objective space.



The proference model for placssa is derived from a multi-dimensional

unfolding procedure. Individuals rank order places on the basis nf "utility"

or some other criterion of preference, then the unfolding algorithm defines an

ideal point for each individual by unfolding his preferences, and plotting the

location of this ideal point in the same r-dimensional space as the similarities

141data was plotted. Each city then lies a certain distance from each

individual and a one-dimensional ordering of the relations between individuals

,and cities can be compiled. Again additional information can be obtained

from the output by clustering the various locations and interpreting which

places are likely to have similar drawing powers for given migrant groups.

Scaling Space Preference Structures

Rushton has used scaling techniques in an attempt to recover the

nature of the underlying tradeoffs between the various stimuli that affect the

locational choice of towns for consumer expenditures by a sample of rural
142

households. 1 His approach is described in some detail here since It is

both illustrative of the use of the method of paired comparisons in generating

a proximity matrix suitable for scaling by non-metric multi-dimensional

scaling techniques, and because the four computational steps used in deriving

the proximity matrix have been computerized in an integrated computer
143

program. Before describing the four computational stages, however,

a brief rationale for the researcher's interast in dcriving such a scale is

presentAd.

If our interest lies in hoping to predict spatial choice from a set of

alternatives, then we might view observed choices as the outcome of a
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perceptual process whereby individuals compare perceived alternatives with

an ordering function of all conceivable opportunities in order to judge the

most prefeired alternative. Returning to reality, it might then be argued

that a sensitive treatment of the places chosen -- as compared with those

places present, but not chosen, --- might lead to the recovering of the exact

degree of substitution of increases in increments of one variable pertaining

to the places, for increases in a second variable in the places. Only if

such statements can be made -- for all available alternatives -- can we

expect to predict choices from unique groups of available alternatives. The

analogy with indifference curves in economics and preference structures in
144

psychology has been made elsewhere. In all cases the intent of research

is to specify the function that orders all conreivable alternatives open to the

individual. Since this function pertains to the relevant stimuli, the basic

problem is one of scaling the stimuli.

Computing the input matrix: 1. Definition of Stimuli. Stimuli may be

defined at the outset with a sampling or other experimental design arranged

so that subiects ane constrained to make choices from all alternatives; or

subjects might be asked to make choices from objects that are then assigned

to stimulus gioups. In cases where the researcher's prior knowledge of

relevant stimull is weak, the latter design is more appropriate. Rushton

defined sti.,uIll as combinations of distance-separation between people and

places, and functional cumplexity of places (estimated by town population

sizes). When one town was chosen in preference to a second, the genera-

llzdtion was made that the stimuli group to which the first place belonged was
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revealed preferred to the stimuli-group of the second place. The stintul,

groups were called "locational-types". In one analysis, thirty such types

were defined.

2. The basic data matrix. From a random sample (603 respondents) of the

rural population of Iowa in 1960, information was obtained on the places

chosen for expenditures on a number of commodities. Taking the place

chosen for the majority of expenditures for groceries, the following matrix

was assembled:

Table 11

Ba sic Data Matrix (hypothetical)

Locational Type

Household ID 1 2 3 4 5 6 7 .. . 30

1 0 * * * 0 * 1 0
2 0 0 1 0 0 * * *

3 1 * * * 0 0 0 *

4 0 * 1 * 0 0 * 0

n * * * 0 0 1 * 0

Legend: Town in the indicated locational type:
1 patronized
• present, but not patronized

0 not present

3. Computing the interpoint probabilities. A measure of the extent of

preference for one locational type over another is the probability that one type

is chosen over another when both are present and one is chosen. This

probability can ba computed as a relative frequency by manipulation of the

basic data matrix described above.
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4. Computing the interpoint proximities. From this measure of the degree

of preference a measure of perceptual distance between locational types is

required that, at least in an ordinal sense, will indicate closer or further

perceptual distance between all pairs of types, For this purpose we use the

premise of Cattell that equally often noted differences between stimuli are

equal -- unless always or never noticed. Consequently, if one locational

type is as frequently preferred to a second type as that type is to the first --

on the occasions when both are present and one of them is chosen, the

overall perceptual distance between the two types is zero. The perceived

distance between any two types is given by:

d ij =I P jpt -O5

Read, the perceptual distance from location type I to type j is the absolute

value of the difference from 0.5 of the conditional probability that locational

type j is preferred to type I when both are present and one is chosen. It

follows that d = dji. A matrix of such perceptual distances is an approp-

riate input matrix for scaling particularly by non-metric scalng techniques

for the quality of the Information is such that we are confident only of the

rank ordering of the interpoint distances. However, Shepard has shown that

the rank ordering of all Interpoint distances in a matrix Implies the metric

position of the points in a space of unknown dimensionality and that, where

the number oi points is large, (e.g. greater than fifteen), and where the

true dimensionality of the space is small, the freedom of movemont in this

space Is most res,-;ctod I' 'he ranx, order of ihLt-tooint distances between

points In the metric spac,, i,. to correspond with the rank ord4,r in an input
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matrix. Hence, he argues, that metri'. structures are often implicit in

ordinal data. 145

Scaling the locational types. The locational types were scaled by the method

146
of Kruskal and a graph of the scale values for the one-dimensional

solution are shown in Figure 41.

Significance of the recovered scale. The significance of the recovered scale

lies in the fact that, while it was "measured" from observed behavior in a

spatial system of opportunities, we yet have reason to believe that it might

explain spatial choice in a region where the density and arrangement of

spatial opportunities is different.147 Preference scales are fundamental

descriptions of behavior in the sense that they show how all hypothetical

alternatives are evaluated. Since a particular environment is a unique sub-

set of the set of hypothetical alternatives, the preference scale may be used

to evaluate this special case. It is this generality which an appropriately

designed preference scale possesses that leads to its great potential in

solving reser.ch problems.

Intarpersrnal comparisons of scales. Ewing, in still unpublished research,

rias compared tho preference scales of locational types for different social

and economic groups of the Iowa households. 1 4 8  Ho has applied signift-

cai.ce tests to the differences in probability values (see step three above)

in the cells of an !nput matrix and he has also used differences in scao

values for a subset of alternatives to compute the probabilloes of intiaract-ton

with any alteruitive. He found that the greatest difference between

preference structures was between groups of households one of which hMd

Sm"• i''••"~~~~ ~ ~ ~~ ° i'li 'i ,:• •- .... .... ''" 4 .... •: '• ... :.. - ' ,A•,- ....-- :-:•....•.... ..
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Fig. 41: Space' Preference Stiucture for Grocery Purchases:
Iowri 1960



-308-

been shown to patronize the nearest available opportunity while the other

group was composed of households who by-passed the nearest opportunity

149in favor of some other. This result may be contrasted with that of Ermuth

who found no difference between the preference scale of one group of urban

households who claimed (in a test question using the semantic differenttal)

that the distance of a s.:lre was important in their choice, and the scale of a

second group who claimed that distance was not important in their choice.

Temporal comparisons of scales. Several factors lead to temporal changes

in such scales. Changes in how people evaluate alternatives often induced

by changes in the character of the alternatives themselves and in the trans-

portation system that relates them to the alternatives, may lead to changed

preference scales. One study has compared the Iowa preference scale for
150

grocery purchases in 1960 with that of 1935. Major differences were

found in the two scales that can be summarized as an increasing tendency in

1960, for Iowa households to by-pass small towns at close distances for

larger towns further away. Of course, such generalization. has been made

before on the basis of less formal and less quantitative research: but the

precise calibration of the change is not possible unless the scales are com-

puted. The growth or decline of specific towna in this period will depend to

a large degree on their position In relation to the two scales.

Joint-space inalysis of preference scales. A second way of approaching the

question of choice In different enviro)nments is to ask whether spatial choices

for like things In different areas can be regarded as different points of view

from which the two groups evaluate the stimuli (locational types). Beginning
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with a matrix consisting of the sca,3 rankings of the locational types for

three commodities in Iowa and for the same three in Michigan, the six sets

of rAnkings were evaluated to determine wheao eadch was positioned 61 the

joint space with the thirty .t~r,,'1  The two-dimensional joint-space

solution is shown in Figure 42. The stress value which measures the goodness-

of-fit is 0.052. The close proximity in this preference space of five of the

six points representing the groups shows that systematic differences in view-

points of those five groups do not exist, rather the ordering of spatial

alternatives is similar in all five ::ases. The sixth point, describing the

viewpoint of the Michigan group choosing towns for clothing purchases, is

anomalous and deserves further study. Such differences in preference struc-

tures can be attributed to one or both of two sources. They may indicate

that one group evaluates similar stimuli differently; for example the results

above might mean that Iowa households have a greater propensity to p)atronize

small, local towns whereovs their Michigan counterparts might have changed

their formor habits and now prefer to make the longer journey to the bigger

towns. AltQrnt1uivly. the differen preference stnictures milht reflect the

fact thOt sit,'lar-sbe~d towns in Michican and lowii might contain different

imounta ,, typvs of clothlng :.totrz. arnd then the observejI pa-ttern would bt!

a re•fection of tho anbiqity pressent in the stmnogato vawiable "town-size'" as

ii measur noa town cont-nt. I'tirthor r,'sparch -would cl.ar.fy theoe •r•itrpreta-

tionS. nowover. the -.nowm.lotis group .side, the tight czst.1 of .he other

five grou ps in the prrceptu•l spart ina th, .-ccurtcy with which 'he indpprn-

dently computed prcfit-nice strucure,5 could 1w vrcovr','d frv- tht.• joint spicr.
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4 4

Fii. 42: Joint-Space for Consumer Spatial Choices in Michigan
and Iowa.

Legand: 30 unidentified points refer to the 30 locational types.

Points numbered: I - Michigan. clothing
2 - Iowa. clothing

3 M-Hichigan. appliafnce:
4 - Iowa. appliances
5 - Mlchiqýn, groceries
6- -own. groceries

-. . -- V. .
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Is an indication of the consistency of spatial-preference structures for

different trip purposes as well as for choice of towns in different areas.

An Ingenious recent application of joint-space analysis was designed

to shed light on the problem of intei-preting scaled dimensions. In a conven-

tional study of peopie's ranking of U.S. states for oesidential desirability,

Lieber151 added to the m x n matrix of m states and n state viewpoints, I x m

objective measures of the states on variables hypothesized to be related to

residential desirability preferences. He then simultaneously scaled the

m + n + I points in the same space and interpreted inter-point distances

between the state viewpoints and the cbjective criteria as a measure of the

degree to which the state viewpoint corresponded with the various objective

criterta.

Incorporition of pre~feronce sclos in difiusion models. Do Temple has

arnjud tht~ a spncvc-prIference structure Is A trtore app.-priAte prurdictor of

spAUal Interaction rites rt.•n thit more c¢.nn.vnly usod distonce-decay functions.

Since. w! -'rued 1110ve, thv- recrtrJtu-ctt.l is inort st±* tivo- to the

unique dil44ib&,tinn of pxrolo or pla•crz in ,I q1etn corlt. ie u a-d

prtetroncr~e atructutes for tawilS. S'lert -ý Itor diffrent Cnmmoin4ty k u~i1dltUrC-1

-- novilrold torth~ ptt? abiu -illo(t 0-04 n Wfrof In Ordef to 401ale~'

prob~blluti&: of in're~nwith plecs- - ltn Qoo-n) the spreald oll thge '11"Ition,

of a Msfnarint,,ovPwmon. iniv%'rny. disi- raction r~its h~it bn u s85

frfthis M!:poc ; ji p ilitC-4cs the. diffu-soion nnodel is thus,
153

closer to the h1er'Tical mtodelf Ir Z "'Oposed by 153rr n3

n V110, Wretpr'c S tinct-;dte rlWina -1:14 Girt who



-312-

have extended the application of space-preference structures by applying

156Luce's choice axiom, and Briggs in his study of preferences for shopping

centers in Columbus, Ohio.

Incorporation of preference scales in central-place theory. Since central-

place theory describes the theoretical location of business clusters (settle-

ments) resulting from the mutually adaptive behavior patterns of entrepreneurs

and consumers, scales that describe how one of these groups responds to

actions of the other group ought to be tho fundamental postulates of the theory.

But the scales that were used in the classical statements were so simple--

and naive--that they were not commonly recognized as scales. Thus, from

the consumer's point of view, the postulate of Christaller that the consumer

would patronize the closest place offering the required good was essentially

a scaling of relevant altornatives on the distance varlable and postulating

that the alternative with minimum distance scale value would be most

preferred and henco patronized. Doscrtbed in this my. it would seem to be-

na rtunal development for the tb •we tlcinn to question Ohe effect on the dt. ved

p•ttc.-ns of settlements of substi-utimg more rt-o-1-ic Consumlir proereCt

scalo- tot the one by Christillr •nd impliitly aceepted by it searehers

who hvv 'tasted" the theory Mitc. h• "woe ft-r pp-,re4. A lorm4A wel

of central-place theory hs been con!nrmctd It, whh the 4nsumer Pre.!-rxfi

* scale has be e r v4 ri.i, h Ie~ were thst. 4ceut~nq all the z:4hi~r

postul,4t-es. tonstraints. an en4, tie-nxal asvmpttor., of Christallir. the

.;oUpj;ýq Wi %k-lqU' of 9 In F' -Plack hi "rchy W4 no

I nqt a, dewf Wd prgt-1 I the aystirn Suci~h iftngs su'jýýrt
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the thesis that preference scales are an impo&'tant input to location theories

for utullyadapivebehvior patterns are a hallmark of all locationthoi.

Furherevienc o th usfulobs of such preferences in substantive

research is found in other (unpublished) work at The University of Iowa,

Bell has used trend surface equations of the scale values irn a computer

program that estimates tributary popu~atiuns for market centers. From a

close checkerboard samnple of rural locations, the algorithm evaluates sur-

rounding towns and allocates tha area s~urrounding the sample poin! to the

most preferred market center, using the eq~uation for the preference function

for the activity In question. lie Is currently cornparinq the relaitive sizes

of tribut-aryV populations surrounding centers from w'1ch. activities have ieft

in the past decade with centets that have supported the adctivity thi-ough Ohe

decade and centers that have added the actiAty to their business structure

in that Perio4I.

The s-ýNrow; at~tol;u currontiv umhma to intfegritv Ž dltýrotte

!iendjn9.-i*in',-!tX- 0~ri W tn I;h:~~ Ot t14e

*lertr 111%7o' -T. ntly bico'- the tr. fo ii~nt a, on w-;--'h thieory ir. 1b;d

systems, i ncte"?.5ngly being i.,k-ro -n ~i (-"nncef~ tn- obsoo-rea
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This interaction between theorists and empiricists augers well for future

advances in the discipline. As theorists become more aware of this inter-

action, they become more concerned with the problems that the empiricist

encounters in constructing models of the theory and in operationalizing them

with respect to available data. It is in these terms that we understand the

current trend to construct theory for the variegated environment - anisotropic

plain. In all of this endeavor, the modern computer is both a pre-requisite

and, indeed, has functioned as a spur to scholars to think in directions that

pieviously were unthinkable.

As with any "current trend" many "loose-ends" remain. The search

for icceptable behavio)ral foundations is in its infancy and even the basic•

logic in which these foundations will be couched is being actively debated
158

at the present time. Decision - models have been described and the

159
discipline has been ul..ed to endorse several of them. However, at this

noint not one has been effectively operationalized and applied. Presumably

the future will provide these examples and, in this context, the description

of measurement problems contained in this chapter and the associated dis-.

cussion of multi-dimensional scaling will soon be rendered larg2Iy obsolete

as the cutting edge of the discipline advances.

In contrast with the integratlve approach to theory con=truction of the

rlasslc:tl studies, current wcrk has a propensity Lo stay for a long time with

the .inalysiS cf smrall subsystems of reality. The grand models that will

Integrate tI~ese diverse studies have yet to be wrftten end, when they do

appear, they ,.re likely to appear unduly simplified, Frequently this will

• -••,
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result from the undeveloped nature of the data base being used but frequently

too it will result from the complexity of the system being modelled. The

focus of both geographical research and location theory on spatial differences

remains, but the paradox of the quantitative era is that it was ushered in by
160

Schaefer's paper on exceptionalism (see Chapter II) which insisted on

the search for spitial order by the methoc. of contemporary science, and,

without further apparent revolution its contemporary heritage is a viewpoint

that models spatial activity as the operation of complex processes (physical

or human) on "complicated" environments- -thus conceiving of reality as an

ordered flux of unique events. Thin task is great, progress may be slow,

and Wells' dictum rings true: "The forceps of our minds are clumsy forceps

and crush the truth a little in taking hold of it".
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CHAPTER VII

PREDICTIVE MODELS IN GEOGPAPHY

Trae schola-s are often loath -o address themselves to problems and

research which falls under the gener-i rubric of predictive models. In

many in. "-s geographers have dealt with both inductive and deductive

mO: s which are in fact, or could very easily be reformulated into, predictive

models. Yet, most do not clearly- identify that possibility or they fail to

perform the tasks necessary for-tthe transformation. A-conserative view

might be that geographers currently have not completed the research efforts

necessary for valid predictive modeis and thus shy away from such efforts.

An alternative explanation, and perhaps the more correct one, is that the

geographers research very often focuses on establishing narrowly defined

relationships, forming a single element or component of the system, rather than

attempting system-wide models which are more consistent with the need for

predictive models.I

It is the purpose of this chapter to discuss predictive models in geo-

graphy. Several of the models referred to have not been formulated in su.

a manner so as to allow prediction directly but clearly such reformulation iS

possible.

Inputs necessary to the development of valid predictive models

Before identifying specific models in the literature dealing with spatial

phenomenon, it is important to note and discuss those elements which are

necessary for the development of viable predictive models.
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1. Theory

Some would argue that a strong theoretical base is not necessary in

the development of valid predictive models. This argument has been

discussed in the geographic literature, as elsewhere, primarily with respect

to the difference between explanation and prediction.

a. Prediction - Explanation Symmetry

As regards the importance of explanation being a necessary com-

ponent of prediction, two points of view exist. The noted Iowa philosopher,

Bergmann and many of his philosophy of science colleagues would maintain

2that there Is logical symmetry between explanation and prediction. Bergmann

states the logical requirements: (1) a closed system (or control boundary

conditions), (2) a complete set of relevant variables, and (3) a notion of

interaction between them. A recent methodological statement by Golledge

and Amadeo is in general agreement with this view.

Scriven and Hanson suggest that explanation and prediction may be

4
considered as completely independent pursuits. King has suggested in a

recent paper that geographers have been overly concerned with explanation

and as a result have avoided important lines of research since adequate

5
explanatory models were not available. Blalock has presented an interes-

ting idea in arguing that, because of the inherent differences between the

"languages of theory and research", theory cannot be completely relied

6
upon to provide the bases for predictive models: we "think" in terms of

theoretical language that contains notions such as causes, forces, systems

and properties, while we "test" in terms of covariations, operations and
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pointer readings.

b. Modeling and science

A model may be constructed directly from theory in th3 form of a sym-

bolic statement of that theory's relationships. George, in his work on the

use of models in science has called this process of reducing the language of

theory to its basic logic "formalization," while Chorley has labeled it trans-

lat-.on.7 In a more pragmatic statement Kilbridge, et. al, state that "the under-

lying theory... is that set of relationships, stated or implied, which is soon

to prevail between the subject (activity, entity projected) of the model and

the larger environment. "8

Theory may be used as the underlying basis for the modeling process

in several ways. Such has been the case with such concepts as the gravity

principle, that is the concept of systematic distance-decay in the probabilities

of expecting spatial interaction; market analysis, that is, the concept of

market boundaries conforming to the location of equal delivered prices (cost

at site plus fLo.b.); and location theory, s has the concept from central

place theory that entrepreneurs locate so as to command c,3ual-slzed (threshold)

market areas. A specific example of the. use of a theorem as the b.slAs for an

operational heuristic model is Graybeol's simulation model for residential

9
development which matches the supply and demand for housing. A second

example ts Alonzo's model of residential distribution where location of resi-

dential activity was derived through his translation of classical economic

10
theory into a form applicable to a particular spatial context. Finally0.

specific concepts embedded in theoretical formulations may be used as the

................................... S
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basis for developing alternative model formulations. For example, Rushton,

Golledge, and Clark use the basic concept of distance minimizittion by con-

sumers as defined in central place theory and develop a model htsed on notions

concerning a view of consumer behavior more in keeping with deviations

from that concept that are revealed when empirically analyzing such behavior. 11

A second approach to the development of predictive models in geo-

graphy, and in fact the social and behavioral sciences in general, is the

utilization of empirical regularities. Since many of the theories of the social

and behavioral sciences are not sufficiently explicit it is possible in many

instances to attribute alternative theoretical bases to empirically derived
12

relationships. The relationships are causally ordered, usually. in an

ad hoc, eclectic and pragmatic way, often dependent on the value system of

13
the researcher. In some instances an econometric or mathematical tech-

nique may provide the mod(tl structure, sometimes without any regard to

generality or logical continuity between the observed regularity and the solu-

tion methodology, I.e. a linear statistical fwamewowk may be utilized for the

mo-ll when a ma thenvatica I model might bi more appropriate.

A tilrd apprr-ch to the developm o• ef prodictive models severs -ll
14

relationship with theory. 1 'ot instance, thu diroct extrapolation of zi ciirite.

prediction of gt-up meinbership on the basis of discrimhi.,n- i)nalysts. and

many application4 of Marknv chain analysis to specifIc problems omrc r.pte-en-

tit~ve of this class. The main difference between this And the ,revious

npproach is concep;al ra ther 014n optrational.
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2. Operationalization and data

Given that a model builder has accepted or rejected a theoretical base

for his particular problem, and designed a logical framework appropriate to

encompass his objectives, the actual construction of the model must be

undertaken.

In general, three major model elements may be. identified: (1) com-

15
ponents, (2) variables, and (3) relationships. sA component may be defined

as the ent-ty or activity that is to be projected, allocated or manipulated by

the model. For example, in an urban context components may be land use,

transportation, population, and/or economic activity. Given that the

researcher has chosen his observational entities he then must decide upon the

dimensions of the modcl as they relate to comprehensiveness, degree of

agaregatio., dyrznmic,s,, and the tzc;,tmtent of time.

