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Abstract e

ES

- . Fhe functjonal reglon 1s usually conceptualized as a spatlal partitioning that
. , . ) R

fdentifies co'mmu'r.mlcs of Interest. ‘Attempts at quantitative.definition have

piml&kad' analogous concepts In the soclgl sclences, especially soclal clique

idengiffcation.  Aljthough It 1s accepfed that the functional region Is based on

h\:ﬂlarvlntvractfon,. little attention has been iyald to 1nteractlon’ model‘mk in the

& :

cc")nte\ct of functional regions. This Is partl’y becauae the <patlal interaction modol

Is not equlipped to handle behaxlora] biases ‘
-~ & ' . A - i )

.
,This research develops 2 model of spatial Interaction that recognizes
perceptual amnltlescor barrlers bgtWeen <pat1al units. Derlved from the Luce and

- / ~ )

e

Tversky cholce axloms._ the Black/\\hlte Model re];axes the assumption of

isotropiSm In landscapo%,. and offers an alternative concept-uallzat!on of the

‘ functional reglon. Four classes of “the model are distingulshed, to address the

. B
- Ed
- - PR .

- . s 7 . o N - .
various con‘coptua]' structures traditlonaly, associated with regions in general, and
T

the funcllonal reglon In partlcular It 1s argued that the calibration of the

Blark W h]le modol <orvos two purposes Tirst, 1t allows the model 1o be applied in

a prodmhe capaclt; Gecondl) 1t tdentifles reglonal mgmberships, and Is thue,,in .

effect a mechanl<m for roglonanzatlon /( m*ethod of calibrating the Black/\\ hite

model Is developed “The 1e<‘hnlque Is initlally IHustrated on simulated data -and

i shown to retrle\e ombedded reglonal structures oxer a range‘of <<~anar1~o< AL
A}

houri&tx(‘ cahbmllon mmhod Is dev eloped for large problomc ~The methods are
- . : A

compared "Under condltlon‘: of controlled random error; thelr performance Is

2

- documented Mth \arl'ous\stmulated ﬁpatlal and reg]onal conﬂguratlom .
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The Black/White reglonalization method Is demonstrated on a data matrix of

-

.student mlg_rétlons in the Unlted. States] A number of refinements In the.

heurlstic are effected in the ]lghf of the inttlal results, and there are indications

.that the algorithm ma):' have Identifled the optimal Black/White partitioning,

‘-

given-the data. , R

3
Ve \

In éonéluslon. while further+work remalns to be done on the detection of

omﬁplex re'gional strictures, the Black/\\'mte modél offers a method of- binary

partltlonlng. anq a fresh outlook on reglonallzat\on and spatial lnteractton with

promlsing lmpllcatlons for ‘both planning and acaYemic enqulry.
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The cdncepbual revolution assoclated with the advent of quahtitaily'e methods
in geography has been described by Its protagonists and.practitioners as a break

with the ‘‘descriptive morass™ and the ‘‘nonsclentifte darkrlages\-ot‘ thirty years-:

ago” (Golledge et al, 1982, p 558].

.
4 ° X , A

The passlon for quamltauve methods Is by no means*unanlmous Burton

“

':(1963) lists flve élasses of critkeism Teveled agalnst the quamitatlve movement and

quantifiers. Flrst, there Is the feellng thaL the development and perf‘ectlon “of .
.methodological tools has ~LakJen attention away fr.om: building the dlsclpllne;‘
se{con‘d‘ there Is fhe' fear that Lhe movement ma& lead the diseipline into frultless
dlrectlons- thlrd certafm\ phenomena are not amenablq to measurement fc;urth
Lechnlques are_ befng mlsused by appllcatlon to inapproptiate problems, data and

contexgs: the fifth critielsm, regardless of lts ver-aclty, Is dirécted towards the

social behéVlor/ of‘ quantifiers: ‘'They are perky, é_uffer from overenthuslasms:

. v/aultlng ambition, or” just pialn arrogance’’ (Burton, 1963, p 158). It must be

-

pointed out that Burton‘.was only reporting on V:Iews held by opthers, and. he

“r

- ».[;roceeded to ”refute the crftlc}smé Porteous (1985), on ‘the’ ot‘herA hand,

presuma‘bly renected hls own vlews when he wtote: . - - 4

A
. “The cold hard nosed spatlal theorists.and quantmers in their whjte
lab .coats have created a dul] afd llfe]ess digcipline.

N . , , [Porteous, 1985, p£49] ’
~ ‘ R \ . v '/ : ' ) ’ ’ '{ K

« The polemlcs between supposedly opposlng phllosophles may. hawe h]ndered

4
the advancement of the dlsclplme but the debate has probably been’ beneﬂcla[

rorcingfadhereme of the two schools to examine the Issues carefully. There have s

. .
I'e ‘ ! r s

. : , . . : : ?
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lately been slgns that -the duallsm may be‘l‘adlng ‘Quantlﬂersdhave begun to
examlne relatlveﬁsubjectlve toplcs, such as perceptlon and behavior (Golledge
and Rusmon, 1976): Gould ‘(1980) has lnvestlgated “quallLalee mathematlcs and
'Q-analysis and Smith (1984) feviewed the development and application of‘

artificlal intelligence In geography. For their part, reglonal geographers now

-

N . < . T . N :
routinely quote summary statlstlcs to empﬁaslze polnts..

1. The Region ~

OQe item of interest-of the traditional school that has recently attracted the

attentlon of quantifiers is the notlon of the reglon. Bunge was prompted to

-remarks: ) '

_ To- see reglon. construction, one of the last preserves of the non or
elml-mathematlcal geSgraphers,.crumble awa'y‘,befbre the ever growing’
appetite of the computing machines Is a little uhnerving even for a hard -
core quantifier. . ’ . A o

no o _ . s jeunge, 1968, p xiv]

- ¥

..

’ »

' The Orlgmal;c'onceptf of the region effecilvely‘e‘ncansulates and summarizes the
general thrust .Q'f,tne‘ldeograephlc tradition. The brofesélonal‘ and recreational
delight derived from the exhaustive description of a chosen territory — In 2 wotd,

eXoticlsm — is bred of regional differentlation. Th’e,phenomenOn of systematlc

spatial differentlatlon, and therefore aof spatial classification, suggests itself at the .

«

' - most fundamemal level of enqulry"early explorers, from Ulysses to Al- Masudl

were awa.re -of reglonal differences’ (see chklnson a.nd Howarth 1933, p a2; Odum'.
and Moore, 1938. p 279).. The concept. or the boundary. encloslng spatlal umts
that share selected characterlstlcs, ls slmll&rly one that. has an elementary appeal. .

- . i ¢

- <t .

At a hlgher level one. beglns to’ vlsuallze reglons not as lsolated lndlvldual'
lslands of unlformlby. butras part of an extended cellular system of boundarles,
'enveloplng all ‘rorms or space The magnltude Qf the system ls lntlmldatlng e

one is ~prompted 10 thlnk about regldns 88 a phenomenon to vlsuallze systems of




‘regions In the abstract, and to attempt to understand their behav!or as dynamic, @J

x
e

. L .
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organic entities (that last remark requires a quallflcation and explanatlon to be

sure, regions are mental constructs — the matter Is dealt,W'}th ln ‘'some detall in

Chapter 1" — but any. objective attempt to define or dlscow'ér. them, conceptually -

-or. spatlally, confers upon them a palpabllity that formalizes their ‘exlst_ence).v A ,_‘

1.1 Histor‘y of the Region - . Set

+

A

The hlstory of the reglon as a formal geographlc ecoricept may have begun
with Ptolemxs notlons of chorology (see SLevenson 1932) Durlng the 18th
" and 19th Centiuiries, the notfon was 'aeveloped by Germa.n geographers notably - .

Ritter and Pa,ssarge (chk.lnson. 1969). ) .

- f » B E]
. « ]

In Nogg®’ Amerlca, the reélonal concepts was slow to develop. Until the middle

k 19th tury, academlc prog’rams In geography emphaslzed encyclopedle

.

rdescrlptions (Warntz. 1981’“ p 2681), presumably respondlng 10 the continuing

| exploratlon of the~New World . The following ponceptual en\Rment tolnclded
with the perlod ‘when " governments In the United States and Europe were revising -
their internal organization as part of the new planmng process Geographers >
were beling. asked ror thelr advlce ln the process.’ Gllbert (1901) detalls the
experlence of France, Germany, Spain, Portugal Brltaln the Lnlted States and .

Australla with redlstrlcting for po}itlcal administration. ‘¢

’ X - ‘ . -

Probably the most *spectacular’ success story . in . this‘vearly. gebgraphic = -

consultancy was tﬂ\t of Isalah Bowrnan, In 191"7 Bo*;vrnan. as’ Director of the

Amerlcan Geographlcal Soclety, was lnvlted by the U S gover”nment to assist in

I “Inqulry. prior to its partlclpatlon In thé Peace Conference of Parls. -

Bowman was named Chief Terrltorlal Speciallst‘ of the US delegatlon to *the
) conference and Ex.ecutlve Director of the Sectlon of 'Economlc, Political and

Terrnorla] Intelllgence (AGS, 1919; Greenomgh 1919) - Hls Job was succlnctly'

descrlbed by President Woodro_w. Wllson "Tell me what C] righL and IH nght for .

s hal - 3
A

-
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lt"'tquoted In Martin, 1980). '_I‘he Peace Conference ended In 1919 with the -

declaration of the Treaty of Versallles, o ] .

The’ White House was evidently pleased with its geogyapjhl‘bal.éxberle'n'ce.

Bowman was consulted by the admlnlstratlon durlng 'lts medliatign of a border

~ dispute between Guatemala and Honduras in 1933, and helped shape'\ Presldent

- EN

Franklln Roosevelt s policy on Palestinian and Jewlsh rese%emem ln 1943-1945
‘e - . «

- . ’ %

. The signlﬂcance of Bowman's experiences were, two-fold. First, hls"success
brought the geographer into the role of the consult,ant In thé modern sense of the

word:  his services to the government brought the dlsclpllne publlcity and

B 'fespectablllty ‘outside academlia. Secondly, Bowman was essentially constructlng y

T & s -

appmg::te polltlca] boundarles around economLc reglons, lf the discipline were to

1

gain fr his personal success, here was an’ opportunity to unify aqd consolldate '

the concepis of the region, and formalize t,h'é methodologles for del‘lmltlng lt

/

‘-

oo o P
. On thi$ note, attentlon Is now devoted to Bowman's misslon, -and his

S~ -

approach to it. The following remarks are taken from descrlptlons of Bowman's

I3 -
work. In the flrst, Martin (1980) describes the Paris negotlatlons in the second
,he refers to the Guatemala-Honduras conmct the thlrd quote ls from
Hartshorne's description of Bowman's baok ““New Wérld' (1928): f . s

Bowman was called upon to exercise a detailed knowledge,;of E‘urope
In his work, especially with regard to Poland and Romanla. He studfed
the history, the rise ‘of urbanizdtion and Industrlalization, the ethnic -

- composlition and .the physlcal envlronment of these .and ad_}acant‘ L

»

- countrles. o ’ ' i
. - ’ : e o [Martln, p91] |
) Bdwman . proposed an economlc survey . of the termory in
~ dispute ... and by careful use of the resultant fnaps and’ reports the
. Inatter was brought to‘a peaceful conclusion. o, , ‘ .
- ’ : - " [Martin, p 95]
k] - _.
R ~ » -
N - :

§

Y

rd



“ ’ .
¢ - - - «
\J\ N / . R
JINTRODUCTION ] , o I N "o s
- v - " a) .' “ R - * . ‘J N O
" o o ' \,Vhlle this [booK] deals wlth problems which many polltlcal scientlsts
PRI " have sjudled, iis extraordlnarlly effectlve use, of maps has made lt a
R 7 L, . well nlgh unlque contribution. . *
- ) 4o , ‘ T, [Hartsh_orne, 1939, p 248]
’ - LR The recurring references to the map are 'slgnlncant Indeed It was a'pparently

o the elaborate cartographlwdlsplays and constant pel‘erence to’ them that gave the
. Yoo Y- iy ? A
Ve, ’ Amerlcan delegatlon to Parl§ a measure of objectlvity: and originality; the
s T proplem of creating bounda?les wa'.‘s seen prlmarlly as a geographzc lssue, and

~

quite seéondarlly as polltlcal

' - - . » . -t

\ -

. 1.2. The Region in the Middle 20th Century '

Followll!g the- 1d War. the calculating machlne._and then the

electronlc computer, ng a sclemlﬂc ~revolutlom Multlvarlate statlstlcal".
methods were now acgessible to soclal sclentlsts- factor analyses cluster analyses
" and seriation technlques were used In soclology and- psychology, to analyze R

N >

. L problems objectlvely

. - R - - 4 . ' . *
. M °
)

. -Géographers with 'q‘uantl.tatl\le' leanings emlaraced the new- technology. Bunge
y (1962)," Berry (1964 1968) -and Grlgg {1965; 1967) developed the lnTLlal brldges

- beLween classiflcatton and reglonallzatlon (these, and the termlnology on. reglons. }.

ST quantltatlve methods of formal reglonallzatlon had been developed (Davles, 1980) .

g by vlewlngrr placea as cases In the clustexl model
. 4

. c " By contrast the functional reélon ha._s-'never been satlsfaétorlly- deflned .or
. dellmlted. - There have been numerous attempts to equate the problem of -
-l‘unctlonal reglonallzatlon wlth such dlverse lmports as clque lldentlflcatlon,
» " . o Markov chain analysls and ' blproportlonallsm ) None of the assoclated".'

( | SRR . ‘ ‘methodologles contalns a speclﬂcally geographie componem' 'raj,lier than"

lnvestlgate the hlstory of the reglonal concept and construct teehnlques _based on

; Lo

" are surveyed In Chapter 1); by the,late 19803 and early 1970s. acceptable
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>,

- 1t, - researchers have trled to reconceptuallze tthe reglon In the context of the-

~ . ’
{

forelgn methodologles

<y N ‘\

2. S pat:ial Int‘eracti(m

t
-

Proceeding on qulte lndepefndent llnes has Been the study oQ spatial

R

'1nterac~tlon Like the theorles of Von Thunen and Chrlstaller. the derivation of

‘ v' the lnteraotlon mode) requlred a number ol‘ slmpllfylng a.ssumptlons that st.xlpped

landscapes ol' all butr the basic varla;tlons addressed by the model. Thus, while

the spatial lnteractlon model compensated for size effeqts of the origin and

N

‘_-.Chapter 1 surveys the con_gepts “of: the J'eglon.oand atnmpts to clarll‘y the . 3

destlnatlon it did not recognlze sbeclal afflnltles or conl‘llcts between partlcular

palrs of nodes . » } :"

Much el‘fort, ln quantl\;{tlve geography ls now dlrecLed towards relaxing Lhe

_rest,rchlve assumptlons in geographlc nlodels -In ths context, Lhere Is a strong

'Acase for examlnlng the “adaptabllity of the spatlal lnteractlon model to less

.controlled envlronments ‘In’ partlcular. altérnatlve specmcatlons of the model

© ' oneed” to be developed l‘or appllc&tlon on heterogeneous landscapes Such reéeanch

L v
serves two lmportant purposes‘ Flrsc, th} modellng .may provlde for a fresh

'

understandlng or functlona.l reglons since the latter are based on lnteractlon

)

N secondly. there ls the ﬁ)vlous contrlbutlon to the flexlblllty of “the lnteractlon

: T SN L s
modelltself _‘ . - T % - L

i

-

3. Planof’}‘hesxs NS

Thls researeh Is’ lntended to exp}ore the posslbllltles for conceptual and

.‘\'meLhodologlcal Unlﬂcatlon of~ the notlons ol“ functlonal reglons and spatlal

lmeractlon. The ﬁrst Lhree chapters are devoted to revlews of Lhe llterature

f

’ }assoclated termlnology ’I‘he controversles surrou,ndlng reglons ate addressed In"

"detall n’ an attempt to ,ldentll‘y deslrable l‘eatures of methodologles‘ The'




4

."_m,
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) phenomena related to spatlal[ Interactlon In hebe‘rogeneous envlro‘nmems. ’—I‘he
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methods for deilml’;lng formal and nodal reglons are -covered briefly. The‘:
,appllcatlon of the theorles fo pracucal problems Is str’e‘ssed., Chapter 2 rev‘léws‘
existing meth'ods for "‘dellmmng ‘functlonal reglons, with attentlon focused on the
approprlateness of the methods t,o Lhe traditional concepcs of runctlonal ‘reglons

" The third’ chapter traces the history of the spaﬂal lnteractlon model, from its

‘early grayitat}onal analogles, through the empirical verl[lcatlpn and predictlve,.

‘applications, to the attempts at theoretical derlva@ion.

The Black/Whlte model is lntroduéed in Chapter 4. The mode} Is derlved .

from axloms of cholce b&ravlor, and is lnltlally used to lllustrate a number of

basic model s Lhen ‘adapted to address. reglonaJ' structdres. ‘and a-
,conceptuallzatlon of the functional region lIs offered. "It -ls 'aréﬁed'that ,'rhe
callbration of ‘the Black/White model is 'in eftect Aa ‘method of '!‘unctlonal‘
reglonalizatlen. In Chapter 5,-methods for calibrating the Bla'ck/white mode] ‘are
developed The technlques are Illusnrated with slmulaned data (10 >< 10). for the
case"of two reglons, and are shown Lo retrleve embedded reglonal structures

accurately, over a variety of sltuatlons A method for evaluatlng the efﬂcacy of

regionalization algor.lthrns Is deyeloped.' The lssues surroundlng r_nuluple -regrons -

-

are addressed. -

!

- . - - .
.

The callbratlon procedure is tested on an a.ctual data set (49 >< 49)
Chapty 8. Of partlcular concern 1s the slze of a real!stlc 1meractlon matrl,x, arfd
the practical . implicatlons thls= ‘has on': the loglst!cs or comput,mg .The' :'
performance of the a}gorlthms deveIOped In (,‘/hapter 5 Is’ observecL and ‘
enhancements effected Flnally, Chapter 7 revlewg the. cont,rlbutlons and results

of thls research




a helghtyened necessity Lo bre

REVIEW ~

P

1.1. Introduction - . .~

. PR .-

Reglonallzatlon ls now recognlzed as the geogra,phlcal manlfestatlon of' the

general problem of classlﬁcatlon (Grlgg. 1965 1967) The problem has been one

of the classié concerns of geographlcal enqulry ln the descrlptlve tradlt«lon only

relatively recently, followlng developments - the reJa,t,ed f'lelds of mathematlcs

'and st,atlstlcs. has there been Aan lnterest ln obJectlve methods of reglonallzaelon

/

<', - ,,“‘{"

-

The burgeonlng of lnteresn in cla;slflcatlon and partltlonlng may be Lraced to

-

: the advem of computlng machlnery ln the mlddle or ths century "THe amblc[ons‘

. or researchers outpaced lmprove ents ln Leohnology, so that ernIcally, Lhere was

) manageable slzes (Ando and Flsher 1963' Rogers 1976) Developments occurred
. slmulte.neously in a varlety or dlsclpllnes Rogers (op cit) cites 'Rose and
; Wllloughby (1972), Thell (1972) and Hlmmelblau (197,3) worklng‘ “ln such varlous

" flelds as process control structural englneerlng, systems organlzatlon, electrlcal ’

° netWork theory. and a wlde va.rlety dl‘ seemlngly tmrelated problems in economlcs

. mathematlcs. deslgn and Operatlon research" (Rogers, 1976, p 516) In ecology

.

‘and,the blologlcal and ,geologlca sclences. thére. ‘was Ihcreased concern wlth'

P

down large computatlonal Lesks and data seLs to -

L4

.1.
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iaxono’my and the lden;lflcatlon of core species (C‘ol_e,‘ 1949; Krumbeln'.‘ 1§60). and

clique ldentification methodologles were lntrodnced in *soclology {Cook, 1945,

~

Forsyth and Katz, 1946; Katz, 1947). -

: '
rd

Ih geography, interest in the regional concept has 'centered on three princlpal

[N

areas. ‘The earllest ‘work was orlented towards consolldating 'the-concept‘of the -~

4

region, -as expre.ssed in the wr-ltlngs o'r travélers such as Marco Polo and Al
Masudi: chl(lnson ahd Howarth (1933) and Hartshorne (1939) detail the

contributions of thter. Hétmer and other early scholars of geography, toward the

¥ -~

conceptuallzatlon of reglons

-
. |

_The second area of concern developed In fel,atlvely recent years, addressing the

*

' questlons of valldlty of statlstical -ln’ference,nnde'r aggregation of geo—étatlstléal

unlts (Warntz, 1957; Haggett, 1964; 19685; Beardwood and Kirby, 1975; Clark and
Avery, 1976; 1978)." Later research by Openshaw and Taylor (1979) was dlrected

Lowards modeling across aggregatlons

The thlrd uea of lnterest lnvolved the dISCOVery ‘and dellmltatlon of reglcms,
whether out of academlc curloslty or for specmc consultatlve tasks: The-latter :
appllgatlons were often problems of admlnlerat.lve 9rganlzatlon,ox:t' polltlca’l o

arbitration:

Thls ,research dlrectly addresses* the- dellmltatlon ol' reglons. lmt Twill. -

s

necessarlly make l'requent. references to the flrst named area or lnterest namely, o

‘the nawre of r‘eglons - . ) , '_ ' .

. - -
1 , . : L.~

B The _geographer’s 'experlence with dellmltatlon of reglons In thé role of

consultant is best exemplll‘led by that of Isalah Bowman. as detailed ln the'

Introductlon It was clear.uhowever, that Bowman s success reflected his perso‘nal

expertlse, rather than a formally developéd methodology Intrinsic to - the

" discipline.  Further, Bowman's role as a _?nedl&ator .of International political

’ . ..
[ . , , - s
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- ' dlsputes was supported\ by his dlplomat}c status and Lhe percept lon’ or‘ hls
country as a neutral thlrd party The fragllity of those circumstances, and the
growlng drift Lowarda loglcal posmvlsL thinking In vgeography. contributed_

" .towards the search for ob_lec,t,hre ‘merhods for theidellne’atlon of reglons. It was

5necessary to .organlze and rormallze the prevalling notlons of reglons inte ‘a‘
framework that would support ~obJect1ve research and the development of

quanmative n'(ethodOIOgles The works of Bunge (1962) Berry (1964, ,1968) and )

Grigg (1965 1967) In the 1960s were landmarks in this respect' Bunge drew
artentlon Lo place as the counterpart’ of’ the lndlvldual ln classmcation Berry ‘

of‘rered speclﬂc quanmatlve methodologles for the organllatlon of geographlcal
) ;

‘,data; Grigg drew detalled comparlsons between classlncat,lon and Eeglonaitzatlon, . s

* and lald down ten guldelines for .reglonallzatlon.g L
~ - : L [ )

_1,.2. Taxo‘rlornies of Region's

~

The orlgtnai notlon of the region probably grew ‘qut of the need to organize_ -
", , o ,-vdescrlptlve matter m geographlcal aceounts and . trave],ogs Odum And ‘vioore
(1938) detall the vlewpolnts of anthropologlsts ecologlsts; economlsts, polltlcal
sclentists and soclologlsts. on reglonallsm -and parmlons 'I‘hUS specmed regions
were vaguely deﬂned areal envelopes, characterlzed by a dlstlncuve genre ‘de vie
) ‘ 4 (Grlgg, 1967, p465) They constltuted the PAYé \that were the basls of the
regional monographs of the French school (Demangeon. 1939) and other reglonal
. .. ‘ . studles (for example Unstead 1956) Mlnshull (1967) notes Lhat the mv} R
| - | .VALLEY REGION was often a sufﬂclent. expresslon of reglonal ldentlty in ear1y
'studles —_ suggestlng that physlcal envlronmem was the dominant varlable in‘
C reglona]lzatlon, correlatlng strong]y wlt.h other varlables The 1mp1{catlon of“
_.,'envlronmemal determlnlsm Was cl even . ln the absence of an explIclt
gerslal “natural reglons which wlll be' »

.c'ause-effect' relaLlonshlp The cont

: covered later in thls chapLer, Were a product of £hls excesslve generallzatlon

- "

,!l" .
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On the.other hand,. the éme}éencg of sclentific. geographical methods led to a
,r'edeﬂ'n‘itlon‘o‘f-regjons-'m terms of: more"clearly stated sets of varlabtes. Thus’~
'there are two distlnct naxonomles -of .reglons; they will’ be . compared and

: . A
N .contratsted m the followlng sections ) -

! - /

t

1.3. De§crip'ti:v'é ‘TaXon‘oimY éf.Regidnal Types - CE

1.3.1. Physical Environment *  *

Réglc‘)nal geographtes  often - use PHYSIOGRAPHIC REGIONS to lar); the
foun'd'%‘xtrons. of ‘under‘stam'ﬂng of areas., 'E3<amples ‘of. these may be_found 'in
Fenneman (1917) and.Murphy (1988). Budel {L~9441: 1948) and Peltier (1950)
wrote of Mr)RPH.OG-I-:NETlC'REGlONs, specifically related to géomorphic and
elimatic proces;,'.at a maéro ,level;' studtes of slope genetics (Sharpe. 1938) led to -

. characterlzatlons of mICro-reIJef regions . such as the PEDIMENT (Kling, 1953)
Schemes of (,lIMkTI(“ REGIQONALKZATION of‘ the world have 'been proposed by
Koppen (1884) and Th,ormhwalte (1948) \l»{n additlon, _one may fing,”
elementary text books ori- geography, - referencesro NATURAL RF(.ION? In the

- 'co.mext of _g_loba} cHmatic regionalization. - This refle/cts the scheme ‘of Herbertson -

'(1905) the Lerrr1~ha.s _since evolved' Into one whlch represems inviolate,

ﬂdetermlnlstlc regional structures — 1t wiil be covered in detajl later in this-
'cha ter ‘ :
N . p O')
.
\'- o, . “\ - ‘. c.l . . N N

ln Lms :md ot,her Forelgn Ianguage blbllogi’aphlc :efcrences the orlginal Vernacular editions,
rather than their [“ngHsh Lranslauons have been cited in this research to mainl.ain an accurate
hlstorlcal perspectlve '

s

PR
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1.3.2. Human Environment

Odum and Moore (1938) pro‘pose a four-way classiflcation of reglons relating

[

to human"’cultfxre. The flirst afe"reglons of literary or esthetic culture, typified by

. ._studies of - partlcular trlbes and cultures (for .example, Forde, 1934); a second class

?
» B -

LT ’. - deals wlth Lhe ‘rural natlon and AGRO-ECONOMIC REGIONS (see Kendall, 1939).

Lo ‘The.thlrd category refers to ‘‘metropolitan reglonaflsm. " and covers Dickinson's

e oo (1947 1964) concept of the city as a soclal unit, and-the notlons of HINTERLAND

St 1958; Pryor, 1968) and ° Megalopolls" (Gottmann, 1961).

and UMLAND (AlllX, 1922; Kant, 1951). In the context of .urban planning, there
are concepts of regions relating to the city,-.such as the CBD (see Jones, 1969:

) Goddard 1970 \durphy. 1972) the RURAI-URBAN FRINGE (Kurtz and Efcher,

- e~

A'four—vh regl‘o‘nal type.concerns the ECONOMIC REGION (see Pokshlshevskly.

[

,1975) and Lhe INDU GI‘RIAL REGION, both commonly used as devices for organlzmg

-- ~reglonal, studies- (er example, Leong and Morgan, 1973).

o

Finally, a‘.h 1nterestlng'variant Is Warntz’'s (1976) muslng‘s on the relationshlp

- between the University and  thHd reglon, almost suggestlng the existence of

- rN'ru,Lu.TUAL REGIONS. R

v . 4
. . S

s . . . N .

.. L3.3. Administrative Districts

; ST The two classes treated afove are of primarily’ academic interest reglons exlst
in-more fammar, everyday contexts.’__;Ag‘MlNl‘iTPATIVF REGIONS are estab)lshed
by pupllc bodies (government and clvic agencies and defense establlshments) and
prlvate corpora.r.fons as a means of organizlng operatlons and Jurisdictions, and
deputlzlng responslbl]mes These ar‘e most }mportam from “the point, of - vlew of
' geography as a profession, In that there are often opportunmes fér- geOgraphlc

consumng, which emphasize the applied and prescriptive dimenslons of the

dIScipllne In‘a related veln, POLITICAL units are organized for admlmstratlve
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organlzatlon as Well as to\preser\/e communal ﬁarmony S arvariety or objectiv,es T -

of polltlcal boundarles are ldem.lﬂeﬁ in Brigham (1919), also see Boggg (1940~).

P .
o P
. o - S -~

© 1.3.4. Statistica) brstricts* S T e

Ve

.

. on, -
- -3 * - . -
- s a1
a - ~ *
s T

Geographers 1n the hed Df ﬁnarketlng and location allocatlon have been

. concerned with the deﬂnmon of TRADE AREAS Early studlei{\:{re orlented solely
#

towards predlctlng patronage (Rellly, 1929). More recently, ket research has

been orlented towards provldlng, cllean wlth customer proﬂles (Compusearch
1980); organlzatlons hav.e adopted computerlzed data bases, and currenr, concerns -
“include the design of approprlate geocoding systems fo optlmlze machlne-relabed

atorage and access to geographic data. The methodo]ogles clearly have Lhe" ('

" potentlal for app]lcatlon Lo Lhe establlshment of‘ sLatistIc.al reas- by census g
organizations, although In Lhat case Lhere ls a need for compatibll[tx wnh:‘{he '

structyre o!‘ exlstlng polmcal unlLs

Bl
. . - Lo —

1_.3.5. Multiple Criteria

“ -

-
- -
-

Finallys one ‘may conslder eomposﬁes of reglons deﬁned by 'a part,lc.u-lar
gmblnaﬂon of the varlables Lreated indlvldual]y above~ The ,comblnatlorr may

be subjectlve or determlned by arbltrary or systematlc welgh‘pmg schemes, aH of

which are necessarlly open to debate As mentloned earller,. tJrere is ort,en a
.tendency to base these on physical dlvlsions — that ls, physlcal varlab]es are
1mpllcltly asslgned the greatest weight — s‘uggestlng a covarlance between human

actlvlty and the natural envlrQnment, (‘Grl;g. 1965)

-
AP Ter a0 .

. _ . " »,

- ‘ .

Unstead (1916) atgued that human varlables shoqld be consldered on a par :

‘with physical fact,ors “the incorporablon. ofa human consideratlons led to, the"

.

concept of.the COMPAGL (Whmlesey, 1954 p 36), whlch recognized homogenelty

s

'between regions over a number of varlables Whlmesey/s concept was more than

‘a slmple expanslon of the number of varlables; 'the' “distinction ,between

"
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multl criteria reglons-and. the compage’ may be clarll‘led By-analogy to mlxtures o

\ ’

- and compounds in chemlstry although’ compounds may be formed {rom the same
' } '_"‘ elements as, are mixtures, the con_stltuents are bound together ln a' ynique
.. . . ’ naanner Slmllarl& ln Whlttle;eys view, the reglon could be comparecl wlth -a J,
. . ' ) i < ‘

]lvlng organlsm, lt possessed a» character or personallty ol‘ lts own The hurnan -

v -

.- K - varlables were “Zeeorded, greater. emthasls with. Man being regarded as the
archlte .t of the CLLTUR’AL LANDSCAPE. o L T
) 1.4. Structural T.axonomy of Regions -

N r Lo«

"The previous sectlon dlfl‘erentlated between reglorrs in terms of’ descripthn of

v . 1 4 ~

. the reglonal content The Tollowing taxonomy ls based on comparlsbns and

13 N . - -

LR relatlonshlips between reglons. o TN N -
N v i N . \ f ’ . i L N . . ‘e 'i_ - . . .
- '_ " : . P . ~ ‘ ¢ . LSO N \ CT . . - L .
.. N R g o [ ",\ . . n ~ o . e, . : ) .‘--. . . e
P . .. 7. Probably the most accepted and! best unde:stood "—dlchotomy Is between ,
. - FOR\{AL and r‘U;\'C’l:IONAL reglons Sorﬁe -authors (for example, Davles 1980) )

Ry, ' recognlze -the NODAL l‘cb@lON ,a8 a third element ln this class whlle the

>

T R FQUITABI E RhClON has- been wldely ;el‘erred to, but rarely recognlz’ed (Haggett et

TN o al 1977, r;et‘er tQ PLANNING or {’RO(:RAMMING chloms) . .

. .
. . . . - R N . P ’

N ) . . -

o _ 14,1, Forinal Regions , e S -y .' Coae s
1. 4. 1. 1 Concepts o ,’ f -
. \ ~ . ~ - . . P .

LT The concept of the formal reglon (also l;nown as the U'\‘WORM of .
- HOMOGEN*FOUS RFGION) is elementary and appeallng, slnce 1t embodles the mo,st

s T
L, N baslc notloné of spatjal unlfdrmlty The earllest rhention: -of the concept has been s

P ) - / “traced to Claudlus Ptolemy (translated 'by* Stevenson, 1932), who 1ntrodu.ced the'

. St term CIIOROGRAPHY. In a broad referenca to wha.t ls now understood a.s the
‘ ' . study of formal reglons. B ' '

.

» ;
a . . . , ’ ‘ BRI

[ .
~ 4 N
‘ ,
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formal reé‘l'on as ‘the largest: area over }whlch a generallzatlon :remalns walid"

-

(\/ﬂns-hul‘l 1987 p 38) Uniformlty or‘yarlablllty ina landscape whether ph)slcat

or - cultural.,ls Inferred from the propemles of dlscrete lndivldual observable* .

eﬁtltles 'I‘hese form Lhe bulldlng blocks that constltute the reglon In the

1

tgxonomy llLerature Lhe bulldfr’]g block 1s caJled an OPLRA’I‘[OVM T«\oxowr
3
- UNIT (OTU)J Bunge (196%) polnted out that the "mdivldual" (Lhe refére‘nce to .