!I the' modeler has chosen a sp-cific theoretical concept, this ftame-

"Work, :my provide fo <•rit cut di.nition of tv mnodel dimensions. However.

in many lnsLncris, thr.s.u decisIoons 'tr1 c•kt-miri-t! brcuse of constn inns from

the da&ni b.-is. In wr. sprcifiai.n of ;1-i.-o ",tail are of three "ypes:" "

(I)z~patI da.-~qseattn {r~ ct ~ point locafions). (21) funictional M:)

,..Ctolr-tp2 of rtivites, oborfVtlonafl cnttios' by

'learly, on, -A the mjrdiel" in the dev.lopmrn't of predictive. models

is theý 1hc6 ofccqac'- with ithese c~atsic for sw-iutll in--Oysis.

A ;r liclavt- nxrouil by r-inf~ntnn t ,u~flly pijrprnts tie ropresont the, out-

f~m-C4Ir~ pceif Ic prorcess, withun qort)v - pecvfied temix-rail dimension. i

ia

-----------
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other words, given the state of the system at time t and some priming action,

it is possible to specify the state of the system at some time t + n. It should

be noted that the time dimension is of extreme significance. The modeler

may chose from a range of choices beginning with comparative statics to real

time monitoring and simulation of the process.

Variables and attributes are descriptors which indicate the status of

the components and may be either exogenous or endogenous. The exogenous

variables may be either controllable, in which case they are called policy

decision variables, or considered uncontrollable, and accepted as given.

Endogenous variables may be divided into output and status variables. This

distinction is somewhat relative in the sense that status variables describe

the state of the system in any moment and in effect may become output variables

at the completion of the model operation.

Model relationships are In simplest term3 linkages between the

variables and usually are represpnted a-7 eauatio," -r -. 'nc, rf onerations

An algorithm or solution method provides the means for producting an output

vector signlfying the state ot the system at th;ý future time period t + n. In

an urban context, L.owry has indicated that models with a tight logical struc-

ture and uncomplicute-d linear functional rel-itionships lend themselves to
16

anralytical and recursive solutions. Predictive models which lack iogical

closure often require an Itrative solution procedure.

Dependi•g upon the tractabiliv/ of th• probler. one of three modeling

methodologies is usually selected. One choice is an econometric predictive

modell requiring an estimate of structural relationships. A problem -4th

..,,-.*f=.-->-.~&:~ .. -f . .-. i
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17
this method is that relevant variables are often highly correlated. A

second solution method is mathematical programming in which the model

18optimizes an objective function subject to a series of constraints. A third

methodology is simulation which in many instances is used when a solution
19

by analytical iterative methods is difficult or intractable. Simulation

methods directly incorporate change, random fluctuation, and probability
20

distributions describing the various events which occur in the system.

3. Testing Models

Models used in geography, as elsewhere, must be calibrated prior to

testing. The variables utilized in the model must be given precise empirical

definition and numerical values must be provided tor the model's parameters.

At this stage, often the modeler must revise and/or reconstruct portions of

the logical model structure to reduce its sensitivity to bad data or to make

better use of what dita is available. 2 1

Obviously, the appropriate test for a predictive model is to utilize

it as intended a:id comitpare the forecasted outcome with reality at a future

point in tu.m,.. Since th,. model is prdrlictive it is cl ear that the data is not

availiblf. for totstinq in ihis.' woy rind thus an _ex.ost facto test is usually

neces.;ý.iry. That is, ta.ko: the sta:ito oz the modele-d systcm at time t - n,

c,illbrat, and apply the model for timnt t -ind compare resulting values to the-

observed value•s. Admittedly, this is an i;4preclse test ft best, but In fact,

the paucity of datdI for past timre periods often precludes even this nninimal

"attempt at testing.

Aitematlvco to tahe periormance test include "sensitivity test.;'" and
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"contingency analysis." While neither test the model's predictive accuracy

22they test the quality of the model's design. As used to test the goodness

of design, sensitivity analysis is applied by varying the values of key para-

meters to assess how responsive the results are to such variation. Contin-

gency analysis, in contrast, requires that the assumptions basic to the

model are varied in order to evaluate outcomes given changes in these basic

conceptual building blocks.

Constraints in the Development of Models in Geography

Predictive models have not been developed to any degree in the geo-

graphic literature and, in fact, are only addressed in a few recent articles.

Geographers appear to be little concerned with the development of predictive

models, reflecting the reluctance of the discipline to approach applied prob-

lems amenable to geographic analyses. Constraints in the development of

models per se in geography are numerous and might help to explain this

situation. Hence, an attempt will be made to isolate several of the major

obstructions to model development.

1. Theory Construction versus Philosophy

If we take the position that the development of theory, although not a

pre-requisite, is nevertheless a substantial aid In constructing predictive models,

geography's failure to develop an expanding body of theory must be considered

one of the major deterrents to model development. Since the turn of the cen-

tury American geographers, in the process of emancipation from European

Influences, devoted a great deal of energy to very titeratebut often fruitless,

dogmatic debates. Semple, in numerous articles between 1897 and 1925,
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detailed influences of geographical environment on man. As a student of

Ratzel's, she defined geography as a study of cause and effect and attempted

to show how individuals are influenced by their natural environment. Davis'

introduction of the term ontography, which ... is meant to inclhde all the

responses of organic forms for their physical environment, with their physio-

logical and individual behavior or in racial habits.... ," furthered the cause of
24

the environmental determinists. Huntington, in his 1923 presidential

address on "Geography and Natural Selection," which was modeled closely

after the evolutionary theories of Darwin and Spencer, emphasized the bio-

logical and cultural selection and survival in the process of expansion and

migrations of cultures. 25

However, lizrvey has reached the general conclusion that determinism

is not a hypothesis in the ordinary sense at all and, in fact, cannot be sub-

jected to direct or indilect empirical testing. As such, it is basically a

working assumption. Thus, Hlarvey s..ates that the maijor methodologies!

dispute in geography over dcterminism arose out of the failure to distinguish

between an IDjJr. model which h,-. no empirical justification ,ind a theory

about te ility. [Isewhere h not, thit vhilf, scintific theory ,ieay be .volved

in two dilferimt w%:ys;, th, theortical d.ductiv. approach ls now JBobt favored

in the sc~ence:; since it recognize s thi, hypothetical. nature of mcirntific

thinking. Nonethel••ss, this approach hao; not beer) prevalent in geography.

Th(! loo)se p., r.-idigm of "was nvironmt liism" sV, s ha ed upon presuinad

analogics in deductive re-isoning between th, physicail ,ind humran domains.

The methodology applied to huma,.n qvoqtraiphy under the b-inner of environmontallsm

-......... .
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was basically a search for situations in which the environment determined

human activities. While the application of very strict cause and effect

principles in physical geography inay be somewhat justified in the sense that

precise physical laws are controlling processes, human geography must be

considered in a different light, given its objectives and focus. The

application of environmentalism in human geography results in a greatly

simplified, rnonocausal and genetic explanation. 2 7

In addition to environmentalism, a thrust of Hartshorne's philosophic

statement, based on the premise of areal unique- ess, did a great deal to Stern

the development of theory. As Harvey indicates, it appears the Hartshornian

orthodoxy progresses from the study of unordered observations or facts through

classification and generalization to the development of gene.!l statements
28

and principles. These, then, may be used to assist in the explanatory

description through the idlographic method of unique areas. Uniqueness in

and of Itself Is not a handicap, for clearly the uniqueness of different areas

Is not 'ebated. However, the search for uniqueness rather than the search

for similarity has been a misdirection and dtterrod geographers from, developing

a more general body of theory.

2., Difficulties of Deiting] with-Switlia 12,•gta

Any geographic research must deal with ither locationa) or areMA data

of swme sort. Locational data are giodetc coordirnates i ,t si-"l1 point on

the earth with respect to some arbitrvirily chosen nftIrence system as wtll as

,iny other form of Informt•ion vwhich can be assoclan.d with that point. Areal

data are those which characterize somep defined region on the 71obe. Writing
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on the geographic v.rdc-ring of inforrmation, Tobler classifies three types of
29

geographic data:

(1) arbitrarily oioded dait- witt a lst of chtaracteristics,

(2) geographic areas with associated information, and

(3) bench nuirk systems.

One of the tnajor difficulties ficing geographic resea~rch is the acqu,-•iron of

dati which is spatially coded. This is parttcuLkrly truse when. attem.-'Utig, to

develop A lokgitudinal sories of satWilly coded data. The geotrapher

attempting to do rPei;ninghuI research usu•lly must put forth considerablo

effort in developfnq -!'l"rqeq(tte spV-tti datA. The nunmbi-r of interesting topic's

that hwbien rtýr.:,d ar ibandoneed. betc;ius', of this dvztrren. soes

* tmtLrt -; on of c t -in * ny S l r ±,

.,..
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which conform to a givan definition and each has a definite location at a

given point In time, Since each item has a uniquely defined location, the

populatian hes a distribution in space consisting of the aggregate of individual

locations. When the eOements become too numerous and it becomes ncon-

ve~ent ••o specify their individual locations, the disti-bution is normally

described in terms of an allocation of the items among areal units.

Considerable mtethodological problems occur when attempting to develop

inferunces about relationships based on aroal data.. In his "classic" paper,

Robinsoto •tegorical ty stat e that such inferences are Rpt justifiable; individual

roelationshIps interred from aroal corelaticons may be seriously biased in

Smagnitude and erroneoos lit directim.

u'cart points ou th t. he prablegi of individ"l (point) versus areal

(cU) eorr•ii1S s1wilar to the probirm of aggregation, in economics

sqtwctw in*cro -and micro studio&. MJcCoy n eY. Al. spoa k inQ a bou t a

pfoidczr oft 'zol& Ot XttoM lovols of mwerl-to i oclude th-at studies

!rtidf:ý at -WW'z s, -24 kh:E-I: {$ws lruple. tawtw-hlps) do not Per0-Mit thvat conchjsaons

bc .i~~~~~~A led~~~t t ho 3 prouA -tvinn a thur ,eeye s d M ot c c l s itit

33

Ttt-- *- C-tg-- i,-d O-d 4a •-o.. au othets co.c••ning the, p"oble M. of

areiliwt,-~~ig~n ~cbegi "mmtv tO ~n~g tidConlfllnwhons to our

u~b~;;a~dn~tltth diUct prttV@ Nh"t'Cd to the .t:Moio

;ntts iý M4v~~ta nifs, 4~~r~~,i n Instmances In 1xiot;

ap~ii~x ~I ~2iSICe~enrhthee *nr tf ticult problt--ms; Vbarsiq e ~t

* ntd tai %Ant m-Ch 61i the orpe' urve
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Forecasting and Predictive Models in Geography

This section focuses on a varlety of research facets in the discipline

of geography. In some cases the models discussed below may have been

developed outside of geography yet are particularly pertinent to the interests

of the discipline. That is, they trea. directly spatial aspects of growth and

change. Also in some cases, the models discussed were not developed

primarily for predictive purposes, but rather to identify certain empirical

relationships which exist. In each case, however, the models discussed

may be reformulated in order to function as predicting nr forecasting models.

1. Diffusion of Innovation

Early research examining diffusion of innovation was characterized

by a strong bias toward an empirical inductive approach emphasizing land-

35
scape development over a considerable period of time. A major focus of

this research was on describing the extent of the diffusion, the item being

diffused, and the landscape, rather than on understanding the specific

processes by which the phenomenon, or acceptance thereof, moves from one

location to another.

The second line of research in the diffusion of innovation characterized

by Wigerstrand's work focuses on the locational aspects of the diffusion of
36

inncvation. This more deductive approach focuses on the generative

processes. The utility of spatial diffusion models as a predictive device

was alluded to by Hfl-gorstrand: "the spatial order in the adoption of inno-

vations Is very often so striking that it is tempting to try to produce theoretical

models which simulate the process and eventually make certain predictions
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achievable.

No attempt will be miade here to outline the structural properties of

either the HItgerstrand or related models. Instead, literature will be cited

to show that only minor reformulation of the scope and the objective of many

diffusion models converts them into predictive models.

While at first glance, diffusion of innovation models would appear to

offer ex post facto predictions alone, this need no' necessarily be so. For

instance, Bowden's studies of the diffusion of irrigation wells in Colorado
38

projects the spatial distribution of we-is up to 1990. Bowden follows

Hdgerstrand's conceptualization and operationalization quite closely. He

calibrates his model with data from the period 1935 to 1963. In testing his

model for that time period Bowden found a close correspondence between the

simulated and observed patterns of diffusion. Encouraged by this tauto-

logical prediction, he then used the model to project the future distribution of

wells and estimate its impact on ground water supplies under alternative

conditions.

In general, geographic efforts following Hlgerstrand's methodology

focus upon the processes, operating in space and time, which generate an

observed distribution of phenomenon. Researchers generaily select a set of

critical variables relevant to the diffusion or location processes, relate

these within a model which imitates the real v.orld process and hence hope

to generate patterns similar to real world patterns. The generated patteir.

are assessed and conmpared. Evaluation usually takes the form of manipula-

ting the values of variables and parametcs used in the structural relationships
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to assess the sensitivity of the generated patterns to such changes.

Application of the location oriented diffusion principles are many and

39
include Bowden, Brown, Pederson, Htgerstrand, Pyle, a-1d Colenitt.

Morrill's varied applications of diffusion analysis to the -pread of urban

blight, the movement location of urban activities at the periphery of the

urban areas, and the exPansion of urban ghettos, particularly the manner in

which predictions can be made of future movements of Negroes in Seattle,

Washington are all indicative of ways ii, which diffusion of innovation work

40
can be converned into forecasting models. A further example is Bylund's

study in Sweden which models the spread of colonization and the frontier

area through the use of spatial diffusion principles. 4 1

42
A somewhat different approach is that of Hudson. Addressing the

problem of predicting interaction in a Christaller-like central place system,

he develops a stochastic model whose parameters are determined by the

number of levels in the hierarchy arid the spacing coefficients of the centers.

The latter approach appears to provie an adequate prediction of the diffusion

of several innovations.

2. ýjration Models

Migration models a ttempt to define relationships between place and

distance variables and migration levels. Thus, migration models, except

in some few cases, may be considered predictive models. In general such

models arc --ilibr,-ted upon the development of a conceptual framework and

migrations are predicted ex post fact, although some exceptions sh, Ad be

noted.
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Classical models developed, in sociology such as those by Stouffer
44

and Zipf rely substantially upon gravity formulations. Zipf gives reasons

why intercity movements for goods and persons between two communities

will be directly proportional to the product of their population and inversely

proportional to the distance separating them. Stouffer proposed an alter-

native conceptual framework based on the premise that: "the number of

persons going a given distance is directly proportional to the number of

opportunities at that distance and inversely proportional to the number of

intervening opportunities. "45

Everett Lee's work, which is a restatement of Ravenstein's "theory,"

contributed a new definition of migration which recognizes the importance

46
of internal migration and spurred further research. Moreover, it empha-

sized that distances are omnipresent but riot omnipotent and it identifies

other factors such as the perception of conditions at both the origin and

destination, and personal sensitivities that are related to migration streams.

Variables such as these are becoming increasingly important in a variety of

models being pursued in the geographic discipline. It should be noted that

geographers in increasing numbers are adding new dimensions to models by

broadening their definition of process to include relationships beyond those
47

of space and time.

Some sociologists have emphasized temporal dimensions, such as

Taueber, while others, Eldridge for example, follow a demographic approach. 4 8

Geographers have consistently attempted to integrate both spatial and

49temporal dimensions. While earlier research into migration emphasized
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the gravity model and other deterministic formulations, more recent studies

focus on the procos-3 of spatial movement, particularly on behavioral aspects

of migration.
5 0

Heide outlines the significance of migration models for population
51

forecasts in his review article. Hle sees the distance factor purely as

a surrogate and finds both the gravity information of Zipf and the intervening

opportunities model of Stouffer lacking in predictive power. He goes on to

speculate that economic, social, and psychic factors (e.g., amenities) are

much more important than distance per se.

Migration riod-- s in geogaphy and elsewhere appear to be generally

consistent with reality and apparently could be used for predictive purposes.

From the policy makers point of view, however, questions related to how

well the variables used in these models can be controlled are of major

importance.

3. Forecasting and Predictive Models related to ,in Urban Context

Geographers have long shown a stronq interest in location of

activities in cities and between cities. As such there is , vclumninous

literature dealing with Lh,, ofnalysi 0! urban phenomenon. This section

discusses several sets o)f models dealing with various ispects of urban

r re(ic s .

a . Urban Systems - The localtion of (fitles

While a detailed review of central plone rosearcih is found elsewhere

in this monograph, It is important to note that ma iy of the models developed

under the -iibric oi c(entr;al place thoh ry iroe, ol could ( be ' lo , muI1,ated intto,
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predictive models.

Initially much of this research was directed toward the description

of structural characteristics of urban systems and was based on the plo-

neering work of Ldsch and Christaller. 52 However, Berry and Barnum, re-

stated central place concepts in a system that would permit prediction of one
53

or more variables in terms of the others. This was done through the use

of structural equations, related populations, density, central functions, and

number of establishments through generalizations regarding the aggregate

features of central place systems. In another article, Berry, Barnum and

Tennant investigated the size and spacing of central places, their locational

patterns, consumer travel behavior, systems of trade areas, and their
54

interdependencies. They then proceeded to estimate parameters for a

set of linear regressions based on these variables which clearly have predic-

tive value.

Morrill's prodictive model of the spatial distribution of towns in

Sweden is based uporn an understanding of the process of urbanization and

the contributing factors. including the explicit recogaltion of ,an element of
5S

uncertainty or Indeterminancy in all human behavior. In his model he

integrates cumulative knowledge about central and non-ccntraI plarce

activities, mniration processes, and transportation to simulate and predict

the spati.l distribution of towns.

h•r'wn has indicated that principles which prove satisfactory to thot

.Inalysis of spatial diffusion proce-rses m.aty ýilso serve to account for any

Sbtype of movement In geogpaphic p.ace., l~ence: h,- expects a coacescence

---------------------
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of approach between geographers who study the dynamic aspects of location

of economic, urban, social, and political phenomena and those that empha-

size diffusion. In a majority of his work to date,however, this expected

coalescence has not appeared. Hudson, on the other hand, utilizes a

diffusion process of expansion, competition and relocation and incorporates

them into a dynamic model whose equilibrium solution predicts the centr'l

57
place pattern of settlements for Iowa.

b. Urban Places - The Location of Activity

A large literature exists which focuses on both the aggregated and

disaggregated analyses of the location of activities in cities. Contributions

to this literature were made not only by geographers but other social

scientists as well as researchers with engineering and operations research

backgrounds. Varying degrees of theoretical elegance are used in the

literature ranging in complexity from simple curve extrapolation and projec-

tions of past trends into the future to allocations, based, for instance, on

the gravity principle to predictions based on parameters established by

regression analysis, through those models that are based on an understanding

of locational processes, and/or deductions from a theoretical framework.58

1. Models of City Growth and Development

Well known classic models of city structure include the concentric

circle or zonal model, the sector or wedge, and the multiple nuclei formu-
59

lation. These are symbolic generalizations concerning city form and

structure. The latter model was formulated by Chauncy Harris and Edward

Ullman in 1945 by combining aspects of the other two. 60 More recent
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formulations are less well known. These rec3nt models have been con-

structed during the past decade usually in the context of transportation

planning studies on a metropolitan wide scale.

Urban structure at the metropolitan level can be viewed as comprlsing

both static aspects of form and dynamic functional relationships that exist

among social, economic, and political components of citie,•. Realization

that urban processes are interrelated phenomena and, as such, individually

and collectively determine urban development has led to the building and

use of comprehensive models. These complex models usually embody some

form of spatial allocation mechanism that provides economic and/or demo-

graphic estimates for sub-areas of a metropolitan region.

This discussion is not addressed to any one model as such, but rather

focuses on the current nature of comprehensive models of urban development,

on the spatial aspects of Lhe modeling of intra-urban phenomena and goes

into some detail as to modeling strategies. While the general case and

strategy discussion focuses on urban modals, it is applicable to forecasting

models in general.

The General Case: In general, urban development models have been designed

for purposes of replicating the pattern of land-use in the urban area at some

future time period. Toward this end, features of the existing patterns, past

trends, known public or private institutional decisions, and other information

are necessary as inputs. The model builder to some degree must specify

the spatial and functional relationships among these elements. This may

Involve the utilization of existing concepts concerning the nature of tie

• ' •'•:'•:•' " •:"• '"•:" .. ..". .""-,. '• '" •." *.. . ...J~~t:::• I .. . . . ." • . .. . ."'•1 • • = •:"• ""•• '. •': • :'" J
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relationships or they may be derived empirically.

Prediction may not be the intended purpose of the model. The model

may be designed specifically for purpose of investigating the structural

characteristics of urban activities, with interest focusing on the testing of

its specified relationships (i.e., its validity). In either case, to be tested

a model must be operationalized. Testing and utilization, except in the

"simplest of cases, therefore involved programming the model for computer

solution.

The nature of a general urban development model is easily schematized.

Figure 1 depicts the major features of the model building process. This

simple diagram is by no means complete nor is it implied that the sequence

is necessarily as shown. It is obvious that if sufficient theoretical concepts

are available the relationships may themselves be specified as inputs. We

have maintained simplicity as the diagram is intended to portray only the

nature of the modeling process, thereby providing a perspective by which

current research can be related to these endeavors.

Figure 1 depicts four steps that must be considered in any modeling

effort. The collection of pertinent information about the metropolitan region

is obviously necessary. Three sectors characterize this step; existing

patterns in time t, the environment in time t, and known dectsions occurring

during a specified time interval that will influence locational decisions and

therefore affect the patterns at a future point in time (t+l). The arrows

clearly indicate the direction of reasoning at this stage, but an example is

useful. Consider the prospect of a new highway opening during the time
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Figure 1: The Modeling Proceduir
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interval of interest. This would alter the pattern of accessibility (say to the

Central Business District) within the urban region during the period of develop-

ment and should be considered. Thus, while the network geometry of the

transportation system may nct be explicitly considered in the structural

relationships (step 2),it is an environmental component of the system being

modeled. This type of alteration in existing patterns is shown by arrow 2.

Inputs indicated by arrow 3 are related directly to the structure, say a

decision to alter the established norm between "population" and "area"

devoted to public schools.

Inclusion of this "environment" in the diagram is quite useful in that

it emphasizes the abstraction that takes place between the INPUT step and

the STRUCTURE step. Not every variable in the urban system can be included

in the structural relationships which will determine the location of activities

In time t + 1. Arrows 2, 3, and 4 indicate both the need to specify the

variables not endogenous to the system that may have locational impacts

and, second, the manner in which these variables can enter the model.

The possibility of known relationships being specified as inputs

was noted previously, but if such is not the case then an analysis of the data

inputs will be necessary in order to determine them. Step 5 in the diagram

emphasizes the disparity between specifying these relationships and our

ability to op.,rationalize them in a formal solution. For instance, it has been

hypothesized that intm-urban migration of households is in part explained

by the "action space' of the household head. However, it is one thing to

say that maximum search radius (R) is directly related to the size of one's



-352-

action space (S), age (A), income (I), number of family members (N), sym-

bolically, and it is quite another to specify the proper equation. The problem

R = f(S, A, I, N)

is seen to be even more complex when it is realized that action space itself

is a function of age, income, family, and several other attributes and

variables.

Step 3, SOLUTION, says that each relationship must eventually be

operationally defined, emphasizing the handicap placed on more operationally

oriented model builders that does not burden the theoretician. The model

user must get results (Step 4, OUTPUT) not pose research problems. The

solution of the model will provide the location of activities at time t + I as

output. Conceptually, the modeling procedure relates that which is known

about the location of activities in time t and the processes of change which

influence the location of activities in time t + I.

A majority of the data inputs to models of urban development are given

in location specific form, most often in the form of being located in census

tracts, origin-destination zones, or similar areal .nits. The structure of the

model must specify the spatial aspects of the functional Interrelatedness of

61
urban phenomena. In general urban geographers have not addressed them-

selves to the comprehensive interaction among activities important in the

spatial allocation of activities within urban areas. This is not meant to

imply that geographers have completely ignored urban models of the type

considered here. Malm, Olsson, and Warneyd have contributed to this

literature as have Morrill and Lakshmaftan.62 The Maim article discusses
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a system oriented model that indicates those sites chosen for "development"

63
over a given time interval. Parcels to be classed as developed at the

output stage are selected by sampling from a probability distribution based

on a combination of defined space preferences. These include such features

as distance from existing nuclei, lecal terrain and ground conditions, con-

struction costs and political decisions. Morrill's research, on the other

hand, is a process oriented model that is operationalized in a very simple

.-.anner such that its solution may be carried out by hand.

Neither of these studies can be considered on a level with the urban

development models that have originated from other sources; namely, the

major metropolitan research efforts of the past decade. But the work of urban

geographers in the urban modeling field should not be dismissed so easily.

While comprehensive development models generally have been superficially

treated by geographers, specific subject oriented models have received con-

siderable attention. 64 In many respects these models require the use of the

same strategy as the urban development models. Because of their specific

subject matter, however, it is frequently possible to develop stronger con-

ceplual bases and to be more specific in the causal relationships which form

the structure of the model. Such experience provides the geographer with

the capability to critically evaluate more comprehensive models.

The Strategy-of Urban Development Models: There are a number of general

characteristics either explicitly or implicitly considered in all urban develop-

ment models, Briefly, these are

,i) choice of areal units of observation

b) growth (decline)
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c) spatial allocation mechanism (inter-sectoral relations)
d) sequence of events (inter-functional relations)
e) equilibrium assumptions,
f) time interval, and
g) quantitative input and output.

The choice of areal units is quite frequently dictated by data availa-

bility. Census tracts, or areal units of some uniform size provide the

necessary spatial dimension. The mode of activity allocation is more often

dependent on the conceptual framework than is the choice of an observational

unit. The model builder is open to a wide range of choices at this point.

Activities may be allocated directly or one activity type may be transformed

into another using established norms such as numbers of people into square

units of public roads or amount of land devoted to public services.

The strategy used in handling urban growth and decline is quite often

overlooked. It is not uncommon to find that separate models are utilized for

each case. Frequently, too, is the case where only population growth or

economic expansion is considered; no provisions are made for a non-growth

possibility. It is interesting to speculate concerning the changes that might

ensue in the "inputs" and "structure" of urban development models if the

objective were to simulate change without the possibility of growth brought

on by population increase or economic expansion. 6 5

The geographer should be expressly concerned with the manner of dis-

tribution of activities (competing land uses) among the areal unitc. The

basis of this allocation mechanism may be a projection of p;ist trends, em-

pirica lly derived equations expressing hypothesized relationships, repeated

matching of locational criteria with area characteristics, or a combination of
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these and a host of other procedures. Since few of 'i.e actul relationships

to be described are known in a causal sense the structure of models at this

point diverge considerably.

The specification of the sequence of events, assumptions about

equilibrium conditions, and temporal aspects are interrelated but separate

problems to be considered. The urban development model must consider the

totality of relevant activities and their interrelationships in time and space.

Chapin makes the distinction between "primary" and "secondary" actions. 6 6

A decision to develop a new industrial park, airport, public building, or

traffic artery in a specific sector of the city would be expected to initiate

additional development, both public and private, in the adj.ccnt areas.

By controlling decisions on the primary level subsequent secondary actions of

a given type can be encouraged in one or several areas to the exclusion of

others.

The cumulative results of secondary actions over an extended time

interval may influence the location of a prima:y action. Residential expan-

sion demands public services, new roads for example; nonetheless, these

can be strategically located in accordance with expressed development

policies. On a day to day basis, however, locational decisions are

influenced by the previous "primary activities" . The inertial effect of all

previous location decisions is also a well recognized feature.

Whatever the nature of this sequence, the reseircher must consider

that the specifications lead to some form of equilibrium or quasi-equilibrium.

This fact is now always explicitly considered by the model builder. Once
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the sequence of events has completed a cycle, the development becomes

stable, and unless some further primary actiun is induced spatial structure

becomes a constant. Adjustments in the pattern of activities are incorporated

during the development sequence and no subsequent adjustments are considered.

This feature of urban development models makes the choice of a time interval

a very relevant question.

Generally, studies which have utilized models have had as their

primary objective the projection of intensity of activity or land use by areal

unit at some future point in time, and frequently this information is utilized

to provide estimates of traffic flow or other linkages. This objective may

be accomplished via a single step mechanism or a recursive solution. The

recursive situation implicitly assumes that while growth creates form, form

influences growth. It becomes relevant then to ask at what moment or after

what length of time do previous decisions become influential for subsequent

actions. What variations exist between activities with regard to this time

interval? Should the cycle time of the model attempt to replicate these

features, or may the time interval be based strictly on the availability of

time sequenced data sources?

The above features of urban development models may be considered

explicitly or Implicitly in the model building process. Their existence raises

important questions and points out several potential research areas. These

include investigations of the exact nature of sequential events in the location

of urban activities and the degree to which assumptions of equilibriating

tcndenciea are valid. Likewise, the time lag for these conditions to become
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effective should be considerecd so that appropriate time intervals might be

suggested.

The final feature suggested as being a part of any urban growth model

also relates to the data base. The data inputs and outputs for the model

are of a quantitative nature when operationally defined. These include

characteristics of the population, activities, areal units, as well as relative

measures of location and other features which may be considered influential

in the development mechanism. Availability of appropriate data will restrict

the choice of variables open to the model builder. Frequently in pre tice the

operationalization of a model results in a scaled down version of the original

conceptualization. In effect, the nature of the data inputs will in part

determine the form of the model's structural relationships which must be

established.

Output variables may be graphically displayed (e. '. , a population

density map), printed for report generation, or stored for later use. Clearly,

developing a comprehensive urban model requires the collection and mani-

pulation of large amounts of dat-i as well as difficult decisions as to which

variables are to be included. Variables are suggested by the conceptual

framework upon which the modckl is based, but often surrogate measures mr'st

be defined wh¾ch often require the utilization of powerful mathematical and

statistical techniques. For example, a complicated accessibility measure

comprised of both time and distance variables may be required to relate

each area to every other area in the study region.
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The combination of choices concerning the features mentioned above

comprise the modeling strategy. There are several articles addressing this

aspect of modeling which will provide a reasonable background on the

salient features of models of this nature. 6 7

A comparison of models usually consists of describing the position

of the individual models on the basic dimensions previously mentioned or on

other relevant features. Harris contributes one such review while presenting

an assessmnent of urban development models for metropolitan policy making. 58

More recently, a framework has been presented for the analysis of models
i 69

where each model is distinguished by its basic characteristics. These

basic elements include the subject of the model, its function, the underlying

theory c.-. which the model is based, and the method(s) utilized for the solution.

A structural comparison of urban development models prepared by

Lowry considers a market pEradigm which serves as a point of departure for

the analysis. The market clearing solution of the paradigm provides a useful

basis for comparing the models in terms of their formal theoretical structure.

Utilizing this conceptualization of the urban land market as a standard or

norm provides for a coherent discussion of these models. Wilson, Lee,

Horton and Hultquist, and King have also provided reviews of this literature.

2. Urban Subsystem Models

in addition to the attempts to develop a nodel which encompasso.s

tihc •um of the activities in uban a reds many studies pursue the location of

aictivitics within a mere narrow framework. While manv of thest, ,aid,,ls

Attempt to define structural relationships, rathe(i thn to predict or foreccst
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individual activity location, they are easily convertible into predictive models.

The vastness of this set of literature precludes anything more than a very

cursory view of the several subsystems which might be broached.

Residential location in cities has been an important subject of interest

for many researchers interested in urban spatial structure. Wingo's classic

work on the development of a theoretical model for identifying the components

of the residential land use choice process in urban areas preceded much of
71

the quantitative work in this area. Muth's work on the spatial structure of

housing in the cities has continued to play an important role in formulating

econometric models of changes in the housing market. 72 Herbert and Stevens'

optimization model, developed for the Penn-Jersey transportation study, is

a classic example of the utilization of optimization models for determining
73

the location of residences in urban areas. An alternative optimization

approach is offered by Schlager in his development of a recursive programming

74approach to the residential land development process. The work of Chapin

and associates in the simulation of residential development clearly falls with-
75

in a predictive framework. An application of markovian analysis to

understanding change in the rental housing market is also an example of

a methodology for predicting residential location. 7 6

A separate line of research has been the interest in population

densities in cities. In the main this work has been primarily devoted to

the derivation of functions describing population distributions and Important

inputs to It. Typical in this respect Is the work of Berry, Simmons and

Tennant which follows that of Colin Clark and parallels the work of Newling. 7 7
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In some instances the comprehensive urban models discussed

earlier treat household allocation as a separate submodel. A case in point

is Crecine's time oriented metropolitan model (TOMM). 78 In the allocation

of the residential population this model incorporates two kinds of costs,

being added they are therefore considered without regard to mix. These

expenses involve the site rent and the travel costs incurred by the household.

The site rent as a function of the urban property market will normally vary with

general accessibility and is in itself a spatially oriented variable. The

travel cost can theoretically be considered as specific to the individual

household and a function of its travel patterns. It has not been established

that the characteristics of the travel pattern of a household or the travel cost

co-vary with changes in site rent or relative location. Obviously the number

of factors which enter into any substitution mechanism exceeds two.

Other factors considered in the household's locational decision as

specified in TOMM include the condition of the buildings, quality of school

facilities, public services, and the prorortion of households of the type

similar to the locating household. Taken together these many factors are

considered as a bundle of goods and services which permit an area to be

compared with other areas and matched with a household's requirements.

Prior to the Crecine model, Lowry also specified a separate residential

79
location function in his "Model of Metropolis". These residential sub-

models are obviously directed explicitly toward prediction. Tn another vein

Ellis' work on a residential location model focused on incorporating

behavioral elements In an attempt to Initiate residential choice patterns. 8 0
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Initial research into intra-urban commercial structure began with

identification of the description of city retail patterns by several researchers

81
including Rolph, Proudfoot and Ratcliff. This research focus shifted to the

investigation of spatial organization in internal hierarchies in urban commer-

cial structure as an extension of central place theory, particularly the works

82
of Garrison, et. al. , Berry, and Carol. Although there appears to be a

decline in research related specifically to commercial activities with cities,

a refocus on the process of retail location is apparent in more recent litera-

ture. The work of Berry, Simmons, Lowry and Crecine are indicative of this

approach. 
8 3

Even more recently there seems to be a diversion by geographers which

focuses on the consumer and his behavior rather than the location of opportu-

nities. The research of Horton and Reynolds, Rushton, and others are

indicative of this trend. 8 4

Very little work has been completed in the area of identifying predictive

models of industrial location within cities. Geographic literature is basically

85
descriptive and taxonomic in this area. However, Putnam's model of intra-

urban industrial location clenrl, develops an operational capability to predict

86
location in cities. Moses and Williamson's study of the location of

economic activity in cities was also an attempt to construct a predictive

87
model of Industrial location. Although little has been done this !Ine of

research would appear extremely fruitful for the geographer.

With respect to the location of public facilities in cities, the paucity

of literature is evident. Teltz's work on a theory of urban public facility
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location was a land mark and perhaps will provide continuing impetus for
88

evaluation of public sector decisions. Czamanski at approximately the

same time was developing a two stage model for predicting and identifying

.the impact of public investment on urban land values. 89th'mato-pbi netmn nubn advle. Since the location

of public activities could be an overt policy decision, it is surprising that

demands for such research have not been stronger. As the importance is

recognized, development in this area will most likely be based on clearly

defined optimization models which best allocate the public resources.

Therefore, it would follow that predictive models will not be utilized

extensively in this area.

4. Normative Economic Models

Many of the conceptual and theoretical models developed by econo-

mists for application in regional analysis have become an inherent part of

the geographic literature dealing with regional and economic analysis. While

a part of this literature has been discussed in a previous section (location of

cities), such normative approaches to the location of economic activities as

interregional linear programming, Interregional input-output analysis, supply

area analysis, and market area analysis have not been addressed. In the main,

these models are utilized to indicate a variety of spatial relationships and

interregional flows which are inherently of interest to the geographer.

If we conceive of these models as providing some of the foundation for

understanding commodity flow and location behavior, all of them can be applied

in a predictive-foreca sting context. Interregional input-output analysis, for

example, can use exogenously derived output vectors for some industries and
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90predict interregional flows of commodities on the basis of that growth. The

same holds true for interregional linear programming with the difference being

91
that an optimal flow solution can be determined. In the case of market and

supply area analysis, the forecasts of industrial locational behavior is

possible as are forecasts of the distribution of supply levels emanating from

various locations.

These models suffer from rigidity of assumptions upon which they are

constructed. In general, they are of more value from a theoretical point of

view than from an applied point of view, although interregional linear

programming and interregional input-output analyses can be extremely useful

in a policy context. When dealing with the nuances of the real world, varia-

tion from optimal and normative solutions can be expected because industries,

consumers, regulating agencies, and the like neither act in a strict economic

fashion nor under the rules of perfect information. Therefore, the application

of these models in a forecasting sense must be viewed with some caution.

S. Transportation Models

Under the general rubric of transportation models, a relatively clear

separation of objectives and modeling strategies has been used in evaluating

large-scale transportation networks (intercity) and intra-urban transportation

systems.

a. Network System Models

While networks have been analyzed in a variety of contexts, the

principle interest here is prediction of network change (growth-decline) and

flows, Geographers have been interested in both of these aspects. The
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evaluation of network growth and development is attributable primarily to

92Taaffe, et. ., Haggett, Gauthier, Garrison, Werner, Boyce, and Black.

Research in this field has been pursued in a variety of ways, ranging from a

relatively descriptive approach, to network development, through statistical

models attempting to predict temporal aspects of individual link development.

At the present time the discipline is witnessing a leveling off of this activity

although a majority of the forecasting models need a great deal of further

effort before a satisfactory ability to predict network development is accom-

plished.

The network flow literature, while dominated by other disciplines,

particularly communication and electronic engineering, has been utilized

and applied in particular contexts in geography. Once again the utilization

of optimization methods such as linear programming abound. Obviously the

utilization of gravity models in order to evaluate in a more general sense

commodity flows has also been used quite extensively. Network flow

analysis generally takes on a policy element in the sense that concern focuses

on identification of optimal flows and optimal networks for given situations.

When viewed in terms of their ability to provide policy alternatives of quasi-

optimal nature with near certainty of adoption, the models do, in a sense,

predict network configuration and flow.

b. Intra-Urban Traffic Models

Since transportation and movement in cities play an important role In

their morphology and the distribution of activities within them, travel behavior

and traffic flows in cities have long be-n of interest to the geographer.
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Geographic concern with the modeling of travel behavior In cities might be

traced to Garrison, et. al., and their research on highway development and

geographic change. The growth in federal expenditures related to transportation

planning and subsequent concern with forecasting travel behavior in cities

provided geographers with increasing amounts of relevant data. Currently

used in the forecasting procedure are:

(1) trip generation models,

(2) modal split models,

(3) trip distribution models,

(4) assignment models (trips to the network links).

With the exception of models of modal split, geographers have participated

in the development of modeling structure and the application of these kinds
93

of models in a variety of contexts. While emphasis varies, there is

evidence of a movement away from furthering the development of these models

in particular areas and increasing interest in evaluations of individual move-

ment patterns. Contributions by Murdie, Rushton, Hurst, Chapin, Wheeler,

and Horton and Reynolds are an indication that a serious attempt to understand

94
individual travel behavior is underway. While the aggregative methods of

travel forecasting in cities are useful in an operational sense, they lack a

95
well-defined theoretical structure. A growing interest in behavioral models

is indicative of the current thinking that the urban travel behavior process is

not separable Into different sets of decisions, but rather travel demand,

model choice, patterns of movement, and route choice are so highly inter-

related as to logically require a composite within-city movement model.
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New Directions in Predictive-Forecasting Models

The previous sections have outlined numerous lines of research which

have and can lend themselves to the development of predictive and forecasting

models. But what of the future? What changes can be foreseen and what

changes and/or new directions in geographic research focusing on predictive

models should take place?

There can be little doubt that "applied" geography has not been the

rallying cry of a large number of geographers. However, there appears to be

a subtle change taking place within the discipline. The recent development

of task force formulation in numerous problem areas by the Association of

American Geographers is only one outward manifestation of the change in

attitude and perception of the role of geography as an applied and policy

science. 96

The increased emphasis on applied research related to relevant

issues by federal funding agencies if continued will certainly cause ir-

reparable damage to the scientific community in general and to geography

specifically. However, in the short run it signals the ne.d for currently

usable products to solve the crushing problems facing our nation. An

equitable distribution of basic and applied research is a necessity and

recent history has shown time and time again that these two ill defined

research foci overlap and are highly interrelated.

The output of pure or basic research in geography has for the most

part boon meager. On the other hand applied geographic research has also

been somewhat limited. Thus, a majority of the research output has fallen

.4



-367-

somewhere between these two more productive ends. The current need for

predictive and/or forecasting models is greater than ever before. The

extremely high cost of capital investment and the time cost related to insti-

tutional change arc such that wrong decisions often result in a debilitating

round of effects which complicate and further the multifarious problems which

the decisions were designed to alleviate.

Geographers for the most part have stayed on the sidelines in many

problem areas where their expertise and abilities could have been extremely

useful. Their concern with a broad range of processes make them a prominent

member of the social science community. Their ability to communicate with

many other disciplines ranging from astronomy to zoology provides a strong

foundation for their participation in interdisciplinary team research efforts

of the kind necessary to adequately define and assess problem solutions.

So it is that geographers should and will engage in a larger proportion of

vital applied research activities. While construction, evaluation, and

testing of predictive/forecasting models are only one aspect of their

activities it is a prominent one.

The current state of prediction and forecasting capability in the

social and planning sciences ore for the most part in their infancy and as

such important research remains to be accomplished. With the advent of

quantitative sophistication and rigor, geographers are beginning to acquire

the needed credentials to adequately pursue this line of research activity.

As indicated previously a set of models applicable to a variety of processes

are already available in the literature. Some of these are extremely useful
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in their present form; others need a greatly increased amount of continued

and productive research. Basic research being carried out today will help

provide the basis for restructuring current and satisfactory models. In

other Instances new methods of data collection will provide the means for

constructing more comprehensive models and/or more suitable variables for
97

surrogates for particular problems.

Several issues are clear. Limited resources will require accurate

forecasting of the impact of alternative policies in a variety of contexts.

Our society cannot be dominated by forced solutions and controls and thus,

a more satisfactory utilization of indirect controls are necessary. Because

of scarce resources objectives must be clearly defined and goals which can

be translated into quantitative measures by which programs can be measured

must, and should, become a reality.

The above allegations have direct consequences for the nature of

predictive and forecasting models. Models in their present form allow too

much latitude in predicting configurations of various phenomenon. As goals

and objectives become more rigorously defined, the nature of these models

change and the answers sought through their application also change.

Models based on past trends have utility, but if their purpose is to predict

change in order that it may be accommodated, the assumption is that the

past was good. Further models will be most useful if they are con-

structed in such a manner so as to provide information that would

allow the "optimal" utilization of limited resources In order to achieve

o maximum number of objcctivc;• or c:orn,( closest to realching our
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98
ultimate goals. These kinds of models in general might be labeled goal

orievitc.," impact evaluation models. That is, In attempting to achieve certain

goals it is necessary that certain actions be carried out. These actions

must in turn be evaluated as to their impact on the particular system being

changed to conform to the aspirations of particular decision makers based on

the needs of a particular community. For example, earlier models concerning

urban growth and development were discussed. These models, in generral,

are currently used to forecast the distribution of activities in cities. If a

priori decisions as to the form and morphology of a particular metropolitan

area or the location of activities within it are made, we would want these

kinds of models to evaluate the impact of particular capital investment

decisions on "coercing" the private sector and the city's inhabitants into

making decisions which would achieve the stated a priori goals. in an

urban context, and in fact in many other spatial planning contexts, it is often

inexpcdient from a political point of view to define a goal in such an explicit

manner so as to provide sufficient guidelines for current and future actions.

Trregardless of how difficult this type of goal formulation is, it must be

accomplished or many more of our current problems will remain with us for

some time to come,

In the reformulation of current models and the construction of new

models greater emphasis must be placed on the ufilization of control

variables, That Is, If at all possible model variables should include to the

greatest extent possible variables over which the public sector has some

control, King has noted thnt:
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"given that society now seems willing to consider questions
of spatial and environmental planning much more seriously
than in the past, then there exists an opportunity to move
purposefully in some of our work towards topics in decision
theory, adaptive processes, and control theory. Decision
theory has appeared in our literature in the context of
analyzing the behavior of actors in space. What I have in
mind now is the casting of certain spatial planning problems
in the framework of decision theory. The paper by Hutchinson
is in accorA with this proposal. Adaptive proces',es have been
characterized by Murphy in terms of four fundamental aspects:
(1) there is a set of alternatives about the problems of the
present, (2) there Is some objcctive 1,hich is to he optimized
b:, the selection of a subset of passible view; historical
information and experience is critical on the formulation of this
optimum current decision, (3) a choice mechanism is
necessary to determine which subset of views is optimal
to society, and (4) a police system is necessary to impose
the optimal choice on the holders of other subsets of ideas.
These notions seem quite consistent with the structuring of
policy and spatial planning. Control theory ielates more to
dynamical systems which are characterized by input/output
relations. The problem is how to manipulate the inputs s as
to force the system to produce the pre-assigned output. "99

King goes on to note several illustrations of this kind of approach in

relation to alternatlvo problems.