[}

soclology Is ngnlﬂcanL) ln spatial taxo‘nomy is PLACD by deﬁmtlon 'a ’
dlmenslor‘ﬂess abstrac,;lon that possesses only one characterlstlc — loc'atlon. ¢As a

genera} observatlon ‘Bunge ] polnt 1s beyond depate However, for a place to be -

, -classmed 1n any respect other than its location, }t must possess observable

attrlbute& and in prac%lsel an attrlbute shoujd remaln constam over a cer»taln
3

m}nlrnum surrounding area in order to be obserVed or measured II‘he extem of
Lnls area depends on the scale of Lhe study chklnsOn and Howarth (1933

pf243) thus, referred to the.- “smallest dzstmctwe geographlca«l unlL" (emphésls

s

added) The ELI:.MI;NTARY SPATIKI UNlT (ESU) ls now 1ntroduced as the

TR

geographlc counterpart of the OTU. A s.lmllar concept was Iabeled the CHORE by
Soich ‘and LANDSC]LM‘FSTEIL by Passarge (see Dickinson and &owarth op czt
p 243). ’I‘he geégraphlcal area over which chosen varlabé&s observed at the

resolutlon of the ESU remalned constant was termed the LANDS(HAFT or Lhe

N

formal reglon’ as 1t Is known today .The cholce of ESU’IS a problem of scale and

-

aggrega-tlon of data unlts 1L may have a slgnlﬂeant effect on Lhe outcome of

scudies (Openshaw 1977b; 1978; Openshaw and TayLor, 1979)

v € i

a - 1 i ‘ S j«
For Lhe purposes of this thesls, It wﬂl be Jxecessary ta deﬂne a,ddltlonal Lerms

The U'\HVFRSE ls the segment of space w\hich contalns all-the ESLs 1n quesﬂon a—

- for " a partichlar study' it may be a country or state The ESUs may be referred

-

Fa]

to as /ONFs or NOD’PS¢ dependlng on the conLexL - . . LT

- 4 i - .
Y ~ hald » / . .
. [

[ - P

’f‘he. dlstlnctlon between podes and ‘zones lntroduces"the'“lssue of’

‘.

B -_dimenslonallty The foregolng discussions suggest that the formal reglon always |




K}

‘ prOpertles as constlt'uhlng.a RON- contlguous punctzform reglon slmlla,rly. natural L '

CCHAPRER 1T - ; - . L .18
- L., .. . - ' . >

- - [ - § ! . ! ."~.. s ' . A -0
« ’ * ' ‘ - o 4

has an areal extent composed as it, ls of ESLS One, may, however consider the .

\‘orth and South Poles twO poln;s wlth slmllar mathematlcal \and geodeslc

~ s

]
N

' "or man~made commu-nlcatlons routes. -with thelr unlque physlcal and functlonal'

g

3

‘_area. AP

. propertles may be reduced Lo lznear formal regions at sultable scales buL by far

)

" the m.ost populan notlon of the formal r@glon ;nvolves the characterlzatlon or an R

]

2 i B - vt
P Lot \

Lo } N .\‘ R SR ,
/ . - i PR . e >

Physlographlc, &cllma,tlc, agrlculturaJ and economlc reglCms are popular-

. subjects n atlases artd reglonal Lexrbooks These representatlons usually lnvolve l

an abstractlon of contlnuous varlables lnto blnary statements of . exlstence or

non exlstence (see Cllff Haggett et al 1975 Chapter 4) .as shown in. Flgure 1 T

Thts has two lmportant lmpllcatlons ﬂrst, homogenelty or unlformlt,y wlthln
varlable

formal reglons Is often only relatlve A reglon ofLen has a contlnuo'

' mtenszty over space~ the represematlon of the l’ormal reglon as a dlscret,e spatlal

'set suppresses lnformatlorl on lnternal VarlaLlOns Secondly. rhe boundary of a'

formal reglon although represented as a dlscrete llnear feature ls ln fact often a-

. -

c0ntlnuum (see Krumbeln., 1959) The boundary Is rnerely a line. along whlch Lhe, .

. value of a ’varlable, represem.l,ng the lntenslny or a reglonal characterlsLlc reaches -

v

s
'

- or the area al‘l‘ected by dlsease or- natural hazard

. . L i ’ f . . ’ DI
aprederlnedthreshold T ‘_ S o .

1. 4 1. 2 Dehmxtmg f‘ahe Formal Regmn SR ‘. .

4. N

) demarcatlon ol’ aformal reglon anOIVes locatlng a boundary wlthln whlclr

-é g'lven phen enon (on whlch basls ..the reglon 15 characterlzed) prevalls to an ).
‘extent that l:%ltg\md crlLlca;L AL the most; elementary level, one may thus .
deere a slngle—Varlable blnary reglonaﬂzatlon

*

appeals to Lhe layman, and the eoncept, has w deslaread appllcatlon for fnst,ance

Thls type: ot‘ spatlal boundlng

y
ln maps lndlcatlng the area of cu_ltlvat,lon of a par’tlcular agrlcultural commodlty.

v

Representatlon ol‘ the .

varzatwn ln bhe phenomenon ls 'usually non consldered AT,he,tradltlonal-‘ .
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’

cllmatlc reglonallzatlon s the classlc exa.mple.

1061).

remotely sensed ‘data to accomplls‘h slmllar objectives

observatlon and verbal descrlp&tons

statlstlcs

~ ~ ]

CHAPTER 1 o o R ¥

geographer ‘has relatively llttle dll‘flculty in drawlng or justifylng the boundarles.

Lo such a reglon to the qua,ntmer, ldehtlﬂcatlon or' ESL‘s that quallf‘y for

Inclusion J.a tfle region ls merely a matter ol‘ lmposlng a Lhreshold value on the

varlable and examlning the value In each ESU for compllance

Y ‘a a
7

‘The SINGL W;P‘EATURE REGIO

‘whereby several grades of the same varlable are dlfferentlazted — Koppens‘-' '

deLermlnlng Lheﬂclass bounds are of concern ln choropleth mapplng (see Jenks;

Togler (1973) how ever,

-

e argues agalnst Lhe loss of lnl‘ormatlon InVOIVed ln such classlﬂcablon

-~ T, - - . Y - . Loa ] ‘
. . , . , .
- N . - -

The Lreatmem of more Lhan one phenomenon lntroduces the M('[ TI-FIS \Tl RIE.

'reglon. correspondlng Lo the composlte reglon lntroduced ln Sectlon 1.3. 5 The :

dellmlt,atlon «of ths would require the l'dentlﬂcatlon ol‘ the sallent varlables and

; exhaustlve descrlptlons or numerleal measuremen\: on- each relevant dlmenslon

. 4
uL ., ' M . i
. < v . v
.

Tradltlonal attempts aL multl l‘eature reglonallzatlon relfed on personal

3 ’,\ -

The declslons regardlng the relatlve

“Importarnce: of varlab]es and Lhelr 1ntens‘ltles ln a glven area, relied on lndlvldual

expeftlse ' In the mldﬂle 20t,h Cerr,tury, lnferences ‘were- substantlated wlth

’ extenslve n‘umerlcal evldence (for example,,Brookl‘leld 1962) These were the Tirst

- ~ . a x

tentatlve_attempts at objective reglonallzablon, although they vyvere still essentially
. e £ Ty .

: des‘e'rl‘ptlve. e . o, o I

"
e

-~ - oL v

’ The methodologies for dlstlngulshlng, between’ reglgns Pn the basls of scores on

. more han one dlmenslon were developed lnde-pendently in remote ,senslng and

The Lechnlque O‘I' PARALI.{LLDPIPFD CLA‘SS]FICATION emerged

connectlon wlm,,lmagwe processlngﬁ as a means of visual’; separathn of dlmenslons

“ ' . " ]

~
s
Y

oN (Grlgg, 1987 p 467) represents a further step,_
o The theoretlcal aspet:ts of

The Lec nigue of D! 'SliI‘Y SLICING Is. now used ln the lnterpreta&lon Qf .

e

-

DY

v
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ol‘ measurement (see Kelley. 1983). Rut the single greatest contrlbutlon to formal

2

reglonallzatlon methodology came from the development ol‘ multlvarlate statlstlcs
specll‘lcally cluster analysis The tethnlque permlt.ted the objectlve examinatlon ’
ol‘ a range of variables, with varying weights appllcable If deslred The dlgltal .

) o computer commerclal software’ packages and machlne readable lnl‘ormatlon ﬂles

4
made the technlque readlly'accesslble The blologlcal and soclal sclences applied
N\ ‘ cluster analysls to classll’lcatlon problems (Edwards and Cavalll Sl‘orza, 1965

e Johnson 1967) In'g graphy the appllcatlon of cluster analysls has been

”~

dlscussed by Johnston ( 968) Spence and .Taylor (1970) Rees (1972) Clll‘l‘
Haggett et al (1975) and Beavon (1977 In other studles. Semple et al (1969)
;" C S searched for the optlmal number of reglons Information Lheoretlc approaches to
o _' reglonallzatlon based on varlants of Shannon S (1948) lnl’ormatlon statlstlc, were .

propdsed by Semple et al (1972) and’ Batty and Sammons (1978) The

s =

methodologlcal consensus on-the dellneatlon of l‘ormal reglons, lndlcated both by
f e T " theoretlcal dlscusslons (Johnston 1968 Spence and Taylor 1970 Cllfl‘, Martln

- and Ord 197o) and by the emplrlcal studles mentloned above. prompted Davles . - “
= (,1980) -to declare that the problems snrroundlng formal reglonallzatlon had been '

- 5 i3 . . . . 3
- “solved.”” .~ " .. ST, . '

1.4.2. Functional ,Regigns P
o The orlglnal conceptuallzatlon ol‘ the l‘unctlonal reglon’was put l'orward by the

-~ — -
N o B tradltlonal‘ Germzn geographers, Penck and Hettner the [ANDFST} 11, was a

~

-- T L grouplng of’ LANDSCIW TEN (translated as low-order formal reglons) whlch on '

/\ _ account or thelr Juxtaposltlon .'.\. hayve mutuyal" relatlons a.nd a physlognomlc,,

N tos —

3 g unlty. and taken SOgether form a geographlcal unlt" (Penck,‘quoted In chklnson '
‘ 'and Howarth 1933, p 244) Edward Taal’l‘e, in persOnal conversatJOns wlth the C
g " author (L985 Aprll 8, May’ 23), has credlted Platts (1928) study or the. Elllson . ' .
Bay communlty wlth belng the earllest cohcerete rel’erence to the, runctlonal régjon o
R (see also Platt 1935) thlons of l'unctlonallty Were presented lndependently ln o -.\‘

S -« the urban llterature (chklnson 1947). s e S L e

! . N, *
-’ . M - v 4 .
' ’ : ! ’ * o7 . ) - v . !
. R - - . . S - . ) B
- . . .t . - : ' : .
B
,
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: \/Ilnshull (op czt) quotes a varlety of other authorltles on the Issue

]

N .

B ~ " 4 . CoTe . :
Y L. . -~ . . s

Whlle these concepts have been clrculatlng for several decades, a sa.tlsl‘actory
del‘lnltlon of the-functlomal’ reglon has\been eluslve » Verbal dennltons have been
extended ‘and nebulous : l

v . H - .

ca the functional reglon ls essentlally diverse, it ls a place where
adlacent contrastlng enylronments permlt a varlety of activities whlch
-are complementary in supporting the life of the whole. It is a. classlc -
example ol‘ unity Ih diversity; the unll‘orm features of ‘a homogeneous
Teglon may Just be together by chance, but the parts-of a funetlonal
reglon worlc together and are to a degree dependent on. each other e

The functlonal reglon' puts an emphasis on Man's economic actlvl.tles
. and ln partlcular thls will lnvolve a study of how different areas work
“togéther. - e S v
b | T [Mlnshull 1967, p 40]

’ ' v -

-

< A cultural - areal -an msemblage ol‘ such forms -as have
: interdependence, a.nd Is functlonally dlfferentlated from other areas. -
: o ST * [Carl Sauer]
areas within’ Whlch a- hlgher degree of mutual dependency exlists
' ,than ln relatlonshlps outslde that area.
‘ [V,B Stanberry] B
.an area whose people are b0und together by mutual dependencles
o 'arlslng from common lnterests -
T S o ,'_ ’ [Amerlcan Soclety ol‘ Plann’lng Ol‘t‘lclals]

- (R - -

I

T 3 )

To these may be added one of- the crlterla consldered by the American Telephone

and lTelegraph Co when establlshl’ng NUMBFR!NG PLAN ARFA% (NPAs) l‘or the -

contlnental telephone network o0 e T L f o

]

Boﬁddarles should be drawn so as to mlnlmlze the spllttlng of -
. co‘mmumtzes of mteé-est S

7 4 P

d . R

- R - .

. Ve Ly -y \.‘ - - B d . -t

¢

~

{.

SR L _-[Afr&r,.l_gso, P 3:,efnpha'sls added] ...

The r,ecurrlng themes are tl‘lpse ol' lntérnal d1Verslty. mutual complementarlty ‘

' and lndependence There appears,to he a qonsensus that functlonal reglons are a’

phenomenon of human actlvlty, \reflectlng Whlttleseys (1954) concept of the
: .

. v . - -~ i - . c o - '
. "4 ‘ . - . .t -~ - P
. PR 1 D G .- :
: . ' ' ) , B h .
‘ pes SR I ’ o o ’ St .
, . . Lo . . N . . - ~
|
.
.
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'cornpage; and-that the clue to functional boundarles 'l‘lee in lin'teracnl'ons between | )
'éhe conseltuént'EéL' Davies (1980) dlstlngmshes between I‘unctional reglons\" A
ba.sed on "descr ptlve allocation” 'arrd those ba.sed on empirical derlvatlon. The o
former are encountered for example where the. economlc functional dornlnance of

P4

a city over Its hinterland Is observed Lo dimlnish w[th dlstance “— the boundary

between Lhe mnctlona; reg!ons ls jndged on the ‘basls o{' some cutoff values in a‘
set of descr ptlve varlables Whlle urban funcblon Is contalned nterally withln

. thls context the nature of the. reglonal dlstlnctlon and the memod of dellmltatlon '
are essentially those of formal reg}onallzar,lon e

‘e

In the quantltatlve llterature Lhe ldea of functlonal coherence of‘ the reglon .

‘led to a tentatlve deﬂnitlon of the ldeal conﬂguratlon as one’ whlch maximlzed the
ratio of wlthln—reglon to between- reglon lnteractlon (Brown and Holmes, 1971 -
N;asser amd Brown 1980) Th_e definltion has falled to take hold. though. iOne
dlmculty is that as the number of regions is dec‘reaseei “the ratio :of’ wltnin—
between reglon lnLeractlons can be lncreased to lnflnlty Second there Is the
'problem of non unlrormlt.a ln the sizes of the lnteractlng ESUs FIOWS 1nto andv'
' out of large cenuers tend tQ’ be\hlgh on- account ot" zone sIze, ‘as opposed 4:0
'complememarit‘y, th‘ere ,ls some dlsagreement on whether and ‘how the- flow
matrix should be standardlzed to compensate ror the t‘ew d'lsprox)oruonatel-y Parge :

\

entrles. Desmte the technlcal dlmcultles the maxlmlzation ot‘ Lhe ratlo\of within-» ,
‘-vto between-region interact!on has emerged as a retrospectlve deﬂnmon, and may
.. be Lreated as one model of the functlonal reglon The lIssue of qellmlt,,lng

f‘uncmonal reglons. is treated In greater detall In phe next chapter.

ot

. . : N . . p 4
v : ’ .

_ A rererence was made In Sectlon 1.4.1.1, to the dimensionality of regions.
,Whereas rormal reglons deﬂned with respect to an envlronmental varlable or a
- representatlve ESU-wlde mean of a soc}o-economlc lndex generally tend to extend
" over space comlnuously, functlonal reglons are based on lnteractlng humans with .
) dlscrete locatlohs in space and t!me The essence of Lhe functional region 18 not

»




_’(':11,\1,"'1"11:1'1“,1; S L . " S >_ 22 ‘.
the uﬁlfofmlty" of characteristics, but a nexus of soclal andl economic tendons Lhrat
bllnd the ESUS‘ iogether'- The strength of the bo;los' 4m'ay" derlve from vspatlal
'characterlstlcs of the Lype that deﬂne formal reglons but these characteristics are -
dot dlrectly relevam ta the worklng of the ('unctlona.l region The functional
"‘reglon behaves as If governed by a force fzeld the for‘ce belng Lhe need or
propens}ty for human !nteractlon - The space pertalning to the region Is the )
communlications nctwork along which Interactlons Lake place. Cartographlcally, ’
- 1t lends itself better to deﬂnltion l‘)y‘ flaw llnes and origin and terminal nodes than
_'by enclosing polygons Whe\n the me»dlum of lnteractlon is not cartographlcally

'dennable such as. ln wlreless communlcation one may think of regions as deﬂned
.:.solely by aflezatzon of Lnteractlng node$ —_— ln practlse, though, these will often
‘be administrative or statlstlcal units such as countles or census tracts, and will
-Lherefore lend themselves to contlnuous cartographic representatlon When
‘ 1ntepachlon§ occur along a spa;ia,ﬂy deﬂnable route, such as a rallroad or freeway,

e .

the network 1s-an esséntlal component of the representatlon,

N,
[ 4

The problem of dellmiting fu"n'cuonal :regiohg Is one o't‘_th'e ~pr1nolpal issues of

7 thlé,thes_ls. The literature on the subject is reviewed in the next chapter:

1.4.3. Nodal} Regiono

. The third structural class of réglons was recoéhfzed In the 1950s, when .

‘ Whittlesey (1954) introduced the concept of cores and regtonal- domtnance in- -

"_  networks. Philbrick (1957'), In an elaborate essay on {unct:’o’nahéglo‘ns wrote. of - ‘

‘ fooallty and nodal organi'zation' he discussed trade areas and hierarchieal
lnter-connectlons in the context of reglonalizatlon, from the 5cale of a single
. househoid to that of the WO_rld :Nystuen and Dacey (IQBI) translated ;Ahe

concepts into'a quamltatlve methodology for crelimltlng nodal reglons “ ,
' - L

PR ,e

”I‘op'ologlcallry, the nod,al and functional concépbs of reglons are simllar, based

‘as they are ‘on.Interactlons. The distinctlon arises In the concept of relative

PR FE . ) -
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dominance of the nodes " Taaffe and Gau’thier'(1973) compared the network to a
cobWeb the rerrroval of a _]unctlon In the web dlsturbed the nod‘al hierarchy of the

,system slnce the patt;rn of domlnance ‘was aff'ected — the functional ties

-

between the nodes, however, remained unchanged.

~

' Relative’domlnan‘ce 1 eirld’e‘nLAln'asymmetry of flows. Nystuen and Dacey
“'\(\961) deﬁned an INDI m NDENT node as. one whose largest outflow was Lo a
smaller city (where size was determmed w!th reference to the’ marginal total in

. the interactlon matrlx) a2 NODAL FLOW was the }argesL outflow from a
(
isubordlnate node. ™ They were able to parmlon the flow graph Into locally

domlnant cbmponents, whlch deﬂned the structural llnkages of the reglons. A

power serles summatioh of the matrlx Was used to’ estlma/tve indlrect flows. «
LY . . hd . nY
- . ! ? N , . ]

While this formulation of the nodal regional structm'e was quantltathe' ‘the

¥

concept 'was more tradlt[onai borrowed frdm Central Place theory — a dominant
center perrorrnlng Functlons aL a hlgher level ln the hlerarcpy, and lower order
centers being served by local parent nodes. The concepts of central place
dominarde were also evldent ln chklnson S (1947) ldeas of cltles as reglons and

T AllX's n922) and Kant s (1951) toncept of'umland

\ W
. 4 N L

1.4.4. Equitable Regions .

- ) ,

Nomlthscandlng the conLentlons ad}*anced for or agalnst the naturai reglon

the three r\egional structures dealt with upto. this polnt — formal funcbionaL and

" : - hs

nodal — are aca‘demlc constrixcts that may erist — a}belt'ln the mind of the

researcher - and awalt dlscovery by passlve regional analysts In the case 'of

equitable ' regions, on Lhe other hand the reglonallzation Is performcd with a

\

specific objecuve In mind the purpose of partitioning Is to devise zones between

El

which a set of variables malntain approx]mately equal values, perhaps subject to

some practical constraints, one of wnlch is usually contiguity. Several - -

applications can be clted: o

»

“
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Y ' ) In the case ot’ electoral dlstrlcts polltlcal and statlstlcal consrderatlons ' T '
) o - dictate that zonés .. should” contaln approxlmately edqual voting
a . . . -’ populations, that rrimorlLy groups are’ adequately represemed and"
- ST .7 that the zonés are so eompact in- shape as to.dispel suspiclons of
- : gerrymandering T . . :
. . . .
_ e The, Post Of[‘lce neecfs to asslgn Walks to maH dellvery personnel in an ‘ \
equltab]e manaer. : : C. : : h .
- ! ‘ - - - “ ~. ,
[ o R ‘o-’€ensus orgenlza‘tlons attempt to establlsh statlstical areas at varlous
N * : levels.. StatiStics Canada, In designing Itscensus tracts, Includes
) o . specifications on .population count, »cultural and soclq-economlc o
- . h'omogenelty, and - correspondence of . tract borders - -with physlcal Lo .
" - boundarles {Statistics Canada 1982, P }26’) ’ h S
The problern of ider’ivlniz equ}table' reglons has gerierall} focused on the desigh
of electoral districts. Algorlthms for solutio,n of the problem have been proposed
- by Nagel (1965) .Weaver and Hess (1963) and Garfinckel - arrd Nemhauser (19;0)
, . Reviews of the Ht,erature appear 1n Taylor (1979) '
. ; "
. The algorlthms used in the studies. mentioned above are representatlve of the
operatlons researcrr fleld, ‘\agel uses a swap algorlthm — a’ Lype laLer employed
T in 1he Teltz and Bart (1968) heuristfc; WeaVer a.nd Hees employ an alterna.t]ng e
algorlmm that varles ver);jlghtly from-the Maranzana (r964) locatlon ailocanion -'
t/e-chglq'ue.\ and Garﬂnc and Nemhauser (1910) adopt a Jcore- accretlon
procedure an approach slmllar to the” random- reglonallzatlon algor[thm or Fd
> . N - A PR Y - . ~
‘o S : Qpenshaw (1977a) SR o - e T

- -

C i ' A radically dlfferent method was proposed by Goodchild and Hosag.e (1983)

who employed a branch .and bound algorithm on the arces _constituting the ESU

polygons. : "L '~ . -




J T TN I U T R R
. "1.5. Issues surrourniding Regional Structure \

’fhé 'prevldusrsectlo,h_sr have Introduced - the - two prlnclpal' taxonomles-ot‘

A_'teglons' Flgure 1-2 supamarlzes the classmcatlcms Some of Lhe -adjectives

T ,associared with reglons dertve rrom outslde _the. above schermie of classmcatlon

: v"These. and Lhe-controve_rsles ,surrounding. regions. are addressed in the following

-t

eeet[ons.-
A I & Rég‘idﬁs: Obje’cte or-Devices? A
”: .. . S _The earllest co‘ncépts_of-the reglon . were -strongly blased in favor of
' Ces T physlographlc reglons‘ Ithad:been'observed‘ that, physiographle fea'tures exerted. :
N - _' ‘a strong lnﬂuence on climate, and that - theseJactors in turn afrected natural
T . : \egetatlon Further, early clvmzanons and culture hearths (for exam_ple, Indus, -~ -~
-0 ’\ile and Euphrates) were associated wlth rlver valleys promptlng scholars of Lhe

region to attribute-- Lhe observed covarlance beLween physical- envlronmenr. and

et 4

‘human culture to, a determlnlsxlc cause effect- relatlonship. Forde (1934)

P T

exempllﬂes this envlronmental determlnlsm In his accounts of the Khirgiz of

. Y .
reglonallzatlon Was the nabural environment although he was in fact observlng

- cultural regions. The NATURAL REGION -was ‘embraced by few Anglo—American

e T e Central Asla and ‘the Masal of Kenya. The predomlnant ha.sls of Forde's .. E

‘ N . geographers (Herbertson 1905 was notable)' Hartshorne {1939) refuted Hettfier's

. ' a‘rguments in favor of namral classlflcatlon,\and Mlnshull (1967) and Hart (1982)

‘ have. been emphatlc T their rejectlon of Lhe concept

N . -7 The reglon Is 'an lntellectual concept created by Lhe selectlon of. /
. ) g feat,ures reﬁ ant to’ Lhe 1nterest of the geographer or the problem in”
. hand. . .. The wdrd seleoxlon applles not only t6 the area or areas

! ) - under consideratlon but. also ‘to the number and kind of phenomena.
- -~ which will be lnc]u\ded Thus to. apply’ this device one chooses certain’ - .-
: Loplcs or phenomena from the whore range of possibilities In order to .
glv,e the requlred groupings and reglons; and one disregards all toplcs
- . ,which one considers irrelevant. . _ - ’
—. R ) ~ [Minshull, 1967, p 122] . -

»
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CHAPTER 1

-~

Reglons are sub_]ective arust!c devjtes, and they must be shaped to fit
the hand of the lndlvldua] user.’ Ther_e tan, be no standard deflnition. of
a region, and there are no unlversal 1=ules of recognlzlng‘ dellmitlng and
descrlblr}g reglons 4 .

[Hﬁrt 1982 P 21 221

A

»

On Lhe other hand, the natural reglon has ‘beerr a cencerplece of the Sovlet Bloc-

-

view of geography. Kalesrrlk (1981) speaks for the Russlans when he writes:

the earth's surface has been divided in’a natural manner . .
Into a multitude_ of sectlons differing duallltatlveky from one another in -
an aggregate of’ many interrelated - extex‘i)al f‘eat,ures and lnterjnal'
characteristics. . . . T SN

A landscape is an actually exlstlng and genetlcally homogeneoLxs
section of the earth’s surface; it is framed by natpral-boundaries;
lL is characterized by Lerritorlal lnmgrjty, that is, lt cannot cons]st or‘
parts Isolated by the territory of another landscape .. the general'
style of combination of the, heLeroge\heous componems and structural~
pecullarities ls preserved unchanged within the landscape.’ :
- : (Kalesnik, 1961, p/24-25]

\

His compaLrIoL.Solhtsev.(1962) '1nd1&tes the, passion wkh {avhl_ch the Soviets )

N

regard thelr academlc territory: ' N '

\ .
. Abroad, and especlally in bourgeols geogra\ghy, the study of natural
areal unijts has still not attracted the attentlon Qt‘ geographers: .

It may seem to some comrades that [the comroversy ‘over natural’

- reglons] Is simply a terminological argument that does not touch the
substance Of the matter .-. . But If you look caxefully at what the
argument 48, all about it soon becomes clear that it Ys not so much a

- question of Lhe best use of the term ‘landscape’ as of Lhe very meanlng
.of landscape sclence. ] ’ .
) _ [Solntsev, 1962; p 4-6}

* A conclusive a;gﬁment aga}nst the concept of a system of naptﬁ’e‘xl“regiér}sf-ﬁ Wéu'ing~
' for. geogrep.hers to discover it, Is the liml't to spatlal covariance, between v.vaxl‘a'bles.-
One. wo be justified In searching for :such a system o}xly Af there was a
it least slgnificant, correlation between all spatlal variables — this

impllies an extreme form of determlnlsm. whlch does not slt well with the

Communlst view of volunt.arlsm
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The CQntroversy OVer Lhe exlstence of a.natural cla.ssmcatlon Is nop pecullar to

"\

geography — Whlttaker (1962 Q 14) describes a slmllar debate ln‘ boL&ny

- " N
. ) \ . .
[N " - . . - - .

S \,1.5..2.‘ A:'ggregatio\n a‘.nd‘Déqornp"ositiOn‘ - L

Grlgg (1965 p468) notes that classfflcatlon 1s 1nherently differenL from

divislon although the net effect of elther_ operatlon is to create subsets of the

universe Whlle cla#sli’lcatlon proceeds .by. aggregatzon of ESUs\on the bas.is of
. common characterlstlcs, ““‘logical - divlslon"“dzvzdes the unlverse Into sub- caetegorles

b at each step There s o suggestion that either method ls superlor Grigg merely
) polnts out. that the Lwo procedures are dlstlngulshable and Lherefore are

P .

approprlate urrder dlfr‘erlng circumstances ‘Fhe reglons derlved In each case are
. . T T
c S termed SYNTHETIC and ANALYT[CAL resi)'ecuveiy Co T s e e
: . - . P ORI
, . PO Y - - , '/\ & N . . e -

.

1. 5. 3. Locatnon and Contrgmty .

R .- - Classl&catlon on the basls of va‘rlables wm; a st,rong spatlal autocorre ation -

A,J

' would - usually lead -to - reglonal systems that exmblted a strong degree of

. comlgulty, but ls contlgulty a necessary charactenlstlc of a tégwn’ Grigg lmpl}es

_that It'ls:
A} N ’ ' ’ e " ’-‘ ' R "r -
' oo value . "5, . . "’” S K f- o
o it 15 assumed that gl the individuals which are slmilar,are al;_é L
. o contlguous ‘If they are not. Lhen % reglon 1S 1Hiot formi}d w ,
) ST . : W [Grlggvlgéﬁ’

PO N ES ‘ " 11‘

ce Unstead et “al (1937) dlstlngu}sh between GENLRIC a,nfi sr’rcul"*irelgioné;:

. . . . -y

systems In the former ESUs are a,ggreg&t.ed pureiy bn the f'Lfarafsls ol‘ -thelr ‘_,.3’7:‘?.‘-“7'4 :

- » non- spatlal properties, and cbntlgutty rs not necessary ,,,
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" -

Cee L 1 5.4. Reglonal Hnerarchles,

o . ~
- - . - . . .
// > N - L .

. o Grigg’ (1965 1967) in ouLllnlng the loglcal basls of hlerarchlcal reg}onallzm}on
. ' - , . 'ldentlﬁed a- varlety of dendrograms (Flgure 1- 3) ’ Several authors~ of
. o . reglonarlzatIOn algoruhms (I‘or ex’ample SIater 1978 Mwser And Brown 1975

. ST trark 1973) have. adOpted the “binary: aggregatlon structure Regionalizabion

....

‘ - procedures should however. recognize the Varlety of arrangements avallable and

v, - “ L -'explolt the nharacterlStles of e&ch optlcn ) A

e EICER N - N B K

- I "‘,z;e;'\Appl'iea Regio!iali‘zaition BRI

\“ T e ' It should be evldent from the. foregolng dlscuelens that regions exlst at .so

el et ‘ ’ many scales. and for purposes that are so different thatf a reconcll}atlon Into a

Coa T P a ¥

'_s!ngre global system of reglons will not be -an, easy ta.sk and wlll lnvolve

R P comprOmT?Es between cx‘lterla or one system or the. other v This sectlon examlnes
T Lhe roIe of- reglonallzatlon ln ‘varlous aspects of everyday organlzatlon~. ) e
e T BRI ST NI 'a:;“,':“ ..._'

D e

Adminl&trative reglonallzaﬂon seeks a ratlonal basls for the dlvislon of pOWer ’

R A.._;,,;,‘and responslblllty ~The objectlves of private and pubhc sector, dl‘lents dm‘er .1n

- co. A Lthe contlnental telepﬁone net.work respeCt state (buL nbt coumy) boundar}es

MRS Ve ‘ & . - -\_\.\

- - - R N R T . AR . ..). 3 o At

- e . - I S . B e N .

’ . : o . % '.“ A - et PR a0 )
B e - o [

e .1.8.1: Prwate Sector aL, ST I 2
= ’ ' Do - AR ' v, e ' .

. -, N o‘, 'N' boo - . ‘:.
’ . Co Large«‘retall concerns establlsh dlstrlbutlon centers to maximize the e>ﬂelency o

L ) . of dlstrlbutlon of goods to otitlets, as u(ell as to malmaln a \;:ertaln ,,mini’rhhm . "-,.»;-,. ~ ) W

S -accesslm’my -t,o customers. The deﬂnltlon ~of trade areas as a b:mt& for mgark’et T
e [P [ ’1

pro‘f‘ikm and publlelty efforts Is of concern to managements. A related prcblem fs .

",that of. schoéi bus}ng and the locatlon of communlta( cenﬁets and Dlaces 01' AL

N ,._warsh]p = these lssues are subject to» echlcal .and golltlcal» coﬁélderations. ;;4,'
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centerlng on whether Lhe runctlon or such racilmes s to perpetuate exlsting

-

boundaries or Yo help brea,k them down y

. . . L oy em
N -
L -
.

162 'Public Sector o R o 4 ¢ -

. .
’ N N
/ . ; RN

Lt
-

. In the public sector, the most evident partitioning problem is that of devising
m 108t evic . , , Ising

political units such as provinces and countles. -The regular outlines of statés-and

provinces in Nort'h Afner‘ioa — an’d for /thac matter, thevlnternationalag)ou;]dary

between the Unlted States -and Canada — may suggest that political boundarles

‘can be drawn qulte arbltrarily The shapes of t,hese partlcular bonndaries may be °

~

. a result of the youth of Lhe clvlllzatlon and ‘the state of polltical harmony on this

contlnent Thls s nov. Lhe case “with most other counLrles ln Indla for lnstance )
state. boundarles e&%dbwely dlvlde the . country into reilgious and lnguistic

reglpns and lnter—staLe antagonlsms arepften qulte pronounced

'
o

) . ' *

The scope for appncatlon of geog‘raph!c Lheory and mechod ln establishlng'

. pollitical boundarles ls necessarily llrnlted by “the number of’opportun!tles that :

-

arise both lnternanlonal and pronnclal frontlers tend to be stable through time
because of the sentiments- assoclated with them and the costs of reorganization .
Attempts to redeﬂne them must consider both Lhe hlstorlcal evolution of existlng

boundarlés and the arguments for change.

N [ - i

N “a R A 3

The second app]lcatlon of reglonalizamon by the publlc Sector is closely related
1o the flirst. Governments worldwlide are coneern_ed with organizing censuses, and
this necessltates Setting up statistical reglons.- There are advantages to be gained_
from organlzln‘g these so as to. mlnlmlze conf]lcr with polltlcal dlsmcts although
the criteria forwthemwo systems may be different.® The expense of censuses has
et to, rece{it attempis to estimate 'urban populatlons from,rernotely sensed -
lmagery (Holz, 1973).. While such methods are llkely to de-emphasize established
bounda.r)es ,of statistical areas, their accuracy ls fne'c,essarlly llm'ned' the need for' .
hlgh resolution data especlally for market analysls studles will probab]y sustaln

Lhe contlnued need ror tradltional boundaries

B ‘o
'
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: 'Governments are concerned with the estabilshment of Jurlsdlmlonal areas for .
courts and other publlc servlces such “as utillties (see Goodcehild and ‘v(assam
1969) or l'or partlcular types “off radlo apd television programming and ‘
bro"adcastlng. ctvie and emergency servlces and ratlon stores ‘A dlstrlctlng.
problem subject, to close publlc scrutlny ls the deslgn ot' electoral dlstricts‘
Desplte the avallablllty of objectlve procedures for dlstrlcﬁn@ recent events in
Calll‘ornla tsee Kellys 1982) Lestlfy that the problem ls, stlll a-.pressing one A -
varlety of applications of regional’ concepts In planning may be found In M‘a.sser_
‘and B.ro’wn (1978). T . . - ) a o S

;

1.6.3: Semi-Private Sector Geocoding’

o
-

The two’ reglonal organization. systems wlth perhaps the greatest lmpact oh

’

everyday llre are the geocodlng systems of Lhe Post Offlce ahd the telephone

network The criteria used to derive the systems have llttle In common. While

I4

' the Post Omce ls concerned wlth efficiency In routlng and distribation, the Bell
system has to operate wlthln Lhe xohfines of the speclﬂcatlons of its switching
equlpment It attempts to malntaln certaln patterns‘ln the volume of telephone
‘traffic (AT&T 1980) and establlshes Its lndepen,dent geécodlng and tariff

‘structure cowards thls e:Ld

£ .
1.6.4. Other Applications

One could ldentl.fy more ambltlous and e‘xotlc appllcatlons for reglonall'z'atlon:

} " -
' Equitable zonlng could be applied Lo the worldwide pool of athletic -
tatent, to lnstltube a depolnlclzed Olymples. -

e It mlght be argued that the Int,ernatlonal Date Llne should be located,_
. along the merldlan across w.hlch communlcatlon {s-at a minlmum,
"with its lrhpllcatlons for. the prlme merldlan and. the tine standard ’
" (the popularity of‘ the Amer‘lcemrlc unlversal p, projectlons 1n
North America suggests a dlscoment wlth Greenﬁ ( ' ‘

Some of the appllcmlons outlined above, may be lbetter‘ expressed as location

‘-
.A‘ . , ' [§ -
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allocation or transportation problems. Figure 1-:,4 Hsts a “number ~of
' / ’ . - - * A N 4 "‘ - »
reglonalization problems, and suggested st_rategles ‘for: their solution. .-

[

«

. 1.7, Reglonallzatlon' Practlcal Consnderatlons

The developmem of méthods for applled reg]onallzatlon musL keep 1n mlnd

the dbjectives of the user. The followlng are some of the features that m)ght, be

-

‘ v considered: .
‘ . What is "the’ pri‘mary purpose of the dlstrlétlng _organization?
Minimization of distribution or admlnlstratlve costs" Preservation of

communltles” e

’

y -

\ . X
e Can the number of reglons be speclﬂed by the user or ls JL dlscovered_ '

by the procedure? If the latter, can it be ovetridden? )

/ ‘ v S

. Caﬁ‘th’e system. be al ered dynamlcélly to conform to exogenous
redplremeng@? -Can twad reglonal conﬂguratlons be compared and
_evatuated with respect to Copsts? -

3

- v

@ How does the system accommodate the future? . L

f

1.8. Concluding Remarks . R

Pl -
- = -—

This chapter was Intended to review.‘t}ie' conceptual ' and Lhéoret,lcaI

background of reglons, and to highlight the practlcal lssues 1nvolved In developlng
.. ) S e .
S~ methodologles for appllcation to real world problemS\ R - -

A}
N

[

In regard to funct,lonal reglons, which are the focus of this research the’
. contepts are vaguely expressed/notlons of « complememarlty A plauslble concept’
g of the reglon s presumably one that -could be translated into a technique for

-

delzmmng reglons! The next chaptex will revlew existing methods of functlonal

L . reélonallzatlon N , -
N
. i . B , .
. . . . , .
‘ . . / ' - - -~
g . b - b 1 .
o B . .
‘ . B !
g !
\J . (’ *~ * N ’
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DELH\/IITIN G FUNCTIONAL
: REGIONS — REVIEW

N
~

.-

2.1. Introductlon S S : ‘Tx#\

- The concept of the functlonal reglon has been 1ntroduced and dlscussed In

. broad terms In Cha,pter 1, wlth attention partlcdlarly focused upon the structural

v

dlstlnctlons betweernr formal runctlonal and nodal regions. It was polnted out

that no rigorous deflnltlon of the functlonal reglon had yet been developed and

that the conceptuallzatlon was largely postdlcted by quantitative methodologies .

for reglonallzablon The methods fon forrnal and noda,l reglonallza.tlon were

covered brlefly, noting the general agreement en purposes and methods
~ Ty . s .. N 9

¢ The aim of this chapter 1s to_review the llterature on quantltatlve methods or '

functlonal regionallzatlon and to evaiuate the conformlty of the technlques with
the verbal concepts of spatial functiona.llty as they have been expressed In the

past.’ : e

- . . N

”
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22 Datat Pre—Processiné

»

A number or verbal conceptualizatlons er the runcﬂonal reglon were surVeyed '

t

‘In ° Chapter ‘1.- In sumrhary. they agreed on the notlorr ot runcuonal
complementarlty mthzn the reglon. and lndependence between reglons.  The
lmpllclt, consensus is that, the data requ'lrernent, be a square’ matrlx of connectlons.
or human 1meraotlons.or flows, between the n ESUs Analysis need. not be
restrlcted to'a slngle measure of ﬂow . Bercy (1968) argueti in favor of
simultaneous consldera.tlon of several measures of interaction betw-een ESUs; .this
‘could be accomplished by treatlng each of the n elements of the interaction
'\'?\ matrlx as a _single case ln arDYADIC data structure, S0 that the varlous flow

1ndlces could be manlpulated as varlables

The concept of the functlonal reglon could now seemlngly be translated into a

search for that allocatlon of "ESUs to reglons, that maxlmlzed thxe ratio of

wlthln-reglon l;o betweenareglon ﬂOWS HOWever, practlcal probIems assoclated

+* with the data matrlx may llmlt the varlety &of mathematical optlons avallable to

’

_the analyst These are detailed below E )

-

2.2.1. Interaction with Self

It-1s not always_possible to find a conceptual justification for flows from an

) ESg to ltselr. One might, in som_e cases. expand the ecale of investigation within
'eaeh 'ESU ‘and consider ﬂo‘ws Mthln the ESU. as i:he‘requlred.mea.sure of
lnteractlon with oneself — one clearly encounters a 1imit to such expanslon at the
. level or the lndlvldual interacting person. Slnce the required change of scale often

' cannot, i)e accommodated by agencles responslble for gatherlng and malntalnlng
db.ta, one may be raced with _missifig valués 1n the dlagonal cells of the matrix.
Some lnvéstlgat,ors have arbitrarlly set these at zero (ror example Illerie and
Pederson. 1968 Clayton, 1974; 1977a) Alternately, the mlsslng data may be:
treated as the result of sampllng error: Savage and Deutsch (1980) and Goodman )

(1963) haVe orrered algorlthms to estlmate the entrles v

-
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2.2.2. The Number of Reéiéns Y

Gl/ve‘n' that the square data matrix I 1s acceptable, or’ ha been sul‘tz‘m]y_" \

processed te compensate for sampling error, a stimple minimization of thg'rqtlo of

between-reglon to within-region flows Mll yleld a single region, contalnlng't &e ‘ o

entlre unlverse. Clearly, there must be a constraint on the numbgr of reglons to
be dlsplﬁgulshed. Pocock and Wls'hart (1969)‘ and Semple et al (1969) have .
suggestéq .m'eans of dlscovering the. “nhiurai‘: .n‘ﬁvmber ‘of grouplngysl n sbatlal
clusters, 'ln. t'he context of £o;'mal réglon;ll_lza_.iglén., _' dn bure.lyjpedagogfc gro.unds,
dthere Is undoubtedly a case for dlscovgl.'lng‘ thgﬂn@tgral groupings, although one
rﬁay argue that, given the fragility of reéloné 'wlt'h r'espé‘ct tlb/ variables and time,
it Is Inappropriate fo think In terms of a flnlte ‘numbef of reglons; in plannlné

applcations, on the other hand, one may be required to partiflon a universe into

¥

a glven number of regions, for a specific political or adminlstrative purpose.

2.2.3. Corrections for Node Size

~
v

In practise, a large proportion Lr the total lriteraction in a unlferse centers

around a few locally dominant population concgntrations. In any given

environment, there will be a rank ofderlng of central places (Zipf, 1949; Johnston

~

.and Scott, 1965; Davies, 1968), and therefore magn!;udlnél" differences and

asymmetries in the flows (Nystuen and Dacey, 1961).. "Fhis makes It difficult to
Justify 'the\‘mlnlmlzatlon ‘of the above ratlo., While there ls general agreement on
the need for"s"tandardlzatlon of the flows to éontrol for the slze effects, the
methods of achleving this have been subject bo. controversy and confusion. The

following discussion ls Jorganized chronologically, but at some cost of coherence;

"the reader'’s patlehce 18 sollcited. N P
M . . w
. ™.
’ . . \ b 0

Ng (1969), using data on r}llgration between ihe “‘chawads” of Thalland,

calculated & WORKING MATRIX J as the ‘change In net migration per 100

-residents, oveér a glven time period. Such a compensatlon assumes that milgration-
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vartes Ilnearly with zone pOpulaﬂon — thls runs counter to the specmcations of

recent lnteractlon models (for example Ewlng. 1984)

-
*

Hotlllngsworth (1971) assumed that under the null hypothes)s ot‘ lndependence ‘
between the row and column marglnal totals of 1, the expected lnteraction matrix
I’ could be derlved by treating I as a-contingency table, so that ‘ ’

1., . S
i 1] ) ) oo
P, = ZZ ‘ U R
He proceeded to calculate ‘“‘mobility indices” as the ratio of observed Interactions

F to the corresponding entrles In the expected table, I’ and constructed the

working matrix J as follows: -

J iy Iji » h
1} n :

4
»

Blau and Duncan (1967) noted that it was nearly Impossible to find two identical
matrices of mobllity ratios, as deflned by Hoillngsworth therefore, since such
matrices could not be compared, the. contlﬂgency—based null hypothesls was
lnvalld Tyree (1973) demonstrated that mobllity ndices falled to correct the .
mequalltles In.the marglnal distributions. She proposed a procedure of successlve-

standardization of the rows and columns of I, converging on a matrix In whlch -

- ~

the marginal totals ‘were simultanedusly equal

# - Masser and Brown (1975), bresumably’ 'extending the ideas of Holllngsworth,
calculated J directly from the expected-interactions, measuring the difference, as -

'opposed to the ratlo, between observed and expected Interactlons:

ﬂ_w_"4f= —p)+( -y o ‘ (23) _
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- Slater (1976) referring to Hollingsworth's worklng matrix, ralsed the crmclsm
:l Lhan J was (‘orced into Symmetry. thereby suppresslng structural lrrformatlon
EE cont;lned In I,— the crmclsm may clearly be extended to the Mass:ar ;nd Brgwn
_formulatlon. . Borrowlng- techniques from~ the literatures of. mathematlcs
(’Fler{b'erg, ké?O)‘and’ economlcs.(Bacharach 1970) he. employed an “Itegatlve
A ’ proportlonal fitting procedure’’ (IPFP), similar to that advocated by Tyree (op

N

_cit), \to sr.andardlze I Whlle Lhe convergence and other properLles of the doubly

standardlzed matrlx are accepted (Macglll 1977) Holmes @-971) felt that the
. \procedure may not preserve the asymmetrles in I: and .thereby discard
' informatlon P L ’ ] T . S N

i—nrhst '(;9"7l7-) eriticized :M?s‘s::ar'\én’di Browh for considering arithmetic
dlffgre‘n'ces ‘between “ohserved an{:l expected I‘lowsi since the larger er}.Lrbe's in I
N would ‘u's‘ually' generdte great;er differences, the working matrix would effectively
- K “ l:al,! Lo'even_oo‘t 'Lh_e dlstrlbutloﬂ of values In the marginal totals. Hirst sog‘geéted
\‘ ’ _compe_r.l‘sertl'ng J‘or the uneq;'la'i dlfrerenges ,by' dividing by ihé afnproprlate entry in

LS . . 3

T, s0that 7 oL -

-2 . Lz
lj .. " ' ) " R ) . -~

f. SR with ‘no sgeclfﬁ refe?enrce to symmetry of J. This was sfmllar to the “relative -

AN

acceptance’’ (RA) score In . the' “transactlon flow model"! of Savage and Deutsch

"(1960) and ,Goodman (1963)_. whlch had Qeern applied In a spat}al context, by
‘Brams (1966) .Goodchild (1981) polnted’ out Irst’s proposal amounted to

~ [

“ ' subtracting 1 o rrom Holllngsworths moblll;y lndex wlth no apparent befiefit

¢ other than conformlty with other soelal scleqc,es. He suggested that a method of -
com;;epsatlng for zone size ;:ould be co;)sidered 'satiéféctory only If It dellveredv
‘ldentlcal results under an arBitary halving of the orlgin or‘ destinatjon size, or. -

N ’ ; both * this would In effect make the procedure Independent of Lhe geocoding }

/ system in-use. In that regard, both ﬂolllngsworths and Hirst's speclﬂcatlons

were acceptable, but Ma.sser and Brown'’s index was not. )

-~

.
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It would be falr to infer \that, the problem of correcting for size. remalns

A . L - . -
unsolved. Following an analysls of Tasmanlan telephone da2ta, Holmes (1978)

.. concluded that both IPFP and RA scores displayed a “'systematic blas, which s

most extreme for matrices with high variability In scores and in row, and column
sums” — which precisely described the condition that the procedures were

liitended to eliminate.

2.2:4. Indirect Flows:

. The matter- of , whether or not Indirect flows not represented in the‘ data
=

mafrlx st_xould‘.’ be included In’ ‘L”he analysls is agaln the subject of disagreement.

. =One ‘may “argue that 'communlcatlons routed ‘alpng p'artlci‘xlar links reflect the

strength of those llnks. on the other hand, one may be more concerned with the
_tles between the origin. and destinaﬂon nodes -rather than wlth the llnks (see

Stephenson, 1974).

2.2.4.1. Matrix' Powering '

J
The standard graph Lheorétlc method of estimating indirect flows has been by

‘ meins of a-power Serles expansion of a matrix. The method has been discussed In

a -soclologlcal coritext by Luce and-Perry (1949). ' Nystuen and Dacey (1961)

. applled the technique-in the comtext of nodal regions, freely admitting Its

/

llmltatlons

It is extremely doubtful that the matrix © .. Is the most appropriate
measurement of the total direct and Indirect influences. It is essentlally
a messure of chance Indirect contact ... It does, however, have a
greater appeal than the matrix (I}, which anorporates only Lhe direct
lnﬂuences - . o -

o]

[Nystuen and Dacey, 1961, p 37]
Stephenson (1974) eriticized the Nystuen and Dacey application of the techntque
suggestlng that concern should be directed towards flows rather than towards the.
properthes- of the netyvork, and that direct flows 'should, receive greater welght

than Indirect contacts, in accordance with theoretical or emplilcal rules; Nystuen
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and Dacey had ralsed the latter issue themselves (p 38), but haq‘,nc;t‘étrr,llvéd at a

r:i.tlonal welghting scheme. Tinkler (1976) showed thp.t Lhev Nysmen and Dacey

= - o, ' method dld asslgn progresslve]y lower welghts to {ess’ dIrect I‘Iows, but _that -the

s‘\

« " welghting scheme was .linked to .the power expansmn through a mathematlcalv
= . wprocedure, rather than an empirically e_sta,_bllshed scheme. The lack of a

Justifiable operational method ofv including 1indirect flows strengthens

. -

Stephenson's case for thelr exctusion.

- ' . ‘ *

2.2.4.2. Markov Chains ¢ " . Ll

-

/. A radieally different interpretation of the Issue was provlded by Brownr and .. .
: Holmes (1970) and Brown and Horton (1970) (see also Brown 1970; BTOWn,“
Odland and Golledge, 1970).2 Since I was 2 sam\ple of lnteractions at a giveén
point in*ime, they viewed 1L,a3'a‘p:‘obablllstlc measure of connectlon between the
P -nodes Against that background, Indirect ‘flows were reflected -n Lransitignal

states ln a Markov process (Tlnk]er op cit, attempted to establlsh a conceptual

. P »

hnk wrth ’vystuen and Daceys power series method): the matrix of mean first
passage times (MFPT) ‘*has no meaning 1n te¥ms of real world time or -pea‘l world"

phenomena but provides an absnract measure or index of functlona.l dlSLamce

-

[

LY ' from node : to node 3 (Brown and Holmes, 1971, p 61). ) ’ .

> -7 . Toe v

-~ . ]

o

Lo ’ ' Predlctably, the \1FPT method' lnvlted a b.arrage of » crmclsm "Masser and

‘. ’ : Scheurwater {(1980) noted that the procedure did not correct for dlfferqnces in
' node s,lze Davies (1980) crltlclzed Lhe Iack of practlcal relevance of Lhe measures
of functional distance. Goodchnd (1981) polnted out that- dlagonal entrigs were:
necessarlly .nvolved in the calculation of the MFPT ma’trlx, and that the method
- » ' . would Lherefore not be applicable In sltuations where those entries wbr’éxmlss}ng

-.Further, pider "Goodchild's critﬂey of effective standard]zatlon ,(Sectlon 2 2.3),

the MFPT. method was found finsa isractory, and the matrlx was t,herefore not

S
-

. : . considered amenable.to further processing. - e -

- e

e “ oo ‘ ¥ .-

«

2In all these studles, the stated p‘f;jeétlvc was the discovery of *‘nodal” regipns; that appéars to-

be a terminological problem. .. .
-~ . # S > H
e - e . . .
,,
' N PR TALS "
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The abowe seetlons c;overed *t‘he lssues and methods‘ relatmg *to\ ghe prior

' processmg o!‘ Lhe tmeractlon matrlxl GIVe?; Lha.t a Saﬂsfactcn:y method has beeu

-~
-~

. -
P
’ -
LR
- [N N

wrr

work{ng mamx J is aVallable for exam]nat{on

LY ) K 4
v . v

The procéss of regionanzat}on could adopt eithet of two strategles _‘lrsL one .t

“could seerc'h t‘or‘ structural weaknesses In the worktng ‘matrix, and partztzon the

=~

universe in @, “top—down seqfu.ence - the meﬁhod oP Brams (1966) was an
example,of this’ "dlvlsIVe or ‘decomposltlonal approach A.lternately «o«n;e'-comd.

{dentify strengths between paﬂrs of ESUs In t:he matrlx. and cluster them on that

)

basts., * This E agglomeratlve s’trategy has generally been more popula:r (for
app]lcatlons see Hol]ingsWorth 1971' Masser and Broym‘ 1975) probably due in

™ part, to the slmllarlty to Wards (1963) algorithm' for cluster anarys_ls In the ‘

" context of regi.onallzation the dlstmr:tlon bétWeen the“two approa‘ches Is tec'hnical

' . and academlc (Rogers. 1976 revlews the flner diﬂ‘erences between. Lhe conéepts)

The terms parmlonlng and lustering 'are used synonymously, &nd< with

general reference. to the problem of allbcating ESUs to reglons rather than the N

partlcular strategy Ibr dolng so The lssue is ralsed here 1o provIde a conCeptual

link wlth the “syntheﬂc" and “ana]ytlcal" regiona.l types dlscussed jn Cha;ﬁ%er 1.

‘ . PO - IREEDERE

R [N
. A . CowT

Sl

A second concern ln regionalization methods has centered on the' contlgulty- 3

and compactness of derlved reglons . Some 01“ the rhethods reviewed ’ln the

N

f‘ol}owing sections explicltly provlde for constra.lnts on contlgulty. on the Issue of

PV

~compactness, Spence and Taylor (1970 p- 23) in a broad revlew of reglonallzatlon-

methods, rgpeapedly refer to the. tendency of some methods 'to “chain.“ that. 1s. to

agg].omer“e ESlfs in extended eIongated st,ructures as. a problem condltlon
reflecting the dlmculty many researchers héve with’ acceptlng the plauslbmty or

reglons that are nob compact
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IR tMrd Tssue has arISen In the wake of the methodélogles for reglonallzatlon .

-that‘ ﬁave beon proposed I recent years Judglng by y.he objeetlve I‘unctlons in

e ;use two Iundamentai-lfy d\st!nct models Qf the runctl%nal reg[on seem to have

emerged The rollowlng sectians treat each of them inturn. . A
et . - ‘ E- :.~H:-_4 4.‘119‘. ) .'4’ ‘ ::' " -,’;-:';; '

:'_,ermtarrty of Irii-eractnon thterna ';_ A ;.'"- ’) ,'_;‘ A

The early attempts k1% functlonaI regiona}lzat}cn /(Garr’tson antﬂ Marble. 1963

MeConnell 1967 Illerls ang Pederson. 1968) a’pmlied 4 comjentlonal factor

a:nalysls r:o the mteractlorf ma.trm (due to the dlmenslona?r symmetry of I, the

~;~dlsr,1nctlon between R-mOde and Q-mode anatysis 19 lrrelevant at this. polnt) In an

~- attempt t'o efuster the nodes in the matrix wfth other§ that exhlblted simllar
!Memctlon patterns or connective structures Russett (1967, pp 101, 130):
crltlclzed the mathematlca} objectlve as belng lnconslstent with ‘the purpose of

fuhctjonal :egional}zation, whlch wa.s to ~aggregate ESUa on the basls of mutual .

‘-'::tela,tionshlps, rather 'than relatlonshlps wlth en other ESUs: ~ Russett allowed,

- er{ﬂcism Goodchild (198r) notes a dm‘erence in the term “direct factor analysis"

“_ ‘f_;'. between appncatlons m soclology and those in geographlic regionalization.

. . o«

The factor analytlc tradltlon was strengthened by Berry S (1968) attempt at

conceptual u’nmcatlon of formal and functlonal regional structures,’ on~ the basjs

‘ ot‘ the organizatlon of geographlc data matrlces;. the technlque was subsequently

Lo 'applled by Berry- and Rees’ (1969) Goddard (1970), Clark (1973) and Clayton

'"-,4"(1974 19773., 1977b) and the extenslon to DYADIC factor analysis (1n which

several Interactlon variables could be‘ consldered slmultaneousiy) was
oBeratipnallzed by Davies and Thompson (1980). Recently, Davies (1980) and

* Nader (1981) investlgated HIGHER ORDER factor analyses.
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Goodchild (1981), In evaluating the relevance of the factorsmodel to functlonal
. o rcglor{allzatlon. notes that the outcome of the analysls would be dependent on the

'slze'of‘ either the origins (in the case of Q-mode analysls) or the destinatlons -
(R-mode), and would therefore violate the fundamental assumptlons r;e‘gardl_ng

zone size. A second criticism of " the factor ‘modél -concerns the criteria ‘for
assigning columﬁs to féct'ors. This is a cruclal step in the réglonéllzatron, and. its -
reliance on subJeclee assessment 'of the faci(?r loadings seems to contradict the

o B pufpose of objective analysis.

X
.
€

Finally, it is worth noting that the conceptual hndvemplrlcal arguments

agalnst a distinction between formal and functlanal structures.(Berty, 1968, and

-

Clark, 1973, respectlvely), have come from proponents of the factor model.

-

2.3.3. Maximizing‘ Within-Region Flows

* The above heading Iis often’ quo’ted as a shorthanvd for .the problem of
maximizing the ratlo of wlt'hin-reglon to between-region flows, or the ratio of
,wlthln-re'glonvflows to all movemenfs in the systérri.' Operatlonally, a procedure
may be a hierarchically organized searéh for groupsbf ESUQ that are most -

“'*Q,slmllar; or closegt’*‘t‘b’gether, depending on the.context of the working matrix J. g

.~ Three approaches to the procedure are discussed below. -

t

N

2.3.3.1. Decomposition

! . . . . .
The decompositional a‘pproaches of Brams (1966) and Slater (1976) began by
Isolating the largér cells In the matrix. Entrles hjgher than a 'certéln threshold

3

value were set to unlty.- and thle‘rerrr.xalnlr'lvg cells émptlgd.“Successl\;g 1nére'2\ses In
t * the threshold were used to'partlpllon the mat‘rjx: Brams described a (prog,rg‘m that
searched for the most “'sallent’’ links, while Slater covrislde.re‘d the biRary matrix as
a digraph, (arid employed ' matrix 'rﬁultipllcatlon to extract the 'A “‘strong

components’ (Harary, 1985) at each level of the hierarchy. | Y
. . ) . . . - ‘. 1 d .

i

s
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 2.3.3.2. Seriation
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v

Another decomposmonal technlque is SERIA’I‘ION also known as the block'
dlagonal" method, “block modellng or matrlx decomppsltlon. The method

“was orlglnally used In soclology (Cook, 1945; Forsyth and Katz, 1948; Katz, 1947) -

as & ,means of‘ldentff&lng cliques, but with little mathematical rlgor. The

theoretical* aspects of the operatlon, and the releva"nt algorithms, were developed
'by Luce and Perry (1949) and Beum and Brundage (1950); Borgatta and Stolz
(1963) and Ling (1973) produced popular computer programs for the operation. '
" For an updated discussion of ,the Lechmqueb see Arable (1978). Brlefly, the

procedure s to rearrange the.rows and columns of a matrix, so that the higher

"entrles are concentrated In the immediate vicinity of“the diagonal.. The Lechnique"

~ . .

-has been applied to the analysls'of' Input-output tables in economlcs (see Ando

and Fisher, 19683; Simpson and Tsukul, 1985; Yah and Ames, 1965); Gale et al
(1982) used the method to evaluate a4 number Of spatial Interactlon models and
. & ) . ' :
Muiler (1983) explored its use In geographic- information systems. - Rotstacher
s : - i .

(1974) reviewed the method in the conte)rf, of soclometrl'c modelling.

s
F -~ .

Ng (1969) was one of the first to “apply seriation to the problem of
reglonallzablom He stratified the values in the working matrix, using a varlety of

pictorial symbols which were then rearranged In block- dlagonal form by a

combination of sublective lnspec_tlon and automated processes, to reveal the

«reglonal struct,ure' O’'Sulllvan (1977; 1978)* serfated matrices to lnvestlgate

partitions of 1ntra—urban transport networks

.2.3.3.3. Asslomeratxon . o g ' .

The technlque of agg]omeratlve reglonallza.tion proceeds by a serles of searches
for the nearest, or most simllar, palr of ESUs There are essentia]ly two forms of

the algorlthm they dlffer In respect, or the structure of t,he resumng hlerarchy

N

Holllngsworth (1971) created palrs from all ESUs In .one_pass- through the

proximlity matrix, before recomputmg the matrix based on the centroids of the

L S
r

. B \
~ - .- - -

.
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pairs: Masser -and Brown;s (1975) "'Irltramax",‘ procedure, on the -other hand,
. . "+ ! recomputed eucce351vely smaller matrices-'as each”_pair was fonvnd. * Thus, whlile

Holllngsworth'S'dendrogr‘a.m corréspondéd to the ‘*perfect dl"chotomous-" structure ¢

~
» ’

(reéall 'Figure 1-3), Masser and Brown derived the “*blnary aggregatlon

- ¢endrogram The results of the operatlon are clearly dependent on the algorlthm

In choosing between -the optlons, one rnus.t presumably elther subscribe to the .

-

view that one 'S cholce is Inherently superlor for unlvérsal appllcatlon, or establlsh 7

a justification In the particular geographlc context. In neitHer of the above cases -

.~

R o did the authors distinguish between the posslble structural forms.
2.4. Contlusions - \ s o .

2.4.1. Evaluation_of ‘Techniques o

2.4.1.1. Validity of Methods ~ . . S
[, . , . * ~,
. TAC researcher m need of a "black box'" method of dlscoverlng functlonal

T.g\ . -
reglons is unlikely to have found the above review reassuring. Thefe is clearly a

‘

". conslderable divergence of views on a number of cruclal Issues. First, while there
. .48 agreement on the need. to nlter the data matrlx to corréct problems due to.

' . sampllng and measurement, the methods of accomphshlng this have not met wlth
unlversal approval. The second problem involves Lhe algorithms ‘for clustering. \

-

There are clearlyf major difficulties wlth the’ ;nost fundamental notlons of

©

funct,lonal ragional structure — namely, the appllcablllty of the factor model —_

R t‘hat have led t.he ﬂeld into two wldely dlrferlrr,g schools of thought -

k4 ‘ - ’

. , - . e Fa
¢ S
¢ >

Masser and Scheutwater (1980) attempted to. compare three of the above
procedures (Imramax. IPFP and Markov chalris) 1ri an emplrlcal study, ’L‘hat,

ralses thé questlon of . eValuatlon of. technlques It would be possible to pass

P

judgements on the relative merlts of the various approaches and algorlthms only
s
if Lhere was- & known: result, agalnst whlch the outcomes eould be compared

r . - i - . -

J : . - . : =
. ‘ -
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However. {n the absence of a stochastlc null hypothesls gbvernlng t,he lnteraetlon

L

s
reglOnal s’tructure on 1nteractlon.,there can be no rlgorously deﬂned TAR(‘IT

configuration of ESUS The field has tl\eret’ore to rely on subjectlve aSsessments
. A N
ol results, made wlth reference to partlcular applicatlon contexts, therefore

1

lnvolvlng blases ol: specmo geographlc clrcumstances and of the‘ authbrs

perceptions of Joedl env-lronmen-ts ‘One must questlon the sclenblﬂc' valldity ofy

] verdlcts expressed lri terms su'ch as: o ’ ) )

+ ~ .

These results agree fazrly well with the regfons used by Lhe
government for plandlng and statlstrlcs ! :
[H.olllngswdrth 1971 ~p 2758; emphasls added]

. v N
- L IS ] -
- ] .

.

or

*
N "“ - - . ' .
~ v

The funcuonal reglons prodUCed by me apprgach- outllned above
conrormed extremely closely tcs an intuitivé knawledge of Lhe*

study area.
¢ T [Brown and Ho.lmes, 1971 p 65; emphaﬁéshdded]

. - L * ¢
Wlthout a tar’get and a measure of devlatlon from it the above statemems eould -
13 . v R 7

accurate}y descrlbe a varlety or results ) - R .

* ‘ . . ) A -
2.4.1.2. General Commenta . 4
s N - " [ "

Two peripheral. Issues seem to pervade the ege'neral discussions or
reglonallzatflon .The. ﬂrst Is the matter of hlerarchles Masser and Scl;leurWater
(1980) worrled that seemlngly stmilar hlerarchlcal procedures being applied to

matrices were derlved frém 'a varlety of ¢lusterlng processes, and that the’
’ . . C.

i matrlx ln a completely undlfferentlated unlverse, and a model ‘of Lhe effect of

-

function of aggregatlon’in .each case was th‘eret‘qre different! In addition, the -
" . - + } ~ '

structural™forms oi_r the hlerarch)es ‘varled! .Holllngswmtn (1971) and Masser. and’

Brown (1975). bbfh searched for hlerarchlcal systems, but their dendrogram forms"

~

Were ent}rely dlfferent a8 demonstrated earlier. One 1s led to suspect that

- [y

structure is being lmposed upon reglons artmclally, at the "time of analyaz.s.'

* without due eongern for the genesis of hlerarchles in the nows

-
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Secondly, meLhodologists have clung to the noLlon of’ ftmcnlonal reglons,

Anecessarlly belng comlguous This may be a Iegacy of the long hlstbry of concern'

with formal‘ regions. As explalned in’ Chapter 1, rormal reglons are contlnuous_, N

'space phenomena ’I<hey may therefore be scrutlnlzed for slngle ‘or multiple
bounds Funcponal regions are a topologically dlsttnct pherromenon. They are -
- noL 4led. Logether by slmllarltles observed across polygonaL boundarles -the forces:_
of adheslon act- Iongltudlnally along links Lhat <terminate In dlscrete space. One
must therefore be prepared to - accept functional reglons that are spatlally )
,fragmented (admltt-edly. ft 1s more difficult to Justlfy the absemce of contlgulty,_"

. part.dcularly ln consultatiye sltuatlons. but, tha"t Is. -poor just!ﬂcanan ’I'or blurrlng

_the lntegrlty of a concept).. T L T BT

«

v

2.4.2. The Need for an Alternagiye Model |

-

- . - .
.-, N

A dlsturblng reature of the. Hterature on functlonal regjons I8 the lack of a
conSISEent geographld theory relatlng concepts and methods Technlques applied
to mat,rlces in other djsclpllnes have been 1mported for appl.lcatlon to lnteractlon

m-atrlces. One necessarlly achleves smmar results, ‘and_ therefore might infer a
lack ‘of dlsclpllnary ldentny “Holmes observes o ) <

The ratlonale for matrix. manlpulatlon has been poorly expressed,
usually- being subsumed under loosely stated conslderatlons such as

-plauslblllty, slmpllclty. domlnance, sallerce, reglonal ties, ° nodal *
A_structures. hierarchical systems, and 80 on. Methodology remalns
fragmented and derlved from a disparate array of research problems

and dlsc]pllnary_cqntexts N . '

' : : e ‘ [Ho1mes, 1978 p 326]

-

It 1s clear that 1nsufﬂclent at,te'ntlon ‘has been’ pald o Lhe underlylng geograpmc
concept,s of the runctional region and tn -particular to -‘the ‘dlstlnction befween
;form and process ;n the cont.ext of human behavlor/ Witho.ut dlscardlng currentj .
notlons regardlng functlonal struotures, it wul be helpful . to reconsider the

fundamental Issues.. "

"+
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-

-
-

w~

The methodolog]es descrlbed above treat the Interaction matrix as a
contlngency table. and calculate the * exp.ected 1nteractlon T from (2.1). Glven

the preserit underst.andlng of spamal Tnteractlon, flows gdre known to be sensitlve

)

to dzstance‘ Slnce measures of expected Interaction do not compensate for the
I‘rlctlon of distancé dyads are llkely to reglster hlgh mobillty ratlos purely on the.
basls of thelr proxlmitles as a result, fUncLlonal reglons coneructed In this way
are llkely to be contigud_'us, reflecting tie ﬁnconrected\lnﬂuence_ of distance. The

spatlal interaétioh ‘r‘no‘del Offers a means of .combe‘nsailng for dlép_anc’e.
,\“— e "‘ ‘ \‘ '. "‘; ’ .

A major difficulty with many of the methodologles reviewed 4n this cMapter

—

was the issue of uneven zone sizes In the 1nteraetlon matrix. Agaln, the spatial-

lnteractlon model COnslders orlgln and destlnatlon slze factors and recognlzes'

. asymmetrles in the matrlx, It may offer clues as to appropriate strategles for

T

rnodel?ng.

4 .

-
-

Finally, Investigations of phenomena related to human behavior shdu]d be

~

.concerned’ with. both the revealed -spatlal behdvlor of Individuals, and the

abstracted preferen&ca “that for some reason cannot be realized The - -

,

ethodologles discussed in this chapter conslder. only revealed ‘behavior, in the

sterms ot‘ the lnteractlon matrlx, there 1s a clear need for an alLernailVe

‘ conceptuallzatlon of the functlonal reglon from the vantage polnt of lndl(dual. .

perceptlons of spatlal structures and decls}on making processes In partlcular \one

- needs to recogntze the role of dlstance as a deterrent to lnteractlon this will be a

-

key dlscrlmlnant between revealed and preferred behavior.

.
s .