King's statement may be characterized as providing a three step

analysis phase for any applied problem. That is, alternative solutions

must be defined, a decision must be made concerning alternative ways of

bringing about a solution, and some form of control must be utilized in

order to impose the solution upon the society or community. While at

first glance this may appear quite drastic in the kind of political system

in which we currently operate, it is in fact the way the system now opeýrates.

However, for the most part these types of decisions and the action associated

with them take place and are masked or made to appear only irr.plicit in
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order to soften the imposition on individuals and firms. However, this

softening and non-explicit statement of objectives often leads to incomplete

or inefficient solutions.

Gates and Anvari have written on the development of a control model
100

in a specific context, regional water management. The purpose of the

model is to provide decision makers with an evaluation of the cost-effective-

ness of specific water management policies. The cost of a specific policy

:'(t) is gi,.'ern as:

n Z 1T Xk xk(t) p dt
k=l 0

where:

Xk = constant,

p = is a numerical value greater than I; it indicates that the cost
of a policy is exponentially rulated to its size,

xk (t) = an n-vector of substrategies :: (t) .... x (t) are functions
of time. n

The object of the model is to define the minimum cost strategy given that

there is a defined initial state and a desired end state. Gates and Anvari

go on to develop a theorem which provides the basis ior selecting the minimal

cost strategy to accomplish the desired end staLe. While their rm.odel is

extremely abstract and does not address several import-nt definitional

problenw, it illustrates the kind of models which are necessary to achieve

objectives ia a scarce resource context. In oddition the model explicitly

lefines the management control function and it becomes an inherent part of

the total model. Their model represonts one extreme, that is, the
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inclusion of management as an element of the model, however, it is the kind

of model which is extremely appropriate for their problem. In fact, many

applied models would do well to include a management compcnent, thus,

allowing for explicit definition of the implications of management decisions.

While Gates and Anvari are addressing a physical system, more

difficult problems accrue to the modeler focusing on socio-economic systems.

Explicit control of individuals and firms is an anathema to many nations in

varying degrees. In fact very few controls exist in the United States which

can aid institutions burdened with spatial planning activities. Therefore,

while optimization models, or more properly sub-optimization models, are

particularly useful in evaluating the proper use of scarce resources to

obtain specific goals, the impact of a policy on individual and firm behavior

can best be evaluated by different forms of models.

The increasing concern in geography with behaviorally o:-iented

models, previously discussed in this monograph, will provide important

benefits for addressing the problem of individual and firm response to

alternative policies. Using the urban example, urban planners may deter-

mine the most apprepriate solution to the problem of activity location with

respect to a variety of criteria and proceed with capital investments con-

cerning restructuring of the transportation system and assume that indivi-

dual and firm response will be such that particular kinds of activities will

respond to the transportation in the system configuration in a certain manner,

thus, achieving the final result by indirect means. However, given the

curront state of our knowledge of travel behalvior and economic activity
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response to transportation, only gross generalizations might be stated. It

is clear that individual inhabitants of the city cannot tri and of themselves

force •hanges in the location of activities or force changes in the location and

configuration of transportation systems and modes. In the main, individuals

and firms are responsive to changes in the environment rather than the cause.

New developers pu chase land in close proximity to planned expressway

development and reap profits which in reality are generated by public funds

used to build expressways. In effect, it is the contractor's response.

Therefore, a thorough understanding of the response to various policies and

public improvement programs is a necessity. Research that geographers are

undertaking related to private and public sector and individual response given

actual or -perceived changes in the environment is a particularly useful line

of research to develop models of this kind. Needless to say, a great deal

of additional work must be accomplished in this area.

In summary, it should be noted that geographers can play a large role

in helping to solve diverse sets of problems. Spatial planning activities

will require restructuring and new development of predictive and forecasting

models which help to utilize scarce resources in a more efficient manner.

Research related to the development of optimization and sub-optimization

models, the integration of decision and control theory into the modeling

efforts, and research related to clearly identifying the response to particular

actions by various sectors must be established as priority research ,,ctivities

by geographers.
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CHAPTER VTII

QUANTITATIVE SPATIAL RESEARCH IN GEOMORPHOLOGY

Introduction

Geography shares the study of land surface form with several

fields, but most notably with geology. The area of overlap is most

commorly knowa as 'geomorphology", although various other terms have

been used to discriminate the geographer's special interest in the land.

* The chief differences in approach that can be recognized contrast three

broad groups of undertakings: descriptive, historical (genetic), and

process-oriented approaches. The contrasts between the geographer's

and the geologists' concern with the land surface need not concern us

here except insofar as these differing viewpoints have affected the

development of quantitative geomorphology in the respective fields.

So far as geography is concerned, the principal goal is

taken to be the understanding of the landscape and its arrangement

on the surface of the earth. In pursuit of this goal, generalizations

and laws of a specifically spatial nature are sought. These generalizations

may be considered in a spatia.ly continuous context, such as distance

relationships, or they may be spat.'ally discrete, as in the differentiation

of areas.

The history of development of landscapes, or the processes

by which landscape develop, are considered to be relevant only insofar

as they contribute eventually to an appreciation of arrangement or

spatial order in surface form, or in variations in this order from place to
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' ~~place. This is not to say that a total .unders-tanding of the landscape"

'• ~does not encompass a knowledge of its history and nature (or processes) •

of development. Quite the contrary-. But if any division of labor is

I• meaningful in science, it seems most appropriate that the geographer

• focus his attention upon spatial order (or the relative lack of it), and

• not dissipate his efforts upon earth history or upon detailed analyses

of processes in an aspatial context.. Lest there be misunderstanding,

it shiould be re-emphasized that this is a statement of broad goals and

• and eaths, and should not be taken as a discouragement of individual

i: studies whtch may appear to be purely-historical-genetic or process

,• oriented.

The preceding statement sets the path this review will take.

There have been many, many studies in geomorphology that have used

numbers, The focus h,;re will be upon those efforts that have either

explicitly or implic.•tly dealt with the understanding of the spatial, order

of land surface form. The developmuent of this area of inquiry has proceeded

S~from simple quantification or measurement of surface features through the

* ~statistical analyses of data to th. derivation of generolizations an~d

* theory by the use of mathenm •tics. We shall attempt to follow this

progjress by the de'vice of viewing "threads of inquiry" as they have

developed in the field. For reasons that are not c"ntirely independent of

};- what has transpired, and for purposes of efficiency, the present study

will deal largely with the post- World War II period, and particularly

with the English language literature. There was a great deal of early
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work in the description of land surface form, particularly in the European

113 68
literature. This has been summarized by Neuenschwander, 3Hook,

183and Young and need not be pursued here.

Within this framework, Horton's 1945 article serves as a seminal

70study, not that the landscape was not described quantitatively in

previous works, as discussed in the thr.,e works cited above, but

because this article focussed the attention of geomorphologists upon

the necessity for considering ccmplexity of landscape form rather than

135
individual elements (cf. Scheidegger1) at the same time when it was

becoming increasingly obvious that inductive studies to examine and back

up broad qualitative interpretations of landscape development were

sorely lacking, and at a time when large amounts of data and large

numbers of studies dealing with individual landscape elements were

becoming available from the work of the 1930's. Much of this latter

work was occasioned by recognition of the fact that the environment

was fragile and resources were limited, and were capable of supporting

population adequately only if studied intensively. As a consequence,

a virtual explosion in information became available in such necessary

ancillary areas as soil erosion research and accumulation of hydrilogic

data. Although much of Horton's work was original with him, a great

deal was being done on a similar basis simultaneously elsewhere.

In this sense, lForton's "Erosional Dovelopment of Streams and Drainage
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Basins" becomes a valuable summarization of the state of knowledge

and an interpretation of how this knowledge could be organized, in the

same sense that Davis' Geographical Cycle provided such a service

and the impetus to furtner work more than a half century earlier.

The general dissatisfaction with purely qualitative studies and

the desire for more precise, objective criteria on which to base inter-

pretations led to work which proceeded along several paths, some of

them quite independent of those that stemmed directly from Horton's

research. It was as though there was an all-prevading awareness of

some of the shortcomings of the work of the preceding decades, and

this led to many independent attempts to do something about the

situation. Several threads of inquiry developed, some of them as

deliberately structured schools of thought, and some that may be

grouped together on philosophical grounds in that they served similar

functions or utilized similar data or techniques. It is difficult or

impossible to categorize most studies as falling within one or another

thread of inquiry to thu exclusion of all others, just as it is frequently

impossible to distinguish deductive from inferential efforts. In

point of fact, deduction and inference care most commonly used in

conjunction within the same investigation.

The threads of inquiry that may be recognized in quantitative spatial

geomorphology may be grouped into three broad categories. These are not

mutually exclusive classes, for many studies may be regarded meaningful

as falling into two or more groups, as will be demonstrated later. ror
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the purposes of the present discussion, however, the division is a useful

one, and includes:

1. Description of land surface form, including empirical explanations

of the relationships between the elements of the surface slope

envelope.

2. Fluvial morphology, including three main threads:

a. Stream flow explanation

b. Development of drainage nets and related topological
considerations

c. Channel geoenetry -- valley geometry -- stream profile

3. Systems of landscape explanation, including slope development.

Other recent reviews of trends in land form geography and geomor-

phology have taken different tacks in considering the organization of the

history of the field since World War II. Dury's' 1 Perspectives on Geomorphic

Processes is designed to fill the gap between research and texts as a supple-

ment for college students and teachers. It is a succinct document that

covers much of what has been here labeled "systems of landscape explana-

tion". Dury is particularly useful for a brief exposition of what has trans-

pired in "The Quantitative Revolution", most of which for reasons that will

be discussed later, was concerned with fluvial geomorphology.

184
Zakrzewska in her "Trends and Methods in L.and -'orm Geography"

groups studies into three categories:

1. Descriptive analysis of present land form

2. Functional analysis of land form, which includes the functional

relationships of topography to o~tha physical and cultural phenomena



-"TMý -M

-389-

3. Analytical studies of the covariation of individual land form

elements. Many of the studies considered by Zakrzewska are

included in the "Description of Land Surface Form" thread of

inquiry.

24
Chorley follows quite a different approach in viewing studies

as models that may be grouped or classified into three kinds of systems:

1. Natural analogue systems, which may be translated in time

and space

2. Physical systems, in which the landscape is dissecýed into

integral parts

3. General systems, a broad conception in which phenomena

are structured into a complete system from the outset, providing an

"organization and operation of the system as a whole or as

linked components rather than in detailed study of individual system

elements".

The present review will concern itself chiefly with the description

of land surface form, the first threaid of inquiry that was r"cogn•zod

above. Much of what will be discussed is tie result of appliration of

physical laws to an tiderstinding of surf-ice form, some of the mitridal

derives from deduction from mathomtical relationships dtong elements

of tht surface slope envelope, a great dea•i. of it had no doper purpose

"in the mind of the investigator than simply an objective comparisun of

different areas on the earth's surface.
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It is within the "Quantitative Description of Landform" thread of

inquiry that most of the material of interest to military Terrain Analysis

has been developed. Indeed, in a sense the quantitative description 7

of landform might be characterized as the civilian equivalent of terrain

analysis. Rather few military studies are cited in the present review,

for most oi these works have not been available to a wide spectrum of

non-military earth scientists, and hence were not involved in the develop-

ment of the thread of inquiry through time. To set the stage for further

discussion and to establish commonalities between the civil and military

threads of inquiry, it is useful to provide a framework for viewing the

form of the land surface.

The Continuous Surface Slope Envelope

The land surface may be conceived of as a continuous mathematical

surface. In this sense, it consists of a continuous envelope of slopes

or sloping forms. Divisions of this surface are most frequently arbitrary,.

in as much as individual forms, such as volcanic cones, sand dunes, and

similar isolated hills are the exception rather than the rule. Consequently,

one would speak of "landform" or "land form", in the manner of Hammond, 6 0

rather than of "landforms". Strearts-dissected landscapes may be divided

into stream basins, but not all slopes are easily assigned to one basin

or another, particularly in regions of low relief. In any event, although

strearn-dissected lantiscapes are certainly most prevalent on tho earth's

surface, considera!eo land area is cove r•d by young glacial ploins, karst

surfaces, sand dunes, and telatively fresh volcanic landscapes. These
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to division into basins. Any universal system of measuring landform

must take this fact into account.

Stream networks are integrated and consectuently are orderly.

Small tributaries flow into larger ones and eventually into master streams

and thence into the ocean (or similar impouncment). The hierarchy of channels

of various sizes may be classified according to their place in the system,

or their stream order. GeomorphologicaUy, the principal task of the

stream system is the removal of surplus water from the land surface.

In so proceeding, streams also carry sediment and denude the landscape.

A great deal has been learned about this process simply by manipulating

154the topology of the stream network, as Horton and Strahler and numerous

other investigators have demonstrated. The slopes of a stream-dissected

landscape feed the stream network in an orderly fashion, they are lnte-

grated with the channels and form part of the system of the basin. By

contrast, the nwn-stroain-dissacted landscapes present a jumble of

slope iace. Their surfacas are anot the consequence of fluvial erosion,

which involves the weatheriny and removal of sediimnt by running water

md reliated mass-movemant, but amre due to other c,-uses. G oequeutly0

they are not integrated in ,'n orderly hierarchy. It is ikore difficult to

conceive of these surfacos as systeow and to triat them In the same

conceptual framework that has been applied to stdeam-issected landscopes.

Litqa!y for this reason, the non-integratod land surfaces for the :v'osw part
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have been ignored by the quantitative revolution in ,eomorpholog,, where

most of the progiess has been in tha area of fluvial inc.-phology. Fluvial

landscapes present surfaces that are more easily treated topologically.

Topological considerations reveal a great deal about the spitial

order of surface form. They may not deal directly with or contribute to can

understanding of the physical mechanisms that carry out the denudation

process, however. Those Investigations that directly relate spatial

order with the discharge of streams, stream loads , and slope development

processes bear more simply on the understanding of the landscape in a

broader sense. Most discussion on this point is deferred 4o the thread

of inquiry dealing with fluvial morphology.

7Process laws, as discussed by Borgmann, are more likely to prove

efficient in the construction of a theoretic structure that explains spatial

order in the landscape than are cross-sectional laws. The latter may.

often be- equated with simple empirical relationships thmt are limited in

their application in time and space. Because of this limitation, they are

nut -aniversal In natur. However, universal laws may develop from numerous

mross-sectional laws if a research strategy Is cinefully plotted. R is not

yet clear the extent to which cross-sectional laws and to•po"~icai gaterali-

24tions are essentially similar in their nature. One of tti great values of.

pr-uoss laws is that othor laws may be deduced from them. This may not

prove to be the ca&. with topological generalizations, for as Bew'mann

points out.
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"There is a haird core of cross -sectionial laws, including those
of geometry1 that cannot be deduc~ed from or in any other sense
be 'rduced' to process laws. All-important as they are, process
laws are th¶erefore not literally all of science, not even in the
Ideal limit."

Tu, t'opoicgical generaulizations may prove useful as definitions of

spatial order, ever -.t'!ere they may not lead to the development of other

laws.

All faeasurements of land, surface form relate back to what may

be called the fundamental landform triangle (Figure 1). Measurements of

iand surface form, or morphomnetric factors o: variables, are all derivations

qf two basic dilmenstbnal and cite dimensionless viedsure: the vertical

dinionsýn h, or relief; the houiixontal di~monsion d, dustance or -length;

and the dimetwiqnte~ssl~ope anqle -

(FIGURE' I)
The~re 4Wr1eor, two e~bo itnod r4its The

Oft illoutr~ted in 1191tro t 4Mrww the loiuKh Otaer31 th trend4 of the a Iop.

A ~sft-n W~' "tr loge i i~d~ e the width 0A uto

slope, a nd runniful iooiq t*he coutp- ir of the land uria'e oiwntA to 'd-.

Thiz 40gSuw ,rIe lw;a~ UP d ct. r drKI M_ too det*jnated

W" W1Wjn a Streantmibain, I aud w mqy be aytmonymous. or indir.-
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tinguishable from one anothar in many circumstances. Either or

both tiay provide a suitable operationalization of the concept of "length

of overland flow", or the flow line that surplus rainwater would follow

across a slope face before entering a channel. Both are necessary,

however, in order to provide the third dimension in a conceptualization

of landform as possessing length, breadth, and height.

On measjrements deri.ved from maps, d (or d' In the case of w) is

the distance or length measure employed. For short measurements, or

in relatively fiat terrain, I is virtually equivalent to d or d'. Even in

quite rolling terraIn, the difference betweon d and I falls within the

range or limit of error of measurement zrc-m maps. Ondy the most precise

field surveys for special purposes, as in rates of change of hills.trio slopes.

or stream channel gradients, demand a splcification of whether d or I

is intor.dod.

Slope profflc considerations involve what is essentially a series

of short Cimasurements, oa norm practically. short wgont; of h to

d ratioz. That alope inclination at 0 point tway be ".nsisd'aerd O quivalent

to thi-% ratio has b m--n placed ona f irm~ whmathc 1ta-0hauoiŽrnc ft~uadativft

13
by SWabhlor by M4s use of the theorem of maniuwi *,dues,

The vertlcal dimension or relietf variable h is of pimMry t"0rta•a-.

It is dependent upon the amount of uplift 3bovo the ulti#ato o ievul.

tvnditioned by a distance relationship which Is unkoown, but prtably

rMAtod to a c"rv- stnimLr 'a that of manW longitudinal stteam poUies.

The distance relationships from Iltol -ise levels (stream valleys) and
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from the sea when considered graphically may possess curves similar in 41

form, but different in values of stkp or intercept. The dimension h is

critical because it is the source of pote.ntial energy for development of

the system of landform, and thus for the denudation of the landscape.

The three dimensional and one diiwensionless variables described

above provide for the description of upland landform in what mligtt be

thought of as a three-dimensional topology.. Stroaml channels, whether

occuring in flat lowlands or on slbping upland forms, sare freque:•tly

described in what may be termed a two-dimenslonwl topology which lacks

the dimension of relief, or vertical aspect. Applications of graph theory

are examples. The developm•nt ofa threa-dliensionu! topoloWy. d&S-

cribing the entire surfae slope etwelope, has long been deemed desirable,

but has inot Wen fortheming. Mor2:•,elc variabls •approach different

j.seut of such 4 topology, bWt nrtne doftnr the 'iace area o -

form. Tito voriou,% mnquros tkth, ~ boon Wal ploYW a IV tho7ught

of 'o xtrdeictng Ooa or, anther elow~ant -frum tho thrwie-dim'nsionad

rr' ui~*, hu ~iI~~i~Pi d~ ir bk t -i~t tonto -or ii t miS Which will

deIethQ -nIual Surfto - tt l-*M". IV 4tkvelope. on~ly 0100 Wii ute

4awuhat U10 tU*0 VIOd of Water and iSodlMdn& arem trem the VLund suflae*

on4n doflt$ or -P& unit of 4reaiC :;-
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The QuantLtattve Description of Landform Thread of Inquiry

Horton's 1945 study was related to his interests in hydrology.

Consequently, it dealt with stream-dissected terrain, and his techniques

and ideas were not applicable to all types of land surfaces. At the same

time, it must be remembered that disordered landscapes also serve as

drainage basins in a hydrologic sense, even though surface flow of water

is not involved and subsurface flow is complicated, leading to poor

definition of the boundaries of drainage basins. It was to the quantitative

study of fluviall systems that Horto:,'s work provided the strongest impetus

I(Table 1). Not all of the early post-war efforts to quantify the land-

scape were devoted to the same ends that Horton envisaged, but his

work undoubtedly produced an impact on these studies that might

not have been fully appreciated at the time. In any event, means

and ends become confused in the development of a research paradigm,

and in the ensuing two decades it becomes increasingly difficult to

segregate studies that may or may not be related back to the influence

of Horton.

Much of the early work in quantification of landform was quite

defensive in tone. The application of statistical methods to geomorphology

and landform geography was a drastic departure from the techniques that

had been pursued previously, and a qreat deal of rationalization and

proselytizinq was necessary before the methodology became acceptable

on a broad basis, The early years saw much rather pure description;

including the development of quantitative, non-genetic techniques of

.- .-i ...-- - - .-. C2,. .
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classifying land surface form. There ensued considerable discussion

as to why such description was necessary or useful. The answers varied

according to the field in which the study was performed. In geography,

it became increasingly clear that the involved development of denudation

chronologies did not serve the purposes of economic or social investigations.

Although geologists were becoming increasingly process-oriented in their

geomorphologic work, rathror thnn pursuing the development of tne earth

history or genesis of particular places, this did not necessarily entail

the use of quantitative analysis. The fruits of the early years of labor

were not harvested until much later, and, inevitably, many of the early

plantings turned out to be barren.

In the 1950's, attention was turned increasingly to the relation-

ships between elements of the land surface, rather than to the quantitilaction

of the surface for its own end. By the early 1960's the thread of inquiry was

focussing increasingly on fluvial erosion and development. The generali-

2 zations that were developed wero not universally applicable to the earth's

surface, but were restricted to drainage networks. Only in studies of

terrain for -,ilitary purpo.es ar. attempts made to conform to some of the

rationali7.ations that characterized the reasoning behind many of the pioneer

efforts in quantifying land surface form. There may be good reasons for

this development, for rather little research in the late 1960's has depended

upon objective, comparable information about land surface form except

in the military. Perhpas with increasing attention to the environment in

~ U A & ~ - -*
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the next decade, there will be a -esurgenco of interest in functional

relationships between landform and soc).al-.economic variables of the sort

discussed by Zakrzewska.

The middle and late 1960's saw an increasing degree of attention

g iven to purely topological work, but this was almost exclusively devoted

to fluvial topography. This focus may be in recognition of the overwhelming

importance of such landscapes, or it may be due to the ease of producing

generalizations about integrated topography compared to the disordereal

land surfaces. Many of the generalizations produced for fluvial topography

are also applicable elsewhere for hydrologic purposes, particularly when

these derive from a study of the interface of the earth and the atmosphere.