. fI‘he modellkng of spatl_el 1nter‘actlop will be reviewed in the next chapter. )

+




SPATIAL INTERACTION
MODELS — REVIEW

3.1. Introductié)_n . .

. ‘ Spatlal lnteractlon has never been a dominant focus of geographic thought. It

- . Is not an immedlately evident .aspect of spatlal dlfferentlatlon since it involves

the dyadlc dimenslon of activity and relatzonsth. beyond the Lradltlonal unary

N descrlptlve parameters, or comunicative, between geographical entities.
. , ! T comm : |

‘ Slgnlﬂ‘cantiy‘. the L'heoretleal contributions .of Von Thuneh (1828), Weber
(1909) anci Chﬂstaller (19'33).,. which. were being accepted early in the twentleth :
cemu?‘y as cornerstones of deductlve reasoning in geoéré;;hy. had all emphasfzed
Lre,ns;;ortatlon' Crowe (1938) responded with a. plea for Increased attentlon to

~ movement ', Meanwhlle. . the ﬂelg of urban »plannlng was developing, and‘
transportatlon was emerglng as’a sub-speclalty or englneerlng. the potential for

- ' ‘. object,lve analysls was recognlzed at a tlme when the quamltatlve revolutlon In

geography was In 1Ls lnfancy Spatlefl lnteractlon came to be assoclated with

mfodeling, and quickly acquired a respect,ablmy,. ; ~

. Chapter 3"

: dlmenslons Early geographical thought focused on description; the disclpline was |

élo'w to"embra&e_the'no’thn of relationships, whether conceptual, | between

‘a




+ migration in Britain:

- . ,
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'3.2. The Gravity Model

The,ei}evms qlea\ding to Isaac Newton's formulation In 1887 of the Universal

Law of Gravitation ar:e well known. The fall of an apple was orchestrated into a

v

relatlonship detalllng the forces between bodles in space:

: S (31)
12 ' ' ' . N

where F Is the for‘ce of éttr‘actlon between the bodies, G represents the universal
. . . .

gravltatlonal'con_staﬁt (now known to be 6.67 X 107" N 'm? kg ™), A{l and M -
1 “

™

the masges of the bodles and d12 the dlstance separating them.

i ) ) . .
lo) 'y T st R
The first documented social analogy to Newton's law was made by Carey
(1858): 2 : 2

o we have here the ’great law of molecular gravitation as the .
“indispensable condition of the existence of the being known as man

} ' the greater the number collected in a glven space, the greater is
the attractlve force that s there exerted ... Gravitation. Is here, as.
everywhére in the material world, In the direct ratio of the mass, and iIn . °
the Inverse ong of distarice. o

) [Carey, 1858, p 42-43]

-

Ravensteln (1885; 1889) formallized the relationship in connectlon with urban

f ad

f
= ~ (3.2)
) . . 1 ’ i . ’ — [
w | A . :
Ii]. o 1s the flow of people from orlgin ¢ to destination j; \
' - . 4 B Ut - .0
f(Pj) ~ ' ls a function of the population of j; and - y
dz.]. - I3 the geographical distance between 1 and 7, ,
. .
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) Signmcar{tly. Ravenstein chose to express distance in Its raw form,.. whereas the:
~ - . \" - .

~ - Newtonlan formulation considered the square Of distance.

r 3.3. Developments.Pre-IQBO .. S -
' ' The 1940s were marked by the rise of the '‘soclal physlcs" conCeb't's of‘ Stewart . l
(1942 1947), and subsequem attempts to ldentlfy physlcal analogies ‘that related

to geograpmc copcepts e~ lef (1946b) ltkened the‘interactlon between populatlon

-

. tenters to a force between them, represented by F ln )

S PP | -
. > F = K——-——— ‘ - . (3-3)—
1}. .
-~ d '- ) ~.
~i] , ~

-

- where K was™a constant balancing factor, analogous to G in (3.1). Since energy

. " was the product of force and distance, = v T e
. T i a . ‘ x T
-~ + & . i Bt
. . ‘pP, A
' K* v e (3.4)

where Q -was the energy between the two centers and K*-a balanclng factor.

> e
= r Subsequent researchers were not able to agree on the distinction beLween force~
N R T ) and energy -in-regard to. human mteractlons thls resulted i some dlsagreement
\ over whether or not the dlstance term m the denomlnator of Lhe gravlty model
shoutd be squared (see Hagerstrand,‘ 1957, p 1,18,19, Stewart and Warntz, 1958).
) “The aboVe relationships form‘ed the ' basis for- n‘ti}nerous' studles in following

years One body of. research wa.s concerrred wit‘n emmrica.l examlnaﬁlon of Lhe

model ln varlous eontexts and attempted to derlve unlversal constants that _'

would play the same role ln (3 3) as ,the gravltatlonal consmnt G did in- (3. l)'
“these studles eventually led to the reﬂrrement and’ genera]lzatlon of - Lhe

* formaulation of the model. A second-'body of” research was devoted'primarlly to

-
il d “

a

‘ < . -
n . : . . ,
\ N - e
- [
. . . . - . . Voo .
. - N - . A - - -
N . * N - S}t
s Al ’ ' .

=
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v .
the theoretical development and extenslon of the gravity concepts Each of these

areas of research wlll now be dlscussed In turn.

‘3_.3.1.. 'Embiricél“‘Stud'ies

*

The stud{es ol the pre—1960 perlod were notable for. both the varrables that

1N

" they at‘tempted to fit to the model ahd thelr numerlcal ﬂndings Bossard (1932

noted the effect of lntervenlng distance (stratlﬂed lnto counts of‘ clty blocks) in

" the selectlon of spouses.in Phi ladelphla, let‘ (19464, 1946b) studled railroad and

, . R » ’ I
alrline” traffie; Cavanaugh (1950) examined several varlables f‘or fit with the

- model,. Iacluding tourlst trafﬂc Into. natlonal parks and studcnt migration to »

‘colleges. Isard. and Peck (1954) applied the modellng to the movement of

lndustrlal goods and Ikle (1954) considered trarﬂc flows.

¢

N

, cThe" experfence vr/ltb‘\tne“ gravlty mode] J‘alled to produce -a set of umvarsal

constants’ such as those, asso‘c,!ated with the NeWtonla‘n equstion Price (1948)
= Tféund that the power- of dlstance varled wlth dlrectlon around a node (Pr[ce ‘

rstudled migratlons between nlne reglons of" the Lnited States and falled to R

correct the observed interactions ror the varying populatlons of the zones; it wa.s

-

o only to be expected tbat a varlatlon of -the effect oi' dlstance would be

observed but to attribute this «excluslvely to varlation ln dlrectlon was’ nalve)

Dodd (1950) in his "Int'era,ctance Hypothesis. attempted to explaint the observed

T varlatlons ln the effect of dlstance by suggestlng that dlsta’nce ordlnarily carrled’

g
~
K]

an exponent of unlty, u't that the~ non-‘bnlformlty of opportunitles over space

caused the observed value to vary; rurther he ar ;that the laws of human
mtera.ctlon ike tne laws of mOlecular and cerestlar gravltation were governed by
probabﬁlltles and that the coerﬂclents 1n the latter - were found lb be more stable

.

princlpally ony account “of the large numbers of , mo‘lecules lnvolved In the'

movements. as compared w)th ‘the number of partlclpants in hu,man lnteractions

He, applled weights '7 and )\ "to the origin and destlnatlon populatlons, to

represent_ the per_caplta. actlvity of tne pOpulathn centers, lntreduced a’

[
4
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v

~variable exponent 3 “for the.distance term and proposed the gereralized

relationshlp: o .
v, P >‘ij “ .
. = K——— ‘ ... (3.5)
[ %] d g ]
. ) g - .

-

Cavanaugh (1950) applied this form of the gravity model to a number of flow.
varlables, but asgur'ned, presumably for computational simpticity, that the origin
and destination specific terms v and A\ were constants. c’.I‘hese studles predated
othér attempts at é—enerailzlr{g the Interaction equatlor;, notably by A'ndersorﬂm

(1955, 1958).

/ : E The'géneric equatlo‘n proposed by Dodd Impllciltly acknowledged that the
A -  constants K a'nd 3 -lacked- universality, In contrast to those in Newton's
g!'avltatlonal equation. In other studlies, Cavanaugh had obtained values of 3
. ranging between 0.23 and-1.48, and correlation coefficlents between 0.50 and 0.96,.
wiLh. varlous data sets,. Carroll (1955') found that 3 took values between 2.0 and

3.5 In his studles of telephone calls and highway traffic in the Michigan area.

A

Hagerstrand (1957) recovered a value of 3.0 for migratien In Sweden.

o - . '
»

- 3.3.2. ()ffqhoots of the Gravity Modeling N

The gravity model offered a freshAmeans of thinking of human 1nteracilops.

~ " and provokeq’the‘ development of related concepts.' Reilly (1929) applled the
model to the delimifation of areas of urban influence, and thereby of Lra_de ayeas,
predicting’ thé .poln't"or indifference betweén alternative fgaLc!lit‘les. gi\;en their
attractions and distaﬁces. Stewart (1§41) sought explanations for Interaction in

the concept of POTENTU\LS of population; In this particular application he was
’-proposlng noimore than_a épeclal case of the ~gra\;ity model, with a single

‘, destination and a distance exponent of 1'.(,)i Harris (1954) extended Stewart's

- .Ideas on potential, to market, manufacturing and farm potentlals, and Warntz

7
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(1957; 1959) examined the role_of Inceme potentlals In' explaining economic

’actl.v.lty in the - Unlted States,

SR  3.3.3. Pre-1960 in Review .

The verdict of the experlmentatlon prlor to 1960 establlshed qulte firmly that

IS RN
-

e 7 the gravity model was not destinedyto become an overnight panacea l‘or the
‘ growlng pains of an adolescent dlsclpllne The parameters clearly did not possess
the unlversallty required of a sclentific formulatlon — they .would therefore have

"to be’ determlned in advance for .a glven type of interaction In a glven

' ' environment, before they could be applied ln a prescrlptlve capaclty The gravity

A model was therio;?percelved rlghtly or not, as more an emplrlcal regularity
than a physical reality. Its credibility as a__ sclentll‘lc t'heory -co_uld be malintained

only if it could be.derived dedwuétIVely — this became the focus of Tesearch ln’the

o . 19680s. . . T ot
. i - ) v - . . " 1‘ - . - . - .. \ . . ’ .

. ) . . '. N (Y " i

e ‘ - Even as’ a‘n emplrlcal regularlty (and partlcularly' due to the lack of a

theOretlcal justl!‘lcatlon) a unl‘Versal structure for the model could not be

sétlsfactorlly determined The followlng sectlons detall some of the dil’l‘lcultles

v

E3 3 3 1: A Functlon for Distance =~ - . ..

»

The most eluslve secret was a cdrrect l‘unctlonal l‘orrn ol‘ dlstance Most

> -

researchers had agreed to a powérlng dl‘ dlstance to an exponent ﬁ This form
’posed a dlfﬂculty when the dlagonal cells ol“ an lnteractlon matrix were
3 consldéred sln(:e the correspondlng dlstance was zero, the rormulatlon produced

' an undeﬂned value- of. ] -for _this case In~theory one .could argue that

PRI

'znter-acelon fmust necessarlly occur over some mlnlmum dlstance ‘Court {1968)

later attempted to derive ‘a unlversal correction factor, and Dutton et af ('1971)
got a‘round §he problem In this and- other contexts by assumlng distance to selr

PN

to be one h‘alr the distance to one 's nearest nelghbor

. - .
SR ) ) Ly *

Cg
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-

A second ob}ectlon to the gcneral farm of the grav)ty model was'raised much '
later by Haynes (1975), ‘who lented Qut that. Lhe dImenslonamy of the ba}anclng'

ractor K varled wlrh the e'rnplrlcally derlved value of ﬂ Lnless It could be»

A

7‘accepted that there. was In fact a unlversal (albeit eluslve) B, K would not have a

'

\flxed dlmenslonallty qnd would therefore be an unacceptably defined component )

3

' Ina quantltatlve model

- .P, ) ~

’I‘he answer to both these dlmcultfes seemed Wo lie 1,n considerlng an

’exponential as opposed to power functlonal form of dlstance II‘ the mddel were -

- expressed as

I

U
—
¢
&

I.. —_—
g T T

'rather than (3 5), lnteractlons .over zero dlstances could readily be deﬂned and ’

- given data set. S - : o e

i the dlmenslonallty of K was constant On Lhe other hand, -8 would depend on

the unlt df measurement of dlstance ]f it were a unlversal constant it would have

to be stated wlth respect to. a partlcular ‘unle ! '

v
N

The exponentlal form in (3 8) may. be derlved from the simple condition that
the Yate of decrease of Interactlon at a given dlstance ls directly proportlonal to -

the lnteractlon at Lhap di,stancﬁe. there is no-clear reason why this should be sO.

In practlse there 1s little dlrrerence between the predictions of the exponentlal
and power forms of dlstanee decay The critical distinction arises when diagonal .

entries are present in Lhe- data, ln many ca%es they are not avallable, or for’

- reasons pecullar to the scale or Lhe data, may not exist (for example, phone calls,

to oneself). _leen th’ﬁ d{fﬂculty In resolving the Issue satisfactorily, it appears
N ) .

- reasonable 10 expect a researcher to examine both functional forms for fit with a

}
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‘3.."-3..3.2. (in'terpr‘etation oof Other Model Parameters

The exponential form of: dlstance had merely stabilized the dlmenslonality of

‘K but on account of the other emplrlcally deﬂned and de-rlved parameters In the

) model (that ls, v and x), none ot‘ which had a clear unit of measurement the

dlme-nslons_ 'of‘K were as yet undeflned. It was not.clear whether ~ and M

represented’ deﬂnlt]ve 'measur'es "of activity, and - therefore contributed -

meanlngfully to the dimenslonal “ coherence of -the equatlon or were pur’ely'

numerical’ co_mpenSatlng elements. If one agreed that they fulftiled the Iatter role,
then ’lt was cql'e‘ar,th-at the populatloh terms In the equation were In t‘act being
_ s‘uperseded In thelr predictive 'vpower- 'by "an unknown composlte"of causal factors.
- It would then ' “be approprlate to aggregate the-. origln speclnc a'nd

-destination- specmc parameters separately, leading to the formulation

.

y

I = E,. AJ»f(‘d,j) o | N X

'where E the emlsslvlty of the orlgln. represent}ed all the functlonal elements

partlcular to the orlgln. and A represented the attractlon parameters of the .

destlnatlon Slnc;e, gIVen only l d’ and the functlon f, the equatlon In the form

(8.7) could be (Lallbr.ated, E and A co‘uld be determined emplrically.

1

3.4. The 1960s: T‘hé‘.Se:are'h for Theory

. . , , - B N 4 .
Despite the conslderablé theoretical shortcomings of the gravity model, there

. was llttle doubt expressed as to its emplrical predictive pOWer‘ The model -found

! t

appllcatlon In urban transportatlon forecasting in a number of eltles (see, for,

4 ‘¢

) example Carroll and Bevls, 1957) However, if: geography as a disclpllne were to

capltallze on the growing popularity of the techn}que, It would need to relnforc.e .

the 'empi_rical per.formance‘of the'moqel wlth 4 credlble theoretical dérivation.

-

Three studies In the 1960s attempted to il this vold. -

o
.
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3.4.1. The Huff Model

~

In the context of individual shop.plng behavior, Huff (1963) postuléfed a-
trade-off between attraction of a store and Its distance from the consumer. A

RN

shopPer would be prepared Lo travel a greater dlstance (d‘r spend more tl
tri\xeling) to a store that was more llkely to offer the selection of goods he or s;1e
'requlred. The shopper would therefor*e welgh the altern,atlves ‘with regard to
thelr attractlveness (measured by l'loor area, varlety of goods or a sfmilar
urrogate) and dlstance The probabl]lty of chooslng a gjveq store ] given a

cholce set S, would be

) A . d '——ﬂ el N . B
J l] N t e r
p(j1S) = — . . (3.8)
Y4, 4,70 P . :
et N Amoa. < . . .
N , ‘mES - i A-“ ‘\.3{/,
where ‘ ~
- : v 1 o -
Aj; . ls the attraction of store 5 -oa
LA .
dz‘j Is the distance of store j from a patron located ‘at ¢; and
8 . Is a friction of distance parameter. : |

v

’

Tken the number of persons-at { who vlglted stére 7 would be

-

- —ﬁ .
O Ajdij \ .
. "ZArr/tdi;n_ﬂ . .

where'-w Is the’ number ot‘ consumers at . This equation can be made fo

. (3.9)

- -.resemble (3 7) by substltutlng o - - :

e i

w.
1

. Z Am -dilm-}ﬂ‘.- - ‘ . .‘
—~ K R

e . A

Then (3.9) may be written as _ .

-




- -

~

-

r

1 J -

which corresponds perfectly with (3.7), with £ interpreted as emissivity.
N . N ~ L o- -, . N

LIS

Hut‘l“s work served two lmportant purposes _Flrst It conferr'ed“a‘

respectablllty on the gra\lty model, by relnl‘orclng emplrlclsm based on a purely

physlcal analogy with lnd‘lgenous behavloral theory. Secondly, it pro\‘lded a fresh .’

outlook on the problem of 'dellmltlng trade areas: a slgnll‘lc'a.nt .advantage of this -

method over Rellly;s (1929) breakpolnt concept was that by castlng shoppmg

behavior ln a probablllstlc framework v recognlzed that lndl\lduals mlght travel-

‘
to facilities other than the nearest or most attractive :

- v

~ . The derlvatlon'lnvl‘ted criticlsm, principally from Bucklln‘(197l), that while it .

XY

was oriented :towards‘décl'slon—maklng processes at the level of the individual, the
data that were usually fiv to the model pertalned to aggregate dlstrlbutlons (see

McFadden and Reld, 1974) ' o

3.4.2, Entropy Ma.ximi,zing' Dér-ivatio,h S L ) L,

. Wllson (1967) approached the gravlty model wlth another analogy, thls tlme:

from the method,s of analyzlng partlculate arrangements 'ln stat]stical mechanlcs

[N 4

‘He del'lned a. '\1 \(ROST \Tl ol‘ lnteractlon as the sum of the number ol‘ movements )

LS

in a unlverse “that ls Z Z I A glven conflguratlon of I that satisfied the -

constralnts of the macrostate may be termed the Afi sos'MTl, A MIC ROSTATE

referned to any one of the Ways in whlch lndlvlduals could allocate themselves

among the cells of I ’\'ow glven the marglnal totals of I and the total travel ln )'

the system EZ I as constralnts the most probable mesostate would be that‘ )

whlch was produced by the greatest number ol' mlcrostates -Wllson demonstrate'd

"that the most probable outcome of I would be

THe tefm “mesostate’” was not used In-Wilson's ‘original study, it has since crept into the
literature. K ) l - S ’ )
n) N

)
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| 5’:‘4 d -7 ~ L o (311)

N
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Iz'j,A = U,.Ol. VJ‘Dj e i ] . ‘ S . (8012) .
P o - s
where O, an'd‘Dj were the marginal totals of . - - SR o N
+ - . T . * ' . ’ ¥ ! : - . - N . o
. et M ¢ . & i s -
. , , - ; ] - -
0, = Z 1 ) ‘ ’ ) .o (313)
] ¢ - . * <
s .
~ o . ‘ «
D, = Elij | Lo ...'(3._14) o
~ P - - T
" ) . - “ - : \. f * .
2 and U and V were balancing vectors: , «. , P o - L .
o femot N T ' o
~ ) ‘ ;f . . . r‘ . ..‘ ‘ \‘ . 5 -
[ZVD e~ i_] S . .. (3.15)
N - - - ) - ‘\ : ' ‘4 'N _r\ LT
. - . e oy S e s T
o —l ‘ A - ! ‘ ¢ ’
[z Ui. O,‘ ‘C—ﬂdijjl ' - ’ . "-’ - ‘(3.1.6)" ‘
i . o . - :
Clearly, (3. 12)' ‘could be reduced to the 'generlc 1nxeractlon \equation Wllson Co-
. —
embhaslzed that the mechanlcal analogy would* be complete only i the lnteracLlng <
Vpopu]atlon Were completely homogeneous in Lhe same- way that *moleouies of E:Y
gas Were ‘ldentlcal lmplylng that the equatlon shguld be applied only to samples '
E that were hpproprlately sncauﬂed ) ‘ ) 5 s __“ . ,
’ - ‘e N " - L : .. " [ " - . . - l [ -'-‘ . LS o

According to the sentrepy maximizing derlv'in‘ion. {3.12) holds only when. both’
the marglnal vectors O and D arle‘constralned or kndwn' in advarice. Al»tho'u'gh ~
Wilson prov!de’d a separate derWa,tlon for the slngly constrained model, and ln ,
the partlcular* cont,ext of Journey to “iork trlps to whlch he was referrlng, lL may
have been approprlate to apply constramts on the margAnal totals, his derlvatlon

dld not adequately address thé unconstramed gravjty model . '

A '
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3.4.3 Utility Theoretic Derivation” =~ ° ‘

. A third attempt at theoretical derlvation 'of an equation for ‘movement was .
- N ¢ I3 Y 3 . -

e s -made by. Nledercorn and Bechdolt (1969). They began with tne assufnpmon that
b ) the atility of a trip between a glven orlg’ln destlnatlon palr for a'given lndlvldual
. © was-a t‘unctlon of the number ol such trlps made by- the Indlvldua‘l They then

proceeded to find the number of Lrlps made by all lndlviduals’between the

. orlgin-desLlnatlon palr, o as to~maximlze‘ utiity, subject to the comstralnts of .
. 1 - ) ¢ N . /
. avallable funds and 4fne for travel. This was expressed as Co
@ - ,\\ '~ . .
S, - /P
- | N P/y P, ‘ _ ‘ |
' ' I I R (3.17)
St . g T T T 4. ‘ , e (3
‘ b d N

i .A [ ! . ‘ ] T ‘ . - . j
' ‘ where A ‘was the total amount of money that all 1nd1vlduals at 2 were wllllng to
spend on travel to all destipations, per unit lee. and t was the cost of, Lravel der

- unit dlstance The derlvation assumed a logarlthmlc relatlonshlp between Lrlp 2D

toe : tomls and. uumy. a sllghtly dlrrerent result was offered for a power relationship.-
L . ' ..' ’ : . 7 ) s
. ) i [ | N
~ o . The_weakest point In the derlvatlon was the chcular assumption that' utlmy

- <

was a flmct,lon of tne number or trips mgde Matnur (1970). polnted out that . .”

Lrlps _were’ generated by opponunltles at_ the destln‘atlpn, and favorable

B A I €

dnaracterlstlcs of the route or mode. The authors responded (Nledercorn and'

¢ ‘Bec,hdblt ' 1976) by revlslng tneir deﬂnltlon of utllity as the amount of t‘ne

- - 4 12

.- ) attrlbute or characterlstlc consumed This was inf effect no more than a
\.“ " . f

- L '\‘-‘ cosmetlc redennltlon ,of the centerplece of the derivatlon, and in a laten paper P

R (Nledercérn and: Bechdolt 1972) the autnors falled to respond meanlngfully to

R - 1hedrlticlsms. AP : S B ST
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- to thelr fleld of endeavor

out of -and Into orlglns and. destlnatlons

—~ '_\ - ~
'
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3.4.4. The 1960s m‘Rev_xew . i

- N PR

‘ ’I‘he varlous approaches taken. to. the. theoretlcaT derlvatlon of the sp"atlal’
lnteractlon model helped establlstr the lntegrlty of the, model from a varlety of
Researchers tended to embrace the derivation that was most relevant

[

Hul‘fs derlvatlon was applied in market research whlle

vlewpolnts

=

Wllson S work was applauded In’ plannlng Circles — accordlng to Gould (1972a.

p 698) the entropy maxlmlzlng derivation “ralses the gravlty model phoenlx like

from the ‘ashes, and places lt upon a secure theoretleal foundatlon for the ﬂrst

~
.

time.” ' o . o .

- »
r . N
- . ~
-

The derlvatlons dll‘r‘ered sllghtly ln the coneeptuallzatlon of the determlnants
or intéraction, but the common thread running through the speclﬂcatlons was the
ldenbll‘lcatlon of three classes of determlnants those specmc to the origin, those

pecullar to the destlnatlon and the dyadlc element; each of these was controlled
'by parameters such as 85 that were supppsedly universal. [t would be a fajr R '
generallzatlon then. to lnrer that the overall algebralc structure of the' gene,rlc
equatlon (3 7) was now accepted but that the lndlvldual elements were sub_]ect to’
varying- lnterpretatlons and flne tunlng. dependlng upon the context of study of
partlcular lmportance was ~the approprlateness of constralnts on the total 'Nows -

Marketlng appllcatlons for instance,

Were unllkely to requlre rlgld constralnts en patronage of stores, whereas planners: i

for centrally admlnlstered faclHtles such as sch@ol buslng would- face ve.ry tanglble

llmlts such as classroom capacitles

r . ! [ ~ 4

£

35Rece’mtDevelopments RN B

-

The 1970s were years ol‘ consolldatlon of the concepts ol‘ spatial lnteractlon,
Efforts focused on flve prlnclpal areas Flrst tJ'lere was a scrutlnl-zation ol‘ the.

.concepts of lnteractlon, wlth partlcular reference ~to the lnterpretatlon of xhe o

‘ ~mod,el parameters under varlbus dlstrlbutlons of populatlon over‘ space Clngram, .

+

“

-

}

By
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av

s

-1971; Curry, 1972 Cllff \1artln and Ord, 1974 Klrby. 1974 \ickerman 1974;
Johnston, 1970, Klrby and Leese 1978; Sheppard 1978 Kau and Sirmons, 1970)

In particular, this grouQ of studles addressed the the,oretlcal underpinnlngs of the ¥

L

modeI wlth respect to autocorrelatlon ln zone slze A soberlng concluslon was the

arecognltlon of the Iarge volume of work. whlch remains to be undertaken (Chff, !

/ , Martin and Ord, 1976, p 342), \ L o7

. . .
'..A\ second area of- con‘centratlonj was the _developnienp or,eal]b'r‘:it"ltj\n procedures
) K '_ff‘or‘ \"ario.ue clésse§ of jnéeraetlon models- (ffo'r.exar.nple: Bdtt_\}, '1971; Evans, 19/71;
Batny and Mackie,. 1§72; Stetzér, 1976 Wl!IIa’ms,l-lQ??; Pirie, 1979;.’i“opler.' 1979).
MecFadden '(1973).‘ Baxter (’1979) and Seuthwdr'th (1981) ex‘ploreduthe use of logiL.
transformations fn interaetion modeling. A _ - . e K

. ) LA - . &(\ R
S - - . .
« - ' » R . L
. . A H
- .
\

_ A third focus of research was the study of the p‘ar-ameteré of the interaction

-~

’

model under eggregatlon of the origin and destination nodes. These Included the
. works of Ce‘sanio-(1974‘) Beardwood and Kirby. (1975), Oﬁensiiaw (197‘8;_15771))‘
. Masser (‘1977) and Webb@r (1980). -Fonrth. the pattern of decay of Interaction 3
with dlstance was examined by Taylor (1971)' and Openshaw and Connolly .

(ie77). o ‘
. I ’

L -- .
A R 'Flnally' Fotheringham (1983) proposed a broad class of competlng de:L)natlons
' . o :'fnodels extending Stouffers (1940) concepts of intervenlng opporbunlties
‘ N PaSSIng méntlon must also be made of Ellis and Van Doren (1966) and Fllls
{1987), who drew analogies between human lnteraction and electrical flow, and '

e o ) Gr!esinger (1979), who reexamined the gravitational concepts. : . . S
T, - Y Y . . - ‘ o
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- CHAPTER 3

3.6. ‘Concl'uSions

" This chapter has traced the history of the spatjal lnteractlon model, from its

beglnnl.ngs as:a gravltatlonat analogy, lhrough a serles of emplrlcal experlences

and Lheoretlcal generallzatlons. and ﬂnally the attempts at deductive derivation.
. There ls a consensus on the genetle form of (3:7); within that framework, a )
number of ret’lnemems of the specification have. been made In partlcula.f

appllcathn .contexts. ‘Gale et al (1982) evaluated a number of comemporar}

- models of movemént, but indicated that the traditional spatial interactlon

equatton was most satlsfactory. -

Like the Lheorles of Von Thunren and Christaller before it, the spatial

1nteractlon model operates in an abstracted space. The mode] takes account of

‘characterlstics of the oflgln and destination nodes, but does not recognize other

variations in the landscape.-, Distance (or standard observable sur'rogates‘ s_uch as

time orAc_Sst) Is ‘the only dyad-specifi¢ factor In the equatlon. Perceptual and ’

+

attitudinal "af‘ﬂnlgles or prejudices pechllar fo orlgln-aestinatlon pairs ‘_pre not

éonsldered.

4

In the context of functlonal reglons, there Is a need to explore the applicabliity

of Interaction modeling t3 non-uniform environments. Any additlonal terms In
the equatlon will necessarily hai'e' to be specific.to the dyad (since constants, or
terms specific to-elther the origin or the destlnatloh. may l;e absorbed within the’

emissivity and attractlor), and thus cqmplemem the distance term.

- - "4
v

Baxter "anq;Ewlng (1984) suggested two reasons why dlstance alone may be an

" Inadequate representatlon of the dyad-specific factors in Interactlon; one was the .

problem of spatal structure (this will be covered In Chapter 5).

« The second reason was complementarity between orlgin and destination’

charactetistles. Glven tf\at the classlcal concepts of the functional reglon revolve

~ '




A5

_orlglins of functional Teglons. - These 1deas will be develdped It the next chapter.

N

’- P )
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. . - . . ‘, 7 .

.

around notlons of communitles and amn‘itles, It would éﬁpez};rthat the Inclusion
of dyad-specific factors In the lnter‘actlomequ*ann m§y Produce an appropriate

‘model for Interaction in heterogenews'env‘l,r,o-riments. ‘an'd tﬁus shed light on the

¢

P

1
-

-
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- 'THE BLACK/WHITE MODEL'

Y . - : & ' .. -

. 4.1, Introduction ) ‘ o ; ’
One of the conclfisions of Chapter 2 was that the spatial Interaction model, in ,

) recognlzing scale di ergn_ces‘and the :affect of distance on Interactlons, had a role

to play in reglo alizatlon“tl}‘eoi-y. It Is ¢léar. from the review in Chapter 3, -

however, that except’ for. the varlables subsumed under the emisslvity and .

éttrécplon of the origin and destination, the interaction model In its tradltibnal
form 1s bound by assumptions of isotroplsm, and Is therefore not.sultably
equtpped for applicatlo‘n across functlonal regions. The burpose of thls chqpier Is

to elxaml'ne how the model can be adapted to take account of qualltative:

.

) o * Incompatibllities between nodes, that Is, to address cultural, political and . | . :
economic barriers to Interaction, that may result from a varlety of independentl

dissimllarities between nodes; and which are the bases of runctlongl segregation. =, ‘ . ,

- -~ -

e - The spatial onganization of these variations will be lncbrporate'd Into a 'quei for .

. / . . ' . .
the behavior of functional reglons, establishlfig their theoretical and conceptual
S basis. . 7 - .

~

t

Sevéx:al types of feglons were ldentifled In Chapter 1, under. the descriptive

taxonomy. By way of recapltulatlon, ‘these Included, for example, physiographic,




. " .- CHAPTER 4 o _ 5 : e
e ! . N . L e . oo g
. ’ ‘ v ] . . \ A ) .
cllmatlc cultura] and economlc reglons A structural ‘taxénomy was deScribed

too, urrder whlch scheme the functlonal reglon was. lntroduced For purposes of

.

lllqsrratlon. it wlll be oonVenlem Lo _l!nk the §Lructurally deﬂned furgctfonal region

Lo ' with a corresponding ltemrfrdm uthe descriptive: taxor{omy Since -the functlonal

. ‘ reglon IS a phenomenon ot‘ human actlvlty. wlth a strong behavloral underc‘urrent

S e 1ts conceptuallzatlon Its most” obvlous descrlptlve counterpart ls the cultural

“n

. e reglon While culture ls by no means Lhe sole basls of Lhe funcnonal region, it

T will - be used “to 111ustrate ‘the deve‘lopment of the reasonlng in Lhe I‘ollowmg

1

sections. . R ‘ ‘ . A _‘ : v e
V ‘ - ’ ‘ ) . 4 , ’ ) ‘ N " - " '.
"4.2..Derivation of the Black/White Model. .

p B . .’4.2_.1'.'The .Colmpat"bility‘r"actor IR . .
. " . . ‘ R . : . ’ ’ -. 4o

IR ' The ‘de;i:lifation oJ' the sp‘atlal lriteractlon‘médel has be'e'n' covered 4n some

detall in Chapter 3 Now conslder a simildr derivatlon Ina situat,lon of aultural

. conﬂ]ct‘ — dlfferlng cultural groups are d‘lstlngulshed by Lhe arbﬁtrary labels

. ‘ ‘md.\("}\ and WHITE, hence the title of the model Let a COMPATIBH ITY FACTOR ’

R between zmy origin- destlnatlon palr z~and ], represemt the emouonal amnity .

ot‘ ) ror I In'a sltuatlon‘ of cultural homogenelty, R —ﬂ 0; beyond the conﬁnes ef o
culLural lsotroplsm eompatlbilicy may fatl be1aw 10 to 4 mlmmhm o{“ 0.0

Except lnasmuch as-the compatiblllty may )n certaln ‘cases Lheoreti ally exceed a | ..

Ce value of 1.0, ]L may be compared with a probéblllty that arx mdivldua} ‘at 1 wll] be S

. wmlng to overcomq the cultural ba.rrlers to lntera.ct wlth _7, given ar set of .

- ’Z.‘ , alnernatlves perrecLly CQmpatlble with . . l," ST

Nis - The term emotzonhl affinity '’ Is specific to the context of this example. in practise it may be  , - ' B
: subemuu‘d wILh other dyad-specific factors nos included in the, dlstance term, such as poHLk-al or - . "
s ' e(onomlc afrlnmes . - . L . N -

o - T » . Y v N
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o422 Lyce Choice-se;u‘cm‘re

‘A i -C.nder the Luce (1959) “lrrelevant alternatives" cholce axlom;an individual

., ‘makes. '3 declslon ba.sed on- slmultaneous conslderatlon of all the properties of the
‘avallable qlternatlves welghlng advantages on one varlable agalnst dlsadvantages
“on another Huffs (1963) derlvatlon of the spatial Interaction model (Chapter 3)
assumed a Luc& cholce. structure: a customer evaJuated optlons by welghing

physrcal attractlon agalnst distance. Introduclng compatiblllty as a third factor

ln the cholce process, (3.8) becomes -

A; fd) R, | | .
; oP(lS) = : o , S (11)
, AR, S
N b : - omt -- ) N R
" . using the ‘same netatlon as In (3.8). Then -
.‘/ . : . .’
L ) A fd)R; o |
N Lo Iij = ’ ' D C o {4.2)
R : ZA f(dlm)R , -
) | - N ——- é;‘-z‘;’-}(d--) R.. ) ' . (4.3)
; R gk ‘,-7. ‘_~z?», zq~ ¥
ﬁ" -
wheré . ) ;
. : A ~ . .
T, 4 Sy . L L A . - e
ey Lo = R ~ .. f4.4).
, DD 'Am.[(,di;n) B 7 -
Lo . ' : ' -

. _E is agam odzin-speciﬂc,,and may therefore be considered as an alternative

ce T expresslon or emlsthy N

°
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4238, Tversky.Choice-Axiom - oo T

NS . K ) .,
( . 5. , . teo ! .