The preceding brief review of the thread of inquiry into the

quantitative description of landform sets the stage for a more leisurely

examination of some of the ideas that were forthcoming in its development.

Following Horton's 1945 paper, there was a lapse of about five

years time before any explicitly spatial quantitative studies dealing

with the form of the land appeared in print, with the exception of some

hydrologically-oriented work. Langbein's85 1947 paper on the Topographic

Characteristics of Drainage Basins is a representative and seif-des riptive

example. In 1950 and 1951, a scattering of papers appeared, and two

distinct schools of thought emerged. A more precise means of defining

slope, relief, and extent of dissection in drift topcraphies so that

different ages of glaciation could be objectively mapped was the goal

131of Ruhe's pioneer efforts in non-integrated land surfaces. Although
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the techniques were-crude by later standards, utilizing highway profiles

which-rarely-define perfectly orthogonal slopes, they were effective,

and the papers have been cited countless times since they were first

published. It is worth noting that the principal contribution of the

first paper lies not so much in its differentiation of drift topographies

as in the implications of their varying degree of development or dissection

by fluvial agents. Some of the points raised by Ruhe in this work are

still the subject of controversy and undoubtedly will not be resolved

until a great deal more is known about the development of drainage nets

and their implications in systems of landscape explanation. Very few

other studies have dealt with non-integrated glaciated terrain, Reed,
129

Galvin, and Miller's 1962 paper on drumlin geometry and some of

Salisbury's work (to be discussed later) being the principal exceptions.

16Calef published a paper in 1950 which was part of a series

of four studies dealing with relative relief and average slope in Illinois.

In a very real sense, Calef and his colleagues were engaged in an "anti-

quantitative" quest. The techniques employed derived from pre-World

War II methods used by Raisz and Henry126 in New England, Smith 14 7

163
in Ohio, and Trewartha and 6mith in the Dritless Aroa. The subjecti-

vity involved in selecting class intervals, chousing uniform regions

for delimiting slope, and other pitfalls are well illustroted in o state Jn

which such methods would be severely tested. Illinois consists of a
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flat upland cut by two or three major stream trenches. The "avera,.- slope"

as depicted by these techniques is meaningless, for it is a moderate

slope that is rare in nature, most slope faces occurring on relatively

flat uplands or steeply sloping valley walls. Although this pitfall can

be eliminated by other methods of measuring slope angles (see Strahler's

and Salisbury's techniques, discussed below), the collection of studies

still serve a useful purpose in that they encourage caution in the choice

of statistical measures and statistical units. Where Ruhe attempted to

interpret the surface slope envelope from highway profiles, which can

be considered to be traverses across the form of the land, Calef and

his colleagues employed the notion of the uniform slope region as utilized

by Raisz and Henry. Also considered was the use of grid squares, or

quadrats, in the manner of Smith. Both these techniques involve areal

units, and to a considerable degree aggregate or generalize the data.

In fact, one of the principal problems relates to the depiction of the

results of the analysis on maps, and therefore is not independent of

cartographic considerations of scale and generalization. At the same

time, the technique must alsr, uear upon the difficulties of measuring

the land surface in such a manner that areal properties are considered,

and spatial relationships maintained. Ruhe's traverses, by contrast, are

a sample of the land surface, and because the sample was not selected

by statistical means, but rather by the ;xpediency of highway locations,
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it is not amenable to predictions of values for the entire surface area on

a Probability basis. Although Ruhe made an attempt to select only those

highway profiles that crossed the grain of the land~scape, rather than slicing

it on the bias, there is no assurance that his traverses are representative

of the drift topographies portrayed.

One of the schoolE of thought that emerged in this early period had

its foundation in geography, and from all outward appearances derives very

little from Horton's ideas. The other evolved in geology, and has as its

foundation mnany of the ideas advanced by Horton, applying them to drainage

basins and slope faces within a systems format. This latter school of

thought includes the group who worked at Columbia University with

Arthur Strahler.

The geographical school emerged from the dissatisfaction of mainy

geogriaphers with the classic".U "explanatory description" geomorphology

that c6ominated the field before 1950. Richard j. R~ussell 12enunciated

the first call for reform in his 19483 Presidential Address to the Association

of American Geographer,; in which fie c--illad bor a cloonorphology better

suited to the needs of this fiold, i.o. , one that Is inore descriptive (,f

76
ac-tual conditions of the b~ind surfoce. Kesseli took a dif ferant tack.

but espoused t e ca~ ge al Philosophy in1 1950. It wwa KLesseli's

student, Edwin 11. M~mmonor, who produced the firrt visible effort alonq;

these lines In his 195 1 dissertation on the C4ape Regioni oLf Unija GOifrn



• ... . . = -•L.. -•• • .... --,• • , • • • • • : :; ,

-402-

Hammond's thesis involves a verbal descript1.n of landform t-pes, but is

a definite precursor to quantitativo description. From his study of Baja

California, Hammond proceeded along more explicitly quantitative lines.

In a paper given in 1954 he isolated the variables of interest to him: slope,

composition, arrangement, and dimensions of the landscape. These were

applied at the small scale of continental mapping first, using local

relief, percentage of near level land, and profile (or distribution of

near level land) to produce terrain types. Later, Hammond applied the

same general techniques to more detailed mapping of Missouri and recogni-

tion of landform types there and in the northern Great Plains. Using

the unit area approach, or a geometric grid of 71 minute rectangles, he

mapped local relief, the percentage of area in gentle slope and steep

slope, the mean spacing of major crests, generalized profile types, and

the dominant surface material to produce landform typos for Missouri.

This particular study is available cnly in an ONR Final Report, but a

philosophical defense of the method as comparud to explanatory description

or genetic classification was published in 1962. lhanmmond's final effort

it, this thread of inquiry was a map of "Classes of L•nd-Surface F'orm"

of the United States, which employed local relief, percentage of gentle

slope, and profile type (or location of gentle slope), and is aiccompanied

by .in explanatory article. This map represents the only generic classi-

fication of landform for the United St-ites -is a whole at a scale which

is sufficiently generalized to be comprehensible, -itd yet detailed enough

,- .'.,Q•:.,.:.• -,..-. --:- ',.-' ... .. •m • ""••@: '"a •"• "''"" 1 *"."-* V S•'m "'' .. . .. • "
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to be meaningful. The patterns displayed present a number of surprises to

one accustomed to more conventional landform maps of various types, and

this alone is sufficient reason to regard it as an important contribution to

quantitative spatial geomorphology. Although the map was based chiefly

on analysis of the 1:250,000 series topographic maps, more detailed

future work will undoubtedly do little to alter the major lineaments

presented on it.

Larger scale studies of smaller areas have more to offer besides

refinement of the Hammond map of the United States, however, Two of

Hammond's students offer examples. Both studies were published in 1963.

137
Schmudde examined the landforms of the lower Missouri River flood-

plain by means of verbal description, rather than quantitative, but

recognized the significance of many features that escaped attention
184

in most previous studies of alluvial plains. Zakrzewska studied

the landforms of the Upper Republican River basin in Kansas and adjoining

states. Her work was much more quantitative in nature, utilizing a number

of measures relating to relief, slope, and dissection of both the major

and tributary valleys of the study area. More significant to the examination

of this thread of inquiry, Zakrzewska proceeded beyond description to

the verbal explanation of the patterns of roughness and local relief,

asymmetry of valley cross sections, and valley parallelism that were

revealed in her investigation.

One last study bears mention with the Hammond school of thought,
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a" a•ough the investigator was not, technically, Hammond's student. This

183is a classification of the landforms of Puerto Rico by Young, who was

at the University of Wisconsin at the same time as Hammond, and was

influenced by him. The classification is a generic one, using relief

and proportions of land in steep and gentle slope, as deried from 1:30,000

topographic maps. A three dOivt scheme is employed to define landform

types, which are mapped. verbal descriptions of the resulting landform

regions make up much of the study.

Although related less directly to Hammond's influence, a number

of other works produced at about this same point in time illustrate similar

rationalizations concerning the quantitative description of the land
133

surface. Salisbury in 1957 produced a generic classification of land-

forms of Minnesota that owed a great deal to the influence of Hammond

and to the ideas prevailing In geography at that time with respect to

genetic landforr,, classification. This classification used relief, slope,

length of slope, materials, antJ drainage conditions. to Identify landforin

typos. Wriuus manpulations of the landform triangle to produce different

indexes ttf tpography wore also involved. The typology Involved a n•ota-

tion system silitt Lu those employed in lbnd usu j land classificiation

schemes (s-ee Davis 37). Correlationg of the morphouietrc variables. with

eoch other and with the proportion of the l-rnd suurfav In different kinds

of nhmtirls and drainage conditions were analyted, but were not part -f

the tyoluqy. This aspect of the study was i ftorcru•ner of the empirical

t- ------ '. This o t
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explanations of landform elements that became popular a few years later.

In other respects, the investigation is simply a more detailed exposition

of some of the same principles that underlythe Hammond and Young

approaches, but applied to glaciated terrain, where both integrated and

non-integrated surfaces were present. Measurements were performed within

quadrats in an attempt to produce a universal system that could be used

in both fluvially-dissected and non-fluvial terrains.

Some of the first attempts to merge quantitative description of land

surface form with prediction were made by Walter F. Wood and his student,

John C. Hook. Wood presented a paper on "The Relationships of Relief"

in 1955 which created a storm of controversy because it invoked the then

unfamiliar techniques of correlation and regression in order to develop

179 68
means of predicting relief and slope. Hook utilized relief and a

roughness index in order to better understand the relationships between

topography and agricultural productivity in the northeastern United States.

Wood pursued his ideas in a series of papers produced for the Environmental

Protection Research Division of the Quartermaster Research and Engineering

Command. These investigations dealt with other means of predicting land

surface elements from each other, particularly useful where data are

scanty, with line-of-sight, and culminated in a quantitative system for

cJlssifying landforms by the use of terrain factors.

121
Peltier, in 1954, gave a similar paper in which he related average

slope as computed by the Wentworth method to average local relief. The

close relationship between slope and relief as established by Wood and

Peltier served as the basis for additional studies several years later which
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were designed to develop empirical relationships between landform elements,

and to explain the location of patterns of certain elements by means of

their spatial correspondence with patterns of other factors.

The first of these dealt with the relationships between slope and
133

relief in glaciated terrain, an outgrowth of Salisbury's generic landform

classification of Minnesota. It was demonstrated that a high degree of

relationship, and therefore of spatial explanation, exists in glaciated

areas that have been affected by stream dissection, but that the relation-

ship weakens in morainic topography. The jumble of slopes resulting

from glacial deposition produces a non-integrated landscape with a dis-

orderly arrangement, leading to low predictability. Salisbury also

examined the three dimensions of the landform tr,,angle, in addition

to slope inclination, as they relate to lithology in the Mississippian

Plateaus of Kentucky. Both stream-dissected and karst landscapes were

involved. Lithologic variation proved to be important as a predictor of

morphometry, but the topogri:phic and stratigraphic position of the lithologic

units modified the.r influence upon the parameters studied. These two

investigations are virtually the only attempts to examine the spatial varia-

tion of landform elements on both fluvial and non-fluvial landscapes

simultaneously.

86LaVlle examined certain aspects of karst morphometry, specifically

karst depression elongation and orientation relative to structural trends

in south-central Kentucky. He attempted to develop subterranean drainage
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systems, and related the elongation and structural alignment of the depressions tc

their position within these systems, to the relief of the proposed basins and

97depressions, and to the character of the limestones in the area. McConnell

investigated mean topographic slope in a glaciated region near the Mississippi

River, where the influence of developing stream systems could be strongly

felt. He found that the vertical dimension of relief was the most important

predictor of slope on the upland surfaces, but that channel slope, position,

orientation, degree of dissection, and parent material also played a role.

130
Roberts examined a total of 29 variables, including morphometric

factors and related erosional variables in a series of stream-dissected glaciated

basins in the Middle West. The spatial variability of slopes in these

drainage basins was considered in a series of models, which were then

combined in a multiple regression framework. Six variables proved to be

significant in the combinatorial model. These related to mean precipitation

and the Wischmeier erosional index, to the perimeter of the basin, to density

of first order streams, and to position within the basin with respect to

its perimeter.

A strong trend may be recognized in this thread of inquiry with these

latter studies. rirst came pure description of the landscape for its own

sake and for objective comparison from place-to-place. This was followed

by examination of the relationships between variables that measure land

surface form, to provide empirical explanations of spatial variation.

Increasingly, however, it was recognized that fluvial processes and slope
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development could not be ignored in improving the prediction equations.

Consequently, cross-sectional laws were being found to be less than

satisfactory in providing acceptable understanding of surface form, and a

means was sought whereby process laws could be derived more efficiently.

Direct attention to the manner in which fluvial processes affect surface

form appears to be the course this thread of inquiry is taking. This is

the path taken, more or less, by the Columbia school of quantitative

geomorphology, working with Strahler. The detour taken by many of the

investigators cited above cannot be appreciated, however, without an

appreciation of the attitude towards the study of landforms that was extant

at the time.

The geological column in Table 1 (left hand side) reveals a more

direct link to the influence of Horton. The application of principles of

fluid mechanics and hydraulics to streams and to the landscapes created

by stream action demands quantification of the various parameters. The

geologists in the left hand column pursued this goal largely by providing

more accurate descriptions of the land surface envelope, and of the interrela-

tionships between the different variables that were involved. Most of the

works in the early years in the left hand column were a part of the Columbia

school. In the early 1950's Strahler154 provided the most cogent arguments

in favor of the introduction of statistical and mathematical techniques to

the field. Although considerable opposition to the introduction of quanti-

tative techniques was present in the early years of the quantitative revolution,
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much of the comment was directed towards programmatic offerings as opposed to

substantive efforts. That is to say, there was criticism to the effect that

less space should be devoted to suggesting how research might be

accomplished, and more effort directed towards providing examples that

employed quantitative techniques. Actually, many of the studies of the

Columbia group, even in the raid-fifties befcre quantification was well

accepted, were directed towards examination of the variables involved in

106
landscape denudation by fluvial agencies. Thus, Miller examined the

influence of structure (1953), Melton 1 0 1 that of climate (1957), Coates 2 7

139
viewed the role of lithology (1958), Schumm slope processes (1954),

110
and Morisawa streamflow (1959).

A considerable amount of effort was devoted to refinement of

morphometric techniques, particularly in the Columbia school. Chorley

was espeically active in examining the role of operator variance, or in

developing more rapid and efficient means of describing the surface slope

envelope. The process of refinement has continued to the present,

138
as witness Schneider's work on the accuracy of drainage densities

135
derived from topographic maps (1961), Scheidegger's concern with the

effect of map scale on stream order (1966), Haan and TohiJson's57 concern

-with rapid determination of hypsometric curves (1966), Coffman's 2 8

work on parameter measurement (197U), and Pike and Wilson's123 consi-

derations of a number of hypsometric techniques (1971).
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The examples from the left hand or "geological" column were almost

exclusively drawn from fluvially-dissected landscapes. In large part this

may be ascribed to the irmpact of Horton, but it also derives from the greater

ease with which physical laws related to hydraulics can be applied to such

landscapes. From the early days of application of quantitative methods to

geomorphological problems, beginning with Horton or Strahler's 1950 study

of the "Equilibrium theory of erosional slopes", the geological column was

more concerned with the utilization of physical laws and mathematical

structures than were the investigators who contributed to the right hand

column. The right hand column was comprised mainly of geographers who

were more concerned with providing pure descriptions of the land surface

slope envelope. To a considerable degree the geologists of the left hand

column were more concerned with development of precise data to be

employed in studies of geomorphological processes that were replacing

the pre-World War II concern with eliborate accounts of earth history.

The geographical thread as outlined in the right hand column

did not derive directly from Horton, but rather found its roots in the

dissatisfaction of geographers with genetic geomorphology. While

it is possible to explain any spatial distribution by tracing its evolution

back through time, this is an inefficient intellectual device for the

development of laws and generalizations. Geographers needed data on

the nature of the land surface form that could be employed in non-

physical studies, as well as description of the land surface in objective,
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comparable terms. It is not surprising that the major effort in the early

years in particular was devoted to the development of "universal" parameters for

describing land surface form, as illustrated by the work of Hammond, Young,

and Salisbury. Parallel studies were underway in the military, Wood,

and Snell's179 1960 classification scheme being but one example. Both

single factor and multi-factorial quantifications of land surface form

and related characteristics have been involved. Where several factors

are considered, the usual plan has been to develop a classification scheme

that would permit the delineation of landform regions. just as quantification

of single factors gives way to development of empirical generalizations

involving several parameters, so the passage of time as revealed in

Table I demonstrates increasing sophistication in landform classification;

Lewis'88 1969 study on Indiana is an example.

The turning point in the geographical column occurs in the early

1960's. Although it is possible to find purely descriptive studies after

137
this date (Schmudde's 1963 study of the [,owcr Missouri floodplain is

a case ii point) or some _,.ttention to deduction from physical laws or

mathematical relationships before, it is in the early sixties that the

geographical and geulogical threads of inquir, that deal with description

become increasingly intertwined. Moreover, after the early sixties it

becomes increasingly difficult to place i study within the descriptive

thread rather than in one dealing more directly with fluvial processes.

Non-fluvial landscapes came in for a certain amount of attention during

this interim period. Reed, Ga lvin, -nd Millcr129 discussed glacial
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133 86
landforms in 1962, as did Salisbury, and LaVa!le published several

papers on the karst of Kentucky in the mid-sixties. Many of the geographical

studies of the period dealt with fluvial landscapes; however, although,

compared with investigations originating in geology in the same time period,

the geographical work was more descriptive or empirical.

By the late 1960's, there is little to distinguish whether a work

originated in g3ology or geography, although the latter field continues to

demonstrate a more obvious specific concern with spatial variation.

Fluvial Processes and Forms -- Geometry of Channels and Valleys --
Stream Profile Thread of Inquiry

The application of quantitative methods to the study of streams goes

back far beyond Horton's influence in American geomorphology. The work

of G. K. Gilbert in the nineteenth century serves as an example. Streams,

moreover, are studied by engineers and hydrologists as well as by earth

scientists and in those disciplines there does not appear to have been

any conscious "revolution" in which numbers were entered into the methodo-

logy despite the dismay of much of the profession. It is significant that

Horton came from this area of knowledge and made his contribution to

geomorphology at a critical point in its oistory. Increasing dissatisfaction

with historical -- genetic studies and an increasing concern for the role

of process or for more precise forms of description were coupled with a

vastly increased amount of data in the post-World War H years. Much of

this information dealt with streams and stream flow and the distinction

into two threads of inquiry is madl despite the high degree of interrel tion-
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ship. Many studies do deal exclusively with hydrologic explanations of

stream flow without concern for what is occurring in the channels in

terms of landform development. Others focus upon channel processes

and their implications with little attention given to water beyond recognition

of the fact that it is doing the work of modifying channel form.

The geometry of stream channels and their valleys involves con-

sideration of the form of the stream profile as well as the cross-section

of the channel. Fluvial processes create and change these forms and pro-

files, thus there is good reason for including all these elements within a

single thread of inquiry despite the fact that certain investigations

are quite specialized in their outlook. Most of the w:ork in the early

years of this thread of Inquiry was accomplished by personnel associated

with the U. S. Geologicail Survey (Table 2a). It has been suggested that

much of the work derived directly from the vast amount of data that was

accumulating on stream flow and load, and the attendant field investigations.

This lead to the development of the "hydraulic g:.ometry" methodology of

Leopold and Maddock 81 in 1953. Later studies are clear derivatives of

this school of thought although many were apparently developed indepen-

dently, aL le;,s;t in their early stages.

This thread of inquiry developed with little explicit attention

given to the quantitative revolution. It was much more concerned with

process than with description, although it relied heavily on empirical

rulationships between variables in the early years. Despite Its insulation,
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the thread is inextricably bound into the quantitative revolution and provided

some of the best rationalizations for acceptance of the new methodology in

geomorphology. There is a clear association of this thread with the

development of ideas concerning equilibrium. In fact, the entire rejuvenation

of a concept that had been more or less forgotten since the work of

Gilbert depended largely upon the evidence provided by channel and

slope processes. The attention to equilibrium also provides the clearest

tie between these studies dealing with channels and valley bottoms and

those that focus upon upland slopes.

As the "Description of land surface form" thread of inquiry turned

more and more to a consideration of processes, most of the attention

was diverted to the examination of channel and valley form and activity.

This was - natural outgrowth of the Hortonian influence that was so

strong in the early years of the quantitative revolution. Thus, the

Columbia-Strahler school and many geographers became more and more

explicitly involved with fluvial processes. They were joined in the

1960's by others who were trained during the quantitative revolution,

or else gained an appreciation of the possible contributions to be made by

the application of quantitative techniques.

Most of the early studies in the thread of inquiry dealt rather

explicitly with questions concerning equilibrium stltes either in channels

or in the landscape and thus directly supported a non-cyclic explanation

of land surface development. The work of Rack5 8 is particularly germane
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in this regard, although equilibrium states -re virtually implicit in any

of the work on longitudinal profiles or hydraulic geometry, even that appearing

in the 1950's. Greater attention was directed towards derivation from

physical laws and less towards empirical relationships derived from laborious

field investigations as the 1960's progressed. A considerable amount of

effort was expended towards improvement of prediction equations in a

variety of environmental situations. Thus, within the hydraulic geometry

paradigm, Hack58 examined glacial terrains (1965), Pestrong122 estuaries

88 152
(1965), Lewis humid tropical basins (1966), Stephenson the Southern

81
Bl-ue Ridge (1967) and Knox the glaciated and "driftless" hills and plains

of Iowa and Wisconsin (1970). Geographeis in ptrticular appear to be

intrigued by the differences in relationships that are imposed by spatial

variation in environments. Many of the studies challenqed the developing

concepts or offered modifications of some of the relationships (see

1 8
especially Carlston ), while othc,.- devoted ittention to discordances or

disequilibrim c-'r ditlons, pairticularly those arisinq fi-1,m cli inatic charnqe

(Schumn 139 6 .95 :nd v,'rious papors, by FDurj 1, ,, misfit streams),

The applivation of physical laws concerning equilibrium and

steady states leads quite close tv it consideation ol rndom processes,

or random effects on form or pattern. Thus, storhhatlc pr,,c.:,ses and

topology become quite important in th,: late 1960•s, sufficient tt. Oncouraqe

recognition of a seprate thread of in,,ilry de•alinq with the manner in

whichi drainage nets are creoatod or extendled.