L]

An alternatlve apgroach to jndlvldual cholce theory Is that of ellmlnatlon by .

aspects (Tversky. 1972). Under this scheme. an: kndlvldual makes 2 serles of

,. declsions about the alternatlves. at several levels In choosi;ng a shopplng' ..
v . ‘\lf‘:' destln‘atlon for lnstance one might ﬂrst lsolaLe the set of racllitles that offered“

SR 4 .

e the goqd one Wwished to purcha,se " The second decislon level would perhaps~

‘ , -

o

R lnvo}ve the cholce between compet!ng store chalns the flnal level of cholce may‘

a\""\" N

. 2 ‘
be bet‘ween stores o&a glven chaln. the. selectlon belng made on the basls of

. . dlstanée,' appearance or management . ' L ,‘ . .

& R ‘e

The prl c.\i ldmtinctlon between the Luce and Tversky approache: to choice
theory Hes 1n th way‘;he prqbabllltles are dlsm-buted among the alternatwes In. s

:"7 o ‘ ' ’I‘Versky s view tne,ehol.ces Are arranged ercluswely and therefore hlerarchlcally,

| o ” so t,hat Lhe probablllty o? vlsﬁing a glven racmr,y is the compound probabmty of

-
seiectlon of ea,ch oT lts characteﬂstlcs ﬁ(assumlng\ that” those characterlstlcs are

« I

- ’ measured on dimenslgns t:hﬁc-are mutuaUy independent).
N R - L] ~ o ” ’ 1. v -
‘ et ae
" To apply the Tversky cholce a;xlon; to the derivation of the BJack/Whlte_
" .
. .. mpdel, the unlverse R must, ﬂrst, be stratlﬂed into p; ,lnterr{ally homogeneous“

. .. cujtural subsets, i am. . 'aip . for each orlgin 1, such that

.

B

' B L a“Uang.‘..uaip}=S.Vz. - ‘ .}}..(4.5)
S ‘ :

. . LN " . +

f‘@' o e The probabjlity ot choosing a given destlnatlon J 1s now the compound

-

probablllty of choosing the subset to which _1 belongs, given 1 — that s, p(a ) -
, v > and tlre prdbablllty or chilng J glven a ]. The flrst of those .probabmtlesus .
ol . s)mply R N The second Mvel of cholce operates Independently of the shared

. . l
4

o '_ . cha‘,racterlstlcs of the origin and destination, and is in that respect common to the
r - . ' , N

s'pgtlal Interaction model: ’ . . ’
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0 . ‘ . '
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. . M“»* . r - ) N
. . . A‘f(di.) e ‘ ‘ :
- piila;) = _ ... (48) T
. J B :
DT Y A, fd)
N T . ' . mea] AL ;
e T - Multlplying Lhé probabilities,
) ‘ y.’ , 4 ‘v 5
pUIS) = pla;)) p(jla,) , , ' C(any
. . A f(d ) . .
. — U . (4.8)
- D An fdy) o
- 1 N ‘ . LY
) mega,. ]
- The Interaction from ¢ to j s -
A fdy) S
Iij' == wi ‘R‘.J. — . ' » e (4.9)
: e A ) S .
ot . ) . S ) meaij . |
- o The denominator in thig case Is specific to the dyad, tather than to the origin
alopne. Substituting’ '
' i i o -
‘ , ’ R*ig' — \ ... {4.10)
- /,.‘..‘. 2 E Am f(dim_) ' :
s . ’ - mEaU -« . ' . i
‘ Coe ,‘ ‘ (4.9) becomes ) ‘ ‘ ’ ‘ ¥
(¥4 V _ - * - " 4' .
’ Il.j = w Aj f(dij)R TR .ol (4011)
' Slnce ‘the emlsslvlty and attractlon terms are In practise never recognized In
) tangible terms, but only approxlmated by populatlon Income or other surrogates
) o . their anebralc componems (which are one dlstlnction bétween the speclﬁcatlons
4.3 and 4. 11) have no bearing on thelr lnterpretablllty "Both (4.3) and (4 11)
A S
represent interaction, in terms or_t,hree categorles of varlables: those specific to ‘t,heA

origin, those specific to the destination and those pecullar te the dyad. In the ’
4 '

[
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" specification as .

L. -

traditional spatial Interaction model,.t'he only varlable In the~thl:d category was

distance; the derlvations above Introduce R and R* as additionat elements.

Sihce R* 1s composed of accqmulatea unknowns, and Is 'dyad-‘speclﬂc its rolé
in predictive modellng (and thence the utllity of the Tversky- denved
Black/White model) at this level Is questionable — this crltlclsm will be nulllﬁed
in the spatially aggregated verslons of the model, to be Introduced later In this

chapter.

. 'Y )
Nevertheless, it would be useful to generallze the Black/White model

o *»

I = E; A; fd) R; S .. (412)

i)

where R represents the compatibllity factor (under the Luce derlvatlon) or R*

(under the Tversky derivation). It must be noted that (4.12) represents the most

"CHAPTER 4 - . . 7

-

generic form of the model, and that the unknowns are not interpretable across

derivatlons: that ls,-parameters recovered in (4.3) are not valid inr (4.11).

»

4.3. Propellties of' the Model

4.3.1. Theoretical Properties

4.3.1.1. Symmétry of R ‘ ' ' .

The. compatibility factor was introduced as .;«1 varlable- specific to an
orlgln—destlnatlon palr Assuming- that all 'desiinatlons also act as origins, and

vlce versa, R will be a square matrix Reciproclty of emotlonal affinity s never

to be assumed In any soclal situatlon, and accordingly In the Black/White -

‘form'ulatlon, R does not necessarlly equa.l ‘R » In practlse however, the

emlsslvlty, attractlon and'compatibility varlables In the model -are emplrlcally

derlved quantmes, asymmetry In observea interactlons cannot, concluslvely e

" 4

2

[
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'

ascribed to asymmetry in R, since it may be the result of ldiosyneratic varlation
" 4 .
on other unidentified dimensions, and therefore treated as noise. One may -

therefore conslder R to be symmetric In calibration procedures.

n [

-'4,3.1.2. Transitivity ‘ . .

It Is customary to examine the topological consistency of an interaction model
by L’est'lng for transitivity in predicted flows,. The test may be stated as follows:

in any closed triangular circult in the netwc;rk,

[}

~

. IZ.J. > I].l., Ijk > ij = -11.,c > Iki * TR . (4.13)

Since Iij > Iﬁ' and Ich > ka‘\

\
. 1N
11] Ijk . N Do
- - — > 10 L o (414)
L, 1, . C o
In the case of the spatial lnEeractlon model,
. ' i ) ' Y.
,,Iij Ijk i E z'Ajf (\dij) ' EJAkf (djk) . X ) .
e . YL, 4.15
7 Ik] ' EJAi K djz) E A )'f (dkj) S
T e (10 '
I e— e e— . R . ... (401 ' -
. ' Echi_ Ik;, i S

and therefore Iik>1ki' A similar proof can be constructed for the Black/White

model: ¢ . T - o ' _ ) v

N ' ‘ , . e
IlJ ,Ijk Ez'Ajf(dij)Ri]‘ * E JAkf(de;)Rjk -
2oE . : RN CRY .o
Ji kj E]Aif(dji)Rji' Ek_Ajf(dkj)Rkj '

L EA I ot 1)
s = — e e— S .0 ...(4.18

EA L |
) & ¥ "

‘u
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. asymmetry of R As polnted out earller, R can usually ‘be as$umed to be .
‘transitive.

4.3.2. Operationa:l Propertiés : N

CHAPTER 4 o B ‘ . _" : S 73 ..

N - . ot H
L

The transition fro‘[n_(‘i.l?),to (4.18) Is contingent on R being-symmetric. When
R is asymrnetrlc, transitlvity ‘may or niay not exls't, ,depéndlng 7on the degree of .

symmatrlc. so that. In practise, ‘predictions of the’ Black/White. model "are

o

t

i . e

- .

The compatlblllty factor R can be Lhought. of as eonstltutlng (or darl\}ed
from) a sutface of destlnatlon compaplbllltles, for any glven orlgln and vlce versa .
(since R addresses -2 ‘human landscape, which s essgmlally dlscrete, t.b.e surface -
may not be’ contlnuous) When superlmposed upon the ‘abstr\acted lsotroplc-
landscape df the traditional lnteractlo.n rnodel. the surface d_é,termines'tn'e pm’;em‘
of'.lntérac"tlons of ali dést,lnatlons with thé origin .undér consldera}’t)on.-'- The
lnvéractlons of all origlns “;lth all destinations In a unlverse are, by extenslon

determined by the comblned lnfluences of the compatlbmty surfaces assoclated "

with all” origins.. The following sections ilfustrate the workings Of the

»

Black/White model In varfvus compatibility scénarios, with one and~fnore o_riglns.

Rathe};_ than engage in anm exhanstlve cartographic. documentation of the .

Black/White effect, attention will be rocused' on the conceptual revelations and

-exhlblt a lower, cpmpatlbllity with the origin than do the immediate surroundings

-

practical slgnificance of each case. o .
4.3.2.1: Case 1 : Single Origin, Oné Dimenaion C S .

Under the terms of thé standard interaction model compatlb!llty Is lnvarlant
‘across space ‘— that Is, lt,é proﬂle is flat (Flgure 4-18). A plop of lnteract-lons
(corrected for emlsslvlty and attraction) against distance reveals an ;xponentl,al : ’
décay (Figure 4-1b), which may bgq linearized by ap‘prdprlate ’t‘ransf;ormat‘lon‘of""
the axes.  ~ , o o ' i o

-No@_;co’nslder a situatlon where the more- distant reacnes of the unlverse

, .
4 B
. 4 ¢
» .
e’ -,

‘e ° P
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"b: Exponenfial decay of interaction »
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Figure 4~1: Conventional interaction ¢urve ' /
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of t,_hat,\ orlgln' (Flgure 4—2a) The correspondlng lnterac&lon profile s shown in .
Flgure 4—2b In practlse the reglonal boundary- may be fuzzy (Figure 4-3), or the .

' '(landscape may be more complex Figure 4-4 lllust,rates the case of spatlally

"; ‘ dls_lblnt cultural concentratlons as manifested In° “the settlement patterns of
! ' .+ Natlve Amerlcan and other culturai minorities in North Amerlea, or .in the
' - “political situation of West Berlin; Figure 4-5 ‘lllustrates the compatibility and

. L . !ntéractlon profiles across several reglonal types. A - o

- - - .- - A

4.3.2.2. Case 2 : Mul'tiple 'Origins and'Destinations, One Dimension :

’ T

A T “The spatlal lnteractlon model is undoubtedly a useful concept In purely

academic . terms; &fulﬂl]s an lmportant function .too ln predlct.lng\flows 1n .

P

economic sltuations, and is Lhereby a planning Lool It is ln this;ontext that the
i . -

E ) following scenarlo should be viewed.

- Y ' < B L)

Tbtla'Black/White modellng may- be applied’ In a contexi sirnilar to Lnat"‘

‘ ° I described by Hotelllné (1929) In regard to. éompetmve pricing. 'A‘ bontlnn’um of .
, X polnts 1s assumed. tqQ 1le along a bounded llne Each polnt serves as bo~Lh a 4
’ H demand location and a facility; emlsslvitles and at.t,ractlons remaln ¢tonstant’ along
the line. Interactlons.(which may be thought of“as shopping trips) between the
points may be slmulatedAuslng, the spatlal lnt,eracilon model.. The problem drawé

. - attention to the lmportancen of posltlon along Lhe llne Polnts located In the B
center of the lne are able to-draw thelr cllentele from both dlrect,lons, and
therefore reglster the greatest patronage whereas those at the extremities of the

; line segment draw thelr customers fromr a relatively restricted area. ’}hls -

Hlustrates the economic advantage of a central locatlon"(lﬁlgure' 4-8).

3
- .

- ' ) ol ’ ! .
When the interactions along thls llne are slmulated wlth the Black/Whlte
model (assumlng a reglonal boundary at the .center) the proﬂle takes on a
BUTTERFLY form: It sp]its into two sub-curves, each a minlature replica of the

original curve (Figure 4-7). Depending on the value of the compatibility factor,
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ce 7 . Flgure 4-2b. In practise the reglonal boundary may .be fuzzy (Flgure 4'-3), or the‘

llandscape may be more complex:” Figure 4-4 llllfsirates the Gase of spatially
o

disjoint cultural concentrations, as manlfested In the settlément paLterns oI-‘
Natlve Ameritan- and other cultural mlnorltles ln North Amer'lczr er in the
- ) — polmcal situation of West Berlin; Flgure 4-5 1llustrates the compatlbmty and

Interactlon profiles across several reglonal Lypes.

.

4.3.2.2. Case 2 : Multiple Origins and Destinations, One Dimension

. E . "The spatial interactlon model ,1is ﬁndoubtecily a,user'ul concept in purely

/

. academle terrrrs;.it, fulfills an important function too in predicting flows ln"

economilc sftuatlo-ns and is thereby a planning tool.' It i1s in this context that ‘Lh\e

foﬁowlng scenarlo should be viewed. ' .

The Black/White modlellng may be a.pplled In a context simllar 1o t}fat
descrlbed by Hotelllng (1929) ln regard to competltlve prlcmg A’ continulm of

. poipts Is assumed to lle along a boundqd llne Eac'h point serves as: both a

* a

' demand locatlon and a facllity; emisslvltles and attractlons remain constant along
the line Interactlons (whlch may be thought of as shopping trlps) between the
points may be s'lmulat.ed’uslng thg spatial intefaction model + The prablem draws
. atténtlon Lo the lmportance of posmon along the llne Polnts ]ocated in the

-

. ~ center of the Ilne are able to draw Lhelr cllenbele from’ both dlrectlons and

therefore register: the greatest .patronage, whereas those at the extremmes ‘of Lhe
line segmem draw thelr customers from a relatively restrict,ed area Thls

- ) 1llustrates&he economlc advantaze of a centrat locatlon (Flgure 4—6) -

X - a E]
*

~WHen the lmeract.lons along this llne are: slmulated with the Black/Whlte
* model (assum}ng a . regional. boundary at the center) the proflle takes on a
\ Bu’rTrRl- LY form: lt, splits into two sub—turves, each a mlnlature replica. of the

. L orlglnal curve (Flgure 4-7) Dependlnz un the value of the compatlbmty factor,

of that orlgin (Flgure 4-2a). The correspondlrlg Interaction proﬁle Is shown in"

-
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patronage (d%ﬂned as the éum of ‘Interactions with all other places on the line

-~

segment)* at the center may ‘decllne to the level af- that of the perlpheral polnts.

" The polnts receMng the greatest number of patrons are those located towards the .

centers of the undlvided segmemr the-1lne. ’I‘he Butterﬂ)\eﬁ'ect Is one redson

*why areas In LI}e Hclnlt} of polmcall) and mllltanb seﬁe)tl\e bordorq are
y

economlca]ly depzzessed

(Y

4.4. .Geogr_ap:!lical Roles 'for'hthe“‘Blaél_c /WhiteLMod_el-

v

4.4.1. Functional Distance'and Blaék/White Topolo\gy

. In ‘the two cases considered ai)ove,'lt was relatively simple *to construet
carl‘ogvrvapmc Hlustradons of the Black/White effect, since the orlg!hsl and
desun;tlons were located alon! a line. ’;he study of.Black/.WhIte effects In two
dlmensions ls -cohslderablyl more<pomplex, as it involves the superimposition of
3-dimensfonal compatibllity surfaces r'pr each origin in the universe. _.{ ‘complete
apprecla.tlon of. Ll}e behavlaer of }‘Blabk/\’s‘hlté systems entalls a m\d_\;ﬂ(thb

transformations Imposed by them on dlstance. ' ‘.

.

The geographical literature on spatlal Interactlon contains frequent references

to- permeable boundarles beréelved dlstanée and funetional dlctance- Gould'
(1972b) examines mathematlcal transformatlons of dlstance that correspond wlzh ‘

huma{ls percept)ons. arﬁ\Brown and Holmes (19;1) suggest that the matr}x of -

_ mean ﬂrst-passage times in thelr ‘\iarkm cham anal) sls of Interactlons represents

4

the mamx of funcdonal dis&ance (tho technlque was reviewed in Chapter 2):

Macka;y (1958) very clearly makes me connectlon bemeen runctlo(na.l dlsLance and

W
[ .

: ':,( an Ontarlo ity tnteracts 'Mth a Q\lebec clt} as if it ‘were’ Ve
= ,tlmes as far awajr" as It rea,lly is, by compar}son Mth a Quebec clty or
f‘ the same bopulaflmi\and sebaratlom o < :

a
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. [

On the average, an Ontano city recelves roughly &ﬂnh to a tenth

‘ . L the ‘telephone tramc of a Quebec city ) ‘ .
: ’ e T {.\1ae'kay,,1958. P35

In the ﬂrst".statement, Marvkay alludes tdavcdh:cépt of functional distance:
,'J k o ) ' ’ ’ ‘ . N ' E N
| = E AJ j{du X 35.0) : ; Co 49T .

Pl

t

5 -

- wherea:\s in the second ﬁe\suggests the presence of a d‘_\'a.d-spec!ﬂc multlplier‘ln the \

.
.

equation:”

S

| . ] = EAfid )X 02. I © an00
‘. N - Jl J 1 .

¥

to [}
' . - .
I's

Except under the assumption of an Inverse. linear functlon of distance, the two

- explanations of the éame.phenomenon are tnconsistent with e.achvbth(er.

s

{ - N ) o . .
’\Rhe concept of functional distance ln the cage of the Black/W-hhe model 1s . o
Hlustrated In Flgure 4-8. The. r‘unctlonal distance ‘between \( and \0 is dgl\ed -

from a comnparable relatlonship In a slngle—reglon landscape the- comb!ned eﬁ'ect

of distance and compatibility on the Interaction ~bgtween X and Y2 Is equivalent ~ | T Ty

-

bk ’ “\ R - L. ' )
R o to the effect of distance alone on’ln‘terac'tlons @ween X and Y1. The functional--

distance d"\, va between X and Y2 Is therefore equal to the geographlp'dlétar;cé ‘

ST dy -, between X and Y1. .\fathematlcally,'the‘rel,atlonshl’p may be deflned as
' o Lo . . o .

N . , L
S .d_U,'" e R ‘ L ,..(4.2_1}

)-8

In Lhe llLeratutes of tr’ansportatlom and ecori~ mlcs. the. lmeracr,km model»l“v
- R
u§UaIIy quoted wlth a:; )

4

mans o.f A simple r‘naneuve?

.,. B [

~yr
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,4.4._2.' ~Implica£ions pé Biack/White Topology

ln the lheoretlcal <tud\ of trade area$, one encounters’the Concept of T’ﬂle&sen
pol)_gons ‘or- Dlr[chlet reglonq They are the geometric duals of the lines jolnlng'
‘palrs of facilitles and are derh ed by ﬂndlng the perpendlcular t>l=ectorc of those J

Nnes under the assumptlon of normathe. nearest~place beha\ior the bl~ectors

L

deﬂne the sphL}aI llm!ts of batronage ot‘ a ghen f'aclllt) : . oL

T B “on
Thlessen poly gons ‘are. tradltlonall) constructed Bl Euclldean space the"» ma}

hov»e» er be derh ed under a runctlonal dlstance topolog} (SEe Geth 1963). v\here

’ the efrcotl\e detance bemeen an;y mo polms ln <par9 Is equated Mth runctlona]

dlctance ‘as deﬂned aboxe

! W

. ,4.4,3:_ot‘he’r-rmpnq:;ﬁans LT

u

The ﬂeld of locatlon a]locatlon ls concerned Mth prescrlblng locatlons for.--

", faclhtles and allocamng demand to those facultles 1n order to sa{!sf‘y somer

‘ objecthe whlch ls usualls the mhlmlzatlon or total dlsrance traxered \Iang

’ appneatlons of the modellng assume " inelastic’ ‘ der:rand whereas m reallty\
lndl&lduals sltuated clOse 16 a facmty are 'more erly 10 make use of: lt ’I‘here-
ha\e been attempts to make the allocauon or demaud Lo facllmes more reanstlc

Cooper (19"2) e‘mp}oyed a transportauon algorithm uheri ser\ lce capaomes oF
i

probabl}lty of ut,mzailon of fa,clllvles Hcdgson (1978) deScrlbed an lndepende\m.‘.

l

o solutlon procedure K . 4.',.._

e s e L e ., A : .

racllltles Were llmned Goodchlld and- Booth (1980) used Qbser\ed mtera’ctlons to""

.

‘ -'caubrate -an. mteracﬁon model and respeclﬂed the objecthe functlon ln .terms, or' ot




i

”

.ot

o
'
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Having recognlzed that the likelthood of patrondge of facliltles should be*

taken Into acc"ou'nt when locatlng ghefn, the Issue ‘of ‘compatlbility needs to be
q - = ‘ »

considered. Se\eral pégmlnent researchers routinely .conduct facllity locatlon
.
programs in less developed countries, where soclal and cultural frictlon is often a

mat(e'r “of some knporlance - A" recognition of soclil amnltles (bv means of
caltbrating the Black/\\'hlte model) would give prescrlptlons partlcularly In these

emlronmems more authentlclty and credlblllty . ' K L
¢ v - ' '

- - /.

4.5. The Black/Whlte Model and Functlona] Regxons

3

The Black/\\ hite model was developed specmcany ‘to address the’
shortc‘omlngs ol the. traditlonal spatla.l tnberaction model. In the previous sectlon,

lhe model was introduced In. continuous space; attentlon is now de\oted to Its

) role ln the contex( ot‘ runqtlonal reglons " Compatibllity as defined in the "

roregoing sectlons has been assumed to vary contlnuously over space (e\cept In

) the T\erskg derJ»atlon of the Black/\’\ hlte mode!) JIn contra.s1 reglonallzatlon

»

- «

by deﬂnltldn lmohes a generallzatlon o»er dzscrete compartments of space In ~

' that llght space’ may be xleWed as comlnuous when contalned wlthln a slngle

-

ESLorregron D - T S

In Lhe comext or reglons compaﬂblllty ls an attrfbute or a.—pair of regzons

A}

wherleas the. lnteractlon model addresses palrs of poznts (or E?LIS Therefore the . ,

n

compatrblllty term ln the. Black/Whne model must be adapted to address ‘the .

regzons to whlch ‘the polnt.s (or ESLS) belong
45 1. Cla.saeo of Black/Whlte Struetures L / T AR
The manner In which reglons are addx’essed should ‘be.. able to accommodate

the varlous reglonaf etru;’tures descrlbed in the llterature .on runctlonal reglons i e

v .

(Chapter l) and in. the roregolng dlsoussrons Brleﬂy these are:’




CHAPTIR |

. - B ‘ - ! S
g thoreh may be twoor more reglons constituting the yniverse
s Tunctlonal reglons defined on several bases may coexlst upon the same
-» Tandscape . ) ) .
) . , .

. . »
P .

Four alterpative CEAsSEs Of ',t»hé BléElo/,\\'?‘jlte medel are presénted ln:Figuro

9. Twelve ESUs that s, R==12), are shown in" yarlous aggregited

conﬂgumtiom (the boundaries oT Ihe ESLs are 1mmatcrlal in the present

- dlccuwlon and are not shown in Flgure 4-9; ho“ew er, since v»ho]e ’EQL are being

M 4
.aggr(-gruod. all the reglonal boundax‘les shown must le along ESLU' borders).

& -

Co
Rogipn: may e\m on dlfferent [H\L. such as, language race, religlon, etc,

dvsigmted k=1, 2,...r On, eqoh bass therP ma\ exist Py reglons within the

?

il L] -

umxerce ~{for e\ample on a llngulstlc ,basls, a dﬂ‘reremiaxion botween anli~h'

French, Gae]lc and Latin xsomd sleld B =11

«

.

: ;4.5.1.1. Class 1

. . /
- . .

[N

In the simpiest case of. a“blreglonal split’ on a~slrﬁle‘ 53,515 (Figure 4-9a3. r==1*

T anq"p:'Q p*l uould reprecem a completel} und frerem!ateﬁ unher:e) rFor‘

‘purpo%q of explananon connlder a hy pothetlcal llngulsti plIL thween Engnsh
© ¢ . and French. It may. be aswmed that ‘within the, context of a single stude, the

.

compatlb{llt} bemeen ngl sh and French areas ls conﬂtam qa\ 0.4 (assume here .

”

that. R Is sy mmetrical LeL th)s v \m RSAL compatlbmty factm\ for.a given pair

r>[ 'egional t} pei bé o s \‘s hether or hot p plavs an’ amw role 1n a gh on %i\ ad 1s

]

"dexermlned b\ a b‘lnar\ dlsslmllarlty exponent (TJ Whlch takes 2 \alue of zero i - ’

» -

2 and J are ln the same rm’log or g- value “of ‘one o,therwlse' In thls partlcul

cqse R can takg one oJ‘ onu mo vaI‘ues, 10’ and 04 the application- of .an

o r...

approprlate exponem to p genera,tes the requi?ed v alue‘ T

-




«

PO AMYM/YIRIF AL jo sassep |

v

P10aE) 64 Q1AL

Y

\




g

85

“1

>

. member!shkp of an ESL “iﬂ be lndependem of l1s role, so that the \ectors u and

K _,\\rll be equal one-ma), .thus represent the spaual membershlp Of an.ESU @ 7 .

geograpmc rather than an economlc or soclologlcal slam \ove lf ESL ILC“% ln a

'Gaehc rnglon and E,SL 9 is French ernd ﬂnce u—‘~v~‘,u

'for a gnm d} ad z-_) is the, product or the comp.atlbimy factors asmmated Mth'”

f’ach basle @"whlch i dlffer,gn{latlon exlsts between 1 and ) Flgurv 4~ 9c shov.s a.

.‘nne),as representlng a, llng‘tﬂstlc’ dichotomy as before and k‘—“2 (broken ]lne) as o

’ 'ﬂrepre«‘entlhg rellgious d]Fferentfanon. say between Cathoncs aiid Protestamq Tho.

, qulte d}ffererrt Let Lhe compatlblllty on the ba.sls of reﬂgion be 02 Then . A -"fj "."'

CHAPTLR. 4 . A R

> -~

¢

4.-5‘1'.2_: Class 2 e e o ".‘

Figure'4—9b' 1llust'rates t-he casé ‘of mér‘é than ‘twd feglohs dlﬂ‘eremlated on a
single basis, for e\ample A llngulstlc distiaction” bemeen Engllsh Hench (,aelic -
and Latin, \»hlch \Ields r——l and p=4. Each of the p(p 1 /2 palrv&ise language
comblnatlons will be asseclated wlth fts own value of O whlch ‘may ‘thérefore be
subscrlptod with the rdéntltles of the rzgzons to which the origln and. destimuon"
belong. Let U, represent Lhe reglon to whlch 1 belongs in lts role as an orlgin and -

let z’ represent the mem-berchlp or.] in lis role as.a destinatlon ~- In general the

-

/7 <
rogard‘nss or fts-role as origin or dés"t‘lhnatlon as y' t‘hls glves the modelirfg a .

R"': p : . : S e ) ““;:.».._‘1(412’5)‘ s

- ) A v N
R o Péiackher Fronch.

4.5.1.3. Cla.se3 S AR

< W heg conaldering rﬁulrlple baSea or differemlat}on the effectlxe va!ue of- R

'

T

posstble wuatlon wbere r—2 and p]-—p2=2 One ma) thln{( of k~.1 (conrlnuous‘ ’ . RN

. -
.t
- s

)ndl\idua.l two—way wconﬂgurat-ions for the Lwo bases of dlfrerenllauorx may be

~04 as befqre and p,—02 The exponém mamx o may now ~be glven the 4

a,ddltional subscrlpt %, whlch specmes Lhe basis to thch the exponenz vialue" R

-
"
.
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. blnary exponent matrlx o to control a slngle unlxersal Va,lue 6f p - thl: Ml] be;
' representatlon gl\es the modal 3 resemblan.ce to theé‘lumpllcathe Competltlve '

1974; Achabal; Gorr and Mahajan, IQS?) U

. ‘the llterature both in the conceptuallzatlon and the objecthe dem&rcaxlon
) ‘studles —.a rrotable exceptlon I8 thg recem work of Leung (1984) on fu22y sets¢
, The prome of compatlbi)lty may not a]ways take the form or a clU‘r Reglqna!,

,"rboundarles may be fuzz!ly denned, wnhom arfgctlng the ezten.t of decl!ne of

: ,rrom a gently sreplng. pfo!)le (Flgure, 4-10, Curvg a). through a cHIf (Curve d) and o

&

4

refers: In this.case g, or p,; When a dyad i-) straddles both {'lrngulstlc'( and

»

religlous: boundarles, Ri] =[l,p 1k =04 X 02 = 0.08; lf'l the ESUs are

simllar on both bases, R, Is 1.0. e S

4.5.1.4. Class 4 ) _ : [

l Similar reasoning can b_e'a,pblled 10 }lje final npo'sslblllty (F'i-g‘ure 4-9d), where

each -basis of: dlfferémiatlon s a,ééocllated yv‘lth r'n'ultlple' 'cétegéries. The ,

subscrlptmg is lne\ltably more comple\( Each zoné K has k membershl'p& orie for

each basls of dlfferentiatlon The errecme \alue of R is ]'[/c Pu -
. . A7k

T >

In the seheme de<cr1bed above, the cases Imol\lng only tuo reglonq pPr basls C

g ]
are realy speclal clrcumsrances of the respective | multlple region ” condnionc- )

+

~Howe\er 1here 15 an opera.tlonal advantage to be. galned from e,mplo:v ng Lhe,‘.:

. »

evident when callbratlng the model ln the next chapter urther thel

.-

-

lnteracthe (\1C}) modeh used ko market research (see '\afkamchl and Cooper

L3

45.2. Regional Bou,ndh,‘,* Profiles . ... .t

1n the tr'eatment ol' the Black/\\v hjte modeillng of discrete re'glonarl groupq ‘,
has bc;en qssumed that boundarles between regions are c]ear cut — this appears,

to be a popular cha,racterlstlc (and shortcomlng) of' the Lreatment of . reglons ln.'

¢

-

comhtlbtmy ldeally. the boundary.could assume a coanuous range of rorms
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" CHAPTER 4

"’I‘he entlre range of ptoflles may th

92

into extreme extrapolations (Curves e, f, g). The compatibility factor In the
Black/White formulation may assume values greater than 1.0, as pointed out
earller ‘Section 4.2.1}; this allows the model to cope wlith the effects In Curves o, f

and g. . .
-~ The extreme forms of the profile (Curves a and g) are, respectively,
‘ m . A

represented by the genefic loglstle functions

.

1
y = = o7
I
1 +e . .
a‘nd.\ &\; )
. i
) l -
e et ‘ S 4.28)
. 1—~¢

*© The ‘transitién from Curve a to Curve c s accomplished by lntmduning a

2

*FUZZINESS FACTOR 0 (0 > 0.0) Into (4.27) as follows:

' LY

- ‘ 4

y = ——— _ ... (4.29)
. l‘.‘f-e oo )

, ¥

. and the transition” from €urve e to Curve g may similarly be generated by

- P

writing (4.28}as - <. I- 1 .
R ’ . " . -

- - ~

eri begénerated by the generic functlon
o e ’ . o
y = i : L. (431)

[

q + f o
b+ (0/|6f)e” 1© o
Positlve values of o‘_gener'at‘e Curvesva thru ; Negative values are assoclated with
Curves e thru g. The case of ¢=0.0, which _correspbrids t’o. a cliff, produces an’

undefified value; It Is béttgr h’angledv by a;eﬁarate step fu'nctiSn. ) -

; - Lol

Pt
’ ® .
» cr N
~ ~

P
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.

When consldered {n“this form. the dlscrete representation of the amnlty factor?”
as R‘ i s clearly invalld,; Compat]bliity has now to be specified as a contlnuous
}} .] K
o, function of the dlstance <~from the boundary. In a Class 1 sltuation,

. - 1y | , . \
. . R = p+ . - . ‘ - .. (4.32)°
1~ o/ ae ° . ' \ .

v

where Rw Is'tne 'compatlbl}lty at a distance & from the theoretlcal reglonal
boundary, me&ﬁu\re’d auway from the HOME -region. Slncé the functlon-ls doubly

asymptotlc, it constitutes a stght approxlmatlon of the affinity factor In the cores

of the home and foreign regions. ’ i : - :

The value of o, though theoretléally lndepenydent of p, may In practise be ’

P found to be directly related to the compatlblllt} factor tha,t prevalls between the

—

© cores. A hlghl) fuzzy boundar) ulll be more dlmcult 1o detect and will negate
‘ ' , 2 ' - . N .
Ll the purpose of Black/\\ hite dlrferentla'tlon . ’ T . . /\

. 4.5.3. Contiguity of Black/White Regians
l’ . - A. , g . B . - , N ) ° . .
It must be emphasized that the Blask/White model recognizes reglons that'are -,

E}

non-céntlguous (wﬁl]elthe leglf!mai;y of n'on-contléubus regions 'ls genernlly:

‘ - ' accepted b) scholars in the ﬂed exlsting methods of reglonallza;lon tend te Co T

LS

A produce comlguous gggregawons slnce as - expla!ned In Chapter 2 they d.o not' - """j K

compensate for' the effect of dlstance) . "On a slngle basIs of reglonal

differentiation ('r._l‘,)l the ‘model can generate four different scenarlos, a_.s‘\
) ' o ’ nmét-ratéd In Figure 4-11. . Two reglons (p-—2) may be contkguous (Plgure.4-11a) '
or non- comiguous (Flgure 4-11b 4 chessboard ls another examplé) Multlpie
regiqns could » be arranged as' in VFlgure 4—11c (contlguous) or Flgure 4:11d
(non-comlguous) e -

N B . ; +
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4 54 A Mechanicrp'fﬁr Fun cti‘uﬁal ' Regi‘oné‘liz_étiou'

o .x " -, » R il . L .
L . .

Conslder a set of nodés wmr emlsslvlﬂes E. and at{racuons A located“ m 34 PR

' unlverse conslstlng of two regions (Figure 4-12). LeL a macrlx of mteracttons I -

satlsmng the Blaick/Whlte lntemc&lon model, connect t.he ‘hodes. In thé’ absence ;. R L

of a reglonal blas (p

10) the Interactions (corrected for differrng emlsslvlt!es )
and amractlons of thelr origlns amd destlnatlons) would plot as a decreastng X

functlon of dlstance (Flgure 4-13). .

ff the Interagtlons were sensitive to the reglonal boundéry (p<10) all
ﬂlnteractlons that crossed the boundary would suffer a multiplicative decline
determlned by the value of p. The lnteractlons would now plot agalnst dlstance

as-twpo distinct curves. “the upper curve would represem dyg.ds contained within

‘the sa.me reglon (regardless of which reglon that. was), whlle the lou./er'cury:er

would contain dyads Lhan siraddled “the reglonal boundary (Flgure 4 14). Al‘

‘
simple logarlthmlc transformation of the axes would yleld twe parallel stralght

llnes In place of the curves (Flgure 4-15), the ve"mcal distance between the llnes

'reﬂecnlng the magﬂltude of the reglonal . dlss}mllarlty In genera} Lhere wl]l be

one line for each active value of p (1nclud1ng p=1.0), so that the number of lines,

K, generated by p reglons (assuming that each palred-comblhation of regions ls

]

assoclated with.a unlque value of p)ls {p(p—— /2}+1

Startllug empirical support far thi pufely ‘deduttive modeling hagalre:idy .
. been provided by Mackay (1958), who studled the effect. of E;cuudarle§.on:}{5rlous - -
kinds of Interactions In Canada.. He fdund that im,eractlons within the conflnes, = ,: . s

~ o~ - b

of individual Canadian provmces pIotted on lines parallel to and alrove those’ e

composed of cross-boundary,dyads (h!a axes were not deflned ln, exacb}y the same» -" < PR

‘ way a@ those descrlbed In Lhe precedlng paragraghs but lt can easlly be proved, ‘."‘

- . L tes

that he was observlng an identlcal erfect) Mankay zmalyzed phopev ca]ls

’t/’

orlgmatlng in the province of Quebec, and 'matriages of bridesffrgm \viancouver
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. ’I‘he mosL dramatlc el‘l‘ects \\.ere observed ln the case ol‘ Iong dlsta.nce phone calls .
. l‘rom \iontreal 'to other ‘\orth Amerlcan‘ cltles The plot re\ ealed three dlstl)nc\t@
\ .llnes the uppermost represemed calls to polms wlthln Lhe prmlnce of Quebec a-

central llne was composed or d'esttnatlons ln Ontarlo and othcr Canadlan--

. . pfov lnces whlle Lhe lowest ccmtalned destlnatlons ln the Lnlted States Flgure

v

'v4—L6) Personal communleatlon w~lth Mackay (letner dated 1984 \Aaly 20). re\ ealed -
'Lhat his data had slnce beern destroyed buL a rough anals sls« of- hls plot mdlcated'
. -values- of p to be’ 02 beLween Quebec and Omarlo and Q025 bemeen Quebec

»\and Lhe Lnlted States (lt was in- thls connectlon that \1ackay had made the

A

rema:rks quoted In’ Sect,lon 4.4. 1)

. ’ ,. o . s

N

The slgnll‘lcance of the rorm of Lhe lnteractlons plotted In- Flgure 4-10, and

' emplrlcally conﬂ-rmed ln Flgure 4-16 Is c:lear slnce thé lines are dlfferentlated on

¢

“the’ basls or &he reglorral membershlps ol‘ Lhe comrlbutlng polnts. it l'ollows that

. 'ln Lhe abve ol‘ prlor knowledge oI‘ the reglemal arﬁ’llatlons of the nodes‘

lanalysur the dyads contrlbﬁung td ea.ch lme WOuld reveal the
regional membershlps ‘ Thls fs _the ’basls of the method ef functhnal:\F

." Areglonallzatiop, derlved from the Black/Whlte model that -1s proposed ln ths'
'research It constltuues an alternatlve to Lhe tradltlonal ‘model ol‘ maxlmlzlng

. wlthlnsreglon ﬂows and by compensatlng l'or Lhe erl‘ect ol‘ dlstance on lnteractlon ’

‘ reflects pre ferred asopposed Lo revealed behavlor

4. 6 Concludmg Remarks

Y The Black/Whlte model ol‘l‘ers a l‘resh coneeptuallzatlon of human lnt,eractlons ]
‘lh envlronmems where relatlonshlps between dyads ire not unlform Although‘.
Athe derlvatlon .and the examples In thls chapter have rererred to cultural conflict,

-A.llt 18 wonh emphaslzlng that Lhe model could\‘lusc aswlly be appligd to L

' "sltuatlons where perceptual barrlers (l'or example physlcal features polltlcal B

boundarles, oplnlons. etc) _a[fec& -the:px‘openSlpy to ‘ln.t,eract; ln dyadaspecll'lc.

pa_hterns. e
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. Al - fon °
!

ln thé ne,ld ot marketing and ‘retalllng, consumer preferences and loyames (t'or Lo

: 1nstance ln the use or credit cards) are amenabe to ‘the’ modelln,g From the .
Mpolnt of Hew of marketabllity of the Lheory and she model thls seems 10 be a
promlslng area or appllca{lon Flgure 4- 17 Is a scheme wlt,hln whlch LHe model
may be applled in areas beyond purely academle pursults ' '
e '-"l"\/‘-‘-",'

: Two kéy questlons are of 1mmedlate concern Flrst what are the —’means by

*.

'wh}ch -the- existence. of~ reg!ons%as .opposed a. null hypothesis of-

; non—dlfferentlatlon, can be establlshed” Secondly, asSumlng that” 2 reglonal

1

structure does exlst Lhe ‘classlcal Interaction’ model 15° 1ncorrectly&zmed wltmn

that envlronment 1s an ah,ernate cal)bratlon process avaellable 1o estimate, the )

para.meters or Lhe Bla‘»ck/WhIte model" f e

L.

-

v

.

The callbratlon af Lhe, model lncludlng Lhe mechanlsm for ldenm‘ymg the
membershlps lndica}ed In F‘Igure 4-15 and e\(aluatlng Lhe slgnmcance of the

results ls Lhe ‘subject: of the nexL chapner




‘ - . - . N

L . . B . . -t . LN

.. LB S o Lo e ..m._.ovc_z,.w:.c\?\w_ua_m,w%..&w. awugyos mo:ao.:&,m ,”m,,_.t,.v.u?m.i.: R Lo

: ° : - ; . LT c- a ’ LA . - - ’ ‘ . ’ : T " )
’ - ) : - O P Ll Ty - ¢ - T : A L . ~ s . -
. - . - < B - LA K - v i N J PO ‘ T h
L . Vo P . .o e Lo R N 4 - A . : N
: ’ . > - wr . .y, - - . - - o . - 2 N v; ~ B . . .
S . oo - R - - . : W s el . o _ v , L . o . N . .. ,
A . N ’ * . 4 [ o " A ) « . ° - ' .
- T . Q e - . . . - X . . . . * Y *
.o . - [ UORAUISBUd uopeodeaxg - ——~ 1~ —— i T TP R S
. . = d ., ‘ Toe d L e L ’ ' *. . ' -
. . ' . o . D s .« ! - . . FECEEY 1) A , - ) o, [ o _ . , « - .
. . ~ . . . . L. . i f .
.. - . : 1 3 ; N B .. N Lo . 3 . P A N ~ ~ N ~
. - - " . » y ¢+ S e R " - : - o N . - -
) R . . . v s v “n -~ . A~ . . L. N . _ . " ‘ R .
« E . e “ B PTG - . -, . N A . ' X : ;
, . o . s . . E e . ' . o - . o - R . . . o P P .
P S Do . ¢ L uonolpaiy L Lot AT -
' - ~ B . . ¥ e . T RS I I R . - e H - N . . .
. * ) .o - T, L. R . oL ;. N c T - : EN . R . R . . i
.o y LT - i ~_ - R 5 . - - [ . . . - - . . N .
3 . . . N R By P . . . ; . ' . - , .
L : V. - R v L ot v - . < S < e -
e . o . uonjeIqiR . 1 e T _
Sl ree T s e LD | uonesgitey - e i 1
- B . - N B . . N ) < - v :
e . . ’ : T v LN 3o O U = . .
. U . T . ! “ . (] - ¢ ~ 7. ' T N 4 :
. . . - - k Y . A . - v L - . L. PR B , S .
A N T B 5 L r - - - . . - . H
PRI . . . “ .. . - o . " TR IR A .
. - - o ) 7 ‘ . R L , 0 T —F - ; L Lo P . . |
r - f s o N . . . .. . . . . . . .
. - - * - > : - . - K ~ . -
S o - | 19po suumnoeIg- |, . - Dolvee
- B - . f - LI . . - PN - s R . .
s e oL L : ot ! ) PP e . N . .- . .o
- . . - . . . el “ . B B . N N P . .
o " : ) . . 3 K - M v 3 ~ St T ’ V. ‘a . " ) : -
. . . - .,. ) N . . - Ja s . . , . R s \. o . . . - . 3
’ e T o . 1 — I, 4 - > : L . ! A t o oL P . ’
AR : . - - v ~ . . . 4 1 . ’ . Lo sz - B .
: , . ABeyess Buiuueyq- | . oL - S | “padu Bulul - .
SR I Duguelg- | e T T Upasy Buiue |
. . - ) P «
. oLz ' ) . PR e . . ! - : . . ‘ . . c - ’
S Lo . E Y § noo. s . N . A . . . v 4 ? ‘ - .
. - PR - F . S N .. ¢ A . P Lo Do o N - .
.-., A .- PR - . .COM mo— QQ . . X .. B . L A . - , . .. . ) . LT ) . N ~ ) .
- . - . - 3 B - ’ - . - -~ . ~ - * . * LT - ~
S L0 suolieanddy: oL o Kmeeyps b e iq . :
L N S o AATeRL Coa .wejqeld S ,
. . A . . P ST - . - . 3 . N ‘ .
ﬂ._. i - : , pru. ¥ - - ) , , i . ) o .\ : ] - ) ;e N .
. ‘ AR SRR L . . . . y R K : - . 1 _ FE o N
\ . f - ’ . . LA ) L. A . T T - - - . o
; . N ~ N Lo - .- . . . - N . '
+ PR . B s T o . . ) ) . v ' \ . - N LT ..
N v¥ s . T . s . : . . , - . , o0 - M A - ¢ . -
P ' . . ] . . u ) . .. BN .« ) B . . . o - . , ) . . R
: . ; . - - . . Ed - . N ’ i
. “ . . . . . . .
. . . . . -y . . Co SN St , - v
. x . . . . . . Vs . . -
- » N R e . . coL A L. ) . . W . .
- . . . Ca ' . P . I . .. . , - R 5 . B N ) _
. R Z , . A . . Co . . P . . “ : B |
- PO . . : i e o . . ; . B . - .
..s \ . . R ; -~ . . g . . . 7. . . ) ‘ o N . - ‘. - R . . o N
. ) ; <. . , .., . <7 . ’ ' ’ ! ' . N h . Lo ’ T ) s .. e T . ) i
. ) . < A ' . .v B N ' - . , _. - N . . . . ' B - . . . . \ X .’
. . Y ' ’ t ) . ¢ ! T ST : ’ % e ’




<

. lndlv:dual ESUs,) could e processed to reveal Lhe reglonal membershlps S!nce

o ,4-6) Te) t.h,at, R may be gxpressed as p Now, wlth prlor knowledge of the' .

o - CoM Tl Y A .
" ~ . . N . e R I
, PR ot o S ﬂ« .
.- o N — N , u* - : - . < - | .:', v ’x’\
:; , J « S \, » < 0 .~ L * ‘1 " '; ‘; C
T Chapter 5
. ! ) - w,-‘ >/' . /v' ] h
~ ) R . : . \ h’
P ST el i ‘- '.‘ ~“.‘, :_., e - ‘ . \ < /_.')"7 N
CAL]ZBRATING THE i, RN
BLACK/WHITE MODEL IR
' 5:1.‘ I'ntroductipn..: o } C ;j Lt
. ! . 'Y . N \ § . !‘ i i S -
) Thlg:hapter 13 concerned wlth the dual’ problems or parameter estlrnatlon t‘or

* the ;Black/Whlte modeT for pUrposesof appl)cauon of, Lhe model In. a predlctive

-3

c&paclty, and of dlscoverlng the regiorral structure present ln the lnt,eractlon,

maprlx 1mder sbudy II‘ a complete ca]lfbratton ot‘ Lhe modeh _ o “

. R r -, . ., .\.‘- "-,. . . . . ». . . . ,\ . PR . ) .
< . I}J - EIAJf(’le)\}'z;J" “ ) i . . ¢ IR -k .-'.'. (.‘5.1‘) .
- SR R - N -i‘. ! . . S 7‘ T ', -

weére possible, the recovered va}uea in R, (wmch are “the compat‘lbl ltles between

the rlght hand s}&e of (5 1) cpmalns' an unknown (R ) sprecmc to the same dya.d -

that' appears in the Teft hand slde lt will not he possn)le’to calibraLe the equatlon

.
R
* PR . .

by conventlonal methods: - - N
Al ‘ v, N [ )

'I‘hls chapter wl]l be restrlct,ed to thef fyrst, two classes of the m()del (Flgure .

s

1 ] - A
reglonal xmembersmp vector He the. callbratlon of* the Black/W”hrte model 1s o

accgmpllshed wjth only a sllgm modlﬂcation of the meLhod used bo callbrate the




N kogarithmlc regresslon procedure . ; - .‘ . - "f PN

N , . . R . L e -
il R ' ~ T \ ) . ‘, B O < w) - . ) " . :
. y N 5, . v . . N . A R _ ‘,' i R

R be powered to an‘exponent =8 ﬂ>0 0) the model coul‘d be wrltten In t,he form* w0

,compIeLe calibratton of 1he model glven only the 1nteraction and dlitance

GHAPTER 3 - T 7T R SR (¢ X

. \ »

Spa,Mal interactlon model . \'hen 7 ls not known the p‘rocedure ls more complex

The cailbra.tlon of the spatlal 1nteractlon model Is treaTed 1n the next sect!on asa’ o . . “:",

W

-

prelude to the callbratlon of the Black/‘WhlLe ‘model e

’

v - . 3 ~

5 2 Callbratlon of the Spatlal Interactloh Mode!

Y - . .
) X As polnted out I Chapter 3, Lhe earllest conceptua'llzatlons or ’the Spatlal 2 ) v'i ‘\' 5
lnLeracLlon model a.ssumed emlsslvlty and att’racthn ca~ be equafed vmh cﬁe“ _\ ) ) . .
populatlons of the orlg1n~ and, destlnatlon nodes respectlvel{y -\As sueh,,;he only ) .' o
' unknown in Lhe mo@l was the Tuncuon of dfsrance It dlstance \'k)as assumed to L ‘

- . ! ~ sl - Ve
. A . Do

E,A ':.“ 413 ) “ i , o ‘ 4~ .‘\,-‘. ‘ e (5\2) L .

‘. and 1t was possrble to ldenJ.le Lhe requlred vaIUe of 3 by rneans of ar slmple-

\

. , . . . P
; N : - . . . o ; . . .
N t. ‘. y . - X - 3 . s x

~ B

In 'Iater years. when populatlon wa.s thought to be an- unacceptable SUrrogate )
\-for emlsslvlty and anracuon the vectors E and A had to be determlned frem the S

g .observed matrlx The Lechnlque of multlple regresslon n}ade 1t poeslbie t.o achleve . . v

matrlces..and an a przoﬂ notlon of t,he form of the: functlon of dlsLance Gwen L

an n X n. lnteractlon mamx the value In each cell (logged to llnearlze the

< equatlon) is represented as” the dependem, varlable ror a .single Tase, and the '

’"orrespondlng value of dlstan;:e (wlth ap- appropr.iate linear}zlng fransformﬁtlon 1f ., -
L/ ~ . v
'necessary) is set up as one of the lndependem, varlables Two dummy arrays of n

- . 3, 04

;:’oln,ary vartables each deslgnated E‘ and A" are set up to represent, “the
emissivlty and attractlon vectors. for ea.ch case, Lhe elemenu ln each dummy

'_vector, wlth an Index corre,sponding to the currem cell, 1s set at 1, whlle all others -
are set at 0. By w,ay“'%f lllustratlon, when a 10 X 10 array 1s listed row- wise, the

.slxteenth case represen}s lnteracuons between «origln 2 and destl-na&mon 8, 4 4
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A accordmgly‘ for -ths case E*‘, and A* ea,ch J.akes & value of, 1, whle the S <L

- \ R A e

S remalmng elemems ln the d‘ummy arrays are, set at zero A myJ\lBTe negree:ton e

e TOW- produces a coemcrem for each elemem tn the two dummy arra),s Smce the - T

’ [

| a regresslon model 1s Unean and addlth,e. Lhe correspondlng multlplicame elements

.

L ln E’ and A’ the’ estlmates oT the TAR(,M‘ vectors E and A respeethel? are zhe . ; NI

o v VT . - - ~r M ) B T

ot antﬂogarlthms ot'the recowered eoefﬂclems o o A ' -

.- -, - - - - : , L . R P
o . K . . R
. . , - - .

3

w Ln practise. Lhere‘wlll appear to be a selr-compensatlng error ln the recoxered
. . vectors. due to whieh the reCOVered emlsslvltles may be higher Lhan thelr known

‘values. and the attractlons proportlonately lower, or' vlce versa Thls ls because - v

< s
.

o~ ~ ol . s B R
*+ . " - K and A 1n the ‘model are defined to,an ﬁ{rary constant and Lherefore do not. . - . e
have flxed va]ues. Whlle ths condmon may be- disconcertlng the predletions of

- Lhe model are not affected
v . N . ! . . ‘. T T3 ’

- - ’ . . o . N N
-, L. N - - . ~

A. dlscusslon of the theoretrcal requlrements rorTallbtaLlng spattal lnteractlon

. ' o models may be Tound n Klrby (1974) Ewing (1982) de?nonstrates .the use of the 2

o ' ) -'llnear modellng package GLIM (Baker and \'elder, 1978). Lo ' / R

kY

- PO N _ . ’

5.2.1."Simulated I!luotration- Lo e L N R ER

. . . . - . - . ; -

U oL Thej:)rocedui'es ’otmined above are now lllusfraced with alslmu]ated daié set.
. - R . . . N - o
! ' — - Ten nodes are located at random withln a rectangu]ar area measurlng 1.0 X' 1. O

o ' unlts (Flgure 5-1), Emlsslvitles (arbnrarlly scaled between 00 and 50 O) and.
o ) . attractlons (between 0.0 and 45. O)*are. asslgned to the nodes by a random nqmber IR |
o -gknerator (Table a-l). -There A8’ no programmed cOrreIa,tion between the ;
R emlsslvlLy ahd attractlon values, and no attempt Is-made " to ratlonauze the .
a _Iocatlons or characterlstlcs "bf the nodes In terfns of. geographlcal logic (for
example, see Dlgg]e and Matern, 1980) so that the dlstrlbution of - emlsslve or .

‘ anracnve forces over-the area may’ be erratic and lncongruous The slmulatlons oL -

are thus m}nimally \shructured and procedures to deal: wlth them wjll have to be

. -
. . . . v
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Table 5-1: Parameters of slmulated ESUs -
7 " Abscissa. Ordinate ™ : Ez ’ Az‘
1 0.786° 0.298 29006 . . -+ _ 42.773
* . ’ T , -
2 0.276 0.308 22.685 - © ' 0.282
3 0.133 0.832 34.455 17.220
. . v - ~ s ) i
3 .02y 0.820 29.149 1.438
\y . ) \ ‘ - o ~ N, )
5 0.979 - 0.6%4 4.1757, 41.507
8 - , 0.131 7 .0.883 - 46.724 9.544
-7 0.019 0.314 ., 40.945 \ 24.332
8 " 0.289 0.585 ) 38.259 - 42.369
-9 0497 © 0398 45.151 39.901
10 0.595 £ 0.210 "43.591 + 41.900
i R h | ‘! -
- . s '
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ot R}jghﬂgorean“dlstancés are measured between the nodes.(Table 5-2), and a

iO X 10 mt’eréctkbn matrix ls- generated {Table 5-3), iniaécerance with the

'emis.slvlty arid attraction 4s defined In the spatial Interacgtior) model, several

-evaluates Wlthfn IO.—fs of the targevt. value of 2.0.

CHAINPER B . ‘ o : 0T ;
‘ - ' R - . . oL -

n;('copt{onally robust.’

’

‘

spatial interaction model, in the form
’ “ - r~ .

. - : <7 : N lv
o o . : S R
1y e E ey - (5.3)
R . “ L ) ; ¢ .
where J1s ar.bitra'rily aés)gned a value of 2.0. - X s

. - 1y
t ¢ ‘ i

5.2.1.1. Case 1: Emiésiyity and Attraction Vectors l‘&noivn-

Alth'ough there s no _exbgenous'rsgrrogate variable that can completely replace

, FURE

authors (for example, Mackay, 1958) have used population in both capacities. .

o

The value of 3 is found from ;the,eduatlen fot the gradient of a-regression line

forced t'hroﬁgh therorigin: " o

- 1

b o= . . ' L (5.4)
S Dk ' o o

(uslf:g the conventlonal régression notation), and 1n this simulated example

‘

,

11 i P N : ' L i
I gne sense, thit stitement runs contrary o she remarks of 'Curry al {1875) and Sheppard

¢t al (1476); they maintain that the gravity model s misspecified I the real world due to spatial -
amtocorrelathns in eity sizes, and that the parameters are more likely to be recovered aceurately N
in environments lecking a coherent gpatial structure, L
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5.2.1.2. Case 2; Emissivity and Attraction Vectors Unknown

’ -

This case Is more typlcal of an ever}:day encounter with the"proble{n\of
callbrating the model. Thev lnggractlon matrix is anali%zed uslr'1g the multiple
regression facllity of the statistical package SPSS (Nte et al, 1975), with arrays '
E* and A* established as dummy variables, ‘ag described In Sectlon 5.2. The
results\of the cailbratlon are showr;\ln Table 5-4. No,te that the emissivities have
been over-estimated by a constant factor of 44.57, while the attractlons have been
under—estl;nated By the same multiple. Nevertheless, the recovered parameters
are as effectlve as the target parameters in predicting the interactlons in any
g’fven cell of the matrix, and therefore the constraints of the marginal totals alnd’
grand total are ful]il rr;et. For px:actlcal' applications, Lhen‘, this —method‘of
calibrating the mode} may be consldered satlsfactory.

<

There are, however,* theoretical obJéctlons to the cal!bratlon -of'spatlal
lr‘neractlén models using the method of ordinary least squares demonstrated
above. An eitended dialog between Curry (1972), Curry et al (1975) and
Sheppard et al (1978).on the one hand, and CIiff, Martin and Ol;d ('1‘974; 1975;
1976) on the other, dwelt on the problem of spatlal autocovariance leading to
distortlons in the recovered value of ﬂ (see- als'c; Johnston, 1975). CIiff, Martin
and Ord (1974) found this to be a proBlem with ‘interactions over shorter
distances, and therefore a factor to be congldered ;Nhen studying intra-urban,
rather than Inter-urban flows. They ralsed the possibility that the function of
dlstance was better represented by the half—normal d]erlbuLIon curve than the
exponentlal or power function. Fotheringham (1983) aﬁEwlng (1984) lent some

strength to that last suggestion when they ralséd the Issue of modal split (that Is,

.the fragmentatlon of Interaction among alternative modes of transportation and

communication) In Interactlons over short distances. Meanwhlle, Goodchild and
Smith (1980) isolated . the problem of heteroscedasticity in ‘the leasy squares
approach, which they attributed to the powering of dlstance, they circumvented

the problem by transforming the conVentlonal least squares objective functlon
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Table 5-

4: Parameter estimates, p=1.0

t E £ E/E A, A A/
1 29.006 1292.702 44.567 42.973 ‘0.960 11.567 ‘
2 B 22.685 ‘ 1011.005 44.567 | 0.282 . 0.008 44.601
3 34.4535 1535.575 44.568 17.220 '0.386 44.567
4 ‘29.14.9 1299.091— 44.567 “ 4,438 "0.100 41,566 .
* b 4,175 188.073 44.569 o 44,567 . 1.000 44.567
. ) .
8 46.724 2082.345 44.5867 9.544 0.214 44.567
. r . ’
7 40.945 1824.826 44,568 24.332 0.546 ‘ 144.566
.
8 38.259 1705.102 44.567 42.389 0.951 44.567
9 45.151 2012.252 44.567
10 43.591 1942.731 44.567
Correlations: E with Ef l.OOO-r
A with A/ 1.000
‘5
- 3 o Target: 2.000
R'ecovered: ' 2.000
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Lij Is the log of the observed Interaction between 7 and j and ’

- -~
L’i] Is the log of the expected or predicted Interaction

effectively weighting each observation inversely by its assumed Poisson error

varfance (Goodehlld apd Kwan, 1978). ‘ i

5.3. Calibration of the Black/White Model :

[ 4

-,5.3'.1. Deﬁning"t,he Problem

Four clasééé of the Black/White model were ‘l'n*duced In Chapter 4 (recall
Figure 4-9). The calibration strategies are clearly unlque to each class, although
Class 4 is downwardly comp::xtlbié with any of the other three. The procedures

developed In ‘this*research are directed primarily towards the first two classes.

The Class 1 speclification _\Ni]l be dealt with In detall in this chapter; the

pechhlques will be lllustrated with a réa] problem In Chapter 8. The Class 2

p . ' specification may indgeneral be callbrated In the same manner, but there are
" logistical ’dlfﬂculties barring the teétldg of the procedures at this time. The Class

1 technique wil] therefore be Introduced with freQUeﬁt references to gereralization -

to Class 2 pfoblems.

»

1

o

The scope of this c‘allbratlon et‘!‘ort may appear ltmited, In that it Is difficult
Lo‘ Justify the eristence of only two reglons, Isolated from multi-dimensional

‘ effects of ot}ier geographlc characteristics. But there have. been sltuations,
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political and (soclo—econbfnlc. past and present, where the purpose of

regionallzation has been to ldentify a single two-way dlvision, regardless of the

dimenslonality of existing regional affinitles. This Is most often true In the case

of political dlsbutes (where the copgsultative role of the geographer iIs most

obvious). One can clte, as boundarles that have been established recently, the

Green Line in Beirut, the,cease-ﬂre llne in Korea and Lhe Berlin Wall. The

dlvlslon of the Indlan subcontinent into Indla and Paklstan In '1947 was a classlc

example of binary non-contiguous partltlonlng

e

5.3.2. Configuration Addressing

To facilitate the description and testing of functlonal reglonal structures, It

will be necessary to develop a means of ‘concise’ encoding of a glven spatial

conﬂguratlon‘, as well as the ability to generate a reglonal pattern at random.

It is assumed ‘that an inviolate case-wise structure Is assoclated with the

lnteractlon data matrix. That Is, the columns and rows of the matrix are ordered

1dentloally, perhaps with reference to a popular or favored list. For example,

countles constituting a state may be ordered alphabetlcally, and it would be

operationally desirable to maintaln that orderlng.

A partlcular assignment of n ESUs to p reglons may be viewed as a STRING of

regional membership codes.

Let the absclssa 0.5 divide the simulated universe In

Figure 5-1 into two regioﬁs. The nodes 1, 5 and 10, comprising one distinct

reglon, may be differentiated from the rest of the universe by the ordered

alphabetlc codings abbbabbbba or baaaba(,;aab, or elther of the ordered binary

diglital strings 0111011110 or 1000100003. The decimal equivalents of the digital

strings are 478 and 545 respectlvely

It follows that every decimal Integer

between 0 and 2"—1 (inclusive) has a blnary represematlon that could be
Interpreted as a two-way reglonal conﬂguratlon (by extenslon p-way spatlal

conflgurations may be represefited by base-p strings, and thelr assoclated Integers;
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the Issues surrounding multlple regions are developed-later In this chapter). Since
the strings can be toggled without meaningfully affecting the configurations that’

they represent, and since the extreme Integers O and 2"—1 represent

undlfrerehtlated*unlverses, the set of poéslble conflgurations Is restricted to the
blnqry equlva'lents of the Integers between and lnéludlng 1 and 2" 711, Since
there is a one-to-one correspondence between regional configu'ratlons and decimal
integers In the glven range:L the former may be generated at random by
. referencing the corresponding Integers at random; similarly, a‘ sequentlial
e‘n%meratlon of the integers ef‘!‘ectlvely. addresses all possible combinatorial

arrangements of the ESUs in two regloms.

-
J 5.3.3. Calibration Strategy

The essentlal difference between t}le Black/White moﬁel and the \spatial

Interaction model 1s the presence of the addjtional varilable Rij in n(n—1) of the

™ n? interaction equations (It 1s astumed that Rilzl'.o\/i). Using the
represematvlon of (4.24), however, the single-basis, two-reglon form of the

Black/White model Is better expressed as

: o L= EpA 1) o

{0 If B=H;
1 otherwlse

/Oi].z‘lyi-,uj] ) - ... (5.8)

-

The problem now reduces to finding a single universal value of 0. and*the binary

array o. Glven o, the callbratlon ls a simple extenslon of ihe procedure for
: . .
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parameter estimation {n the spatial Interaction model: the cells in the matrix are
represented as g dummy scalart varlable for each case, and the regression

coefficlent for that variable may be processed to reveal p. '

5.3.3.1. One-Piece Calibration

v

When neither o nor p i{s known, the callbratlon may concelvably be achieved

by differentlating the least squares objective funétion

¢
L 4

Cnoa
o= YV -~ BLAL ) o7
i

L

where the primes (') Indlcate estimated values. The Newton-Raphson (steepest
descent) method of optimizatlon might then be used to estimate the unknowns. .
Since ¢ is discrete, W is not continuous, and therefore not differentiable with

’
respect to o.

The alternative iIs to use unconstralned optimization techniques (that is, where
the objective fﬁnctlon Is not necessarily continuous or differentiable). Cooper and
Stefnberg (1970) present several such metheods; prominent among them are the
“patterned search”™ méthods of Hooke and Jeeves (1961) and the quasl-t\le’wtonia\n
method of Fletcher-and Powell (1963). These techniques are likely to arrive at a
minimum value of the objectlve functlon>W as defined in (5.9), but they do not
readily provide for constraints on the solutlon: there are Important characteristies

»

of o that have to be preserved In a solution; these will- be detalled later, in

'

Section 5.3.3.4.

Given that the Black/White model can be callbrated when o Is known, the

approach that will now be developed Is to pursue the problem- of finding o,

Independently of the estimation process for the other parameters In the equatlon..

The operatlon s in effect a partitlonlng, and thus takes on a specifically

geographical complexion. Since ¢ Is fundamentally linked with its companion
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parameters, the operation cannot proceed in ignorance of the latter. However, In
the absence of ¢ (and p), .the Blacl;>\\ ‘hite equation is identical to the spatial
interaction model; the latter may therefore be loosely Interpreted as ‘the null
hypothesis6 of an undifferentiated uhiverse; the search for 0 may now be directed
t'ow;ards finding the spatial structure contained ln' the: departure from that null

v

hypothesis’

5.3.3.2. Preliminary'Estimates

A callbratlon process such as that described in Section 5.2 assumes that {lle
interaction matrix obeys the assumptions of the traditional interaction model. In
a.Black/Whlte Interaction environment, the traditional model Is misspecifled; the
recovered parameters assume an undifferentlated uni\;erse, and are .therefore
lncorréct. Howeve;. Lﬁey can be usgd as preliminary estimates, and be refined by

further processing.

A fresh matrix of.interactlons was simulated for the unlverse in Seetion 5.2.1,
\.avnh p=0.4, and a target reglbnal_conrlguratlon of 47810. The results of a
calibratlon run are s_hoWn in Table 5-5. The correlations between the target aqd
recovered values of the emlssivity and attraction vectoré are only 0.973 and 0.994
respectlveb;. and the recovered value of 3, at 3.285, Is substantially at odds with
the target value of 2.0. These estimates correspond to the null hypothesis of an
undifferentiated universe. 'so that thvelr devlation from the target values
consthuLes a measure of the rejection of that hypothesis (In practise there are
other dimensions of variation in the data, .which are the source of noise that
prevents this conclusion from being drawn so readlly). One may now calculate

the Interactions I expected on the basls of the traditional model:

r.=p, Ae e, ‘ . ... (5.10)

and the multiplicative residuals Al

ﬁ.'ﬂin('v the spatial Interaction model does not usuélly contain a random error term, it cannot be
considered a stochastic modcl; therefore it is not a strictly defined null hypothesis.

"
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Table 5-5: Parameter estimates, p=0.4
- ' R A
1 Ei E’l E'I/El Ai Al Ai/AI
1 29.008 1282.120 44.202 42:773 0.761 568.211
2 22.6885 1298.8312 57.232 0.282 0.008 43.447
3 31.455 2251.788 65.354 17.220 0.453 38.019
. .
4 29.149 1560.030 53.519 .4.438 . 0.096 46.12¢
5 4,175 232.77 55.75‘5 44.567" l.OQO 44.567
6  46.724  3149.314  67.402 S 9.544°  0.259  36.862
7 40.945 | 2807.501" 68.568 24.332 ‘0.871 36.237
8 38259 . 2020.015 52.798 42.369 0.900 47.080
¥ 45151 2485.550  54.607 39.901 0.877  45.502
10 43.591 1757.434 40.316 41.9(50‘ 0.680 61.630
Correlations: E with E" 0.973 s
A with A’ 0.994
. B Target: 2.000
Recovered: 3.265
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Al = ;— . ...(»5.11)

For the purpose of thils discussion, the mfztrlx Al is also defined: it contalns the

Iy

reslduals of observed Interactlons on those generated by the Interaction model

given the target vectors: N

Al,, = ———— ' . (5.12)

It 1s clear that AI=R. - .

‘5.3.3.3. Seriation of the Residuals Matrix

The technique of serlation or block modeling was introduced In Chapfer 2:
Several popular algorithms are avallable for the purpose, notably the lterative
Intercolumnar correlation procedure (McQuItt){, 1968; McQuitty and Clark, 1968),
or COI\-ICOR' (Breiger, l.Boorman, and Arabie, 1975), and COBLOC (Carrington
and Hell, 1979). In the present context, the purpose of applying a serlatlon
algorithm is to polarize a matrix by assigning the cells to either of w—/o classes;
the CONCOP—l algorithm achieves this with minimal effort. The technique Is
simply to construct a matrix of Pearson cor.relatlon coefficlents between the rows
(or columns) of tKe:object matrix. - The matrix of coefficients Is then subjected to
the same procédure 1terat1vely;‘ <on each Itkratlon the coefflclents L,end further
towards the extreme values of +1.0 or —1.0. At cdrllverge'nce.. the ‘sum of the
squared coefficlents in any row (or column) of the matrix will be equal to n. The
progress t,owaras convergence on 21 given iterétlon lsA therefore lr;dlqated by the
grand total of the row (or column) sums of the matrix of squated correlation
coefficlents, expressed as a fractlon of nz — this quantity w'lll be referred to 1h
the following paragraphs as the _conve'rgerice ratlo, 6r C. The method s

appllcable,'to square matrices, 'and 1s more Justiflable In the case of ‘symmetric
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matrices, since the procedure, whether applied to the rows or to the columns of a

symmetrie matrix, achleves tdentical results.