........
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DeveloDment of Drainage Nets and Topoloqy Thread of Inguine

As a subset of the fluvial process and form thread it is worth noting

those investigations that dealt rather srpecifically with the development and

nature of drainage nets. Not all of these studies derived directly

from Horton, but most owe him a considerabie debt, at least in terms

of the methodological break with traditioi: that his paper poses. The

works cited in Table 2b are far removed in their focus from the considerations

of drainage patterns as exposited in classical genetic geomorphology,

and perpetuated to a considerable degree in textbooks. Actually, strange

bedfellows appear on this list, it is only in an overview of the field that

they appear to present a thread of inqu4ry.

131
Ruhe examined the nature of drainage nets on drift topographies

of varying ages in which sfream process was more Implicit and the goal

was chiefly the dilferentiation of qiacial stages and substages. Hack,

by contrast, used glaciatlon in a different manner as presenting an

initial surface that co•uld be dated with some assurance and therefore

permitted 1-iterpretations of how fluvial processes cuuld create a drazillqe

net. An .inalogous situation and opportunity is presented inigently-

sloping coastlines where numerous studies were concentrated (Hack,
1 112 122.

1957, Ahnert, 1960, Myrick and Leopold, 1963, and Pestrong,

1965). Some of the Columbia school wore involved, although iarqely
14$ 3

through exar.ination of slope processes (Smith, 1950. Schumn, 139

1IG1956),* with the exception of Morisi•wa' s use of the unique opportunity
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afforded by an earthquake to examine the devolopment of a new drainage

.system (1964).

These investigations were related fairly closely to the work in

channel geometry and the application. of physical laws to streams and

their workings. Another set can be recognized that fucuses more upon

the mathematical implinations in the description of networks. The thread

in late 60's and early 70's is given over almost entirely to topological

considerations.

Explanation of Stream I'low Thread c~f Inciri

The third subset dealing with fluvial process -and form focuses upon

the water in the channel rather than channel confiq'urat ions or patterns and

nature of devolopmant Crable 2c). Many more studios could be quoted

from the field of hydro.oqy tha,.n appe,4r here but these qive some Hlavor

of thV.Progrev'. of the field, isxcially ais gevoirw-hohogitts hoive contributed

to it. Ithinqos in ci a fr i Ilimte. I.rom plae to pl;Iee,

adthe ccmp.~l~rrnio~~o betw~een th-a ~zuiosphuro afd the

i.thosphIlor. in their ice foPrit th! kcus of ttiun 4 the ",riuus

Tmilre ;isn trIture c'f work do ted unr this thro.--t•!

itigiry 1Q ~t :~.d~siw-L zls in othe-.r the1i7rn. b-' h iý ~ u~~

hero frequ.,tly tiv to work -undenvay in -l vari-e!ty M! tbrea4d. Ihus, Snlith

ond Wischmo'lor1 119.7• amd Scmn -td LuEby 1963) rel4- to slope

-ite -hnnel• 1~1970) roLt Kt¢ chane ,eSc t. 'l evorleamls
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Systems of Landscape Explanation. Includino Slope Development, Thread
of Inuiry

Discussions of how landscapea are formed or modified inevitably

evolve around questions of stream activity, if long term geologic time

Is the frame of reference. Shorter term frames of reference involve differences

in kinds of processes, particularly as imposed by agents other than running

water. Perhaps the i-eason systems of landscape explanation are fluviaUy-

oriented, then, goes back to Davis and the Darwinian influence: however

much an escape from this orbit is Plotted. It Is not surprising, then, thdt

the landscape explanation thread of Inquiry is also inexorably tied up

with fluvial form and process. The purpose in distinguishing these studies

as constituting. or at least contributing to a distinct thread of inquiry.

lies in their attention to what is happening to the landscape in a broader

sense, rather than simply to stream channels. It might be suggested that

the "Systems of lands•ape explanation" thread providos both the initial

rationale and the final tie-in or analysis of fluvial studios.

The early 1950's represent the break (row clasSical historical-

genotic studies In that Strahlor and the Columbia school applkod |Žhysical

laws more explicitly to the fluvial landscape and to the development of

the slopes of those suwfaces (Toble 3). Equilibrium, steady slate. and

systems analysis wrre added to the concepis that were involved In tand-

sc,.qxv interpretation.

lack's enunci•tion and tcjvon1tl• i! the dynamic eilibruh

S. . ........>... -2 " - ' .... : "':'•::• i " i: ' *:i :"'".. . •' '"•'•m •" : - :'' ":i::" I• • '::".. .. ":" "" i '"i': ¢ • .. '": :



concept sparked considerable controversy from many who were opposed

11 67
to either its methods or its conclusions (Bretz, 1962, Holmes, 1964).

Although many of the studies both in this thread of inquiry and in the channel

geometry thread utilize the concept of dynamic equflibrium, either as

a basic assumption of conditions or to contribute to its refinement (McConnell, 7

III
I J64, Moultrle, 1971), not all'of the Investigations that treat equilibrium

144
have been totally supportive (Smalley and Vit-r-inali, 1969). Some

studies have attempted to bridge the gap between equilibrium time-independent

concepts and systems of landsc,-ip explanation and the classical time-

dependent or cyclic systems of explanation iSchumm a-od l4chty, 1 96).

Non-linear explalations that riky not be tir-w-dependent in tile classical

sense hve •4irwd fa.vor in more recent yoarv. due in large port to supportive

eviderno froat climatolotgy. 01. of the .wre consistenlt tr:v-ns of thouh;hN

in *this vvin is thot ospourwl hy tulhe -amd his asii~evtos (Rulla. j, 1tj.L

9"t,~ Rulw, VU. Ai. 510, R~ho t-i.~ 'Oe I 19t. VWatler 4:4 Rgbe.

N-11st 0-i thk' eoVidenctv K4 tho- ue~~1~h~b~v ~d4 tivc i tl o

~hd~ae os ppi4l ýr0011 w th q ofm 01c

that hwv.e ben rIINtit b~y %uthera v~w~u- i .tb zaa tinw- ;ýre von 14

""v y w "Aer Of imiiry. 7his Poas up w•o facts. the ---
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interrelationship of this thread with others dealing with fluvial morphology --

whence cometh, after all, the principal "explanations" of landscape form in

a general fram-work and the fact that there is no distinct trend visible

in the systems of explanation thread. There is one exception to this con-

clusion and it has an importance that transcends most other controversies

that have arisen in the past decade or so. This is the fact that in most recent

years slope development studies in particular have embraced quantification,

regardless of whether the slopes are thought to have formed by fluvial or

non-fluvial processes of development. Arguments may rage over whether

equilibrim is a viable concept to apply to this or that landscape, but

support for those arguments are likely to be posed in statistical or

mathematical frameworks. The use of numbers as evidence is now universal

throughout geomorphology and equations are taken for granted rather than

offered with a defensive rationalization. The quantitative revolution is

over and the best evidence for this in geomorphology lies in the discussion

of systems of landscape explanation -- slope development.

Conclusions

Geographers entered the arena of quantitative geomorphology largely

for the purpose of providing more precise Information about the land surface

slope envelope. Their early works were almost purely descriptive, usually

involving single elements of the fundamental landform triangle, or considering

combination.s of elements in classification schemes. The next stage dealt

more specifically with explanations of the spatial variation of landform

A
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elements. Such explanations were highly empirical at first and were

concerned chiefly with the spatial covariation of slope and relief for

example. Empirical explanations proved to be rather sterile, however, and

the role of process in at least the hypothesis formulation stage of an

investigation was recognized -- at first implicitly and then explicitly.

Fluvial processes were the first to be considered, although by the late

1960's quantification had entered into all branches of geomorphology.

By contrast with the geographers, the U. S. Geological Survey

"school" was little concerned with description except on an incidental

basis. Their principal interest from the outset lay in the examination

of the processes taking place in streams and the forms that resulted

from stream action. Quantification was intuitively necessary to such

an undertaking, particularly when much of the impetus came from

engineering, and there appears to have been no defensive attitude involved

in their embrace of statistics and matlematics.

The Columbia school occupies a middle ground. The tone of many

of the early works is clearly defensive in espousing the cause of quanti-

fication, particularly in the case of Strahler, who bore the brunt of the

proselytizing. The description of surface form for its own sake never

played as important a role as it did in geography ,-nd was quite explicitly

rationalized from the point of view of examination of fluvial processes.

The thread to Horton was explicit and direct.
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By the early to mid-1960's the various innovation points or schools

of thought had been inextricably intertwined and it is not profitable to

recognize distinctions past that time. Threads of inquiry along certain foci

of interest are somewhat recognizable, however, and offer efficiencies in

considering the nature and progress of quantitative geomorphology. By

the early 1970's the very phrase "quantitative geomorphology" is virtually

a redundancy, so widespread and pervading are the use of such techniques

in all areas of interest.



-423-

TABLE 1

DESCRIPTION OF LAND SURFACE FORM THREAD OF INQUIRY

1945 Horton Erosional development of
streams and drainage basins

1947 Langbein Topographic characteristics
of drainage basins

1950 Strahler Equilibrium theory of Calef Slope studies
erosional slope northern Illinois

Smith Standards grading texture of Kesseli Geomorphic landscapes
erosional topography

Ruhe Graphic analysis drift topog.
1951 iiimmond Geomorphic study

Baja California
1952 Strahler Dynamic basis geornorphology Calef Relative relief map

Hypsometric analysis erosional of Illinois
topography Thoman Method of constructing

Chapman New quantitative method average slope maps
topographic analysis

Applications of SSO diagram
1953 Miller Quantitative geomorphic study Calef & Average slope map of

drainage basin character Newcomb Illinois
1954 Strahler Statistical analysis in Young Geographic classifi-

geomorphic research cation landforms
Puerto Rico

Quantitative slope analysis Hammond Small scale continental
Schumm Evolution drainage systems landform maps

& slopes, Perth Ambcy Objective approach
description terrain

Peltier Properties average
topographic slope

1955 Wood Relationships of relief
Hook Relationship roughness

terrain and agric.
1957 Strahier Quantitative analysis Nir Ratio relative & abso--

watershed geomorphology lute altitudes Mt.
Morisawa Accuracy determination stream Carmel

lengths from topo. maps Wood & Dispersion geomorphic
Chorley Illustrating laws morphometry Snell data around measures

Climate and morphometry central tendency
et al New standard estimating Salisbury Generic classification

drainage basin shape landforms Minnesota
Melton Analysis relations among

elements climate, surface
properties, geomorphology

1958 Strahler Dimensional analysis applied Hammond Procedures descriptiv.,
fluvially eroded landforms analysis terrain

Melton List sample parameters quant. Snell Device & method anal-
properties landforms yzing line of sight
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TABLE 1 (continued)

Correlation structure morpho-
metric prop. drainage systems

Chorley Gi _up operator variance morph-
ometric work with maps

Morisawa Measurement drAinage basin
outline frrm

Chapman & Statistical study topog., sbeet-
Rioux ing, jointing in granite

Coates Quantitative geomorphology small
drainage basins Indiana

1959 Tanner Examples departure from Van Lopik & Handbook, techniqu
Gaissian geomorphic anal. Kolb desert terrain analog

Chorley & Simplified approximation Hook Quantification land-
Morley hypsometric interval form characteristics

Melton Derivation Strahler's Wood & Predictive methods
channel ordering system Snell topog. analysis, I &

Krumbein Trend surface analysis Wood & Prelim. invest. metho(
contour-type maps Snell predict line-of-sight

Chorley Geomorphic significance
Oxford soi! s

Morisawa Relation quant. geomorph. to
stream flow Appalachian Plat.

Relation morphometric prop. to
runoff Little Mill Creek, 0.

1960 Strahler & Objective & qitant. field Miller & Slope-zone maps
Koons methods terrain analysis Summerson

Maxwell Quun. geomorph. San Dirmas Wood & Quantitative system
forest, Calif, Snell classifying landforms

Tanner Numerical comparison geo-
morphic samples

Scheidegger Mathematical methods in
geclogy

1961 Yasso Geometry spits & associated Snell Method predicting
foreshore forms line-of-sight capabil.

Schneider Note on accuracy drainage
densities from topo. maps

Scheidegger Theoretical geomorphology.
1962 Chorley & Comparative geomorph. features Hammond Land form geography ,

Morgan Unaka Mts. & D'irtmoor land form description
Reed, Galvin, Some aspects drumlin Woodruff Geomorphic measurerm

& Miller geometry & Evenden aerial photos
Morisawa Quantitative geomorph. Peltier Area sampling for

watersheds Appl. Plat. tarrain analysis
Salisbury Relief: -lope relation:

glaciated terrain
1963 Troeh Quantitative landform para- Roberts Empirical regularities

meters correlated] soils NY [lumber R. net
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TABLE 1 (con~tinued)-

Ca rlston Drainage -den~sity & strea m Hoy & Descripp~ive classif.
flo Ta ylor of terra in

Schmudde Some aspct adom s

lower Mo, R. -floodpla-i-r
Zakrzewska Analysis landforins

central Great Plains-
1964 Strahler Quantitative geo-morphology McConnell Quant. aspects slope.

drainage basins ,ý-channel 'inclination upper
-.--networks Mi~ss~ valley

**-Troeh- Landform parameters carrel--
* ated to soil drainage

Sche.ý .,,er Some implications statisti-
cal mechanics geomorph.

* 1owe Stream junction angles
dendri'tic pattern

1965 Vadnals Quant. terrain factors related McConnell Comments Fennornon &
to soil parent materials steepness subrecrinal

Troeh Landform equations fitted slope humid U.S.
to contour maps Woodruff Frequency dist. elcva-

Stone & Study of microrelief: Mapping, tions as index terrain
Dugundji classification, & quarit. by classification

Fourier analysis LaValle Areal variation karst
Milling & Morphometric study two topography

Tuttle drainage basins Salisbury Landform-lithnlroqic
Lohnes Quant. geomorph. drainage relationships Miss.

basins Iowa Plat. of Ky.
Giu sti & Dist. branching river nets Savigear Technique morphological

Schneider ma pping
Scheidegger Algebra streamr order numbers

1966 Scheidegger Effect rnap scale on stream Nunnally Floodplain morphol.
order lower Ohio

Scheidegger Statistical dosc. river Roberts Spatial variation slopes
networl- & assoc. climatic ~

Shreve Statisticail la--w streamn watershed variables:-
numbers King Techniqu- T(,om(-; ph.

Milton Geomrorphic irrelevance sone. C la rke Morphome! amr
drainagc niet laws McConnell StatistiP-al an,,,,i.-si

Haa n & Rapid detemiadnation hypsomet- spatial variabiljtyl
Johnson nic curves mean topog. slope stroea rr

Merrian & Quantitative comparison dissected glacial iiintter.
Smith contour maps

Curl Caves as meaisure of karst
Chorley Application statistical

models to geomorphology
1967 Smart Comment on Horton's Law of La ValIlIe Some aspects linear

stroea in nu nb,.rs karst depression drvel
Hobson J'ortrran TV pro0atv- ,ns deter- I los'- ing Relations I ithology

m~ine( suirface ronochness surface form St. i'm inc~i.-
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"TABLE 1 (continued) _

Carson Magnitude of variability in Woldefiberg Rivers & central
samples geomorph. charac-.--& Berry places: Analogous sys.

- -valley-side slopes

Morisawa Relation discharge & stream .
length eastern U.S.

Smart & Relation between mainstream
Surkan length & area drainage basins

1968 Lohnes & Quantitative variations Drummond Qualifying relief terms
loshi loess topography & Dennis

Thomas & Differentiation drift topog. LaValle Karst depression morph,
Tuttle statistical anal. slope SC Ky.

Turner & Terrain analysis by computer
Miles

Smart Mean stream numbers & branch- Charlier Quantitative analysis,
ing ratios topol. random geometrics, morpho.
channel networks Dacey Stream length & elev.

Smart Statistical properties stream model Leopold Langbe
lengths

Scheidegger Horton's law stream numbers
Scheidegger Horton's law stream order number

& temp.-analog in river nets
Scheidegger Microcanonical ensembles of

river nets
Scheidegger Horton's laws stream lengths &

drainage areas
Scheidegger Random graph patterns drainage

ba sins
Ranalli & Test of topological structure

Scheidegger river nets
Ranalli & Topological significance

Scheidegger stream labeling methods
1969 Lustig Quantitative analysis desert Lewis Analysis surficial

topography landform properties-
Lustig Trend surface analysis regions Ind. morphom

Basin & Range McCoy Drainage network anal
Monmonier Trends upland accordance Pa. K-band radar imagery
Liao & Theoretical stream lengths Brown Erosion & morphometr,,

Scheldegger & drainage areas in Horton's small drainage basim
nets of various orders E. Puerto Rico

Smart Topological properties of Dury Relation morphometry
channel networks runoff frequency

James & Frequency distributions of Woldenberg Spatial order f! ivial
Krumbein stream link lengths systems-Horton's lay

Pollak Numerical model Grand Canyon derived hexag. hierai
1970 Magorian Vegetation & watershed shape Graf Geomorphology of gla,

Coffman Parameter measurement in valley cross s.ction

fluvial morphology

.. .... ..-
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TABLE 1 (continued)

Kosh.nsky Morphometry shield lakes in Folsom & Drainage orders in
Sa skatchewan Winters Michigan

Hole Drumlin morphology & soil
relationships Wisc.

1971 Pike & Elevation-relief ratio, hypso- Graf Quantitative analysis
Wilson metric integral, & geomorphic Pinedale landforms

a rea-altitude analysis Beartooth Mts.
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TABLE 2a

FLUVIAL PROCESSES AND FORMS: GEOMETRY OF CHANNELS
AND VALLEYS, STREAM PROFILE THREAD OF INQUIRY

1945 Horton Erosional development of streams and their drainage basins

1952 Holmes Stream competence and the graded stream profile

1953 Leopold Downstream change of velocity in rivers
Leopold & Hydraulic geometry of stream channels arid some physlographic

Maddock implications
Land & River bed scour during floods

Borla nd

1954 Dury Contributions to a general theory (f meandering valleys

1955 Yatsu On the longitudinal profile of the graded river
Wolman The natural channel of Brandywine Creek, Pa.

1956 Woodruff & Influence of underlying rock structures on stream courses
Parizek and valley profiles in the Georgia Piedmont

Leopold & Ephemeral streams - hydraulic factors and their relation to
Miller the drainage net

Sundborg The River Ylaralven, A study of fluvial processes
Culling Longitudinal profile of the Chiltern streams

1957 Wolman & River flood plains: Some observations on their formation
Leopold

Leopold & River channel patterns: Braided, meandering, and straight
Wolman

Hack Studies of longitudinal stream profiles in Virginia & Maryland
Culling Multicyclic streams and the equilibrium theory of grade
Culling Equilibrium states in multicyclic streams & analysis of

•river-terrace profiles
Gabriel Influences of Coriolis force on river profiles

et. al.

1958 Dury Tests of a general theory of misfit streams
Miller High mountain streams - effects of geology on channel

characteristics and bed material
Melton Correlation structure of morphometric properties of drainage

systems and their controlling agents

1959 Wolman Factors influencing erosion of a cohesive river bank
Nixon A study of bankfull discharge of rivers in England & Wales
Dury Analysis of regional flood frequency on the Neue & Great Ouse
Hack & Intrenched meanders of the North Fork Shenandoah River, Va.

Young
Broscoe Quantitative analysis of longitudinal stream profiles of

small watersheds
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Table 2a (continued)

1960 Schumm Effect of sediment type on shape & stratification modern
fluvial deposits

Schumm The shape of alluvial channels in relation to sediment type
Leopold & R!.ver meanders

Wolman
Wolman & Magnitude wiic frequency of geomorphic processes

Miller
Leopold & Flow resistance insinuous or irregular channels

et. al.
Bragnold Some aspects of the shape of river meanders
Brice Index for description of channel braiding
Dury Misfit streams: Problems in interpretation, discharge, dist.
Fahnestock Significance of a braided channel pattern
Tanner Helicoidal flow, a possible cause of meandering
Ahnert Estuarine meanders in the Chesapeake Bay are<-

1961 Fahnestock Competence of a glacial stream
Wolman & Factors controlling size & shape of alluvial channels in

Brush coarse noncohesive sands
Schumm & Recent flood-plain formation along the Cimarron R. in IAansas

Lichty
Schumm Effect of sediment characteristics on erosion & deposition

in ephemeral stream channels
Schumm Dimensions of some stable alluvial channels
Hadley Influence of riparian vegetation on channel shape, NE Arizona
Brush Drainage basins, channels, and flow characteristics of

selected streams in C. Pa.
Melton Effect of sediment type on shape and stratification of some

modern fluvial deposits

1962 Dury Bankfuil discharge: Anexample of its statistical relationships
Dury Results of seismic exploration of meandering valleys
Wertz Mechanism of erosion and deposition along channelways
Leopold Rivers
Coleman Observations of resistance coefficients in a natural channel
Melton Methods for measuring effect of environmental factors on

channel properties
Tinney The process of channel degradation
Tanner Geomorphology and the sediment transport system

1963 Fahnestock Mrophology & hydrology of a glacial stream - White R., Wash.
Schumm Sinuosity of alluvial rivers on the Great Plains
Schumm & Channel widening & floodplain construction along Cimarron R.,

Lichty Kansas
Myrick & Hydraulic geometry of a small tidal estuary

Leopold
Cairlston Drainage density & stream flow
Lingbeor Theory for rive'r channel adjustment
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Table 2a (continued)

1964 Dury General theory of meandering valleys
Blench & Practical regime analysis of river slopes

Qurashi
Langbein Geometry of river channels
Langbein & Quasi-equilibrium states in channel morphology

Leopold
Langbein Profiles of rivers of uniform discharge
Foweraker Quantitative studies in river sinuosity, with special

reference to incised meanders of Ozark rivers

1965 Chang, Total bed-material discharge in alluvial channels
et. al.

Emmett & Downstream pattern of riverbed scour and fill
Leopold

Carlston Relation of free meander geometry to stream discharge
Hack Postglacial drainage evolution & stream geometry Ontonagon,

Michigan
Cruff Cross-channel transfer of linear momentum smooth

rect. channels

1966 Maddock Behavior of straight alluvial channels
Benson & A detinition of dominant discharge

Thomas
Scheidegger Steady state in the stochastic theory of longitudinal

& Langbein river profile development
Engelund Hydraulic resistance of alluvial streams
Simons & Resistance to flow in natural channels

Richardson
Wertz The flood cycle of ephemeral mountain streams in the SW U.S.
Lewis Adjustment of some hydrologic variables at discharge less I cfs
Lewis Relations of hydrology & geomorphology in a humid tropical

basin
Langbein & River meanders: Theory of minimum variance

Leopold
Leopold & River ireanders

Langbein
B,,gnold An approach to the sediment transport problem from general phyt
Dury Incised valley meanders on the lo wer Colo River,

New South Wales

1967 Schumm Meander length (f alluvial rivers
Scheidegger A thermodynamic analogy for meander systems
Stephenson Spatial variation if stream fluw & related hydrolugic

characteristics, S. EBlue lidge Mts.
Leopold & Observations on -iniuasured rivers

Skibitako

i-
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Table 2a (continued)

1968 Thakur & A test of the statistical theory of meander formation
Scheidegger

Dacey The profile of a random stream
Dacey Stream length & elevation for model of Leopold & Langbein
Noble & Meander growth in artificially straightened streams

Palmquist
Dolling Occurrence of pools and riffles. Element of quasi-equilibriumn

state of river channels
Hooke Steady-state relationships on arid-region alluvial fans
Schumm River adjustment to, ditered hydrologic regimen: Murrumbidgee R.

and paleochaiinels g Australia
Stahl & Fok Hydraulic geometry of Illinois streams
Stahl & Fok Hydraulics & stream geometry
Coffin Relation channel width to vertical permeability streanibed,

Colo.