/
The CONCOR algrithm was applied to the problem of polarizing the matrix

Al (generated from E and A). It took 7 iteratlons to converge (convergence was

_defined as 1.Q~C < 10_12), correctly recovering the target solution, namely,

abbbabbbba.

When faced with the reslduals ‘matrix AY, (denerated from E’ and A,
convergence was agaln 'achleved In 7 iterations, but with an erroneous result,
aabbbbabaa. Evidently, the error In E, A an& 0 (due to model misspeclfication)
overwhelmed the algorithm. - This partlcular simulated example (Larget:478
p==0. 4) was Judged to be representative of a typleal application; the fallure of
CONCOR to Identify the reglons correctly rmled out the techn]que of geriation as

an appropriate treatment of Al

5.3.3.4. Separating the Regression Lines

It was argued In the previous chapter that ifteractlons across a boundary,

corrected for emlssivity arid attraction, would plot agalnst'dls_tance as two

* straight lines, when supjectéd to an appropriate limearizlng transformatlon

(Figure 4-15), and that regional memberships could be recovered from an analysls
of the plot. The following discussion Is based on interactions across a single

boundary (C}ass 1 In Flgure 4-9), but may clearly be extended to multi-reglon

sltuations (Class 2). /It must be emphasized that although the method is

applicable to multlple regions, it is being developed and test

& in this chapter for

)

Tradltlonal technlques fo} fitting 'regression lines to m

the simpler case of two regions. -

ear scatters
(Sprent, 1968) are not equlpped to handle the Black/White scatter, due to the:

peculiar propertles of the latter. The first problem Is the allocation of points to
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lines. In the example 1’n Figure 4-15, the ordinates of the polnts are calculated on
the basls of the true values of E and A, and therefore plot neatly on two lines.

When the ordinates y are computed from the estimated vectors, E’ and IA’:

I.. 17 .
- Y . (5.13)
y;‘]‘ = In Ei A']‘ AR

the result 18 a PARALLEL SCATTER. Polnts that belong on the upper line (by
virtue of representing within-region interactions) may fall gloser to the lower line,

and vice versa (Flgure 5-2). A low value of p (associated with greater reglonal

“conflict) produces a wider vertical separation between the scatters, which may

help reduce the error In allocatlon, but this is offset. by mdre severe errors In the
estimates E’ and A’. Secondly, due to the assumed symmetry of R, points
representing complementary dyads (i-j and y i) plot on the same line. Thirdly,

there Is the property of triangular'relatlonshlps: In a two-reglon system, a

‘knowledge of any two compatibility values for a given triple (k) of ESUs

unambiguously establishes the third value, as follows:

o= {1'0 Ry .. (5.14)

Y
_Mln{Rik,Rﬂc} I Rik?éR].k

J -

One could conceivably constrain a parallel-]lne regression procedure to obey all

‘the propertles outlined above; however, the number of points ™ the scatter is

very large, varylng almost as the square of the number of ESUs (specifically,
n(n—1)/2), and the Isolatton and examination of allocations of all possible triads
of these polnts to the two llnes would be cumbersome and extremely expensive.

Because of these properties of the Black/White model, standard regression

‘methods, the techniques introduced In Sectlon 5.3.3.1 as well- as discriminant

©

analyses, are not favored. - L ¢

A preferable method is the systematie rhlnlmlzation of the sum of squared

4
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dlfferences between the ordinate (yij) of each point {n the scatter and the ordlnate
of Its projection on the line io which it s assigned. The oblective function may

be simplified by the substitution
\\

2., = 1&{’ 2 } — (=b)d._,
1) EiA’J' 1)

In graphical terms, this ‘“‘slides’ the points up a line oI; gradient —b (that slope
corresponds to the value of —3; slnee 7 Is p.osmve, the net effect of the
transformation is positive) to the vertical 'axls. In mathematlical terms, it can
easily be shown that‘z represents the log of the ratio of observed Interactions to
those expected under the null hypothesis of an undifferentiated universe. While
this provides a conceptual link to the notlons of ‘“‘expected” Interactions reviewed
in Chap'ter 2, the null hypothesls here Is based on the spatial Interaction.model,
which, due to Huff (1963) and Wilsor (1967), is adequately ~foufided upon

’geographic theory.

Let {(=1,2,...K enun)ere;ce the lndlviduai scatters (In the case of two reglons,
&:2).' For a glven conflguration, points representing dyads within the same
reglon are known to plot on the upper scatter, while the other dyads will plot on
the lower scatter. Let 61]'1:1 if the point i-j Is allocated to scatter l,A or zero
othervﬁse. A unidimensional separation of the points on the verilcal"axls Is now -

achleved by minimlizing the objective function

n n
Tk 'n o on Zzh: 69’11 Zgh i
.9
Z = EI:ZZ 8y 2 — — » | ... (5.18)
i 7 . ZZ 6ghl . . . .<
g k )

which, for computatlonal efficiency, may be expresséd as
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Z = Z E b zzje
{

1.) ¢

If it cand¥e assumed that the indlvidual scatters ate normally distributed in y and

d, then the mlnlmlzat‘lon ol Z corresponds to the maximum llkellhoéd partltior{.

-
N

\

Unfortunately, the true value of 2 s .only approxima‘ted bi/ 2, sa that z, as
calculated 13}(5’.&5), s at best an estimate. The practical task of minimizing the

objectlive func;lorl would have to pé achleved by evaluating Zover_' a range of b.

It as‘wlll often be the case, the reglonalization tends strongly ?owards"
cqrftlglulty. the preliminary calibration précedure will produce an excessively mgh/
estimate of #. A glance at Flgures 4-15 énd 5-2 'will reveal why this Is so:
wlthin-reglon Interactlons plot nearer to the vertleal axls, while between-reglon
Interactlons tend to be assoclated with greater distances, and' thercfore have
ﬁig‘her abscissas in t;e .scatters; in an attempt to fit a siné]e line tg a paraliel
N scat\ter’. w_here Ll;é'pomts arey’not gvenly distributed horlzontally bevtween -Lhe w;zo
© s -scatters, th? .estlmatéd gradlent will be steepened to accommodate the vertlcal
and horizontal lawetween the scatters — \_Nhére caontlguity is noby as-st’rong, the

Fa
horizontal lag will be less ‘pronounced. Thus if the reglons are suspected to tend

‘toward contigulty, the estimaté _ﬁ' should act as a celling for experimental values

of b. : : ’

The r_ollowlng sections are devoted to estabiishing the validity of the proposed

procedure, usihg the set of simulated data introduced earller In this chapter.
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l5.4‘. Tests with Simulated 'R'e'gional Structures’

5.4.1. De#élopmént‘pf Algofithms -

Data- were slmulated in Sectlon 5.2.1 primarily 'to Hlustrate the tecimlque of
calibrating the spatial tnteraction model. Thejsgme universe will now' be treated
by systematlically assigning the nbdes between the reglons, and monitoring the
outcome of the callbratior; procedures described {n Section 5.3.3.4. ~'The. purpose
of these sectlons\‘of the. reséz‘irch is to__demoristrate that the target‘reglonal
conflguratlon corresponds to the mlnl;'num objective function as defined In (5.17). A
To establish this émplrlcally,"lt would sumcz to show that there exlsts no

, alternative conflguration ‘t‘haL ylelds a lower objective function ,than does the
target. In order to ekplore the conflgurations exhaustively, one must adopt an

explicit enumeration procedure. ) R

¢

5.4.1.1. Algorithm ‘A’ .
The "lniilal batch of lﬁvestlgatlons operated on the simulated ln‘Leractlon
matrix mentioned In Sectlon 5.3.3.2, with p set at 0.4, .and the regional
conflguration at 4’7810. Values of Z were computed for each of the 511 possible

two—regfon configurations, with b assuming values from 1.0 to’3.3,_ in Intervals of

0.1: this pattern of search roi the optimum Is Lerméd Algorithm ‘A",

’

The procedure correctly identifled the target, with angoblective function that
exhibited an’overlwhelmlng "primécy;‘ over_ its competitors. The five best
arrangements are showﬁ In Table 5-8. Simjlar results were achleved with p
taking values from 0.01 té 0.99, clearly establishing the éfficacy of the rﬁethgd

over a complete range of possibilities. )

’

One milght have suspected that the cost (in mls—a]location of ESUs to reglons)

of not 'ldentlfylng the optlmurh would ln_créase monotonlcally with the rank of the

corresponding objective function. Flgure 5-3 Is a plot of the pei‘cerﬂa/ge of ESUs

J
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Table 5-8: Five best results, Algorithms A and B

j—y

ID Bi\nary Number " b oat

(decimal) string fnls}demlﬂed ’ critical paint

0111011110 2.68573
0111001110 4.88593
0101011110 4.89879
0111010110 5.37045

0110011110 - 5.42923
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the rank of the objectlve function for that configuration. It is clear that there Is

no pattern.

-

5.4.1.2. Algorithms ‘B’ and ‘Betamax’

Ove)r;, -répeated experiments, it was observed that the target registered the

lowest Z only within a certain favored window of . A plot .of the objective -

function agalnst b (Flgure 5-4) uncovered the reason: each conﬂguratlon was
assoclated with its own Z-curve, whickcpeached a minlmum at a value of b

pecutlar to the configuration. Flg{x;‘e 5-4 reveals two distinctlve chgrécterlstlcs of

v

the curve for 478 . Apart from registering the lowest optimal value -of Z, the

I

CRITICAL POINT of the curve -occurs at a ldwer value of 6. The explar{atlon for
“the flr‘s% observation is thaf the multiple régresslém procedure which determlne§
tpe rinma‘l estimates of E and A seeks to optimize those'valu>es in ‘1g10ran‘ce"of ‘a
r:ez'lbna'l structufe; that ‘structu‘r,e ﬂnally' reveals itsell In the target curve, inn the
form of an exceptlonél value of Z. . | C
A o 0 : ) ‘ L
The second observatloh, namely, the value of b at ‘whlch the tfirgéi ’curve
* optimizes, can be best explalned with reference to Figure 4-15, where the,parallel
lines l“./ere lnL_roduced, hn;i Sectlon 5.3.3.4 above, where the issue of coﬁtlgqlty

was ralsed. A target configuration such as 478 _, with a Moran autocorrelation

10
statlstic (CIIff and Ord, 1973) of 0.186, causes a significant horizontal lag between

Lhé parallel scatters (Figure 3-2 was generated from this configuration).

The observations on Flgure.5-4 suggest two further llnes of development:
first, since each conflguration Is assoclated wltl(a\ unique convex curve, one could

seely optimization more erfec.tlvely by‘ unidimensional searches directed towards

.- yeach curve In sequence; under the assumptlon of strict convexity, one may assume

a single minlmum or critlcal point, and employ standard methods of optimlzation .

for unconstralned unimodal functions (Coopef and Steinberg, 1970). One Is thus

m!sallocﬁted (§lnce the regionalization is blnary, thls cannot exceed 507¢) versus




SIAIND— 7 p—¢ amn3dig

-

kS . - . . -
oL 00

-1

vo=d

:_mnv 9dde |,




CHAPTER & o , 129

freed from the possibility of identifying local ('as opposed to globz-zl) optima, and
méy beneflt f;'om the reduced domaln of the search (once a c;ltlcal polnt Is
identified for a given conﬂgu‘rat_lon, it Is known to £>e the only one). This
approach was operationalized as algorithm 'B’. The search method employed is
similar to that of Tofnqvlst (1971). The opjectlve" function ls- evaluated at
regular Intervals within a chosen window of b; when a change In the sign of the
gradlent Is detected, the search direction is reversed, and the step slée reduced;
the operatlon is terminated when the step slze reaches a critical floor. The user
provides the lower and upper limits of the Initlal search wlndow,,as well as the
1n1Lla;l step size, the \step reduction ratlo and the critlcal step slze. T}:ese five
SEARCH PARAMETERS will be labeled blr_thru bs. By careful selection of t_hese
values, algorithm B can be made to converge on the solution In fewer {terations
than d\oes the EXHAUSTIVE SEARCH method of algorithm A at a comparable
resolution) bﬁt the former Is more expensive since z has to be C(;mpt{ted

répeatedly b i1s varied (since b oscillates in irregular patterns, there is little

“'benefit to be Xalned from storing the z's In core).

\’ - r
The second possibility was that strongly autocorrelated targets could be’
retrleved by searching for the curve that ‘‘turned” at the lowest value of b, rather

than searching for the lowest Z. This approach was the basis of the BETAMAX

algorithm.

5.4.1.3. Heuristic Algorithms

-~

Glven the documented performance of ihe algbrlthms in the above LesL;. one
may now assume that the task of emplirically demonstrating the efficacy of the
;Black/Whlte method of reglonallzatlon has been accomplished, and that further
efforts should be directed Lowgrds streamlining the methoq’ for practical
applications. TMe most obvlous shortcoming of the test data in this respect has
been the restricted size of the Interaction mat}'lx (10 X 10). The use of explicit

enumeration 6n problems of thils slze Is quite reasonable (see Edwards "and
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-

Cavalll-Sforza, 1965). When looking at practlcal' problems such as the
reglonalization of the United States at the state level, one should be prepared to

encounter rhatrlces of the order of 50 X 50; based on the observations of

computing time recorded 1}1 the slmulate'd data (3.5 millliseconds pér iteration) on

a CDC Cyber 170-835 computer, It was estimated that a solution to a 50 X 50

problem by explicit enumeration (84 ms per iteration) would requlre,.for each

sampled value of b 3.6 X 10" seconds, or 1.14 mlllion-years. ln\ CPU tim

~ ‘Apart from the practlcal problems this presents the cost of this praocessing, at
current billing rates and'ﬁ\rrency values, would be over 3 trilllon dollars, or
about 30 times the current (1985) Canadlan federal budgetary-“outlay. Such

expenditure of resources would probably be viewed as excesslve, and establlsﬂes

fairly conclusively the neéd Tor a more eeonomical algorithm. Q ,

&

3 -

Heurlefic algorithms are meant to provide efficlent methods of solution to
Intractable computaﬁonal problems. Whlle not,g{@ranteed to provide the
olemal’solutlo'n, {hey are meant to operate according to rules (intuitive
strategles appropriate to the given problem), and thus provide educated guesses
.In the partitioning of the Black/Whlte scatter, a heuristle could take elther of
two approaches. First, one could use rules of Intelligence to allocate the points In

~ the scatfer to Ll;eir respectlve lines (that is, In the -conflguration of 6), and
proceed by means of swap .operations (for exampig,:’l‘eltz and Bart, 1968) to
lrﬁprove the initlal objective functlon. The rules in such a strategy (Including a
reasonable stopping rule) are unmear, andmfntirther, this approach would require,

prior to each evaluation of the objective funct!on. a test for compliance wlth the

propertles of the scatter outllned In Sectlop 8. 3.3. 4,

4/
hd ‘A.
'

" A second posslb'lllty Is to apply heuristic selectlon procedures to the vector of
reglonal memberships, 4. , Belng a unidimenslonal array, there are fewer
perﬁutaiibns possible, and they do riot have to be testbed for loglcal consistency.
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An algorithm was developed as follows:

e The entire array of ESUs is assigned to one region (corresponding .to
the configuration Om). dubbed the SUBDOMINANT CLUSTER.

e Each gell'ln‘ turn is ass}gned'to the second region, and the objective
functlon evaluated. : ) -

"\\The;jcell registering the lowest value of Z 1s fixed in the second region,
thus belng admlitted as a permanent member of the DOMINANT
CLUSTER. :

¥

" _ e The search contlnues In scan CYCLES for further admisslons to the
dominand cluster, on the same basis. At the end of each cycle, the
lowést objective function reached for that cycle (that is, a PARTIAL
SOLUTION) is .recorded; when that falls to Improve upon the
INCUMBENT SOLUTION, the search s terminated. . ‘

The algorithm Iz simllar to the *'greedy-add™ heurlstic, employed In operations
research’ It emphasizes the notlon of corr@;mionahiglnvlts approach to’selection
of entitles Into time dominant cluster, and may therefore be considered particularly .
appropriate to the task (‘r"'éf reglonalization. In contrast, binary linear
p‘rogrammlng techniques are tnappropriate to this problem s;nce the objective
function is non-linear in- u. Further, and partlcularly In light of the expense of
caiculatlng the objectlvé:functlon In }he Black/White scatter, the greedy heurlstic
is relatlvely Qconom‘)lca) when compargd with other search methods suéh as the

.

‘vertex substitutlon algorithm of Teltz and Bart (1968).

The heuristie deseribed above would require at most n2/2 evaluations of Z for

each b sampled. At 84 ms per evaluation, a 50 X 50 riroblem would require 80

. ’ i .
seconds of CPU time; a 10 X 10 problem would be solved In 0.175 seconds by the

heurlstlc, compared with 1.8 seconds by Algorithm A.
In a series of tests, the heuristic recovepgd’the target 47810 correctly'fbr values

of p ranging from 0.01 to 0.93.
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5.4.2. Evaluation of Algorithms

A number of strategies for partitloning the Black/White scatter have .now
been outlined. The.re are valld reasons for adopting or rejecting g\ach approach _
under particular clrcumétances, and one may argue in favor of preserving such a
variety of options. On the other hand, one needs to evaluate the performance of
the methods, under the varlous clrcumstances with which they Wwlil be faced in
practical applications. The following sections examlne the pert‘ormanée of.the

algorlthms.

5.4.2.1, Simulated Error

- The Interactions simulated thus far have been in perfect accordance with the
Black/White model. In reality one cannot expect human behavior to conform to
the specl’ﬂcat'lons‘or a mathematical equation. Real data sets are likely to contain
varlances on other dimensions, collectively referred to as ‘‘noise.” If a method of
regionallzation {s to be proposed for application in the real world, It will have to
be robust enough. to co'pe‘wlth seemingly randor;i components. This suggests a

strategy for the evaluatlon of the algorithms outlined above: If random error
*

could be Introduced into the simulations in measured PACKETS, the most effect.ive

algorlthm under a given set of circumstances would be the one which could

correctly ldentlfy the target under the greatest "‘stress,” or nolse.

- 5.4.2,2. Error Tolefance Tests

The performance of Algorithm A on conflgulratlon 47810 has already been
detalled. Since algorithm B 1s merely an operatlonal Varlanp on Its predecessor, It
produces the same results, and Figure 5-4 demonstrates that the Betamax

algorithm too ident!fles the target correctly. The experiments detalled in this

- sectlon are meant td provide a general overview of the suitability (measured by

tolerance of simulated error) of the algorithms In varlous situations. It is worth

emphasizing that these are not meant to be benchmark runs, since the production

-




[KES 4

easlly outperforms the other two algo;ﬂ'tpms.
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of a commerclial package Is not the purpose of this résearc}l:_‘_;ather. these tests

numerically corroborate the statements mage while Tn‘t'roduclng the algorithms in

-

Section 5.4.1.

. Error was introduced into the simulations by generatln}normally distributed

random deviates with a mean of 0.0 and a variance of 1.0, using the IMSL (1975)

‘ subrouttne GGNML. The deviates were multiplied by a variable ERROR

MEASURE, ¢; the natural exponentlation of thils quantity was Introduced as ‘a
multlplle‘r‘ln the equation generating the interactlons:

. .
I, = E/A fd) R, e‘oij. |

“
1 F

i . (‘5.18)

wherd Gij s the random deviate returned by GGNML. In effect, ¢=0.0 nullifies
the effect of the error (since e°‘0=1.0). while €=1.0 glves the deviates an effective
variance of about 3.0. The arrangement precludes the possibllity of negative

interactions.

Figure 5-5 shows the amount of error that could be tolerated by algorithms A
and B, with p varying from 0.01 to 0.99. -Intuitlvely, regions that are hostile to
each other (low p) would be ﬁ\oré" readily distingulshed. The observatjons bear
thls out: at low compatlbllity values, the algorithm delivers the correct solutloﬁ
desplite high error components in the simulatlons; when the regions are not clearly

differentiated (high p), the procedure cannot tolerate as much error.
* »

In Flgure 5-6a, the tolerance curves of algorithms B and Betamax z;re

compared with that of the heurlstic. Note that the performance of the heuristic

5

Is erratic, but Is generally comparable with the results of algprflithm B. Betamax

.

Y C e

The error tests were repeated with alternative target configurations that had

- extremely high and extremely low spatial autocorrelations. Glven the lqcatlon's of
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the simulated nddes, Moran statistles were calculated for all possible Black/White

configurations. With a statistlc of 0.396,. conflguration 220'10 (0Q11011100) had

the strongest autocorrelation among 'Arrangemems with a 5-5 Black-White split;
the lowest statistie (—0.480) was registered by 421 (0110100101). The tolerance
curves for thgse conflgurations are shown in Figures 5-8b and 5-8¢ respectively.
’ Betarr{ax was outstanding on the hlghly autoco'rrelated 22010. but failed to
recovér target 42110, even with no slm_ulated error. The heurlstic perfomq.&j as
well as did algorithm B on 22010. but it was not as effective In recove%ng 421‘0.
- The tolerance of B was compa[able across conflgurations. 'f‘he tests Indicate that
strongly autocorrelated Largetsq'lave the best chance lof belng correctly recovered

by all the algorithms.

5.4.2.3: ¢ in Perspective,

The"foregoing comments have referred to € as a measure of érror, on a scale
that Is not clearly deflned. To glye the reader a feel for the values of e; a visual
illustration of Black/White scatters with threshold errér levels, an@ p assuming \,

» values of 0.2, 0.11, 0.6 and 0.8, appears in Figures 5-7a thru 5-10a.. Single straight
lines, treated with equivalent, packetss pr nolse, produced the scatters in Fligures

' 5-7b thru 5-10b, with Pearson correiation coefficlents of -—0.4:12, -0.887, <+0.840
and —0.972 respectively.

4

The methods described are clearly -able to tolerate noisier data than are )

usually encountered In quantitative modellng. The reader may recollect that
Mackay's (1958) study of telephone calls polnted to compatibillty factors of abdut

-0.2 between Quebec‘ and Ontarlo, and 0.025 be;ween(Quebec and the United

-

-

States. Mackay's scatter (Flgure 4-16), on a pufely visual basls, Is more CIYM\Y‘
defined than Is Figure 5-7a. e \

.

To'the extent t’hat a reglonal structure does exist, then, these methods are

L [ ]
.lkely to Identify It correctly; there s no certalnty, however, that a given solution d/
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represents a reglonal structure actually contained wlthin the datq'. and not a

chance optimal ‘partitioning of the Black/wﬁlte scatter with 'no clalm to the

- underlymg existence of regions.

N

" One would suspect a role for parametric statlstical tests. Spence and Taylor
(1970,

-

p 42-44), referring to Zobler's (1958) wuse of the F-statlstic In

regionalization, discuss the unfulfilled assumptions required by the technique. As

’

noted earllei'. there can be no null hypothesis regarding the spatial interaction ’
mc;del, since it does not provide for stochastic variation. It is clear that the
resiults of the operations Introduced above should be lnierpreted with cautlon,
gnd that for the 'preéent, Inferences of réglonal structure should, be conditional

upon a clean visual split In the Black/White scatter.

5.5. Multiple Regions

The focus thus far has been on the problem of two reglons, or Class 1 in

Flgure 4-9. While most of the methodological Issues are applicable to

multi-reglon universes, there are significant operational. and computational

differences.

5.5.1. Structures of Multiple Regions.

As strictly deflned, Class 2 muitiple regions exist at one level {that is, they are
'npn-hler'archlcal), as In the lingulstic illustratlén In Chapter 4. An attempt to
view the clasélﬂcatlon. of ESUs as hierarchical must. p}ovid'e for a distinct bas;'sA of
’ c'lassmcatbn for each junction In the hlerarchleal tree, and Is therefore covér\ed
by Class 4 of the Black/White reglonal scheme. In detecting a Class 4‘2 split, oqne
must guard agalnst misinterpreting what might actuall§y be a'Cla'ss 4 structure.
)

. ‘ - -
The literature on regionallzation contalns several examples of multiple reglons

*

'belng treated as a series of hlerarchlcal binary splits {for example, Clark, 1973;

@
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Hirst, 1975; Slater, 19768). Given the Black/White’Imerpré\;atlon of reglons, such

a construct Is not necessarlly valld. Consider a tf{avo-tlered regional system, where ,

. "
Lhe first-order differentiation Is between U and V, and a second-order split exists«
between Vl and V2 Let the compatibllities between the reglons be distributed as o
shown In Figure 5-11. It Is visually eclear tﬁz’f az attempt to partltlon the scatter :

along the llnes of the primary (U-V) split, using the method of least squares
described

In Sectlon 5.3.3.4, will' produce an erroneous result. . When the

compatibllities are as Indicated in Figure 5-12, however, the meth‘o’d would -

probably be successful.

The success of Lh‘e method thus relles on the dlstrlbutlon'

of compatlblllties between the reglons. Thls ralses questions about the nature of

hierarchles. It appears that the gilstrlbutlon of compatiblljties has to conform to

certaln patterns in'order to be Interpreted correctly. Berry states: “Jo
. . o
_ ... reglons may be arranged Into a-hierarchy by the successive
splitting of larger reglons Into smaller reglons; and the smaller reglons
should display less internal differences than the larger reglons into
whlch they are grouped

(Berry, 1968, p 421]

(also see Davles, 1980). Interestingly, Mackay's ‘Quebec-Ontario-US scatter

(Figure 4-16) exhlblts the structure of Flgure 5-12 rather than that of Figure

5-11. In general, suspected hierarchical splits may have to be partlﬁioned as Class

2 scatters initially, and tﬁé structure of the compatlibilities analyzed for evidence

of hlerarchy.

5.5.2. Permutations of Class 2 Structures

The general

“balls and boxes” problem of permuting arL‘lcles between

contalners Is well understood (for example, Cohen, 1968). The correspondlng
problem of reglonallzauon is that of assigning n ESUs to p reglons, such that .
every region-ls allocated at least one ESU. TOGGLED IMAGES (such as aabbced

and ccaaddb) are geographically undistingulshable, and should be considered as

redundant in the enumeration of’p‘ermutatlons. In additlon, geographical
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reglonalization sometimes requlres that regions be contiguous. The exact number

"of permutations of contiguous reglons that may be generated from n ESUs will
depend on the contigulty matrlx of the ESUs, and canno.L be determined
Independently. In Chapter 5, the expression 2""'—1 was Qerlved for p=2,
assufnlng~ no contigulty constraints. CUff and Haggeum (1970) have developed
means of calculating the number of possible bermuta:tlons for two speclal cases: In
t(e totally unconstrained case there Is no contlgulty constraint, so that any ESU
may be tled with any other; In the second maximally constralned case, the ESUs
are poslt]oned to form a closed loop, so that each ESU Is contiguous with exactly
two neighbors those preceding and followlng it In the ordered" " (with

accommodatlons for the extremities).

The nurpber of permutations p9sslble in the absence.of contiguity constraints )
Is in gene;'al ‘known to be very large. It can be seen;‘from Table 5-7 that the
number of f)ermutatlons of ESUs In three reglons Is about 20 times the number
possible In two reglons. The computational resources required tc; perform: tests
such as those In Sectlon 5.4, for three and more reglons under variqus condltlons

were declded to be unreasonably expenslve at the present time.

5.6. Concluding Remarks

This chapter has treated the 'callbratlon of the Black/White model from a

- theoretlcal standpolnt, and lustrated thé methodologles with slmﬁlated data sets
‘;} a limited slze. Only experlénce with real data will lllustrate the problems that

will confront a researcher lfl the appllcatl.on of these methods; the feedback may

prompt reﬂnemrénts of the technlques. This will be the focus of Chapter 8.

\"
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Y
Table 5-7: Permutations generated by n and p -

. 5 ~
P
n 1 2 3 4 5 6 7 8
1 1
2 1 1
3 1 3 1
1 1 7 " 6 1
5 1 15 25 10 1 .
8 1 31~ 90 85 15 1 )
. ¢ 7 1 53‘ 301 350 140 21 !
8 1 127 966 1701 1050 266 2;8 : 1
9 1 .255. 3025 777(; 6951 264§ 482 36
) 10 1 511 9330 34105 42525 22827 5880 750
, .
, 4 ~
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Chapter 6

'PARTITIONING THE UNITED

y

STATES

8.1. Introduction

The foregoing chapters have been devoted to the de\)elopmént oI" the
Black/White model as a mecﬁanlsm ‘for reglonalizatlon. This chapter has two
purposes: flrst, to lllustrate the operation of the model and regionalization
procedure on a real data set; second, to discover, and attempt to rectify,
operational difficultles and inadequacles of the procedure. ’i‘he principal concern
will be the size of the typical data matrix: since the tests In Chapter 5 operated
on 10 X 10 matrices, the opportunities to observe:the performance of the
heuristic algorithm were limited; a realistlc data set might be of the order of

50 X 50.

A second concern will be the lceq(')r‘data. The reviews In Chapters 2 and 3
(’i}ew_ attentlon to the problems encountéred with Interaction matrices, for
example, missing dlagonals, sparse matrices and modal splits (see Davies, 1980,

'p 885). These Issues will have to be addressed in the cholce of data.

-

A
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6.2. Background

The movements of students from thelr places of residence to their institutlons
of study was the focus of early studies on population potentlals (Stewart, 1942).
In a more recent study of universities in the L’n;ted States, Warntz (1978)
detected a north-south parochlalism in the pattel’-n of student mlgf‘a.tions. The

observatlon suggested a possibly literal Black/White split, along ractal lines.,

From the polnt of view _of,th!s res_earch. the problem has seyeral attractlve
features. Flrsf. given the~polltlcs of unlversity fundl;,lg and édminlstratlon“ (In
particular, the standardization of systems within states arising from state control
of most major un-lverslt!es), data at the fésolutlon of the state are ideal. With 48
contiguous states and the District of Columbia, the U S migratlon matrix is of
the preferred size for testing the heuristics. Second, student migration Iis
influenced by characteristics of Individuals and Institutions, and 1s minimally
sensitive to the travel route — the Bl;ack/Whlte model Is most a;;propriate in this
conte);(t.' Thlrd, since the movements aré monitored at:the terminal! point, the
data are not blased by modal splits. Fourth, since the migrations are"icross a
large country, the gravity modellng eséapes the criilcisms advancgd by CUff et al
(1974) regarding the appropriateness of the exponential or®power dlstance\décay

functlons ‘In Intra-urban environmants. Fifth, large numbers of students are

involved In the mlgratfons, producing an extremefy dense matrix. Sixth,

* Interaction with self can readily be interpreted as students attendlng Institutions

. within thelr home state. Seventh, the problegm of indlrect Nows does not arise.

~Fiﬁally, reliable data are readlly avallable.

The National Center for Education Statisties (NCES), an office of the U S
Department of Education, malntains detalled figures on flows qf students between
states. The Information is collected by means of the Higher Education General

Informatlon Survey (HECIS) questionnalire, which has been distributed to the
?

te




O : . 151
I .

‘more thﬂ;l 3000 post-secondary Institutlons In the United States In the Fall of
every year -since 1966. The Resldence and Migratlon (R&M) Informatlon was’
sought In 1968, 1972, 1975, 1979 vandy 1981. The response n’a-tev to the
_questionnalre w;s 91.29% in 1981. Data for non-responding institutlons are
imputed, base?d on the known characteristics of the institutions. NCES publishes
the 'data‘ In the form of printed volumes of processed - tables, or as
machlné-réadable files (about 10 rﬁegabﬁrtes each) contalning the coded responses
to‘ the que'stlonnalres.. In’the latter form, each of the 3000-odd Institutions Is

.

ldentified 1ndividually, and selected characteristics I}sted, for example: -
e Institutlon type: -

o unlversity/2-year/4-year institution
o main/branch campus
) -~ -

o highest level of offering

e predominant race of student body

e sex of student body
]

n_t};pe of control: \

° brlvabe or public

v

o speclflc controlllng organizations .

# calendar system

A}

‘ Counts of students enrolling in a prograrﬁ for the first time are listed by state

of r’esldence, and futther broken down by program level fundergraduate,-graduate

.

. and first professlonal) and a distinction Is made between part-time and full-time °

enrollment In each category.

i

"The data for 1979 and 1981 were obtalned for this study. Student flows

satlsfying "the conditions of orlgin and destinatlon shown In Table 6-1 were.

-3 N

aggregated Into é 49 X 49 asymmetrical orlgin-destination matrix.

Al
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Table 8-1: Selected characteristics of Instltutlons and students

Included

Excluded

Institution

Student

_ University

Other 4-year institution

4-year branch of institution

Located in 48 contiguous
states and Distri®t of

‘ Columbia

Full time

Undergraduate
Graduate

Resldent of 48 contiguous
states and District of
Columbla

2-year institution
2-yéar branch.of 4-year
Institution

Located In Alaska,
Hawall or outlying areas
Part-time

First-professional
Unclassified

Reslident of Alaska,

Hawali or ofnlying
areas, or foreign
student
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6.3. Selection of Variables and Médel Form

i
As a prellminary step In this analysls, the various flow varlables were

examined for .conformlty with four alternative modél specifications, wlith

separations between states expressed as the grea\L circle distances between thelr

population centroids. The results are shown In Table 8-2. . : .

N - ' ‘
Notwlithstandlng the remarks made e'arller. regarding the avallability and :

interpretability of dlagonal data, arg'uments: could be ad.vanced aga“lnst ‘Lhe use of

those entries. The flrst has to do with the nature of student mlératlon.

L‘nlvef-sltles routinely apply- d,lfferéntlal fees an.d admission standards to

out-of-state students, leading to a large proportion of studentd rem-alning within

thelr home state. Of the 1,818,640 students enteripg university In 1981 (and who

satisfled the characteristlcs listed In Table 6-1), 1,240,918, or 779, stayed within

their home state. Tl{e corresponding figure for graduate students was 62°¢.

Second, there Is the problem of an appropriate distance measure for in-state
attendance: zero-distances may be used in the exponential, but not in the power

model. For the ‘experimental record, the power model was callbratedr‘ with hall
) i { ' -
the distance to the nearest néighbor substituted in the dlagonal cells. 4

. . '\\~

For. all the varlables investlgated, the power transformation, leadlng‘ to the -

rt_el\’arLlonshlp 4 - , oL N

[ 4 °

N y . _ A | ‘
Iij. = E, AJ. dl-j ... (8.0)

-

ylelded the highest mu]tlple; correlations, outperforming the exponential models

-

_ -gd.. '
Il.], = EiAje ij , ... (8.2)

The incluslon of diagonal flows led to poorer model fits; In the case of all

varlables (Table 6-2).
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Table 6-2: Model fits for varlous data sets

Student group Year Model* Code Mu-ltlple J

N

Correlation

- Undergraduates UG79H 0.97830 1.818
UG79P ©0.98127 1.801
UG?9D 0.96085 0.135E-2

. UG79E 0.97282 0.113E-2

mo T

H UG81H 0.97656 1.831
P UGS81P 0.97932 1.819
’ D UGS1D ©0.95813  0.135E-2
E UGS1E 0.96985 0.114E-2
Graduates 1979 H Q79H 0.97120 1.167
P G79P 0.97547 0.948
' D G79D . 0.95383 0.832E-3
E

G79E 0.96823 0.658E-3

G81H 0.96896  1.168
G81P 0.97389  0.938
G81D 0.95053  0.818E-3
GSI1E 0.96601  0.640E-3

mo v

Total: all students 1979 H' T79H 0.98648 1.678

: P T79P 0.98920 . 1.459
) : D . T79D 0.97460  0.122E-2
* E T79E 0.98359 . 0.102E-2

1981 it T8IH ¢ 098575 1884 D7 v
P T81P 0.98849 1465
D T81D 0.97314  0.121E-2-
E

T81E  0.98230  0.101E-2

* Models:

H Power transformation: distance to self=0.5 X distance to nearest ¢
i P Power transformation: diagonal entrles excluded
D] Exponential transformation: dlagonals included with d“.=0 Vi

E Exponential transformation: diagonals excluded
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B

' By ltself, thls observation Is not a' sufficlent basls on which to Infer the

superior prédlctlve power of a particular transformatlon, since the provisional 4

calibration assumes no reglonal distinctions — a low cerrelation could be the

result of a wide reglonal split, rather than poor model flt. More signifleantly,

when the estimates of Interaction, based on the parameters recovered In these

. provlslénal callbratlon runs, were plotted agal‘nst distance as a par'aIIeI scatter‘,

J the Inappropriateness of the expenential transformation became clearly apparent,
and the power model emerged as declidedly superlor (Figure 8-1). Excluding from
the analysls, for reasons outlined above, 'thOSe students who remalned in thelr
home st.ate. the pralhclpal objeétlon‘ to the power model was eliminated; by
contrast, the estimated parameters of exponential models would be biased _by
omission of these cases.

L 4

6.4. Preliminary Pa}'titioning 3

The parallel scatter for the variable UG81P (Figure 6-1b) did not exhiﬁit the

clear split that Mackay (1958) had ébserved In his data on telephone calls. This

. was partly due to the large nurnl;er' of points (2352), rand therefore a
proportionately greater-amount of visual noise In the dafa. But it raised the

- lssues of whether the lnterpal divisions lﬁ the United States wer; significant,

whether or not studentemigration was a typlcal Instance of regional bias In

interaction and whether the amount of nolse was overwhelming.

k’ ’ The logistical arguments agalnst ex.pllc!t meihods of analyzlng-tﬁe scatter for

a problem of thls size have been dealt with in the previous chapter. Of the
‘ P heuristic methgds. the cholce was benvyeen the strategles of algorithms A and
B. It was noted In- the last chapter that conflgurations with .wldely differing
spatial ;epresehtatlons may ylgld only slightly different 'objectlve functions. In

practical terms, this means that the cost of imprecislon may be high, and that an

expensive algorithm could pay off In terms of accuracy. The search strategy of
o

A .

Algorlthrri B was therefore preferred over Algorithm A, =~ .
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In analysis with the heuristic, the state of Delaware was the first admission Lo

the dominant cluster. It was Jolned, In order, by the District of Celumbia,

Maryland, New York, Cggnecticut, New Jersey, New Hampshire, Massachusetts
®

and Rhode Island, forming a strong Northeastern core, before gggregating

Michigan, Virginia, and some of the Midwest and Scuth. The value of the ’

objective function for the final conflguration (85997873634'098-0)7 wés 1056.83 - .

(Figure 6-2).

The geographlcal patterns In the solution dld not lend themselves to ready ’

explanation,

It was difficult to assoclate Minnesota, lowa and Missour] with

West Virginla, the South and the West.

Agaln, it was not easy to explain why

Arkansas, Tennessee, Kentucky and Virginia were associated with the Northeast

and part of the industrial Midwest.

6.5. Improvements to Heuristic

The troublesome question in this situation was how far the heuristic solution
was from the actual optimum. The options avallable to improve the value 6!‘ the
. ]

objectlve function were

e search the beta axis at a finer resolution, by decreasing the critical
step slze parameter (b,))

‘e

e modify the algorithm so that the operation could bulld upon  an
intelligent, Intuitive sLarting solution provided by the user

e introduce a facility in the algorithm to REVERSE out of local minima r‘ﬁf
The ﬂrst option, while operationally stralghtforward, wwld have led zo

greatly increased processing costs, and was least ]ikely Lo lmprove the solution ) ) '

7(‘onrlguratlons in Lhis chapter are identified by a decdmal integer, followed by the binary code
for Alabama. The copﬂgnrations 850978736834098-0 and 85097873631098-1 arc geographically in-
distinguishable: in the first, the Alabama cjuster Js subdominant. while in the sccond it is 7
dominant. The distinction is rrl(-vang'only with respeet to the methodelogy. ’




. , a £ ' S e
- ’

159

ﬂ:wOD ‘g wyuod[y ansas Areuripld 1z—q aandg

0 = 860VE9EL8L66S8 QI




160

CHAPTER 8 . - ' <180

Attentlon was thetefore devoted to the latter two optlons, both of which required

- ' ~
modlflcations of the algorithm.

* 8.5.1. Polar Aggregation

>

The development of thls option was prompted by the tendency of the heurlstic
to get locked In a partlal solutlon, refuslng to admit further ESUs into the )
dominant cluster. As It now stood, the criterlon for stopping the process of

aggregation of ESUs to the dominant cluster was a failure to Improve the
! *

objective functlon In one scan cycle. However, the check for improvement was
effectively bypassed in the ]pl'tlal cycle, élnce the incumbent objective functloﬁ at
the start of'the operation was arbnrérlly set at a very large constant. Thus, If
the search for the optlmum commenced with a pre-set domlnant cluster, the _
algorithm would search the ESUs in the first scan without a prior evaluation of )

the objective function; 1t would therefore-necessarlly register a decrease in the

objective function, forcing the admission of the most eligible ESU.

The heurlstic was mo‘dmed to offer the option of specifying a number of . -
nuclear ESUs, or POLES, and hence dubbed Algorithm: ‘P'. The poles would
constitute the dominant cluster at the commencement of tﬁe search p.rocess: and
at l'east one compatible ESU would be admitted to the cluster before the -

algorithm terminated.

6.5.1.1. Single Pole

@

I.L s tempting to argue that when establishing a pole consisting of a single
ESU, the cholce of the ESU is Immaterial, since the aggregatlon process .wlII
identify only its compatlble companions: that ls.'Alr the pole were naturally
“black,” as opposed to “white,"” the search would ldentify the most compatible
black ESU for aggregation, and vice versa. However, the partlcular sequence of
combination of ESUs may be cruclal to the outeome of the heuristle, as

« lllustrated by the following example. In a trial run with no poles, Delawa’r;e was
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+

the first ESU to enter the dominant clugter. and at the end of the operatlon,
Callfornla was one of the states in the oppgsing (sub-domlnant) cluster. In the
next run. California was established as an AN’TI-NATURAL pole. The results of
the two runs (-ilfi‘ered substantlally, as documented iﬁ Flgure 6-3 and Table 6-3.

This clearly Indlcates a role for some geographlc expertlse on the part of the user.

~ 8.5.1.2. Multiple Poles

In general, the intraduction of poles helps establish the direction In which the
solution will evolve, and saves some computing time by obviating the earller
lterations. Table 8-4 re_cords_the computing time of the algorithm with the
number of poles varying from zero to four.‘ The poles chosen were N:\';‘I'R:\L,
that is, they were the first entrles Into the solutlon for the prev‘lous problem.
Thus De(lawareA (ESU 7), used In the one-pole run, was chosen because it was the
first to be admmédcln the test .with no poles; ESU 8 was the first admission In
the one-pole run, and was therefore used as a pole In the two-pole run; etc. It is
noteworthy that although the execﬁtlon time In the muitl-pole problem was
reduced by nearly 20%% when 4 poles were used, the solutlon itself did not change

— 'that ls, 1t did not matter whether a partlcular ESU was naturally discovered

or artificially established as a pole.

Table 6-5 lllustrates ﬁsw a varlety of solutlonsﬁnay be arrived at by varying
the pole sets. In contrast to the previous Hlustrations (Table 8-4), where the
selection of poles’ was natural, the poles In Lhése runs were l.NTl"lTl\'l-J. For
example, a selection of Southern states wa's established in some runs, while Lhe"

New England states were set up In another. -

Table 6-5 demonstrates not only that the cholce of poles 1s Important, but
that in the case of thls example, an .intujtive selection has actually led to an
improvement In the objective function over the flgure arrived at without thé pole

. Tacility. -

Y
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- [__] pominant

] subdorminant
ID: 85997873634098 - 0

a: Pole: Delaware

[ JPole '
[:] Dominant

:] Subdominant
.ID: 195451333141705-0

* b: Pole: California

Figure 6-3: Effects of pole selection (single pole)
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Table 6-3: Effects of pble selectlon (single pole)

o
rd
Data: UG81IP
: b, — b . 0.5. 2.0, 0.25,0.2, 0.01
Computer: Cyber 170-835
Run’ Poles " Basis A ‘\Solution D CPU.
(secs)
1 1 Delaware Natural 1056.831 85997873634098 2048
2 1 California Anti-natural ) 1058.720 195%1333141705 1837
N
» '
- o
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Table 6-4: Performance of Algorithm B with natural poles

Data: UGS1P -
b = b 0.5, 2.0, 0.25, 0.2, 0.01
*7 Computer: Cyber 170-825 .
Run Poles Basls Z Selutlon ID cpuU
. (secs)
1 0 ' 1056.831 85997873834098 3558
2 1 Delaware Natural 1056.831 85997873634098 3350
3 1 Delaware Natural 1056.831 85997873683.1098 -3180
2 DC
4 1 Delaware Natural 1056.831 83997873631098 2991
2 DC - '
. 3 Maryland
5 H Delaware -+ Natural 1056.831 ° 85997873634098 2809
‘ 2 DC :
3 Maryland
4 New York .
.i
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“Lfals%e_&s Effects of htultive pole selection

-

Data: - UGSIP : .
b 0., 2.0, 0.25, 0.2, 0.01
:{ Computer: - Cyber 170-835

» Rut  ° Poles. " Basls  Solution ID CPU
N ! (secs)

>

‘y 1
Alabama . 1073.197  86023702289170 2055
LN
Alabama 1052.819  204770009246251 1838,
.Geor.g’x‘a e | \ . |
Alabama < 1052.819  204770009246251. 1733
. Georgla ' S

dimge,

Misslssippl o , _ .

", Alabama, 1052.818  204770000246251 1629
‘Flotida
~23 " Georgla
CF 4 sMigsissippl
| . Alabama’ *. 1053819 7 204770000246251 1422
2+ Flotlda ‘ ‘
“..Georgla . i
" Loujstana 1
Misslssippl® .
S C%rollpa /

Pl

i

P
[

Connectlcut N England 10597184.  195442751759565 1539
Maine | -

. Massachusetts

N Hameshire

Rhode Island

Vermont




“In practise, a Yeglonalization proceeds from some a priori notlons of the
*antlelpated result. The provision of the pole facllity permits. a researcher to steer

a solution towards its expected outcome b} providing a n\eanlngful set of growth
nuclel. While thls may be criticized for- 1ntroduc1ng subjectivity .into the

‘ outcome, it may be ‘pointed out that location-allocatlon algorithms routinely use
“starting solutlons,” and that the ultimate purpose Is, after all, to improve the'

value of the objectlve functlon.

The maﬁ corresponding to the improved solutlon (Figure 6-4) lends itself to

Interpretation much more easily (1t rﬁay be pointed out that this was the lowest

particilar varlable). The South emerges as a coheslve entlty, stretching far
enough north fo Include the states o.f Ohlo, Pennsylvanla., New York, New Jersey,
Delaware and Maryland it ls significant that the District of Columbla Is not
Ineluded within this clilster. On the other hand, It Is surprising that Oklahoma is
. excluded. The anomh]y in th!; conflguration, howeifer, Is the sub-cluster of
MWestern states — Idaho, Nevada and Utah — that emerge as compatible with
the South rather than the North. Under the terms of the Black/White model,
’ tﬁese db not represent a 'thl'rd Independent group, as one is te‘empted to infer; the
correct interpretation Is thatvthe Western states have a greater afﬂni,ty with tﬁe
South than with the North. This ‘could arlse on aecount of a common percveptlon
of abandonment by the rest of the North: An exhaust;ve contextual explanation f

of the pattern Is beyond the scope of this exercise.

6.5.2. Reversing Algorithm

The algorithm as described so far proceeds by aggregating ESUs to the

dominant cluster until a cycle falls to Improve the objective function. There is
the possibility, tﬁough, that with the successlve aggre—gatxlon of compatible ESUs
to the dominant:cluster, the character of the cluster changes to the polnt where

L -~ .
L)
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one or more of the ESUs admitted earller no longer belong to the pack. Ij; would

therefore be appropriate, when the algorithm has terminated, to identify the most

expendable ESU in the dominant cluster (the one whose removal causes the least

increase In the objectlve functlon), and attempt to replace It with an ESU

c\;rremly In the sub—domlngm.cluster. If the replacement qualifies for ad‘r'nlssion
(by lowering the objectlve functlon established t;efore the reversal), the algorithm
may fesu‘r'ne, until elthgr an expended ESU is immedlately replaéed by itself, or
the most expendable ESU Is the one l.ast admitted into the dominant cluéier.
When thg reversing featu]'e was lncorporated.lnto the réglonallzatlon algorithm

(now dubbed Algorithm ‘R’), It falled to produce an improvement in the objective

function for this particular varlable (Undergraduates,-1981). Maryland was

ldentifled as the most expendable ESU, but was then found tQ- be, the most

eligible entry into the dominant "cluster.

In runs with another fariable (All

student's,“jl981). though, the objective function reached a low of 879.15 before’
' N\

reversal (Figure 8-5a). Ohlo was dropped from the dominant -cluster, and

replaced by New York and Utah, resulting.In a decrease in the objective function,

to 875.79 (Figure 6-5b). )

Clearli. there Is scope for more exhaustive examination of the dominant
. v -
-cluster for the possibility of substitution, perhaps along the lines of the Teltz and

Bart (1968) vertex substitutlon algorithm used.ln location allocat)on’modeling

(also see Goodcehlld and Noroﬁ-ha: 1983). 'Unf'ortunately, the examlnatlon of each

fresh conﬂguratlon requires the’ identification of, the most- eligible .o expendable ‘
BESU, and therefore up to n evaluatlons of the objective functlon, while this

Increases computlng tlme substantially, experlence with the data has Indlcated

thac the solution Is not always. 1mprovgd.

Future’ generatlons of computing

équlpmgnt nay make such enhaﬂcemeﬁts of the heurlstic practically feasible.’

e

.

N




] Subdominant
ID: 169843305851435 - 0

&
a: Before reversal

ID: 169843306080875 -0
b: Aﬁér reversal

»- Figure 6-5: Effects of reversal
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6.6. Final Results

.

a

‘Data sets T79P and T81P produced the highest correlations In the original
regression runs (Table 6-2); however almoét all the Hllustrations of the algorithms
have been with reference to UG81P. For the record, Figures 6-8 and 6-7 show
the splits resulting from the analysls of these two sets (the varlable TSiP was
clted earller while illustrating the reversing feature, but that analysls procee&e:i

from a New England pole, and dld not produce t~he best outcome; a Southern pole

produced a better objectlve function).

’ .

The analysls of TT9P prod“uced an ur?expected bonus: both the New England
anmd the Southern poles produced the same configuration. It has been pélnted out
earller that this Is an unilkely result; lts oqcufrenc-e In this case suggests that the
heuristic may Indeed have llxlt upon the global optimum — that suspicion Is

) |
relnforced by the inability of the solutlon to reverse.

All the .analyses Indlcate- an outller -of the South, In ‘the Nevada-Utah area.
This suggests that it is not an anomaly gr ghe data, but a structural seér‘et that
may demahd an explanation. Significantly, ‘lt Is a non-contiguous solutlon, that
would not likely have been arrived at, or perhaps would have been constrained
from occurring, In classlcal regiqnallzatlon ib’echnlques. However, In the absence of

a tested means of interpreting the parametrl_c statistics, and particularly since the

scatters offered no visual corroboratlon, one should be %autlous in ‘one’s

&

Interpretation of these resuu\s.

6.7. Con.cluding Remarks.
N~

In retrospect, it wa.s 'not dlscouraglng to be unable to extract a clear verdict

‘ regarding the reglonal structure of the Unlted, States; rrom the data The basls
for suspectlng a clear regional dlchotomy/at ‘this polnt In the history~ or that
country wyas tenuous and it was not cex‘taln that- the flows of students reflected

/

S ' .




[} Dominant
[ subdominant

" ID: 205044887399019 - 1

a: Six Southern poles

[ pominant”

[ subdominant
. ID: 205044887399019-0 .

b: Six New England poles

< . .
4
, A

. Figure 6—6: Optimal configuration, T79P
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“ the prlnclpal advaﬂage of the Black/White concept As a model of the functlonal

CHAPTER 8 : . , 173

such a partitioning, if it did exist. The compatibility factors for the various data *

_sets ranged from approximately 0.5 to 0.9 — constderably higher than the 0.2

observed by Mackay between Ontarlo and Quebec.

*

The purpose of this chapter in the rgsearch was not necessarily to contribute

to the present understanding of American reglortalism. Rather, it was pleant to

hlgﬁllgm the practical l'ssues Involved In discoverinig regional structures, and to

suggest strategies for improving the algorithms, In both respects, the experience

Py

has proved extremely rewarding.

has to cope with matters such as modal split, Interactions with self, density of the
matrix, and, not least, the rellabilfty of the data. In all these respects, the NCES

data were the Ideal choice. L : - ' a .,

In terms or examining the efﬂcacy or the algorl;thms the experience wiLh Lhe
data fulfilled sts ‘purpose. The algorlthms produced falrly conslsLent results ‘across
variables; "in ‘one ease (T79P) Lhe 'heurlstlc appeared to have hit upon the
optlmum solut10n ln a]l cases, the algorlthms produced non- contlguous solutions,

reﬂectlng Lhe emphasls on prererred as opposed 1o revealed, behavlor and 'thence

region, and as a mechanlsm for regionallzation.

. .
s . - . . .

In regard to the practical issues, these included selection of data. A researcher -

0

s
-
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EPILOGUE

7.1. General Review

This research was Intended to break new ground in the reconclllatlon ol‘
divergent approaches in geography. On.the one hand, It was meant to explore
’ Lhe ‘concept'or the functlonal region in some detall, and to identify Lhe structural
regularltles and behavioral rules assoclated with the phenomswn It was an
attempt to brihg that improved understandlng of the reglon td bear In a fresh set

. of objectlve methodologles for dellmltlng functlonal reglons On another level,
the reésearch was expected to develop means "of adapting quantnatlve ‘models to
real envlronmems In ways that have not been adequately explored especlally in.
the recognltlon of the operatlonal subtletres that varlatlons ln human culture
lmpose on landscapes In et'rect, the lntemlon was to weld together two dlvergent
-approaches to geography, as well—a.s-two lndependenL quantltatlve lteratures, '
1namely ‘the technlque of functlonal reglonallfzatlon and Lhe modeling of spatlal

Interaction.’ Flnally, Lhe Lone of the researeh was . set, by g commlcmem to

application ol‘ geographlqal theory In the real world.

" This concluding _chapter Is devoted to a critical appralsal of the research, and

wlll laentlfy'dlrectlons for further tdevelopment of the concepts:

¢

-~
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7.1.1. Summary of Content .

-'lThe classical notlons of reglonalizatlon were examined in the first chapter of
this thesis;\ Two Independent ¥3xonomies of regions Were ldentméd, namely the
descriptlve and the structural. The terminology and coritroversies assoclated with
the various concepts of regionsrwere surveyed within the framework of the two
taxonomles. .Methodologles for dellmitlng reglons were reviewed briefly. It was
noted that while formal, nodal and equitable regions were adequate]y
conceptualized, and the methods for their delimitation were acbepted, t,here\ were
conslderable operatlonal problems with the methods o} dellneating #unctional
regions. Chapter 1 also drew attemlon Lo the application potentlal of the
reg}p;al concept, and outlined a nurr)ber of desirable features of objective

methods of reglonallzation.

3

*  Chapter 2 was devotefi to a survey of methods of functional reglonalization.
While there was agreement that the data requirement should bé a matrix of
interactions, the methods of pre-processing theadata to cerect lnherent p'roblgms
were subject to debaie. Two fundamentally different approaches ‘Lo the
treatment of the pro}e‘éssed matrix were Identifled. On the prie hand, the factor
analytle meihods Isolated groups of ESUs which had_ simllar patﬁerns of
Interaction with all other ESUs in the system the other class of techmques
aggxegated ESUs by maximizing ‘the ratlo of wlthln region to between-reglon
lnteractlon The concluslon of theﬂ review was that techniques had been bdrrOWed
3

i from’ other dlsclpllnes and applled to the p;oblem of reglonallzation with llttle

concern for Lhe causal orlglns of functional regilons. It was argued that the clues

to the structure of Interaction matrices shéuld b \gggtigzt/éd’fram the point of

—

view of spatlal Interaction modellng. -
The purpose of Chapter 3 was to review the concepts and models of spatlal

interactlon. The development of the gravity model was traced from Its 6r1gln$ as
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a physlcal analogy, where the mass terms were Interpreted as populations, to the

modern generlc form (equation 3.7) where origin and destinatlon attributes are

.

aggregated Into the emissivity and attractlon terms respectively: The theoretical

derfvations of the mddel \g’ere éxamlm‘ad briefly, emphasizing the credibllity that

" they lent to what was otherwlse merely an empirical regularity. In conclusion, it
was noted that the spatial Interactlon model, while recognizing size and other
unary‘characterlstlcs of the origin and destination nodes, -otherwlse assumed
culturally isotroplc applications erivli'onments. ) ¢
The Black/White model was introduced In _Chap.ter 4 Wl?lle' algebralcally
similar to the spatlal interaction m‘ddel, It was derived from accepted axioms of
choice behavior. The principal element that it added to the sr;zft!al interaction

LY
model was the compatibility factor Rif representing a dyad-speclfic vartable,

The factor was shown to be amenable to a varlety of algebralc forlC to address

" varlous regional structures. It was argued that the Black/White made! could be -
applled In predictlve sltuations; in regard to the purpose of this thesls, it offered
an alternative ;n_odel of the functional reglon, and, for the first tlme, a method of

functiomal reglonallzation based on geographle theory.

Chapter 5 was devoted to mgthods of ca]ibratlhg the Black/White model.

The calibration of the spatlal interaction model was treated first, illustrating ‘the

) .Lechnlqﬁgs on simulated data. Varlous optlons were examined for callbratlné the
Black/White model; the method ﬂnaily selected was based on obtalnklng
preliminary estimates ot"thq .paramet‘ers (using the procedures appropriate to the

" $patlal lnterac‘tlon'model). and examining the multiplicative reslduals-betwéen the
observed matrix of interactions and that predictea by the lnlltla.ll parameter
estimates. .The method was sﬁown to deliver accurate results gver ;1 range of

_ scenarlos, with simulated éata. A number of varlants of thé basic algorithm were

developed, Including a heurlistic method for large problems. They were tested on

°the simulated data, and were shown to produce correct résults. Randoni error
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was introduced into the simulations, to test the tolerance of the algorithms. The
performance of the ai’gorlthms, with varied .error inputs, Wwas documented with
three representative regional* conflgurations. While the above methods were able

to identify binary regional structures correctly, the extension of the techniques to

' the problem of delimlting multiple reglons was only briefly examined: it was

decided that extensive testing with current computing facllitltes would be
unreasonably expensive. . This problem would be a promising area of further
research. .

-

Finally, It remained to test the techniques on real data. Chapter 6 was
Intended to-examine the problems encountered w'ith selection of data- and to
demonstrate the heuristic algorithms developed in Chapter 5. Tables of the ﬁows
of students in the United States were treated wi(th the Black/White methods. A
number-of [lmprovements in the heuristic algorithms were effected. The final

results brbadly reflected 'suspiclons of the functional divisions in the United

States, but there were some Interpretational problems, suggesting that the data

did not reflect a clear regional structure, * -
7.2. Appraisal of Contributions ' .
‘\

7.2.1. To Interaction and Modeling .

Quantitative treatments gi geographic phenomena gnd attempts-at modeling
geographic pro§esses have, since Von Thunen, begun by simplifying and
abstractlng landscapes. While this facilitates conceptual .develo/pment of the
skelett] _lssues, models constructed In these rarefled environments éon’stltute
misspecifications of the real world. Othe‘r diménslons of variétlon_mamfest
themselves as nolse. Developmental research in qua—ntltatlve ?mj'dellrig,~ ls',]arge'ly
directedl towards 1dentify1ng subsidiary dlmensiqns, and systematica[ly

Incorporating varlanées based on them Into the formulation of the models.
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Desplte the professea con.cern with human activity, geographle mod’ellpg has
tended to lgnore -crucial, and behaviorally sfgniﬂéam. characteg‘lstlcs of the
human landscape. The Black/White model offers a fresh look at interaction, and
has Implications In several related flelds of g)eography. These include retailling
(loyalty to store chalns or brands and the use of credit cards), migratlon and
population fore'castlng. and transport and communlcations network planning.
The model ralses fresh questlons about the validity /of potent}als of populétlon,
Income and markets. Mqre_fundamemally, It explodes the rpyth of Fu%gural
. Isotroplsm, while offering a means for Incorporating a new dimension of variation

into traditlonal models of human spatial behavior. ‘4 .

7.2.2. To Legion's.vand Regionalization . ‘L .

The Black/White model uncovers new horizons in the understanding of
functional reglions. Flrst, it offers an alternative conceptual and numeric model,,
. In place of wha'c has until now been a nebulous subjective notion of communities=

- -
and fupctional complementarity. Although the model 1s deductlve, and relles on

hd »

geographical and behavicoral theory, it has a well established empirlcal precedent

-
-

- in the work of Mackay. N

As a planning tool, the Black/Wh-lt‘e model would havg to fulfill a predictive .
role, and to that end, It should be demonstrated that the model can be cai.lbrated
for a glvén Set. of observed data, and that the paramé{ers are portable 'io
situations whére»dgta are not avallable.” The first of these requirements has been
fulfilled by the development of a viable calibration method; Ln’ regard to !the
second requirement, parameters measuring regional affiliation may'be generallzed
"to nelghboring parcels of space, but such extrar;olatlbns ate necessarily t$ be

employed with caution.

The calibration method dev%ped In this research makes more signlficant

contributlons. First, gilveh the fresh conceptual framework arrorded by the /
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’ « model, It is now possible to sz'mulate"lhteractiops across functinonal regions, and
hence io vert fy ttﬁutcome of a pro‘posed' calibratlon procedure, or In gonerzil -
. anyMeglonallzatlon proc;ess agalinst the slmulated, structure. Secondly, as a result - ‘
of- this abllity to simulate data, this research has Introduced a means of

»

. revaluatmg alternatlve methods ror callbration under varlous scenartos, sbased on

the abllity of the melhod to de]lver the correct’ solution under the «stress of
measured error. -Such 4 system of accredltatldh of algorlthms is partloularly
approprlate “hen evaluating methods for reglonallzat!on v&here the permutations

- ' are so numerous that rellance must or‘ten be placed on beurlstlcs ] -
— | S |
‘ .o» It may be argued that the Black/White model Is based on the gravity model, '
_and does not reflect more?recent thinking’ on modeling spatial Tnteraction (for
e , example, Fotheringham,- 1983). Further, Wllson's theoretical derlvation of the )
. spatlal lnferacilon model, \xhlch has conferred some respectabtlity on the gravity
_médély (on which the Black/White model appears to w assum.ec binding
constralnts ‘on the marginal totals of the lnteractlon matrix whereas In reality, 1t | -
. Is rare that bo_th marginal vectors would constitute constralnts on interactions. :
The Lheo‘retlcal‘ fotjndatlons of the Interactlon "model, and thence o'f the
Black/Whlte mode‘l, are t.hl:ls called lpt.o question. In rejecting those arguments,
, It may be ﬁolnted out’thac 'th;e Black/White model has been derived primarlly on
\" the grounds of the Luce and Tversky cholce axioms, with lncldental reference to, ‘
the most generic statement of the spatlal lnteractlon model The callbration
procedure for th; Bhk/\thte model assumes that the bastc form of an
1nterai":tlon medel Is accepte;d as-a valid null I_xyinothesls fgr Interaction In a glven
environment, and can be -callbraied satfsfactorlly. The reglonal pattltlonlng

process proceeds from the ratlo of observed lnteractlons to those expected under

that prlor model . ;\

, . ;- NS B . .

» h ] . - . - ?

There are Inadequacles in the capabljitles of the methodology as it now’ exlsts.

and operétlonal and Interpretational hazards of which one must be aware. The

/

‘o .
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most obvious shortcoming of t‘he calibration procedures Is the lack of documented
abllity to handle multiple regjons. Although the applications of two-way splits
are numerous, there remalns a compélllng need to ldentif_\"more comple.\'
structures. [t seems reasonable t’o expect thgt advénces{ln coinputer \t.eohnologyr
"wlll make further investigations along these lines practicdlly feasible din the

foreseeable future, "

H N . 2
-
-

The algorithms developed for two-way reglonalization+ could probably be

Improved. Although .the heuristic developed in Chapter 5. and enhanced in-

Chapter 8, has performed well on 10 X 10 simulations, It needs to be tested more

extensively, and on larger problems. With [a.sterlprocessori it should be possible

.

to incorporate more complex operations in the heuristlc. . ¥ .
. ‘
N In practl(‘al'appllcatlons, the concluslons drawn by a researcher ,are only as R

good as the data. . The temptation to draw conc}uslohs regarding the reglonal
structure of the Unlted States in Chapter 8, and to search for exp!anattonqxfbr
the unexpected outcome, was resisted. It Is discouraging, after pfocesslng farge

.volumes of data, to arrive at a result that defles intuitlon, or -that is not

_ significant enough to bear positive interpretation; on the other hand. It is

ethically unacceptable to dréw artificlal -Inferences under su'ch circumstances,
There Is a clear role for fyrther research on the significance of solutlons, although
the theoretical problems with null hypotheses have been noted. :

.-,

Interaction ,matrlceS"themSelves may b'é a poor rémmegentation of human
~‘contacts. Apart from the problems posed by dlagonal entrles, it Is not clear how . o

the matrices should represent Interactlons of ‘the conference ‘type. that s,

i

meetings set up between two parties at a third place. Ome has to be aware of the -

resultant measurement errors. ) . ‘ Stz
, ) SO ) .
A

~ [y

v

It appears that, with more exhaustive behchmark testing, and experimentation
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with ahernatl\e objective functlons it may be possible -to ge(lop an operation

manual’ for the proper and erfecthe application of the technlque-in reallstle

N .

sltyations, such as.polltlcal and planning applications. While such a choro is

be\ond the scope ot‘ this thesis, it Is satlsf\lng sthat the research has produced a

~

methodologlcal irmox atlon \\lth immedlate tanglible application potemhl

-

£, . . :

7.2.3. To Geography! , ’

The final contribution of this research+has been to break down the barriers

between opposing arms of ge/ography. The diversity of the dfscipline Is a source

and sign of strength and resilience; the human behavioral*dimensions of this

diversity unfortunately act agalnst the better Interests of the .dl.cclpllnof~

It is hoped that this research In attemptlng to explere and build upon

.common Interests, will comrlbéte to the process of reconciliation and constrie mc

»

dlalog between reglonal and quantitative geography.
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Appendix A
T
Notation

DESCRIPTION

Attractlon of destlhlatlbn v
Dummy attraction vector (binary)
Convergence ratlo in seriation
Marginal (column) total of 1
Emlsslﬁ'lty of orlglp

Dummy emissifity \'éctér (binary)

Force of attraction

Gravitational constant

’I.meractlon matrix

Workling matrix
Balanclng factor
Balanclng factor
In I\. . .
Mass of body (Newton) -
Marglnal (row) total of T
Population

Energy

Compatibility facto;

. L Y
- Effective compatibility {Tversky)

Choice set

Balancing vector
. RN

-

& ,

r 182 !

INTRODUCE:

IN CHAPTE

da, W W W W

LW W o

b

R ;

W W W Wt

[ &)




: -
% . ‘ ' ‘ e PR

o~ APPENDIX A . ) . . 183

. Vv 3" 1 Balancing vector 3

W Objective function @ ) ’ 5

& ‘o Z . . ObJective fﬁhctloq ’ 5
¥ a 2 Cholce subsets (Tversky) ’ 4

{ - b ’ - ’Gradlent‘(ge.rmrlc) ’ 5
) b.‘ } g * Working gradlent ' 5

. ’«b1~b5 ‘ ' Search parameters (Algorithm B) 5

i | L c 2 Cost factor . 4
d 2 Distance matrix ‘ 3

’ d* 2 Functional distance matrix 4

- e . . Naperlan logarithm‘base *3

f ’ Function of distance ) 3

- q ' Function of distance and compatlbllity 4

o g Temporary dummy subscript 5

h . Temporary dummy subscript 5

1 " Origin identity 2

| L J ) ‘Destination Identjty ( - ‘ 2
: ' k Basls Identlty by

' A Line/scatter ldentity R 3

/ m ' | Temporary dummy ~sub§glpt 3

n ’ Number of ESUs 2

p ’ Probability 3 X
r Number of bases of differentiation 4
s ) Distance from home core e - 4 ‘
' t Time 3.

*. u . 1 Origin reglon 4
e v " 1 Destination reglon 4
i w 1 Welght of origin 3

z Absclssa (generic) 4

) X 1 Data vector (generic) ' . 5 ’
‘ y" Ordinate (generic) . 4
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Ordlnate’on parallel scatter .

Intercept of parallel scatter Se .-

Reslduar{:‘m\i )

Avallable resources ~ -

+

"Product

Suth

Friction of distance

Balancing factdr

Llne/scs;tter memt;ershl}J (binary)
Error multiple

Random deviate

Number of scatters ' . -
Balancing fa?:tof‘,; ‘
Membership vector

Emissivity (Huff) o S
. Emissivity (Luce) '
Unlversal compatibility factor

Dissimlilarity matrix (binary)

Fuzziness factor

Primes (') as postscripts indicate estimated values
. ' » - .
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