1969 Dury Hydraulic geometry
Leopold The rapids and the pools -- Grand Canyon
IBeckinsale River regimes
Maddock The behavior of straight open channels with movable beds
C -rlston D)ownstream variations in hydraulic geometry of streams
Cariston Longitudinal slope characteristics rivers of midcontinent 6

Atlantic Past CGulf slopes
Salisbury, The valleys of Iowa: Valb~y width-stream discharge relations

et. al.
Palmquist '. In a valloy proportionate to its size ..

Viletto C2hannel morphology in N. W. Pa.
C~arey Vormation of floodplain lands

*Gilvarry Geometric and physical scaling river dimensions earth & moon

1970 Tinkler Pools, riffles, and nieanders
Knox Stream~ channel ~idiustmnent to physiographic fcos ml bain
Orme & Wfect of .Qgutation conversion & flood discharge on strbam

Bailey channel geo,, 1etry: vie case of s. (Caýlifornio watorsheds
liedulan .%ean .mnual runoff as related to echannel goometry, -California
Rd ng ( Posiible ottects oif precipitation modification on streim

cha-nnel qieotiwtry !& sediment yield
Indaternanate hydrau lics of alluviial channels

Thakur S Chain model of riv'er metindvrs
Sche idegger

Heed .orpoloy. of gullies in thL Colorado Rocky Mts.

1971 McPherson 1)ownstre.,im chanqe;& In sediment choracter in a high onarky
* mountt in stream.n vh~inne1



-432-

TABLE 2b

DEVELOPMENT OF DRAINAGE NETS AND TOPOLOGY
THREAD OF INQUIRY

1945 Horton Erosional development of streams and their drainage basins

1950 Smith Standards for grading texture of erosional topography

1951 Ruhe Graphic analysis of drift topographies

1952 Rube Topographic discontinuities of the Des Moines Lobe

1956 Schumm Evolution of drainage systems & slopes in badlands Perth Amboy

.957 Hck Submerged river systems of Chosapcake Bay

1960 Ahnert Estuarine meanders in the Chesapeake Bay area

1963 Myrick & Hydraulic geometry of a small tidal estuary..
Leopold

Schenck Simulation of evolution of drainage basin networks computer

1964 Morisawa Development of drainage systems on an upraised lake floor

1965 Hack Postglacial drainage evolution & stream geometry, Ontonagon
Pestrong Development of driange patterns on tidal marshes

1966 Scheidegger Statistical description of river networks
Shreve Statistical law of stream numbers
Woldenberg Horton's laws justified in terms of allometric growth &

steady state in open systems

1967 Scheidegger Complete thermodynamic analogy for landscape evolution
Scheidegger On the topology of river nets
Shreve Infinite topologically random channel networks

1968 And!.vson et al Final report on evolution of drainage patterns
Liao •' Complete model for some branching-type phenomena in hydrology

Scheidegger
Ranalli & Topological significance of stream labelling methods

Scheidegger
Rana..li & A test of the topological structure of river nets

Schei degger
Srcheid,:gger Random graph pTtterrs of dra:inage basins
Scl,e-idegg.r Microcatonical ,r rrl1l1eS o[" ri( yT niets
Scheidegger Horton's law o01 stream order nunilmr & a temperature-analog

in rivcr nets
Smart Statistical properties of* stream Jengths
Smart Meaini streami nurrtriers & branching ratios for topologically

random channel networks
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TABLE 2b ( Continued )

1969 Woldenberg Spatial order in fluvial systems- Horton's laws derived
from mixed hexagonal hierarchies of drainage basin areas

Smart Topologi.cal properties of channel networks
Shreve Stream lengths and basin areas in topologically random

channel networks

1970 Smart Use rf: topological information in processing data for
-chaTrnni networks

Schridegger On thic- theory of evolution of river nets
Wirner Horton's law or- stream numbers -for topologically random

channel networks
Wertz The start of an ephemeral stream
Howard et al Topological and geometrical properties of braided streams

1971 Howard Simulation of stream networks by headward growth & branching

Howard Simulation model of stream capture
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TABLE 2c

EXPLANATION OF S1`REAM FLOW
THREAD OF INQUIRY

1945 Horton Erosional development of streams & their drainage basins

1947 LTinghein et al Topographic characteristics of drainage hasins

1957 Smith & Factors affecting sheet and rill erosion
Wi schmeier

1958 Gumbel Statistical theory of floods and droughts
Melton Correlation structure of morphometric properties of

drainage basins and their controlling agents
Langbein & Yield of sediment in relation to mean annual precipitation

Schumm

1959 Morisawa Relation of quantitative goomorphology to stream flow in
representative watersheds of the Appalachian Plateaus

Morisawa Relation of tiorphometric properties to runoff in the
Little Mill Creek, Ohio drainage basin

Dury Analysis of regional flood frequency on the Neue & Great Ouse
Nixon Study of bankfull discharge of rivers in England & Wales

1960 Maxwell Quantitative geomorphology of San Dimas Experimental Forest,Cai
Wolman & Magnitude and frequency of geomorphic processes

Miller
Hack & Geomorphology & forest ecology of a mountain region C Appalach

Goodlett

1961 Hadley Some effects of microclimate on slope morphology & drainage
basin development

Brush Drainage basins, channels, and flow characteristics of
selected streams in C Pennsylvania

Boyer Geomorphology & floods
Cooley & Akers Late Cenozoic geohydology in G & S parts Navajo & Apache Co, I

1962 Dury Bankfull discharge: An example of its statistical relationshipi
Benson Factors influencing occurrence of floods in humid region
Morisawa Quantitative geomorpliology of some watersheds in Appa. Plat.

1963' scI111Ifn & S-asno1.I. variaLin id-* , hi I traP: oWii capacity & riinuVOP: toni
[',I s8by h .I 1s roips ini we!ste:r CoI f)ri()lo

Ga;rdlu & I{ju I+:gI ,r: cri te r a ,or alluvial s1 r.a mis
IaI';Jnistoc:k Morpliol ogy & Iiydrl,.olgy 'iir a go.i ;, ia] st.r(;,rmr- 1Z'l. ite I t M .. ;iii ic:r;
Ca rlston I)ra iiiags: (hON sity & si:r(:,,, I'. ,w
Wong Multi variate statistica]. model for predicting annual floodN .E
Hely & Some relations between streamfiow characteristics & the

Olmsted environment ft the Delaware River region

1964 Benson ractors affecting occurrence of floods in the southwest
Guy Analysis of some storm-period variables affecting stream

sediment transport
Slayter & Hydrology of arid & semiarid regions

Mnbbutt
Langbeln Hydrologic tools in paleoecologlcal reconstruction
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TABLE 2c ( continued )

1965 Sopper & Streainflow character:istics of physiographic units in the NE
Lull

V Schumm Quaternary paleohiydrology
T, Shen Use of analog modrIs in the analysis of flood runoff

fIfidore Eff-cets oC glaciation on streamflow :in the Upper Miss. Valley
IN dore T,and]'orm characteristics affecting watershed yields on the

tMssissipp3-Missouri interfluve

1966 Carlston Effect of climate orn drainage density & streamflow
Lull & Soper Factors that influence streamflow in the NE
Roberts Spatial variation of slope & associated climatic and

watershed variables
Benson & A definition of dominant discharge

Thomas
Lewis Relations of hydrology & geomorphology in a humid tropical

stream basin

1967 Morisawa Relation of discharge & stream length in eastern U.S.
Stephenson Spatial variation of stream flow & related hydrologic

characteristics in selected basins of S Blue Ridge Mts.

1968 Carlston Slope-discharge relations for eight rivers in U.S.
Salisbury et al The valleys of Iowa: Valley width--discharge relationships

1969 Dury Relation of morphometry to runoff frequency
Williams & Preliminary report on an empirical analysis of drainage

Fowler network adjustment to precipitation input
Beckinsale River regimes
Schumm Geomorphic implications of climatic changes

1970 Thomas & Generalizat-ion of streamflow characteristics from drainage-
Benson basin characteristics

Roberts & Influence of landforin and precipitation parameters on
Kli ngeman flood hydrographs

Ulugtr Fluvial physiography as a factor in basin response
Knox Stream channel adjustment to phys-iogrlphic factors in

sinall drainage hasins
ledman Mean annual runoff as related to channel geometry of

seloct'ed streams in California

1971 Wong Effect of stream size & land slope on recurrence of floods
in New England
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TABLE 3

SYSTEMS OF LANDSCAPE EXPLANATION, INCLUDING SLOPE DEVELOPMENT
TiHREAD OF INQUIRY

1945 Horton Erosional development of streams & their drainage basins

1950 Strahler Davis' conccpts of s.lope devf.eloplmini: viewed in thn. light
of recent quantitative investigations

Strahler Equilibrium theory of erosional slopes approached by
frequency distribution analysis

1952 Ruhe Topographic discontinuities of the Des Moines Lobe

1953 Smith Erosional processes & landforms in Badlands Nat'l Mon., S.D.
Miller Quantitative geomorphic study of drainage basin characteristic'

in Clinch Mt. area, Va. & Tenn.

1954 Ruhe Relations of properties of Wisconsin loess to topog. W. Iowa
Schumm Evolution of drainage systems & slopes, Perth Amboy, N.J.

1956 Tanner Parallel slope retreat in humid climates
Schumm The role of creep & rainwash on the retreat of badland slopes
Ruhe Geomorphic surfaces & the nature of soils
Wolman Frequency & effective force in geomorphology

Strahler Quantitative slope analysis
Ruhe & Scholtes Ages & development of soil landscapes in relation to

climatic & vegetational changes in Iowa

1957 Par:izek & Description & origin of stone layers in soils of SE states
Woodruff

King Uniformitarian natuire of hi-lslopes
Smith & Factors affecting sheet X, rill erosion

Wi sclimeier
Sciziamin & Arroyos & the semiarid cycle of erosion

fladley
Culling Equilibrium states in multicyclic streams & analysis of

river-terrace profiles
Melton Analysis of relations among elements of climate, surface

properti es, and( gcomorpliloogy

1958 WP:-;,:hm,: r & l(;iiTnf'al..l. energy ;& its relatiIT;hA) i f s,,il , I Is s
Smi th

flack Studies of longitudinal stream profiles in Va. & Md.
Langbein & Yield of sediment in relation to mean annual precipitation

Schumm
Coates Quantitative geoinorphology of small drainage basins, S. Ind.

1959 Chorley Geomorphic significance of some Oxford soils
Ruhe Stone lines in soils
Hlack & Young Intrenched meanders of North Fork of Shenandoah R., Va.

1960 Ifack Interpretation of erosional topography in humid temperate c..i;
flack & Geomorphology & forest ecology mountain region central Appal..

Coodlett
Wol.man & Miller Magnitude & rreqtiency of forces in geomorphic processes
MeIto(n Intravalley variation in slope angles related to microclinmte'

erosl one i. &.velopment
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'i'AIBLE 3 ( continued )

1.960 (conti nued)
Sceliidegger Analyti•,jj. t.eory of slope development by undercutting
C1,1 I ing Ana.lytical. theory of erosion

1961 Sch:i i degger Mat.iema!:i.cal. mrode]s of slope developmu.nt
Schei degger Evaluation of slope development theories
Schunm & Progress in the application of landform analysis in studies

Hadley of semiarid erosion
,enard Some rates of regional erosion

Geyl Morphometric analysis & the world-wide occurrence of stepped
erosion surfaces

1962 Scheidegger Some modifications of the slope development problem
Schumm Erosion on miniature pediments in Badlands Nat'l Monument) S.D.
Smith & Rainfal.l erosion

Wischmaier
Bretz Dynamic equilibrium & the Ozark land forms
Leopold & Concept of entropy in landscape evolution

Langbein
Chorley Georrorphology & general systems theory

1963 Schumm & Seasonal variation of' infiltration capacity & runoff on
Lusby hi lIslopes in W. Colo.

Everett Slope movement, Neotoma Valley, S Ohio
Culling Soil creep & development of hillside slopes
Kirby Study of rates of erosion & mass movements on slopes"
Zakrzewska An analysis of landforms in a part of the central Great Plains
Schumm Djsparity between present rates of denudation & orogeny
Chorley Diastrophic background to georaorphic thought

1964 Schieideagger Litlho.logfic variation in slope development theory
Holmes Equnil:ibriur in humid clinate p]mys3iographvic processes
Currey Prel iminary study of valley as>nnmetry in Ogotoruk Creek, Alaska
Schimm Seasouial variati.ons of erosional iates & processes on

billls].opes in wecstern Colorado
Dog las Intensity & perirdiei.ty in denudation processes with special

relercrco to removal, of material in solution by rivers
Chor I ey C(,!ographiy & anal.ogue theory
Lingh,, in & ;mr i-,'[u ii ilrii iiu staters :in clianricl. morpho.Icogy

L(!olpol~d

1965 Howard Crm rihlogical. systems-.- eqtii]1Ibriuim & dynamics
Culling T o-ry of erosion on soi].-cover, &' slopes
Mrlton Delri:s-covered s1 npus of the southern Arizona dcesert--

consideration of' th-eir stabi.lity & sediment contribution
Schumm Quaternary paleohydrology
Melton Geomorphic & paleoclimatic significance of alluvial deposits

S Ariz.
flack Geomorphology of Shenandoah Val..ey, Va & W Va. & origin of

residual ore (keposits
Schmium & Time, space, & causality in guomorphology
LJ dhty

1.966 Ahlnert lRo.le orf equmil ibriumrn concept in interpretation of landforms

or f lv i u I erovs i on & deposit i on

Sellumm & Chorley 'lhis, weI aUlm(r.img & scarp t2cessioim in Colo. Plateaus
.ch'lrvrl nurmimt & ,volM ,•i on or hii.1 I slopes
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TABLE 3 ( Continued )

1966 ( continued )
Scheidegger & Probability concepts in geomorphology

Langbein
Leopold et al Channel & hillslope processes in semiarid area New Mexico
Hack Interpretation of Cumberland escarpment & Highland Rim,

SC Tenn. & NE Ala.

1967 Kennedy & Stream-valley asymmetry in an arctic-subarctic environment:
Melton conditions governing the geomorphic processes

Schumm Rates of surficial rock creep on hillslopes in W Colo.
Kirkby Measurement & theory of soil creep
Ruhe et al Landscape evolution & soil formation SW Iowa
Scheidegger A complete thermodynamic analogy for landscape evolution
Hlooke Processes on aird-region alluvial fans

1968 Schumm Speculations concerning paleohydrol6gic controls of
terrestrial sedimentation

Ruhe et al Iowan drift problem, NE Iowa
Ruhe & Walker Ilillslope models & soil formation- 1, Open systems
Walker & Ruhe HIillslope models & soil formation- 2, Closed systems
Hooke Steady-state relationships on arid-region alluvial fans in

closed basins

1969 Meade Errors in using modern stream-load data to estimate patural
rates of denudation

Kirkby Erosion by water of hillslopes
Carson Models of hillslope development under mass failure
Smalley & The concept of "system" in the earth sciences, partic. geomorpI

Vita-Finai
Monmonier Trends in upland accordance in Pennsylvania's Ridge & Valley
Proctor The North Bosque watershed- Inventory of a drainage basin
Schumm Gcomorphic implications of climatic changes
Ruhe Quaternary landscapes of Iowa

1970 Alinert Fu.nctional relationships between denudation, relief, &
uplift in large, mid-latitude drainage basins

Emmett The hydraulics of overland flow on hillslopes
Welch Substitution of space for time in a study of slope development
Moultrie Systems, computer simulation, & drainage basins
Clark Morphology of slope profiles-- A statistical method to crit-

ically analyze the slope hypotheses of Davis, Penck, King
Cooke Morphometric analysis of pediments & assoc. landforms, Mohave
Kleiss Ifillslope sedimentation & soil formawtion in NE Iowa
Gardner Note on supply of material to debris slopes
Branson & Owen Plant cover, runoff, & sediment yield relationships,Mancos Sh.
Benedict Downslope soil movement ýin a Col,. alpine region: rates,

processes, & climatic significance

1971 Moultrie Computer simulation of erosional processes in a natural
watershed: study of drainage basin development
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CHAPTER IX

CONCLUSIONS

This study of the achievements and of the impact of quantification in

geography has shown the speed with which the discipline was transformed in

a space of less than twenty years. After a short period of resistance and

rejection in the 1950's, quantification became increasingly endorsed by the

establishment and formal courses in quantification are raw firmly entrenched

in all but the most recalcitrant of graduate schools. As was shown in Chapter

II, the quantitative revolution achieved far more than its initial purpose--in

the minds of most; for many of the early proselytizers and practitioners of

quantification clearly foresaw only dimly the path down which quantification

would take them. Few apparently worked from the principles of mathematical

induction and deduction discussed in this study in Chapter I; most rather

adopted the trappings of quantification in the form of applying one of the

more commonly used statistical descriptive or inferential techniques then

widely used in those other disciplines with which geography had interacted.

Thus the methodological revolution began as a shadow to the quantitative

revolution but through time acquired substance as problems of interpretation,

meaning, validation, and contribution of empirical research to theory con-

struction increasingly arose. This interaction between technical developments

and applications and the methodological foundations has more recently become

intensively studied and Chapter III in this study elaborates on the issues

Involved and their relationships to further progress In quantification In the
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discipline.

Current Status of Quantification

Quantification is no longer the unifying theme among quantitative

researchers that it was as recently as five or so years ago. Given the

quantitative expansion of quantitative research and the deep differences in

viewpoints relating to fundamental methodological issues of research strategy

that now exist, the status of quantitative work can only be evaluated with

respect to the various quantitative "schools". While clearly these are not

independent of one another it still remains true that each has its own level

of achievement, special class of problems--both technical and methodological

-- and often its own criteria for evaluating its future progress. Mathematics

is increasingly becoming the natural language of discourse altLough the

practise of judging models by their fruits has lod to the disturbing tendency

for critical logic to become locked in some computerized algorithm and

accessible only to those who have a sound knowledge of the particular

language used. It might be appropriate at this point to indicate some of

these cotntrasting states of development in the form of contrasts between

schools of quantitative geography that have ultimate objectives in common

but that are distinguished by having chosen different aoproaches to their

common goal.
9

Contrast, for example, the spatial forecasting models2 of spatial

structure with the approaches of conventional location theory (compare

Ch. VII with Ch. VI). Researchers in the area of forecasting models have

made great progress in constructing sensitive models relating aggregated
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units of activities to one another with spatial specification and with many

dynamic elements. They have become highly traind and competent In

calibraUng such models and in valldating them against quite hirgo geoqrophic

InformaL'on systems. As Ch. VII Indicates. they have more rocently become

Involved in the interpretation problems attendant on their goal of evalunting

nlternative policy inputs. In contrast. conventional location thoory has

become more micro-behavior oriented and proqress has been .lmost con-

tinuously stytried by discovery of the full complexity of human spatial

decision-making and of the problems of constructing tractdbTh;'L_ iytic models

%which Integrate the diverse findings of behavioral analyses In situatiols oi

complex initial environmental conditions, (see Ch. VI). Similarly, one

might contrast the research in drainage-basin morphometry with that in the

hydraulic characteristics of river networks. (Ch. VlII).

Contrast the level of quantitative development in the research of the

3 4spatial structuralist school and in the ractorial Ucology School with the

still groping efforts at measuring basic elemecnts of spatial behavior at the

individual level. Compare, that is, Ch. IV with Ch. VT. The level of

quantification of the structuralist school has been so much a part of graduate

training in geography for the past decade that much current research can be

regarded as "normal science" filling in the gaps of empirical knowledge and

systematically measuring the values of critical parameters In various contexts.

But within the school of analysers of individual spatial behavior is the

contrast, according to ever more fundamental reductionist levels between

those who adopt the structural approach (for example, the calibration of
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distance-decay funcLions)P those who wish to formally separate the environ-

mental effects from the basic decision-model as, for example, in the scýlinc

studies of perception and of space-preferences; and those who wish to

further investigate the cognitive elements behind the decision-process.

Contiast the work in th.. regional area of those who saw quantitativa

regional geography as basically numerical t-.ronomy with those who, more

recently, have asked that objective functions be defined to reach some

accepted purpose (e.g. in political re-districting) or that the goal of numerical

description of regional cheracteristics be more closely linked to theories of

regional spatial structure (see Ch. V).

Other divergent di.rections in quantitative research can be identified.

Much of the research in discovering order in spatial structure was predicated

on the premise that from an identification of the underlying spatial order

inferences could be made about the underlying process operating in the area.

Recently this premise has been increasingly questioned and research has

shown how different processes may yield similar spatial outcomes. The

significance of such findings to the work of those whose goal is to construct

control nmodels that will yield deshed elements of spatial form has been

recognized. This "form-process" controversy will undoubtedly continue for

some time for its ramifications on much that would now be regarded as

"normal research" are great.

The normative spatial research that Garrison in 1958 expected to

6
quickly become a major thrust in economic geography did not materialize then

but even a cursory review of the contents of the journal Geographical Analysis
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i-.... dicates a resurgence of operations-reseai.rch-type models where, once

-again, the cfuestion of optimal spatial arrangements becomes paramount.

With such questions, appropriate mathematical approaches are quite different

from those used in other schools of quantitative geography and the degree

of expertise by geographers generally in this area is quite weak. (Ch. VI

indicated some notable exceptions to this statement).

One school of quantitative geography is developing around the spatial

problems •found outside the western context. Here interest in knowing the

robustness of models developed in a western context for application to

countries outside the western world--particularly in the developing countries--

is central. This discovery of new contexts in which parameters which

formerly had been thought to be independent of context are shown to assume

values outside the domain of previous experience has challenged theorist

7
and empiricist alike.

In research in all of these "schools" the availability of quality data

Lommensurate with the type of operations envisioned in the models that have

been developed is questionable. Garrison's observation in 1958.that the

1960's would see large efforts made to construct such geographical information

8
systems proved true but the observation is likely to be equally true of the

1970's.

Achievements of Quantification

Many of the achievements of quantification in geography were implicit

in the review above of the current status. However, to anyone familiar with

the lethargy in geographic research twenty years ago, the overwhelming
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achievement will be the egocentric sense of pride and fullfilment that the

present status of the discipline as a fullfledged science operating within the

mainstream of scientific thought and keyed in to the problems of contemporary

,ociety can be layed at the door of quantification. Geography has now joined

the mainstream of both social and physical science. If the substantive

achieveme.nts to date do not appear to match the considerable efforts involve(.,

one has to appreciate the overhead-cost nature in terms of basic training,

and re-orientation that has been involved. In other words, to date the most

important achievement must be the new orientation of the geographic profession

presenting as it does today, a resource ripe for further application to the
9

problems of society.

A second achievement is the progress that has be,-n made (see Ch. IV)

in response to Schaefer's call that geography should apply the methods of

science to discover the morphological laws concerning the distribution of

phenomena on the earth. The fact that such spatial-structural studies no

longer have the research following they had in the early sixties should not

obscure or diminish the importance of the fact that many such laws and

regularities have been discovered and in many cases are now being used on

a day to day basis in many practical applications. Though it may be

fashionable to dismiss as pedestrian the efforts of those who have so

laboriously calibrated many geographic models (e.g. the distance-decay

function or the factorial ecology of American cities), such normal scientific

effort has resulted in si bstantive findings which, though scattered in a

plethora of publications and fugitive manuscripts, do nevertheless satisfy



-470-

Schaefer's criteria of a body of particularly spatial (geographic) laws.

Increasingly, the researcher today takes these "solutions" and calls them

his "problems". These become problems in the sense of the need to identify

more fundamental processes to account for them and in the sense also that

society finds many of the patterns that are discovered to be undesirable in

some social or overall-efficiency sense. Thus the efforts to construct

control models, sensitivity tests and other theoretical enquiries to determine

what may be changed in order for spatial outcomes to correspond closer to

that desired. Contemporary quantitative geography is clearly entering the

realm of the policy sciences in which desired ends are the "solutions" and where

evaluating the effects of alternative strategies for control through sensitive

models of the region of interest is the essential step along the path to the

goal of formulating alternative means of reaching the policy-makers goals.

A third achievement is the methodological success experienced in

building deductive theoretical systems from a set of basic postulates.

Such experience in deducing spatial order from basic principles is especially

useful now that we have reason to question. many of the inferences about

10
behavior made from observations on spatial form. The fact that inter-

pretations concerning causal mechanisms made from analyses of spatial form

are ambiguous has led more researchers to become interested in causal

model-building from ever more basic premises. Thus experiences in the

11modelling of theoretical systems will increasingly find practical applicatLius

in working with applied problems.
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A fourth achievement of the quantitative thrust in geography has been

the raising of the general level of technical training in the profession.

Fruitful contact with other disciplines in the past was impeded by the low

level of technical expertise in the discipline. Chapter II indicates some of

the factors that facilitated this trend in the early years of quantification.

Since then., changes in university curriculums; changes in the image of the

discipline by prospective students; and changes in the admission requirements

of some graduate departments of geography have further accelerated this

trend. Some members of the discipline have held essentially technical

appointments in various universities.

A further achievem mnt has been the changed structure of the discipline

itself which quantification wrought. Earlier emphases on regional speciali-

zation gave-way to an acceleration of systematically oriented specializations

in the discipline. Perhaps more importantly--since this trend was present

before qu&t-ntificatio,, :c'ame a major issue--is the fact that quite disparate

systematic .ieas of the dhlocipline found common problems and therefore found

the need to communicate when quantification was adopted as an integrated

facet of the research approach. Students of spatial statistics, for example,

irrespective ot their systematic affiliation within the discipline, found them-

selves studying and discussing research in plant ecology, in central-placc

theory, or in Karst geomorphology. That the models being used were mathe-

matical facilitated understanding where the subject matter was unfamiliar

and further encouraged communication between branches of geography that

had been essentially independent in earlier decades. Of course, the primary
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emphasis on analyses of spatial form in the early years of the quantitative
12

-ffort facilitated this interchange of ideas and of solutions.

The resolution of many of the epistemological issues extant in the

early years of quantification was an achievement that left undiluted the efforts

that led to the substantive achievements of the last decade. A summary of

13the viewpoint that prevailed about 1968 was provided by Harvey and also

by Adams, Abler and Gould. 1 4 The fact that no reviews appeared that were

critical of the position Ha~vey adopted there that the mode of explanation of

the logical empiricists had been the mode for quantitative geography--a moje

that Harvey advocated for the future at that time. The period of unanimity

among quantitative geographers on this point is now over. Some of the recent

viewpoints were discussed in Chapter III.

Future Developments

Technical

Technical de-relopments in quantification appear to be easier to fore-

cast since so many of the prospective developments are logical extrapolations

of well-established trends. Always, of course, the innovative breakthroughs

are in principle unpredictable. Speculation, however, might point to the

expectation of novel developments from the combination of the increasingly

self-critical posture of quantitative gougraphy; the higher level of technical

expertise; the greater involvement in applied problems; and the new positions

on epistemoloyy t ,•4 bin.tIon that rc(',:ts fium integration of the achieve-

ments of quantification discussed earlier.
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Within the technical area though, the further development of integrated

geographic information systems seems certain. Integration will be the key

facet of this development. The variety of input sourc(-es will increase as the

technology arid software in remote sensing develop; the orientation of census

material to final use in such an information system will increasingly modify-

the practises of Census agencies and far more commonly will day-to-day

data of governmental administrative bodies he li~cnrorattý. in the systems

developed. The relation between various geographic coordinate systeims

will be further explored and the capacity for checking, editing and updating

such syL~tknis will Improve.

Fiutkcr dovelopments in the design and efficiency of coinpUter

algorithms are to be ompected-a-many of these will. be heuristic to fill thPcla gP

between Lhe more commonly recognized problems and the. present -intractijbie

nature of thn i dtheinatical systems for deriving atial "tic solutions. Ill

addit$on, Ot-tro will lie developments of integrated cowiputer soitimre systems,

that will 1,u Ihe anolytical counterpart of the geogoyphic dd ta banks. Ptr

dcivelopineits In pet fucting remnote accass ccapzabilitles to both d La and

programs fiowt divearse locations will further spoed 1he adoption of qU.-in1tltat1Veo-

JPProaCLQ8s W~ tLL. tia, .n!*#1y L' ~ L a aatU -1-typt. ptoblel"S.

*Atlthough thoso devolopments could take placei without aniy ne - typo s o f

ha rdwa re asytunis than presetitly on the market, it tweems cloar 'that teelici

developmets by the computer science industries in this area will 'cothu

Particulat-1y in the realm of graphic input/ou~juL, ~oj~~holu.

zar~-roaching implicatitons in the. conduct of geographic res6"utch.
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Substantive Developments

These are more difficult to forecast than technical developments.

Certin rend a9 apparent in research currently underway n etano h

trends in curricula change should have predictable conseqruences * On both

these counts It seems certain that. the Involvement of geogrrphers in applied

problems will increase as technical developments and training advances

increases the capability of many researchers to handle complex problems in.

a formal way. Regional forecasting models for a wido range of socio-

economic activities and indices will become as common i s weather predictions

-- and no doubt will be as prone to error. But the concern-to know the luture

state of environments so that public and priVate investment-and land use

control policies may be complementary will inexorably lead to a demand for

high-quality projections In this area. Dqvelopments in geographic information

systems will become conr~ected to spec'ific data !:anks covering Mast of the

metropolitan regions. In the developing coUr~tries where. s~patIA Integrati-on

Is not so much something to be discovered in. the fto scrs ofsm arge

matrix of flows as something to be achieved by tatlor.al spatial planni~ag inth

context of very scarce resources, forecasting modols and plainning models

will be inextricably linked. Everywhere, the future peter-n of spýtta1

activities will be seen P_, something to be achle~ogd rather than somnething to-

be predicted from the op~eration of inanimate forc:es outsido oi- our control.

As Harvey so aptly stated It, the solutions of conventional s4patiai analys-es

will increasingly come to be regarded 3s the- problems to be Solved. S
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This trend to forming the future rather than simply describing it will

undoubtedly lead to a larger emphasis or. normative, opera tions-resea rch type

work. T~o this point, most research ina geography has either dealt with

hypothettical problems or with small and very partial-type problems (as in

industrial location studies). As the field of mathematical programming

develops, the future of geographic research should increasingly incorporate

the techniques and style oi Operations- Research.

The trend toward quantitative behavioral geography wrill continue with

the development of quite different research styles as geographers become

more familiar at a deeper level of the parallel differences in approa0 is

within the field of psychology; from which for some time to come the bulk of

the inspiration for work in this atea will derive. Cortainly there will be a

contrast between those researchers who attempt to uncover preferences from

overt behavior; these who attemnpt tW recover'perceptions of environments

and othors who work nt An ov4en deppor cognitive le~vel. There will be an

increasing concent' to op ;omk~ deci Sion -IodllS. at both tha gloup level

ndte indiv~duol dfecision-niaking level. iicrsuemtpobns

relating to ail these Irzie will nueossarily cona'r -in inordinote propottion

(if th.: total raseorch effort.

keson rch in the bolutdvioral areaad. orc' n the at04 of normative m~del is

14koly wo be-como fitgod in a now r~eserch 4rea cncerned with the abilities

of humanl Intuition to solvk- location problk-ms. 1,"vfn it the techniqutra ot

toathenuttic~l pmutv~anining wete wvidely adopted for the solution of loc4tiom. I

PtrOb~'ma q iS stiii likey that tho vla? ~ ';Of ic liotAl dcixsaoos wait.
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be made at-an intuitive level. Research to discover how well different

kinds of people can make these decisions and research into the problem of

training people to increase their skills in this area will develop.

The integration of findings in all the above research areas will be

attempted by the location theorists of tomorrow for. In this (functionally

speaking) ever smaller world, the desire to rationally organize this resource

which, practically speaking, is virtually non-expandable in quantity--

physical space--will become a paremount problem in the minds of many.
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INFLUENCP OF QUA-NTITAT.VE -METHODW ON THE

UTILIZATION OF COMPUTERS IN GEOGRAPHIC RESEARCH

Geography has often been characterized as being concerned -with the

identific~ation of the phenomena that give- distinctive character to different

areas. Any phenomenon thatis irregularly distributed over the earth's sur-.

face has the potential of filling this descriptive use. Phenomena themselves

are associated in particular places, but associaton does not necessarily

imply a relationship between them. Quite different and unrelated :processes

may be operating. Thus, geographers ha've at-tempted to describe the operation

of specific processes wherever they might be located.

The map became the fundamental instrument of geographic research,

providing the means to record the diverse phenomena found in an area. Map

patterns are generated by plotting points, lines, and areas on a specified

projection. This methodology has formalized as cartographic analysis.

The association of phenomena by map comparison usually was accom-

plished by visual observation. Later, a group of researchers at the University

of Iowa demonstrated the inherent difficulties of visual map comparison.2

Regardless of such criticism, the point made here is quite different.

Consider the nature of the disciplino and its relation to others. A classifica-

tion according to the degree to which theoretical procedures or explanations

are used as contrasted with correlatiotial procedures or explanations has been
3

suggested. The difference is based on the degree to which a discipline is

characterized by statements describing the degree of relationship among more

or less directl7 observable phenomena and one that is capable of deriving,
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accounting fcr, or explaining relationships from principles tiat ale not

obvious (i. e. beyond observational knowledge). It is apparent, but note-

worthy, that -all sciences begin as largely correlational -and progress toward

the theoreti-al. A quote from The Science of Geography is relevant:

Geographers have long believed that correlations of spatial
distributions are among the most ready keys to understanding
existing or developing life systems, social systems, or environ-
mental changes. As geographers undertook such studies in-the
past they favored heavily the empirical-inductive method. More
recently, particularly since the end of the last war, theoretical-
deductive methods have been applied.4

A few years earlier Burton wrote:

In the past decade geography has undergone a radical trans-
formation of spirit and purpose, best described as the 'quanti-
tative revolution.' The consequences of the revolution have
yet to be worked out and are likely to involve the "mathemati-
zation' of much of our discipline, with an attendant emphasis
on the construction and testing of theoretical mudels.5

The quantitative revolution in geographic research did not take place

without influences from several sources. Contributions of a substantive arid

6methodo-c -jical nature have been discussed elsewhere. The command of

information made possible by the computer has permitted the analyses of

large amounts of .ata and this has been an important contributor to research

productivity. Computers enable geographers to examine complex relationships

which take place. within and over space. The technological ability to handle

data has grown much more rapidly" than the ability to collect it. Thus, from

a state of affairs where correlational studies were frequently based on

obvious associations, simply because of the great arithmetical drudgery

involved, geographic research has progressed to, and beyond, the stage in
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-which "every" available variable is correlated with every other one, in a,.
l seek and ye shall fti-•'" approach. Clearly, high correlations do not make-

much sense unless the relationships they portray can be related to a

developing body of theory. Currently, hypothesis-testing is seen to be more

fruitful :'ien the relationships being tested are generated from a formal

treatment of the theoretical constructs. Quantitative methods provides a

* useful way of expressing theoretical arguments, and resulting hypotheses

are explicitly and unambiguously stated. Now the problem becomes one of

collecting data on the variables (or surrogates) that formal theory indicates

shou)-i be related.

The number-crunching power of modern computers is only as useful

as our thec;etitial developments permit. An expanding research productivity

depends upon theory development, and theory, at some stage, must be

tested. As Btrton has po'nted out:

The development and testing of theory is the only way to
obtiain r-w and verifiable knowledge an, new and verifiable
understandings. 7

Testing need no longer be a correlational procedure, in the sense of observ-

able features, but may involve decisktn-making models, computer simula-

tion techniques, and the recovery of metric, from non-metric, information. 8

Clearly, the reoearch potential is inextricably bound up with the development

of sound theory. Also, more diversity in the use of the "information machine"

9is a complementary enterprise.

The development of testable models from theory presupposes that the

data is available by which this can be accomplished. Wh'n explicit

..........
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- -statements of "process". are partof theory, data are usually required with a

temporal dimension, as well as spatial. Likewise, the ability to derive a- corn-

posite: index from observable variables efficiently and objectively is

necessary. For data ccllected from diverse sources, compatibility is unlikely,

thereby stifling the activities of theory testing. The collection and presenta-

Stion of observable data seems like an end in itself when information

processing capabilities are not available.

Geographic research potential and the expansion of viable theory is

directly related to the degree to which the practitioners of spatial analyses

can harness the portentous generality of the modern computer-system. While

any individual who cares to acquire the expertise can utilize a handy computer,

results would be minimal if each researcher had to "go it alone." Fortunately,

many applications are similar, at the level of computer circuitry, and much

computer related equipment and software is easily adopted to the geographer's

needs. In one sense, the geographer's data requirements are unique. In

nearly every instance the data for geographic research must be spatially

related. The simplest case would be the attachment of latitude and longitude

to a bit of information about a point on the earth's surface. Data might also

be assigned to areas which are defined by their spatial relationships to each

other. At a htgher level of abstraction there exist derived variables of spatial

ielevance, say, space preferences. 10 At this derived level the attachment

to a particular point on the surface of the earth may be generalized. Neverthe-

less, the original data must have been collected in a spatial context.
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A theory-laden environment for geographers must be responsive to the

unique data needs of spatial analyses Optimally a geographic information

system should be available which could supply, on demand, temporally and

Sspatially organized data relevant to the substantive needs of the researchers.

Clearly, the information to be processed by the system should be specified

by theory-conscious practitioners of spatial research.

The structure of an information system to serve the needs of the geo-

graphic theorists differs little from that which would meet the needs of many

others. However, there must be an explicit attempt to supply a locationally

meaningful dimension to all, or nearly all, of the information passing through

the system.

Methods of referencing spaGal location for use in an information system

refers to the techniques of specifying location in a machine-readable form,

often termed geocoding. Essentially, there are three alternative methods for

identifying location: direct digitizing, area unit codes, and unique addressing,

such as street addresses (or miles from stream mouth) which then may be trans-

lated to geographic coordinates or areal unit codes. Direct digitizing of

observations to x-y coordinates is the usual method chosen when the data

source consists of L~iagery, maps or other graphics. Assignment of areal unit

codes to observations is a usual procedure when conducting field surveys.

Depending un the type of survey and the sample size, areal units will vary

considerably. Finally, a procedure which is gaining greater acceptance in

urban areas is the machine translation of street addresses to either geographic

coordinates or to areal unit codes. The street address translation process
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requires a Geographic Base file, i. e., a directory of address ranges

assigned to an areal unit for comparison with the input address requiring

translation. The street address translation process obviously allows greater

utilization of administrative record keeping files for use in analyses of urban

spatial structure and transportation geography. Geocoding is only a small

aspect of a total geographic information system, and while its importance

to research efforts and theory development is significant, it would be unwise

to gloss over other important aspects. It is useful, therefore, to briefly

discuss the nature of an information system.

An information system is composed of basic elements including:

1. People

2. Computer and related packages

3. Data definition

4. Institutional procedures

5. Data collection methodology

These basic elements are related and must operate within prescribed system

patterns that will:

1. meet operational requirements,

2. facilitate summarizing and analytical techniques,

3. assist in the search for program goals,

4. assist in evaluation and control,

S. aid information exchange.

The basic elements and the prescribed system patterns are more fully developed

in Table I and the schematic diagram which follow. A careful examination of

both displays indicates the need for careful consideration of each operational

decision with respect to the influence on the geographical relevance of the
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Table 1. Information System Elements

1.

Set policy and establish programs

Develop and maintain information system hardware and software

Provide input data

Utilize the system to answer a broad range of questions

2. Computer and Related Packaqes

Hardware: SoftWare:

Comp~uter Control system
Tape and disk drives Analytic program packages
Graphic display Statistical routines
Remote input Query procedures

rile manipulation

3. Data Definition

Descriptional:

Data items
Indices and surrogates
Sensitivity analyses and relationships
Areal compatibility
Temporal requirements

Contextual:

Norm s
Stindards
Assumptions

4. .nstitutional ProcuktuLru

Level of oxistifi tecWhnolociy
• I uulctioaldl/opor, tliI.1l respor,, hil tl y

r•!,.i 5. Data C.ollec~tion.Methjodolouj,.

riold rurveys
Automtic: remote ;nwsurs
Geocodinr.!
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resulting data. For example, graphic display for output and digitizing

capabilities for input purposes would be of high priority in a geographic

information system. However, in most computer installations these features

are given short shrift. Thus, it is not unreasonable to suppose that some

persistence will be needed to assure more than the minimal requirements of

these "exotic" items in supportive systems to geographic model building

and theory testing.

Regardless of the specifics, the basic principles of an information

system are indicated in the diagram, which emphasizes a system development

and a system utilization stage. The former stage is based primarily on the

specification of data and the development of data handling techniques,

including geocoding, transformations, and storage. System utilization

requires that the information be addressable on files which can be queried,

restructured, integrated, and easily and quickly updated. Also. norms and

standards, established by the appropriate decision-makers, must easily be

merged with these files. The users, in turn, are responsible for maintaining

the flow of data into the system, thus assuring its relevance.

Clearly. the distinction between development and utilization has a

special meaning with respect to tho prccess. Development means the process

of getting set up to continuously collect, process, and provide data files

which meet the netds of the users, as well as the updating of procedures and

equipment to accomplish this tisk. Utilization, on the other hand, toeans the

proce4;sing of. queries by Interested users.



While the basic elements will differ ia degree from one information

system to another, the Prescribed systemr oatterns maY, in fact, d iff er in more

basic structural ways. More simply, the elements can be operationalized in

* different ways while servin.- the same purpose. Alternative structures can be

evaluated with respect to how well each meets certain fundamental

requirements.

Requirements depend primarily upon the needs of those supportinig the

operation in terms of use, but are constrained by the technologiccal and

monetary context. The phenomena of interest influence , 'hie above

factors. For example, an air pollution control information sy-stemn would

require continuous information input requiring very sophisticated monitoring

equiment, while a public facilities planning information system would require

only population counts and characteristics for areal subunits for, say. yeariy

or bl-yearly intervals.

Suminr

The marriage of geography mid quantitative methods has bWon fostered

by the rapid developutent of coumputors. so that the current stiatus of much

disciplinary research depends on this technology. The desira to process huge

dita sets will bring greater utilization and increasiny operational depeju.en,.y

on computing systems. Although this dependency is well recogniz.od b~y many

researchers.. fow have had any impact toward, the acquisition of the 0quiptoont

to be utilid n fewe. still have had any impc cn the developmient of Whe

hardware.
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Careful consideration, should be given to the requirements of an

infonriation system which would serve the needs of the gorphic researcher.

The process itself might prove enlightening! for, une thing the quantitative

revolution has done to geographers is to make them data hungry, so -that data

being used is not always equiva lent to that which would be desired. The

reslt ~ tat r~ig nd testing theory is a roundabout procedure ta ol

be circumvented with a purposefully developed geographic information systemi.

-Theorteucally-relevant research productivity would expand accordingly..

Clearly, the forefro~nt of geogrniphy's theoreticians ire beyond the correl~ation

stage and are Increasingly frustrated in the development of viable theory by-.

thti Jack- of data approp.at.e for their evaluation and val~datlirn.
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